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ENGINEERING. 

THE EFFEC’ OF VARIATION OF 
SPECIFIC HEAT WITH TEMPERA- 
TURE ON THE THEORETICAL EFFI- 
CiENCY OF THE DIESEL ENGINE. 

By S. Lers, Manchester. 

Ir is now fairly established that the specific heats 
at constant pressure and constant volume of all 
gases dealt with in the study of internal-combus- 
tion engines rise with the temperature. Within 
the limits of temperature encountered in practice 
the variation may be expressed sufficiently accu- 
rately by formulz of the type :— 

K,p= A, + BT =a, +80) 

K. = Ag+ BT =a,+ 80) ° 

where K, and K, are the specific heats at constant 
pressure and constant volume respectively at 6 deg. 
Cent. (T deg. Cent. absolute), and A,, A,, a,, ag, 
and Bare constants. The adoption of the variable 
specific heat considerably modifies the usual thermo- 
dynamic formule. Thus the adiabatic curves, 

instead of satisfying p v’ = constant, satisfy :—* 

pvt ATA (2) 
The net effect of the variation in specific heat is 

to cause a diminution in the theoretical efficiency 
of internal-combustion engines. The calculation 
in the case of the ‘‘ constant-volume” cycle—the 
typical case for gas-engines—is given by Wimperis 
(loc. cit, page 81, et seq.). In the following an 
attempt is made to work out the calculation for the 
standard Diesel cycle. The standard gas equation, 
p v=R T, will still be assumed. [See British 
Association Report on Gaseous Explosions, 1908 ; 
appendix by Professor Callendar. } 

The figure shows the theoretical diagram. The 
working fluid is taken in at constant pressure 
(py, atmospheric) during the first stroke of the 
piston. This stage is represented by the line A B 
Daring the second stroke the fluid is compressed 
adiabatically (compression represented by BC) to 
pressure p,. During the early part of the third 
stroke the fluid is heated (see C D) at constant 
pressure, p, ; then adiabatic expansion (D E) takes 
place for the remainder of the stroke. The 
exhaust then opens, and there is rapid diminu- 
tion of the pressure from p, to p, (Eto B). During 
the fourth stroke the remaining working fluid is 
swept out of the cylinder, except for a small por- 
tion due to clearance. This, however, enters into 
the contents of the next charge, and so must not 

taken into account in considering the cycle. 
@ effective area producing work is BCD E. 
is is obtained by considering the heat exchanges, 

which occur only along C D and E B. We shall 
denote the temperatures at B, C, D, and E by 
T,. T,, T,, and T, respectively. If H, denote the 
heat received by the working fluid in passing from 
C to D, we shall have :— 

(1) 

= constant 

** The Internal-Combustion En- See, ¢.g., Wimperis, 
page 70. In (2) + denotes A,/A.—#,¢., the ratio of | 

* 

zine,” 

she specific heats at the absolute zero, 

Te -Ts 

K,dT = \ (A, +8T)aT, 
Tt) 

= A, (T;, — T,) + 8 (T*%, — T4)/2, 

n-| 
H, = (T, — T;) (mean specific heat from C to D) 

= [T, — T,] [Ai + 8 (T, +T.)/ 2] (3) 

Similarly, if H, denote the heat lost by the 
working fluid along E B, we shall have :— 

Hy = [Ts  — To] [Az + 8 (To + Ts)/2] 
The work done by the fluid is H, —H,. 

sequently the efficiency is :— 
H, - H.)/H, =1- LT3—Tol fAo+8 (T3+T))/2] -_— 

(i, a, (T2—T,) | A+B (T.+'T))/2) ©) 
In what follows we shall denote V,/V, by r (the 

ratio of compressicn), and V,/V, by p (the cut-oif 
ratio). We proceed to express T,, T,, and T, in 
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terms of T,, rand». Applying, firstly (2), to the 
path BC in the diagram, we get :— 

Po Vor eB T0/A2= p, (Voir) Ye BTV, 
But p)V,/T, = p, (V./r) + Ti, from the gas equa- 
tion. Hence 

T, = Tory} ¢ B(To-Ti) /A,, 

To simplify matters, we shall use the single 
symbol A for B/A,. Thus :— 

T, =T,)r¥~! A@o-™ (6) 
Considering next the path CD, since the pris- 

sures at C and D are the same, we must have T,= 
T, (V./V,), in virtue of the gas relation. Thus :— 

T. = pT, =T, pr’! 2 (To-T) (7) 

To get T;, we have :— 

P; (p Vo/r)¥ AT = Ps Vo% e Ts, 
But 

Pi (p Volr) + T2 = ps Vo/Ts 
Hence 

Ts = Ts (o/r)¥~ 1 eh a-Ts) 
= Ty p¥ & (To - Ti +Te-Ts) . @) 

Before further progress can be made with (6), 
(7), and (8), we shall have to approximate. We 
shall assume that all the exponentials used are not 
much different from unity so that—e.g , 

€A (T)-T) =1+ A(T, aad T,) . (9) 

with sufficient exactness. Taking thus (6), we get 
on solving for T, :— 

T, = Tyr? (1+ ATL + AT, r¥—!) (10) 
We shall use the theorem that if 8 and « be small 

quantities, 

(1 + 5)\(1 + €) = 1 + 8 — ¢€, approximately. 

Thus (10) may be written :— 

T,=T (14417 - rh). GD 
T, is simply this multiplied by p from (7). In 

treating (8) in a similar manner to (6), it is to be 
noticed that sufficient exactness is secured if we 
replace T,, T,, and T, in the exponential (which 
is itself a small correction) by the approximate 
values :— 

T, = Ty ry—1 

T, = T, pry . (12) 

T; = Ty p’ 

obtained 
and (8). 

T; = Ty p¥ [1 + AT) (1 + pv? - r¥—*— pr] (18) 
We have, lastly, to substitute in (5) for T,, T., 

and T;, as given by (11) and (13). Confining our- 
selves, as before, to first-order terms in A T,, we get 
for the efficiency 7 :— 

mL. G 
¥ (ep - 3) rr! 

say, where (correction) 
rT, 

= 1 (p . yl” (1 + pry! — ry! —pr) 

+ ats {pv -1+,f7 (2 -? *1)}] (15) 

The usually accepted efficiency is obtained from 
(14) by neglecting the correction. 

It is difficult to decide what value to take for 
A = (8/A,). We shall, however, take :— 

7 = 1.4, 

ox aaguotinn the exponentials in (6), (7), 
us we get :—* 

n=1- — (correction) . (14) 

witht 
Ky = 0.194 + 0.000051 0; 

= 0.180 + 0.000051 T. 

If we take the case of an engine with r = 12, 
p = 2.6, we should have an efficiency (neglecting 
variation of specific heat) of 0.56. The correction 
given by (15) would, however, be :—{ 

0 000051. 

as [ 25a + 1.5 x 1204 — 2.51.4) 
1294 x 1.5 x 1.4 

2.5! - Ifans 44 1904 (2 ‘ 45)) 
ae | 1.4 , 

assuming that T, = 400 deg. absolute. 
a correction 0.137. 

Keeping the same compression, but altering the 
cut-off top = 1.5, we get for the currection 0.093, 

This gives 

* This process might bave been app ied tw get (11), but 
the method adopted to get (11) :eally justifies (13). 
+ See Wimperis, page 85. 
t In all cases the correction is to he subtracted from 

the efficiency usually quoted, 
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which is much less than before. The corresponding 
» (without correction) is 0.61. It is not hard to 
verify that, as we make p approach unity in value 
n, the efficiency (without correction) approaches 

(1 - at b whilst the correction approaches 
ry~ 

rT, (—1,); both definite limits. 
lit . 

The calculations we have just given indic ge 
importance of considering the variation of spe“tc 
heat in the cycle. Whilst the above figures are 
not to be trusted too much, on account of our lack 
of knowledge of A, it is yet apparent that the 
corrected efficiency will be appreciably lees, in 
general, than the usual value taken, whilst the 
limiting value of the correction as p apprvaches 
unity is interesting. 

LITERATURE. 
——>———_ 

Surveying and Levelling Instrwments, Theoretically and 
Practically Descritted By Wiit1am Forp STanuey. 
Fourth Edition. Revised by H.T. Tatitacx. London: 
E. and F.N. Spon. [Price 7s. 6d.] 

Tue issue of a new edition of the late Mr. 
Ford Stanley’s work on surveying instruments 
reminds us that nearly twenty-five years have 
passed since this useful work was given to the 
public, and that for a still longer period the firm 
of Stanley has occupied a prominent position 
among instrument-makers. The book has much 
to recommend it, and coming from a maker of 
instruments, it is natural that more attention 
should be bestowed on the use and construction 
than on the theory. This is particularly notice- 
able in discussing the corrections to the observed 
quantities read directly from the instruments ; 
these refer to mechanical corrections, and do not 
aim at the nicety obtainable by arithmetical cor- 
rections derived from theoretical considerations. 
In this particular there is no de from the 
original lines on which the book was planned, 
the reviser feeling it his duty to adhere closely to 
the methods of his predecessor 

As we turn over the leaves of this encyclopedia 
of surveying instruments, with its many illustra- 
tions and references to patents of forty years and 
more ago, we ask ourselves in what direction has 
instrumental manufacture advanced, and what have 
been the achievements of our opticians and in- 
ventors ? Doubtless tools have improved, accuracy 
of construction has advanced, the convenience of 
the observer has been consulted ; rigidity has been 
maintained or increased, while weight has been 
lessened, making the instrument less cumbersome 
to handle ; division errors have been noticeably 
reduced, especially in the cheaper forms; the 
standard of workmanship has been raised, but the 
impression left is, that improvements have been 
mainly confined to points of detail, and little novelty 
or generic alteration is to be credited to our manu- 
facturers. 
Measurement, whether angular or linear, does not 

admit of change. The compass remains an emblem 
of stability, and still assumes the form in which it 
was designed. The late Lord Kelvin introduced 
some mechanical arrangements that made the indi- 
cations more reliable, but that form, being used 
mainly for giving direction to a ship’s course, finds 
no mention in a work limited to surveying instru- 
ments. The absence of reference to the home of 
gyro-compass suggested by Anschutz and by 
Sperry is explicable perhaps on the same grounds. 
The level and the theodolite do not offer much scope 
to ingenuity, though the greater extent in which 
some forms are employed in mining surveys, and the 
greater accuracy demanded, have necessitated some 
alterations in the accessories tending to greater con- 
venience in use. Greater precision has been secured 
in observations with the tacheometer, but due to 
geeater care in construction, not to the employ- 
ment of any new principle. In telemeters and 
range-tinders possibly greater improvements have 
been effected than it is desirable to make public. 
The value of such devices in war time is readily 
admitted, and though we may be travelling rather 
far from surveying instruments properly so-called, 
yet, since mention is made of and Stroud’s 
telemeter, a fuller description might have been 
expected of those instruments that science has 
devised to give greater effect to long-range artil- 
lery. Equally scant is the reference to the em- 
ployment of photography in surveying, though in 

the last few years the process has made great 
strides, and improved instruments of the Lee 
Bridges pattern mark something like a new de- 
parture. Clinometers have found new applications 
in the last quarter of a century, requiring modifi- 
cations in detail, but the general principles of 
construction remaim unaltered, and have received 
fitting attention. 

The sextant defies time and acknowledges no 
competitor in its own field. It remains indis- 
pensable alike tothe navigator and explorer. On 
account of its portability and simplicity of mani- 

lation, dispensing with all fixed support, and 
urnishing data with the least expenditure of time, 

it admits of no rival. To all intents and purposes, 
the form given to this invention of Newton, by 
Hadley or Godfrey nearly 200 years ago, retains its 
original characteristics, and the rapidity and pre- 
cision of the results obtained by a practised 
observer testify to its abundant merits. The 
author lingers over the various forms that ro oem | 
has suggested, but he has no new triumph to record. 
Some of the remaining instruments described are 
as old or older than the sextant ; Gunter’s chain 
and the plane table carry us back to the time when 
surveying was in its infancy, but they still hold 
their own in competition with later and more com- 
plicated devices. And here one might say a word 
for the Jiaderin tape, or the Konstat tape, as the 
author calls it. In the last twenty-five years, in 
various applications to rigorous geodetic measure- 
ments, this method has proved its utility and 
accuracy, and apparently has a great future before 
it. The heliostat and celostat have also received 
many improvements of late years fitting them for 
wider application than the author’s brief reference 
would suggest. 

The value of the book consiste in showing very 
effectively what apparatus is at the command of 
the surveyor, what particular form is best suited 
for his purpose, and generally how it can be used 
to the best advantage, as well as its limitation. 
There are many useful hints scattered through the 
pages which shoulé be treasured by all who have 
to use instruments, .nd which may not be neglected 
without loss and trouble. 

An Elementary Treatment of the Theory of Spinning- 
Tops and Gyroscopic Motion. By HaroLtp CRABTREE. 
Second Edition. Illustrated. London: Longmans, 
Green and Co. [Price 7s. 6d. net. ]} 

Ir is possible to write about the gyroscope and 
leave the reader only perplexed and disheartened, 
and also it is possible to make the subject enter- 
taining and to convey abundant information. Mr. 
Crabtree has wisely followed the latter course, and 

the second edition of his book is, as it should be, 
an improvement on the first. He uses mathe- 
matical formule not to darken but to explain. 
While he gives very exact ideas on the subject of 
rotation about a fixed axis, he is not afraid to attack 
the more difficult problems connected with gyro- 
static movement, or the motions of an axis of rota- 
tion in an ellipsoidal body or in space. He will, 
too, lighten the purely mathematical discussion by 

using to explain how a cat manages to fall on its 
foot. and does not scorn the assistance of kinema- 
tographic illustration. The mysteries of ‘‘ diabolo ” 
that exercised so weird a fascination some years ago 
are resuscitated for our guidance, and their discussion 
made instructive. But the teachings of the gyroscope 
serve other purposes than to enforce the principles 
of rigid dynamics. They find practical application 
in the Brennan monorail, in Rchlick’s gyroscopic 
device for steadying ships, and in the guidance of the 
deadly torpedo. Into all these and other uses the 
author enters, and mathematical notation is made 
to contribute to exactness and lucidity. 

The new matter in this edition is mainly collected 
into appendices ; not the least important of these 
is the presentation of the theory of the Anschutz 
gyro-compass in a very satisfactory form. Some 
years ago the author, in collaboration with Mr. 
Alfred ge, put Dr. Schuler’s theory into an 
English dre-s, for Messrs. Elliott Brothers, the 
English makers of the gyro form of compass ; but 
this, aiming at completeness, and intended for 
practical use, was rather a formidable affair. Here 
we have the whole gist of the matter in a few 
pages, that can be easily mastered. It is impos- 
sible not to admire the ingenuity of the construc- 
tion and the manner in which the mechanism is 
operated, and one would like to know to what extent 
theory and experiment have combined to build up 
the instrument. That a gyroscope; having three 

degrees of freedom when perfectly balanced, would 
maintain the axis of rotation fixed in space, and 
therefore serve to indicate the ship’s course, must 
have been very evident from the general theory, 
and equally certain was the recognition that with- 
out perfect balancing, precession would be set up 
and a cumulative error be introduced that would 
render the instrument useless. How to secure a 
horizontal position and overcome this difficulty must 
have been the stumbling-block, and the peculiar 
merit in the gyro-com lies in the damping 
mechanism that keeps the axle level. Theoretic- 
ally the point is as interesting as the mechanical 
accomplishment is ingenious. We know now that 
it can be effected by the emission of a stream of air 
through two openings of equal size, but whose 
available aperture is capable of being increased or 
diminished automatically by the tilt of the axle of the 
gyrostat, the difference of the action of the two 
streams forming a turning couple round the vertical 
axis of the system, which, by opposing the preces- 
sion, brings the axle of the gyroscope horizontal. 
Experiment may have determined the adequacy of 
this device for a particular Jatitude, but theory 
alone could have indicated the necessity for a lati- 
tude correction, or of a kind of aberration, to use 
ap astronomical term, depending upon the relation 
between the ship’s nti peer the earth’s rotation. 
There is, too, a third correction—the ballistic 
correction—due to the change in the ship’s motion 
in latitude. The way in which these several correc- 
tions are worked out will be much appreciated by 
those who admire accuracy of deduction and nicety 
of mechanism. 

Those who are inclined to more frivolity can 
study the reasons for the swerving of a ‘“‘ sliced ” 
golf-ball, a subject that Sir J. J. Thomson has put 
before delighted audiences ; and in quite a different 
direction, but not inappropriate to the present hour 
of anxiety, the problem of the drifting of projec- 
tiles and the flight of a rifled bullet in air may 
remind us in how many various ways the old 
problem, De motu turbinis, enters into the every- 
day aftairs of life. 

Wireless Telegraphy : A Hand-Book for the Use of Operators 
and Students. By W. H. Marcuant. London: Whit- 
taker and Co. [Price 5s. net. ]} 

TueERE have been several of these primers, that are 
usually described as elementary, but are not fun- 
damental, that shun all the difficulties that need 
illumination, and are content to put before the 
reader only the practical results that have been 
derived. This little book belongs to that class and 
is not distinguished by any peculiar features. The 
author states frankly that it is written tur those 
who are engaged in the practical operation of radio- 
telegraph installations, and he caters mainly for 
those who have to satisfy the examiners and obtain 
a certificate for proficiency. We grow rather tired 
of descriptions of the Marconi 1}-kw. set, that 
forms the picce de resistance of this class of treatise, 
and of the practical details for generating electrical 
oscillations. The same facte are repeated and the 
same difficulties are ignored. If some of the 
phenomena that are utilised cannot be explained, 
it would only be right to inform the reader that no 
complete explanation is yet forthcoming. For 
instance, Mr. Marchant might have warned his 
students that the mechanism, or process, by 
which the signals are conveyed from the trans- 
mitting to the receiving apparatus is unknown. It 
is easy to postulate ‘‘an infinitely tenuous medium 
termed the ether,” but that is only a veil to 
ignorance. It is no doubt correct to say that the 
effect is due to the action of electro-magnetic 
waves ; but whether these are Hertzian waves or 
space waves remains undetermined. Similarly, and 
connected with the method of transmission, it is 
not clear what part the earth plays, and therefore 
the process by which the transmission of long- 
distance signals is made possible is obscure. The 
author attempts no more than to indicate that if 
certain apparatus be provided, and certain opera- 
tions ormed, definite results will be produced. 
Enlightenment is not made one whit greater by 
writing down a formula without explaining how it 
is derived. To tell what the symbols mean may 
enable one to get a numerical result, but serves 
little useful purpose. But doubtless the author 
knows what candidates are likely to be asked, 
what diagrams they will have to draw, and has 
supplied the necessary answers. Stripped of 
details, he explains that at a transmitting station 
there must be a source of high electromotive force; 
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a condenser in which is stored an electric charge 
capable of being suddenly released, and an open 
radiative circuit coupled to the condensing circuit. 
At the receiving station there must be an aerial 
to pick up the radiations transmitted, a condenser 
circuit having variable capacity and inductance, 
and some form of oscillating detector to make an 
audible or visible signal. Ingenuity has varied 
these essentials in a multitude of ways, giving rise 
to different systems ; but with few exceptions the 
fundamental principles remain unchanged. 

The author touches on some of the mechanical 
improvements needed to make the apparatus more 
effective or convenient. He instances and describes 
a simple form of calling-up device that would 
dispense with the continual watchfulness of the 
operator. This is, no doubt, much to be desired, 
and it is suggested that the deflection of a needle 
might be made to close a circuit containing a 
trembling bell. If there is sufficient energy, this 
is an obvious result, but here again he fails to 
point out the necessity of preventing atmospheric 
discharges making a ‘‘ false” call, and of confining 
the action to a pre-arranged signal. Indeed, the 
whole subject of ‘‘atmospherics” or ‘‘ strays” is 
practically ignored, and thus fails to impress upon 
the student the existence of a frequent and trouble- 
some difficulty. A fairly good description is given 
of the Sydney Brown relay, but we are not told 
what amount of power is necessary to work the in- 
strument. What seems to be wanted is a relay or 
recorder that will work with a power of only a 
few micro-microwatts at the rate of fifty signals a 
second. In these days of war, when aeroplanes 
are 80 prominent as scouts, great interest attaches 
to portable sets of apparatus capable of being 
carried aloft. Some schemes are described, but 
they introduce no new feature. The principal aim 
in designing them is to reduce weight and make a 
convenient arrangement of the necessary apparatus 
within a small space. 
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EXTENSION OF MESSRS. BOLCKOW, 
VAUGHAN’S STEEL WORKS. 

ConsIDERABLE developments have been made at 
the iron and steel works of Messrs. Bolckow, 
Vaughan and Co., Limited. New laboratories and 
power station andan entirely new basic open-hearth 
steel department have recently been completed, 
and additional rolling-mills and rail hot - banks 
are being constructed. As the design and the 

ement of the accessories embody the fullest 
experience of a most progressive company, the 
illustrations of the new plant, which we publish on 
Plates I. to IV., and on pages 4, 5, and 6, will 
be studied with interest. First it will give satisfac- 
tion to all to realise that one of the old steel- 
manufacturing firms which did much useful and 
stimulating pioneering work still shows that spirit 
of enterprise which is essential to our national indus- 
trial supremacy. The firm of Bolckow, Vaughan and 
Co. dates from the beginning of the Cleveland iron- 
making industry ; it was the founders of this now 
great concern who discovered the Eston iron- 
stone deposits, and built the first blast-furnace at 
Middlesbrough, in 1851. Since then the district 
has advanced at a rate equalled only in this country 
by the rise of the Furness area, due also to the 
discovery of ironstone. This first Eston furnace 
was followed by others built under the shadow of 
the Eston Hills, from which, since then, millions 
of tons of iron-stone have been taken to burden the 
ever-growing number and capacity of the company’s 
furnaces. But even the Eston Hills do not contain 
enough iron-stone to satisfy the needs of what 
is now the largest number of blast-furnaces in 
the country under one direction, so that other 
parts of the Cleveland range have been tapped 
and shafts sunk at North Skelton, South Skelton, 
Belmont, and Lon , all of which mines are 
situated between the ancient ecclesiastical town of 
Guisbro’ and the sea coast. The company’s coal- 
mining properties in the county of Durham, too, 
are so extensive that, after supplying all the coal 
and coke required by their works, they still have 
over a million tons of coal per annum to place on 
the market. The recovery of sulphate of ammonia, 
tar, and benzols as by-products from the coke- 
ovens forms another source of profit to this great 
organisation. When it is further mentioned that 
the company owns large limestone quarries and 
brick works, and extensive wharfage on the Tees 
for shipping their products, it will be realised to 
how great an extent their operations are self- 
contained. 

The blast-furnaces are built in six separate 
plants, five of which are situated near to one 
another at South Bank (3 miles from Middles- 
brough), and the sixth on the bank of the Tees at 
Middlesbrough. This latter plant is used for the 
manufacture of spiegeleisen and ferro-manganese. 
Of the 23 blast-furnaces owned by the company, 14 
are at present in blast. Most of these are ef the 
usual Cleveland type, each making 900 to 1000 
tons of iron per week from ironstone calcined in 
circular kilns. The Grangetown plant of two 
furnaces is constructed to American designs, and 
is equipped with automatic loading and dischargin 
apparatus, the ironstone in this case being calcin 
by waste gases in Roberts and Colby roasters. 
The Bessemer blast-furnace plant, also of two 
furnaces, is of a modified Cleveland type, designed 
for larger makes, with skip-charging hoists ; 1200 
to 1500 tons per week are made by each of the 
Bessemer and Grangetown plant furnaces. Hema- 
tite iron, spiegeleisen, and ferro-manganese from 
foreign ores are also made in these furnaces. The 
burden is transported from kilns and bunkers to 
the skips by electric telpher railway, with elec- 
trically-operated discharging and self-contained 
weighing apparatus. 

The working of the telpher railway is illustrated 
in three views given on Plate I., Figs. 1 to 3. 
The system consists of an overhead - supported 
track-rail carried round the calcining kilns and 
storage bunkers to the base of the skip - hoists. 
The materials for each furnace are conveyed by one 
set of telpher lines, consisting of a motor and a 
trailer car. Each carries two tipping-buckets, 
holding 40 cwt. of calcined ironstone, makin 
4 tons altogether, which constitutes a load for the 
blast-furnace skip. When receiving its load under 
the shoots at the kilns, the bucket is weighed by a 
self-contained apparatus on each car. A relieving 
gear prevents damage when travelling. Each 
bucket is tipped by suitable motor-operated gear 

when it arrives over the skip-hoist bucket. The 
attendant who travels with each train performs, 
with the help of another man, the filling, weighing, 
and discharging. As a check to accurate weighing, 
a Pooley overhead-track weighing-machine is 
installed near each furnace, with the steelyard 
placed in the furnace-attendant’s cabin. i 
attendant also controls the shoots which lead the 
coke direct into the furnace-skips. In the entire 
system there are a number of patent junction- 
switches which have been very effective in their 
operation. The cars are operated by direct current, 

volts. The travelling motors are totally enclosed, 
and in duplicate, to prevent delays in case of failure. 
The aie is about 4 miles hour. 

When Bessemer’s magnificent conception was 
made known to the world, Messrs. Bolckow, 
Vaughan and Co. were large makers of iron rails, but 
so impressed were they by the importance of the 
discovery that they were the first in Cleveland to 
take up the manufacture of steel by the new process, 
notwithstanding the fact that, in order to make 
hematite iron, it was necessary te import foreign 
ores, and, to this extent, discontinue the use of the 
ores in their own adjacent properties, which were 
too high in phosphorus for the acid Bessemer 
process. Not content alone with anticipating the 
needs of constructional engineers by pioneering 
this new steel-making process, the foresight and 
activity of the directorate showed itself in the 
manner in which the use of their plant and staff 
was placed at the disposal of Messrs. Thomas 
and Gilchrist, to experiment with the basic pro- 
cess, and they can claim the honour for their 
works of being the first to bring to commercial 
success a process by which millions of tons of 
steel are annually produced. Soon after the 
assured success of the basic Bessemer process, a 
further step in advance was taken by the erection 
of five basic-lined open-hearth furnaces to work 
both the direct process and, in conjunction with 
the basic Bessemer converter, what is known as 
the duplex process. 
ry > — ago, Messrs. Bolckow, Vaughan 

an . found it necessary as a ive 
organisation to adopt a process which involved 
the displacement of their own ores by foreign ores, 
time, well employed, has brought them their 
reward. The years spent in the wilderness with 
the basic process in all its variations have furnished 
new ideas which enable the company to return to 
the use of Cleveland ore and iron for steel-making, 
with the certain knowledge that as fine a struc- 
tural steel as is produced in the world can be 
made from these materials. The company has 
been through all the phases of steel-making— 
acid open-hearth, acid Bessemer, basic Bessemer— 
and now they claim that they have the latest 
and most highly developed form of all—open-hearth 
basic. In the light of recent scientific advances in 
metallurgical chemistry and physics, open-hearth 
basic steel, made in modern furnaces and under 
such highly technical control as we find at Eston 
is, in constitution and physical structure, as 
superior to the same kind of steel made ten years 
ago as the finest open-hearth acid then was to 
basic Bessemer. In its resistance to rupture under 
fatigue tests, it excels steel made by any other 
process. The output of basic open-hearth steel in 
this country increases each year to an extent which 
is very significant of its success in displacing the 
acid product. The entirely new plant erected at 
Cleveland Works embodies the latest designs in 
modern steel-works practice, and the drawings 
reproduced in Plates II. and III. will prove 
interesting. Fig. 4 is a general elevation of the 
open-hearth plant. Fig. 6 is an elevation of the 
open-hearth plant, showing one furnace and one 
mixer. Fig. 5 is a cross-section of the open-hearth 
shop through a furnace, showing the casting plat- 
form and teeming arrangements ; and Fig. 7 is 
a cross-section of the open-hearth shop through 
one of the mixers. 

The plant will ultimately consist of ten 60-ton 
furnaces and two 400-ton -fired mixers, and is 
intended to make steel from iron produced by the 
company’s blast-furnaces which are burdened with 
Cleveland ore. Four of these furnaces have now 

g | been in operation for a year, and three others are 
in process of construction. The total output of 
the completed plant will be about 400, tons 
of ingots annum. 

The melting-shop, Fig. 4, is 904 ft. long, and will 
shortly contain seven furnaces and two mixers. 
When completed to house ten furnaces and two 
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mixers the total length of the shop will be 1185 ft. 
The width over all is 135 ft. 24 in., divided into 
two bays. the one on the charging side being 
76 ft. 8} in. wide, and that on the casting side 
58 ft. 5} in. (Fig. 6). The charging side is served 
by two 50-ton cranes with 10-ton auxiliary lifts 
and two 5-ton Wellman chargers. There are two 
100-ton cranes with 25-ton auxiliary lifts, and these 
cranes convey the metal from the mixers to the fur- 
naces, and from the furnaces to the casting plat- 
form in 70-ton ladles. Teeming is done from the 
casting-platform, the moulds being moved below 
the ladle on cars by hydraulic power. An iron 
footway runs the whole length of the shop, enabling 
the cranemen to descend at any point in case of 
emergency. The materials for charging the fur- 
naces are brought in charging-boxes, four on a 
bogie, up an inclined railway to the charging-stage 
level, on which are two lines of rails with numerous 
cross-overs. This enables the various materials 
required to be placed opposite their respective 
furnaces without blocking the main line feeding the 
entire plant. 

Twenty-seven water-bottomed gas-producers pro- 
vide gas for seven furnaces and two mixers. These 
producers are mechanically fed and blown with 
central hooded cones by means o; 8 positive blast, 
to which steam is supplied at about 7 lb. pressure. 
The gas-flue is a 7-ft. diameter brick-lined tube 
carried on columns overhead, with 4-ft. 4-in. 
branches to each furnace and small branch-pipe for 
drying ladles, &c. 
The furnaces and mixers (Figs. 5 to 7) are 

carried on steel stanchions and girders, with an open 
space underneath, allowing a railway line to be 
taken through to the casting side. This enables 
slag- pots on bogies to be pushed directly below the 
tapping-hole ; the pots when filled are removed by 
locomotives, The mixers, which are placed together 
in the centre of the shop, are made to tilt concen- 

Fre. 10. 100-Ton Buckton Testrnc-Macutne. 

Fic, 11, 50-Ton Bucxton Testine-MacHIng anv Conpuctiyity-TrgstTine Sets, 
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Fic. 13. Test-Prece-Preparinc Room. 

trieally to the port block, which is rectangular in 
section. The ports are removable longitudinally 
for repairs. e slag is drawn off on the charging 
side, and the metal on the casting side of the 
mixer. The hot metal forthe mixers is brought in 
ladles to a space between the mixers and raised 
through an opening in the platform by means of 
50-ton cranes serving the charging side. 

@ open-hearth furnaces (Fig. 5) have a nominal 

| 

( 

capacity of 60 tons, but will hold 70 tons if required ; 
the bath measures 14 ft. 6 in. between side walls, 
which are 18 in. thick and 35 ft. 6 in. long between 
blocks ; the depth is 284 in. below door-plate level. 
The gas enters the furnace through two, and the 
air through three, ports. In the block end these 

rts have a vertical drop into the slag-pockets 
Catow. The furnace bath is encased in a massive 
riveted steel-plate pan carried on the main girders 

before mentioned. On the charging side there are 
three doors, two 5 ft. wide in the clear for charging 
large scrap when necessary, and the centre one is 
3 ft. wide, On the tapping-hole side, the doors are 
three in number and all 3 ft. wide. The furnace 
structure is very strongly bound with eteel channel 
verticals and cast-steel plates around the doors. 
The gas and air reversing-valves are 42 in. in 
diameter, and operated by hydraulic power and 
compressed-air cylinders respectively. e chim- 
neys are 150 ft. high, 6 ft. in diameter inside, 
built of steel plate and brick-lined to the top. 

Each mixer (Fig. 7) measures 55 ft. over the 
chills, which latter are made of cast iron, and not 
water-cooled, as is sometimes the case. The bath 
is 15 ft. 6 in. wide by 46 ft. in length at the metal 
line, and has ample capacity for tons of iron. 
The mixer is tilted by two double-acting hydraulic 
cylinders with 19-in. diameter ked pistons and 
64-in. diameter rods. The igdenaiile pressure is 

lb. per sq. in., and is furnished for the entire 
plant by a set of motor-driven three-throw pumps 
and accumulator. The latter controls the pump 
motor by automatic electric-control switch-gear. 
In order to ensure a continuity of supply in case of 
accident or repairs, hydraulic pressure from another 
source can be obtained by opening an isolating- 
valve. The port ends can moved back by 
hydraulic power when brickwork renewals are 
necessary. These structures contain two gas and two 
air uptakes from the slag-pockets which are placed 
at the ends of the regenerators. The air and 
regenerators, together with the sleg-pockets or 
chambers at each end of the mixers and furnaces, 
are encased in a strong riveted steel-plate casing 
suitably stiffened by angle and channel sections. 

Until recent years, tteel made in basic-lined fur- 
naces was unable to compete in point of quality with 
steel made from pure pig-irons in acid-lined fur- 
naces, This inferiority still obtains in the case of 
basic Bessemer steel, which forms by far the 
greater proportion of the output of German steel 
works. The inferiority of basic Bessemer steel lies 
in the drastic nature of the process, which demands 
at the end of the ‘“‘blow” such highly —— 
conditions to remove the phosphorus, and suc 
intense heat that a portion of the iron must, of 
necessity, be burnt to oxide. This oxide of iron 
dissolves in the molten steel in such large quanti 
ties that it is impoesible to obtain complete de- 
oxidation, the result being a liability to red-short- 
ness and failure under shock. 

In the case of basic open-hearth steel much the 
same conditions have prevailed, but in a less degree, 
since the process of 1efinement is not nearly so 
drastic, requiring six to ten hours for completion 
instead of as many minutes in the case of the basic 
Bessemer process. Recent study and investigation 
of the nature of the reactions taking place in the 
manufacture of basic open-hearth steel has brought 
to light much that accounts for the bad results 
obtained in the basic-lined open-hearth furnace 
during its early development, when charges were 
worked in practically the same manner as in an 
acid-lined furnace. 

With acid open-hearth steel a certain latitude 
was permissible in the constitution of the finishing 
slag, and the viscosity was a sufficient guide as to 
its constitution to enable the melter to tap with a 
neutral or nearly neutral slag. Only in recent 
years has it been forced upon the steel-maker 
that a more scientific control of the furnace- 
bath must be maintained when working the pig 
and ore process on a basic bottom. The viscosity 
of a basic slag is often a very inadequate guide to 
ite constitution, and adie b, supplemented by 
complete chemical analysis to ascertain the total 
basicity and amount of free ferric oxide left dis- 
solved in the slag, no matter how low the total iron 
content therein may be. Lack of knowledge and 
scientific control has led to much basic open-hearth 
steel being tapped in a highly oxidised condition 
resulting in a product which showed red-shortness, 
worked badly in rolling, and developed surface 
defects. The ferrous and manganous silicate slag 
of an acid charge does not give any trouble on this 
account, since, if no metalloids are immediately 
oxidised by the Fe,O, of the feeding ore, the latter 
at once attacks the silica lining, forming ferrous 
silicate. 

The influence of these factors on the successful 
manufacture of basic open-hearth steel intended 
to compete with the highest grade acid steel has 
not been overlooked in laging out the new plant at 
the Cleveland Works. In addition to inhibiting 
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Their experiments were conducted on annealed and 
neato’ ?-in. and 1}-in. plates of each quality 
as supplied commercially for ship and boiler con- 
struction. The mechanical tests made included 
resistance to shock as indicated by tensile and 
transverse impact. The general conclusion arrived 
at from this investigation was that while each 
quality of steel presented slight advantages under 
particular circumstances, there was no evidence 
leading to the conclusion that either process of 
manufacture gave the better steel. 

The importance of strict control over the quality 
of the material during the course of manufacture 
has already been emphasised ; but, to carry out the 
final tests of the product, entirely new mechanical, | i 
hysical, and chemical laboratories have been built 
or the new open-hearth plant. The test-house is 

a large, well-lighted, and well-ventilated building 
constructed throughout of stone manufactured at 
the company’s artificial-stone works, and comprises 
testing-room, machine-room, bend-room, together 
with offices for test-house manager, clerks, and 
resident surveyors. 

In the test-house are situated two Buckton testing- 
machines of 100 tons and 50 tons capacity respec- 
tively, fitted for all of tensile, impression, 
dead-load, &c., tests. e 100-ton machine is illus- 
trated by Fig. 10, and the 50-ton machine by 
Fig. 11, both on page 4. Both are Messrs. 
Buckton’s standard-type Wicksteed’s vertical single- 
lever machines, with patent hydraulic poise-control 
mechanism for rapid work. They are also fitted 
with patent bridle for restraining the impulse 
which sometimes comes upon the knife-edges from 
a sudden high-load break of a hard specimen. The 
100-ton machine will admit specimens in tension 
up to a length of 30in. between the clip-boxes, and 
also deflection tests of raile, &c., up to 6-ft. centres 
of supports. Each machine has its own belt-driven 
hydraulic pump and accumulator for providing the 
necessary power. There is also an Elliot Brothers 
conductivity testing set for testing conductor-rails. 

The adjoining bend-test room, illustrated in 
Fig. 12, on page 4, contains specially sharp shears 
for cutting plate test-pieces to a convenient size, 
hydraulic bending-machine, pumps and accumu- 
lators for the Buckton machines, and racks for 
the storage of test-pieces during inspection. In 
the test-preparing room (Fig. 13, on page 5) are 
all the necessary tools for the rapid and accurate 
preparation of different types of test-pieces. The 
machines are of the most recent design, and com- 
prise planing-machine, 6-in. and 8-in. centre lathes, 
drilling-machine, power hack-saw, and plate-shap- 
ing machines. ere is also a furnace-room for 
preparing temper bend tests, and adjacent to this 
are placed the rail impact-testing machines. 

The chemical laboratories consist of a brick 
building, 110 ft. long by 45 ft. wide, the interior 
being lined with white glazed brick. The building 
is divided into three sections, the largest being 
used for routine testing of pig-iron, steel, ores, 
fuels, refractory materials, &c. The second section 
is devoted to the analysis of oils and fats, non- 
ferrous alloys, gases, waters, and the determination 
of the calorimetric value of fuels. In the remaining 
section the work is chiefly in the nature of research 
and experiment. 

In this section, also, the pyrometers used at the 
blast-furnaces and in the steel works are tested 
and re-calibrated. This latter is a most impor- 
tant department of the laboratory equipment, as 
at many points in the course of manufacture the 
control of temperature is of paramount considera- 
tion in respect of quality of the product and 
economy of the process. The thermo-couples are 
checked directly by measuring, on a delicate poten- 
tiometer, the electromotive force generated at 
the freezing-point of pure metals. The galvano- 
meters are J seelh by applying an electromotive 
force, measured on the potentiometer, to the 
terminals of the galvanometer. 
A complete metallographic outfit for carrying 

out microscopical research on steel and iron has 
also been installed. This equipment includes 
& Bausch and Lomb optical bench with photo- 
graphic camera adap by means of a totally 
reflecting prism to a Rosenhain metallurgical 
microscope. The microscope is mounted on an 
adjustable table, which enables it to be moved 
exactly into the focus of a Nernst light for visual 
examination, or into that of a powerful arc for pro- 
jection or photography. Fig. 9, on Plate IV., isa 
view of a part of the metallographical and physical 
research laboratory, which is admirably equipped, as 

the view shows. As many as 400 eamples, involv- 
ing 1000 separate analytical determinations, are 
dealt with every twenty-four hours. 

In addition to these main laboratories, there is 
another built on the stage of the new open-hearth 
plant to-enable bath and slag samples to be 
examined and reported upon during the actual 
working of the charge, which is thus constantly 
under control. 

It will be apparent that with these advances in 
the science of steel-making from native ore, no 
anxiety need be felt over the rapid exhaustion of 
hematite, which hitherto has been the basis of 
or steel. A possible source of anxiety may 
indeed lie in the fact that the rapidly diminishing 
supply of pure hematite ores makes it necessary to 
fall back upon others which previously were re- 
—_ on account of their high phosphorus content. 

ose acquainted with the history of steel-making 
in America will know that this temptation was not 
infrequently succumbed to, as witness the long 
series of rail breakages and consequent disasters 
traced to acid steel containing high percentages of 
phosphorus. As a result, specifications had to be 
stringently revised and more rigorous inspection 
enforced. 

In addition to the new plant described above, 
large sums of money are being expended in laying 
down new rolling-mills and new rail hot-banks 
with cambering machines, so that the rolling-mill 
department may keep pace with the additional 
steel-producing capacity. 

A most interesting feature of the works is that 
of the power generation, which is performed by a 
cycle of operations designed to utilise all i. = 
ene in a singularly complete manner. e 
surplus gas from the blast-furnaces is burned under 
Babcock and Wilcox boilers to provide steam for 

latter is then delivered to a series of Rateau 
heat - accumulators, turbo - blowers, and turbo- 
alternators, which respectively supply blast at 7 Ib. 
to 15 lb. pressure to the furnaces and generate 
sufficient electric power, not only to meet the 
requirements of the works, but those also of the 
Eston mines. With the exception of locomotives 

boiler in the works. 
The power-house, which contains both the elec- 

tric generators and the turbo-blowers, is 203 ft. 
long by 40 ft. wide, and is served by a 15-ton 
overhead electric crane which travels the full length 
of the building. Fig. 8, on Plate IV., is a per- 
— view, and Fig. 14, on e 6, a section 

rough the part of the house in which the turbo- 
blowers are ced, this section showing the 
arrangement of the condensing machinery, &. The 
electric power plant consists of three 2000-kw. and 
one 1000-kw. turbo-alternators generating three- 
phase current at 2400 volts, 60 periods, when 
running at a speed of 1800 revolutions per minute, 
driven by ‘‘ mixed pressure” turbines fitted with 
automatic control gear. The steam supply is at 
150 1b. per sq. in. superheated about 100 deg. Fahr. 
The alternators are placed at one end of the house. 
Eight turbo-blowers occupy the other portion of 
the house, six of these having a normal capacity 
of 25,000 cub. ft. of air per minute against a pres- 
sure of 10 lb. when running at a speed of re- 
volutions per minute. The other two blowers are 
of the same capacity, with two extra stages, and the 

turbines have more horse-power to enable them to 
blow to 151b. pressure at the same speed. 

The switch-board is placed at one end of the 
building, from which power is taken over a number 
of circuits to different parts of the works and the 
company’s Eston mines. The house has a 
ment 16 ft. deep, in which the condensing plant is 
placed, as shown in Fig. 14. Each turbine has a 
surface-condenser underneath, and directly con- 
nected with the exhaust branch. All the con- 
densers are of the same design, with Edwards three- 
throw air-pumps motor-driven through reduction 
gear, with the exception of one recently installed, 
which has a Mirrlees-Le Blanc air- pump direct 
driven by motor. 
The exhaust steam from the steel works is carried 

in an overhead main through an oil-separator and 
then through eight Rateau accumulators, the latter 
made from old boiler-shells 30 ft. long by 7 ft. 
in diameter. The exhaust steam supply is main- 
tained at 16 lb. pressure absolute. The condensed 
steam from the surface-condensers is raised by a 
small ee driven from each air-pump to the 
hot-well, and the piping arrangements are so 

the rolling-mill engines, the exhaust from the| 7 

and a few portable cranes, there is not a coal-fired | I 

made that the discharge of each condenser can be 
measured in a Lea recorder, either separately or 

collectively. From the main hot-well the condensed 
steam and make-up water is raised by centri- 
fugal pumps to a series of feed-heaters, through 
which a portion of the surplus exhaust steam is 
passed, raising the temperature to nearly boiling- 
point. From these heaters the hot water is 
again pumped by centrifugal pumps to the three 
groups of water-tube boilers which are located 
near the blast-furnaces at Grangetown, Cleveland, 
and South Bank respectively. e cooling water 
for the surface-condensers is pumped from the 
River Tees through two 30-in. diameter mains for a 
distance of about 5000 ft. The pumping-station at 
the river side for the above supply consists of five 
centrifugal pumps, driven by 200 horee-power high- 
tension three-phase motors. After passing through 
the surface-condensers the water is carried back to 
the foreshore through two 33-in. diameter mains. 
The total horse-power available in the power-house 
is 22,000. 

The general management of the works is in the 
hands of Mr. George Ritchie, whose name is well 
known in connection with the manufacture of the 
highest e steels for armour-plate, ordnance, 
tyres, axles, shafts, and boiler-plates. 

Tur Panama Oanat.—The east-bound traffic passin 
through the Panama Canal in sc September, an 
October was as follows :—August, 12 vessels, 57,182 tons 
cnmpeses September, 30 vessels, 186,776 tons cargoes ; 
and October, 41 vessels, 252,288 tons caigoes. The west- 
ward movement was :—Avugust, 12 versels, 49,106 tons 

‘oes ; September, 27 vessels, 135,262 tons cargoes * 
and October, 43 vessels, 168,069 tons cargoes. It will be 
observed that traffic has thus far been limited, but thav 
it is increasing, although the world’s trade wes affeckd 
during the three months under notice by the great 
uropean war. 

Gas -Worxs Drreecrory anp SratistTios, 1914-15. 
—We have received a copy of this directory for 1914-15, 
the thirty-seventh issue. It contains an alphabeti 
index of officials of gas-lighting works; lists of associa- 
tions of managers and engineers of gas works. The 
greater part of the book is taken oy a directory and 
statistics of gas works in England Wales, Scotland, 
reland, and in foreign and colonial towns. For each 

town, the particulars include the population, the railway 
system on which the town is situated, the owners of the 
gas works, the output, prices, and the names of the 
officials. The direc is issued at the price of 10s. 6d. 
net, by Mesers. Ha Watson and Viney, Limited, 
52, Long Acre, London, W.C. 

Prince Rurgert.— Work on the west end of the Grand 
Trunk Pacific Railway, between Prince George and Prince 
Rupert, is practically closed up, as winter has settled 
down. All important ballasting for the season has been 
completed upon the line, and with two months’ more 
work in the ing the section will be finished. The 
line is now fully lasted from Winni to Prince 
Rupert. Twelve-stall round houses are being built at 
Prince George, Endako, Smithers, and Pacific, and con- 
tracts are pending for stations. All bridges will be 
completed upon the main line by January 1, and a 
contract for a new dock at Prince Rupert, which will 
accommodate oil-steamers, will be let in January. The 
Grand Pacific dry dock will be shortly in operation. 
Prince Rupert is feeling the benefits of the Grand Trunk 
Pacific Railway, and is ming an prea fish port. 
Prince George has developed into a lively little city. 

InpIAN Rai.way Workinc.—A narrow-gauge line 
about 30 miles in length, from Broach to Jambusar, bas 
recently been for passenger traffic, and is now 
incorporated in the Bombay, Baroda, and Central India 

stem. At the close of March the South Indian Railwa 
mpany was working 17528 miles of line, viz.: bros 

gauge, 446 miles; metre gauge, 908% miles ; narrow 
pause, 98? miles ; and metre gauge lines other than State 

nes, 299 miles. A connection established between India 
base- |#md Ceylon by the South Indian Company is now in 

a. A viaduct establishes communication between 
the mainland of India and the Island of Rameswaram, and 
a Scherzer rolling-lift bridge carries trains over the 
Pamban Pass. traffic over the new lines is 
now in full operation, but there bas been some delay as 
regards goods traffic, and the Ceylon Government still 
—- ——— 8 to - . a pest, and refuses 
together carriage of live n consequence of 

a heavy and abnormal fall of rain, the main line of the 
metre-gauge section was recently washed away between 
Capper Quarry and Coleroon. The normal rainfall of 
the district is about 49 in. per annum, but in one month 
alone rain fell to the extent of 41 in., of which 25 in. fell 
in 48 hours. The consequence was that numerous canals 
and tanks burst their banks, and all the rivers, of which 
there are four in the district affected, overflowed their 
banks. The railway was breached almost continuous! 
for 10 miles; none of the bridges was serious! y cwowom'f 
and only one culvert was carried away. e damage, 
however, was so extensive that all traffic over the 10 miles 
had to be suspended for a month, and the restoration of 
communications cost nearly 6700. 
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1500-HORSE-POWER ELECTRIC LOCOMOTIVE FOR THE MIDI RAILWAY. 

— 

Fig. 1. 

phmeiiinnnvctann aN 

| 
| 

As is well known, the Midi Railway Company, of 
France, has a large single-phase electrification scheme 
in hand for some of ite main lines. Much experi- 
mental work and many careful tests have been carried 
out by the company in connection both with the 
locomotives and with the method of suspending the 
overhead conductors. Among the firms entrusted 
with the building of a trial locomotive was the Société 
Anonyme des Ateliers de Constructions Electrique du 
Nord et de l’Est, of Jeumont (Nord), France, of 
which the agents in this country are Messrs. H. W 
Butler and Co., of Craven House, Kingsway, 
London, W.C. This locomotive successfully met the 
whole of the specified conditions, and was the first of 
the entrants to get through the trials. As a result 
eight similar locomotives have been ordered from the 
company. We illustrate the locomotive and some of 
its details on the present and opposite page. 

The section of line between Marquixanes and Ville 
franche, which has a maximum gradient of 1 in 59, 
was chosen for the tests, and it was specified that the 
locomotive should be able to start a train of 400 tons 
on this section, that it should be able to draw a train 
of 280 tons at 40 km (25 miles) an hour on the up- 
gradient of the section, and a train of 100 tons at 
60 km. (37 miles) an hour. Descending from Ville- 
franche to Marquixanes, the motors had to work 
regeveratively, and the speed was to be capable of 
regulation to half of that specified for the ascent. The 
gauge of the line is 1.435 m. (4 ft. 84 in.), and the load 
per driving-axle 18 tons, the total weight 85.3 tons, and 
the lateral play of the driving-axles both ways 65 mm. 
(2y%5 in.). The maximum speed is 75 km. (464 miles) 
an hour, and the motors can exert 1500 horse-power. 
Current supply is from an overhead line at 12,000 
volts, 16% periods, single phase. 
oe dimensions of the locomotive are sum- 

marised in the following table :— 
Length over buffers... 14.270 m. (46 fs. 9 in.) 

»» . of the body... ee Pe ae ee 
Height of body above rails 3.515 ,, (11 ,, 
Height, including panto- 
graph (maximum) 

Height, including panto- 

9 
4 
6,,) 

6.500 ,, (21, 4,, ) 

” 9 ” ) 

, oe 
3 ) 

9,,) 

graph (minimum) --- 4.500 ,, (14 
Diameter of driving-wheels 1. ee we 

” i ing ” 1,000 ” ( 3 ” ” 

Wheel-base of driving- 
wheels oon nt one | Ee os CAR wn De 

Load per driving-axle 18 tons 
Total weight of locomotive 85.3 ,, 
Electric supply .-« 12,000 volts, 16% periods, 

3-phase 
Power ... — 1500 horse- power 
Maximum speed 75 km. (464 miles) per 

our. 

The h 1 arr ts of the locomotive are 
interesting. As will be seen from Fig. 1, there are 
three driving-axles in the centre and a two-wheel 
—_ ateach end. Each driving-axle is driven by an 
independent motor, and no coupling-rods are used. 
The motors are rigidly fixed to the underframe directly 
above the axles, and drive the axles through gearing, 
@ flexible coupling arrangement being fitted, which 
allows a certain amount of horizontal, vertical, or 
lateral movement in the road wheels, inde ent of 
the motors or gearirg. The arrangement is detailed 

CONSTRUCTED BY THE SOCIETE ANONYME DES ATELIERS DE CONSTRUCTION ELECTRIQUE DU NORD ET DE LEST. 

Fig.2 

Fie. 3. GENERAL VIEW OF LOCOMOTIVE. 

in Figs. 4to 6, on page 9. As will be seen from these 
figures, each axle runs through the centre of 4 
hollow shaft which is marked a, in Figs. 5 and 6. 
This shaft has two opposite arms at each end, as is 
well shown in Fig. 4. The hollow shaft, which is 
free from the axle, except for the connection made 
through the flexible couplings, is carried by two 
bearings, which form part of the motor-casing. It 
carries a double helical -wheel at one end, which 
is driven by a pinion on the motor-shaft. The reduc- 
tion ratio is 2.72to1. The axle, with the driving- 
wheels, is carried altogether independent of this 
arrangement by outside journals, which can more or 
less be seen in Fig. 3. 

The details of the flexible coupling will be under- 
stood from Figs. 4 to 6. The arms, which are formed 
in one piece with the hollow shaft a, and which have 

y been referred to, are bent at right angles at 
their outer ends, and fitted with bronze bushes, one 
of which is shown at }, in Fig. 6. Connection between 
the bent arms and the driving-wheel is made by a 
floating ring c. This ring has four radial journals 
fixed at angles of 90 deg. each from the next. 
Two opposite journals thee: in the bushes 6 in the 
bent arms of the hollow shaft, while the other two 
work in a pair of bearings carried by the wheel. 
These bearings, one of which is shown in section at d, 
in Figs. 5 and 6, are carried in boxes in which they 
can move parallel to the axle, and can rock about 

their centres. As the journal can at the same time 
move endwise in the bearings, the whole arrangement 
forms a construction which gives great freedom of 
movement to the wheels and axle in relation to the 
underframe and motor. Flexibility of drive is ensured 
by springs placed between the wheel and the boxes 
carrying the journals. There can be seen in Fig. 5. 
They serve an additional purpose in preventing lashing 
of the gears by keeping the teeth constantly in contact. 

The driving-axles, as before mentioned, have outside 
bearings. On each grease-box there is a blade-type 
suspension spring, as is shown in Fig. 1. The spring 
system of each of the two two-wheel bogies is con- 
nected to the nearest driving-axle springs through 
equalising-levers, so that the equivalent of a three- 
point suspension is secured, and the distribution of 
weights is easily regulated. The two bogies are alike. 
They have inside journals. ‘The axle-boxes are secured 
to a casing with cast-steel slides, on which the shoe of 
the pivot-lever rests. The pivot is fixed to the frame 
of the locomotive. The transverse movements of the 
ivot-lever are checked by two springs, which tend to 

bring it parallel with the axis of the locomotive. The 

maximum play is limited to 65 mm. (24 in.). The 
underframe consists essentially of two sheet-metal 
longitudinals, 30 mm. (1, in.) thick, connected by ten 
cross-members. The six central cross-members, which 
carry the motors and transformers, are of cast steel. 
Bracing-girders are fitted fore and aft of the driving- 

ee 
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DETAILS OF 1500-HORSE-POWER ELECTRIC LOCOMOTIVE. 

THE SOCIETE ANONYME DES ATELIERS DE CONSTRUCTIONS ELECTRIQUES. 

axles. The body is 12.6 m. (41 ft.) long by 2.75 m. 
(9 ft.) broad. It is built of steel and is divided into 
three compartments. The outer two, for the driver, to 
permit driving from either end, are 2.32 m. (7 ft. 6 in.) 
long. The central compartment, for the electrical 
apparatus, contains two separate high-tension cabins. 
The brakes are of the Westinghouse type, while sand- 
gear, buffers, and other details are to the ordinary 
standard of the Midi Railway. 

{To be continued.) 

MANGANESE: ITS USES, PRODUCTION, 
IMPORTS, EXPORTS, AND THE WAR. 

MANGANESE is one of the most interesting and im- 
portant of the minor metals. The ore is obtained from 
many parts of the world, including British India, 
North America, Brazil, Russia, France, Germany, and 
other countries. It is used largely in the manu- 
facture of iron-manganese alloys, such as spiegeleisen, 
ferro-manganese, silver spiegel, and silicomanganese. 
Spiegeleisen and ferro-manganese are used largely in 
the manufacture of steel, as reducers and re-car- 
burisers. A considerable quantity of high - grade 
manganese ore is also used as a depolariser in the 
manufacture of dry-cell electric batteries. The large 
quantities of ore consumed indicate that manganese is 
& very important alloy; thus manganese steels are 
hard, but not brittle, and are malleable, though they 
offer very considerable resistance to cutting tools. 
These properties make manganese steels highly useful 
in the manufacture of such articles as gears, pinions, 
sprocket chains, railroad frogs and switches, and the 

Fig 6. 
SECTIONX /0.Y 

faces and digging parts of crushing and excavating 
machinery used in mining and allied industries. For 
the production of some of these articles, manganese is 
practically the only alloy available. Manganese bronze 
is produced by alloying manganese with copper, whilst 
silver bronze is obtained by alloying manganese with 
aluminium, zinc, and copper. Oxides of manganese 
are used in glass manufacture, in dry batteries, as a 
drier of varnishes and paints, and in the production 
of certain disinfectants. As a colouring material, 
manganese is used for staining glass, pottery, tiles and 
bricks, also in calico-printing and dyeing, and ‘in 
paint manufacture. There arein addition many other 
uses for manganese. 

In the United States, at some of the mines the ores 
are treated and alloyr, such as ferro-manganese and 
spiegeleisen, produced in very large quantities ; thus, 
during 1913 the output amounted to 227,930 tons, an 
increase of nearly 50,000 tons over the output of 1911, 
indicating a healthy demand for these alloys. In addi- 
tion, more than 100,000 tons are imported annually. 
Some of the richest deposits of manganese ore are 
located in the Russian Caucasus. The more important 
mines are situated at Tchiatouri, in the Government 
of Kotais, about 120 miles from the Black Sea ports 
of Batoum and Poti. The development of the Tchia- 
touri mines began about thirty-six years ago, but con- 
tinued on a somewhat limited scale until 1885, when 
the Trans-Caucasian Railway was constructed; the 
transport facilities thus provided put new life into the 
enterprise. The ore is now produced in large quan- 
tities, and is exported to many countries, includin 
England, Germany, the United States, France, Bel- 

gium, and in smaller quantities to other countries ; 
the largest consumers are England, the United States, 
and Germany. The war has, of course, completely cut 
off this supply for the time being. In Great Britain 
the output of manganese ore is falling off; during 
1906 the quantity produced was 22,760 tons, but for 
several recent years it has been below 5000 tons, valued 
at the mine at 16s. per ton. It ocours at Barmouth, 
Harlech, Carnarvonshire, Tavistock, Launceston, and 
in Derbyshire ; it occurs as carbonate, also as pyro- 
lusite and psilomelane. 

Considerable quantities of manganese ore have been 
mined in New Brunswick and Nova Soctia, and small 
amounts in Quebec and Ontario. In Newfoundland 
manganese carbonate of brownish colour is obtained. 
There are manganese deposits of importance in the 
Province of Santiago de Cuba, where the ore is chiefly 
pyrolusite ; but other oxides of manganese are also 
mined, A considerable deposit of manganese ore of 
superior quality has been found in the Island of St. 
Martin, in the West Indies, and another deposit has 
very recently been discovered in Haiti. Manganese ore 
has not as yet been mined to any extent in Mexico. 
Few, if any, of the iron-ore deposits have associated 
manganese, though veins containing pure manganese 
ore have been observed in various localities. The 
Nombre de Dios manganese-bearing region of Panama 
is said to cover an area of nearly sq. miles along 
the Caribbean Sea. The ores there occur as oxides, 
pe psilomelane, but also as pyrolusite and 
raunite ; the output has been exported for over forty 
ears. Manganese ores are very extensively distri- 

buted in Brazil, where large deposits ocour in the 
State of Minas Gereas, and others of lesser extent 
in the State of Bahia. Ores have also been reported 
from the States of Matto Gross», Parana, and Santa 
Catharina, and from the region of the Amazon River. 
In Chile, the manganese deposits are all on the west 
slopes of the Andes Mountains, in the Provinces of 
Santiago, Coquimbo, and Atacana. 

In Spain, manganese is found in the following asso- 
ciations and localities :—As carbonates and silicates 
in the Province of Huelva ; as oxides in the Provinces 
of Oviedo, Teruel, and Ciudad Real; also in man- 
ganiferous iron-ore in the Province of Murcia. There 
is a considerable number of large mines in the district 
of Beja, in the Province of Alemtejo, Portugal, of 
which some produce manganese carbonate, yielding 
from 34 to 50 per cent. of manganese, whilst others 
produce oxides, The principal manganese mines of 
France are in the Departments of Saone-et-Loire and 
Ariege. The Saone-et-Loire mines ship binoxide, and 
the mines of Las Cabesses, in Ariege, export calcined 
and assorted carbonates. Less important deposits are 
found in the Departments of Indre, Aude, and Allier, 
Hautes-Pyrenees, and Lozere. Belgium does not pro- 
duce manganese ores proper, but produces a consider- 
able quantity of manganiferous iron ores, which are 
mined in the country round Liége, now occupied by the 
Germans, who can obtain supplies from those localities. 
These ores are also found elsewhere in Belgium asso- 
ciated with hematite. Germany has very extensive 
deposits of manganese ; the more important are along 
the Rhine Valley in the neighbourhood of Wiesbaden 
and Coblenz, in Hesse-Nassau. Smaller deposits are 
found in the Harz Mountains, in Saxony, in the Bonn 
district, also in Coburg-Gotha, in Thuringia. Man- 
ganese ores of three types have been found in Sweden 
—namely, pyrolusite with manganite ; hausmannite 
with braunite, and carbonite and silicate of manga- 
nese accompanying iron-ores. In Austria-Hungary, 
manganese ore is found in many localities, including 
Bukowina, Carniola, Moravia, nia, Herzegovina, 
Transylvania, and Bohemia. At Roffna, in Over- 
halbstein, in the Swiss Canton of Graubunden, manga- 
nese ore occurs as beds in slates of Jurassic or Tertiary 
age. The ores are pyrolusite, polianite, and psilome- 
lane. Manganese ores are also found in Italy, on 
Monte Argentario, at Carrara, at Rapolano, and on 
the Island of Elba; also in Tuscany ; at Turin and 
Pralorgnan, in Piedmont, and at Gambatesa, in Eastern 
Liguria. There are small mines at Iglesias, on San 
Pietro Island, off the west coast of Sardinia. Manga- 
nese ore, reported to average 73 to 75 per cent. oxide, 
and manganiferous iron ore, have been found near 
Salerno, in Campania, on the coast south of Naples. 
In Greece the ores are not quite so rich ; at Laurium 
manganiferous iron ore occurs, containing 18 per cent. 
of manganese and 34 per cent. of iron. There are 
deposits also at Cape Vani, on the Island of Melos, 
and in the Cyclades, and several other localities. In 
both European and Asiatic Turkey manganese ores 
are found ; in Southern Macedonia, the shipping port 
being Stratoni, on the Augean Sea ; in Asiatic Russia, 
they have been found at Aptal, near Trebizond, in 
Northern Asia Minor, near the Black Sea, and also 
near Flatzs, in the same neighbourhood. On the 
Island of Cyprus, in the Mediterranean, manganese 
ores occur at Strullos, not far from Larnaka. 
The largest producer in the world of manganese is 

Russia, which bes held the leading position for many 
years. By far the largest portion of the ore is pro- 
duced in the district of Sharopan, in the province of 
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Kutais, Transcaucasia, on the Asiatic slope of the 
Caucasus Mountains. Smaller quantities are obtained 
in the Nikopol district, in the province of Ekaterino- 
slav, in southern Russia, also in the provinces of 
Perm and Orenburg in the Ural Mountains. 
Africa, deposits of manganese are found in Tunis, 
near Ain-Mulares. The quantity available has been 
estimated to amount to a million tons. An impor- 
tant discovery of manganese has recently been 
made at Caledon, Cape Colony. The deposit is 
reported to contain at least 30,000 tons of ore, with 
& manganese content of 42 per cent. Manganese 
ores and manganiferous iron ores occur together in 
deposits on the Sinai Peninsula, east of the Gulf of 
Suez. In Asia, ore occurs in the Madras and Bombay 
presidencies, also in Central India, in the Central Pro- 
vinces of Bengal, also in Lower Burma. Small de- 
posits of manganese ore containing a small percen 
of cobalt are ound in Ceylon at Ampituja. There is 
also a small output of manganese ore from Japan; but 
the deposits are not very extensive. The Philippine 
Islands contain deposits; they are found in the pro- 
vioces of Ilcos Norte and Tarlac on Luzon Island, 
and on Misbate Island. Deposits exist in Java and 
in British N orth Borneo. New Zealand and Australia 
also have depvsits. 

The World’s Output.—The total production of man- 
ganese ore throughout the world ra from 
2,000,000 to 2,250,000 tons, of which about 49 per cent. 
come from Russia ; the output is distributed as follows 
according to the must recently available figures :— 

Tons. 
Russia dos = ied esi oe 987,724 
India ae = ies an “a 674,315 
Brazil foe ot te ee 163,506 
Germany ... es i sai ee 75, 787 
a tn oe il a vs A tf 

in ie = Pe ode se ; 
Tarkey a ee eo ex Se bey 

a aa a me bs x 
eRe 
Hungary ... wi 10,410 

The productions of other countries are smaller. 
Uxporting countries are Russia, British India, Brazil, 
Germany, Belgium and France. One of the first 
effects of the war was the action of Russia, which 
laced an embargo on the export of manganese ore. 
larly in October the embargo was raised, to the great 

relief of users of ferro-manganese. Great Britain 
exports large quantities of ferro-manganese to the 
United States; in fact, American steel-makers depend 
mainly on this country for their supply of this alloy ; 
consequently the outbreak of war caused them con- 
siderable auxiety and difficulty. The fear of a com- 
plete cessation of, or greatly restricted shipments, 
resulted in a sudden advance in prices; but more 
recently, as the supply was not cut off, the prices 
declined to a more normal level. It has been rumoured 
in the United States that the British Government may 
prohibit the exportation of ferro-manganese. Should 
that occur, American steel-makers would again be 
faced with a serious problem. 

It is also rumoured there that Great Britain may 
declare ferro-manganese contraband, to prevent any 
falling into the hands of the enemy. There are, how- 
ever, said to be ample supplies of the material in 
Germany. An embargo has been placed on shipments 
of manganese ores from British India to the United 
States, and war conditions render it practically im- 
possible for Russia to export her output. That will 
vend to develop the Brazilian output; manganiferous 
iron ores are being opened up in California, as a result 
of the war, which may render the United States inde- 
pendent of Indian and Russian supplies after peace is 
concluded. In consequence of the war, the production 
of manganese ore in Brazil has assumed an importance 
never known before; British and American steel- 
manufacturers have been taking about 65,000 tons 
annually, and arrangements are now being made in 
the States for the importation of a much larger quan- 
tity. The Brazilian ore is of exceptional excellence, 
principally pyrosulite and rhodonite. There are vast 
supplies ; in the vicinity of Corumbo there are more 
than 100,000,000 tons of ore. 

Our imports of manganese ore have nearly doubled 
during recent years, as shown by the following 
figures :— 

Tons. £ 

1909... ad Ak 330,500 636,020 
ad jn 482,200 937,350 

a $60 wa 358,910 690,420 
1912... an ele 387,730 768,330 
1913 601,170 1,295,110 

For the first eleven months of 1912, 1913, and 1914, 
the imports have been as follow :— 

Tons. £ 

1912 vi eg 346,260 672,030 
1913_—i... a ne 530,350 1,142,250 
1914 ian 446, 200 A 

The effect of the war is shown in the table of 
monthly imports of the ore, compared with former 
years, given in the next column. 

Tons. £ | ancient Rages One of its first uses was in glass- 
November, 1912 ... 30,050 54,470 making. tian and Roman glass wares have been 

” 1913... 46,090 103,290 | shown by anelpens to contain over 2 per cent. of 
” 1914 1,230 2,470 | man, s oxide. Pliny mentions the use by the October, 1912 44,090 91,080 a, oe Be aggre 7 > 4913 40,530 90,470 Romans of manganese oxide, under the name of 
” 19°4 38 210 84.5: magnes, for decolorising glass; he considered it a 

September, 1912 60, 350 126,110 variety of lodestone, or magnetic iron ore. The value 
‘e ” 1913 37,300 78,420 | of manganese as a deoxidising and solidifying agent 
ea 1914 50,430 115,020 |in the manufacture of steel was discovered in the 

August, ve 36,620 66,920 | early years of the last century. 
- aoe ie 5 ong 58,140 | A rapid determination of manganese in the presence 

143,730 i- —_ is as follows :—The — containing iron 
We import manganese ore from Russia, Portuguese | #0d manganese is precipitated whilst boiling by an 

oe in Indie, Spain, Brazil, British i ont excess of sodium hydroxide and about 1 gramme of 
in very small quantities from Germany. We depend | sodium persulphate. The precipitate is then washed by 
largely on Russia; our supplies from that country | decantation, and then on a crimped filter until the 
were increasing, and are now cut off :— | washings are neutral. The wet filter and the precipi- 

| tate are then introduced into a long-necked flask of 
Tons. £ | 200 cub. om. to 250 cub. em. capacity, then 20 cub. om. 

1909... «137,660 236,200 | of hydrochloric acid added, and the flask closed with 
Peas me ae oye @ ground stopper fitted with absorption-bulbs, and a 

ge tube extending to the bottom of the flask. 
From Portuguese India our imports have recently | The bulbs contain 3 grammes of potassium iodide and 

increased fourfold in value; during 1913 they were | 5 grammes of sodium acetate in solution, and 4 to 5 
24,710 tons, valued at 55,250/., though during 1911 grammes of zinc oxide in suspension. The solution in 
they were only 4574 tons, valued at 13,720/. Oar) the flask is boiled, while a slow current of carbon 
imports from Brazil are falliog off, probably through | dioxide is through. When the manganese 
American competition, and those from Spain are also | present is ouly, small in amount, the chlorine liberated 
decreasing. ‘There has been a threefold increase of 
our imports from British India ; last year they were 
308,790 tons, valued at 708,120/.; five years ago the 
were only 109,480 tons, valued at 218,310/. Our 
exports of manganese ore are very limited in quantity 
—last year only 9960 tons, valued at 38,220/. The 
difference between import and export shows our own 
consumption, to which must be added the British 
output. Our exports go mainly to Belgium, and, toa 
very limited extent, to the United States. 

Our imports of manganiferous iron ore have doubled 
within five years, as shown by the following details :-— 

Tons. £ 
1909... os hie 103,570 85,420 
1910... sibs aid 172,300 140, 250 

ia die san 216,100 175,260 
. az is ven 163,182 136,210 
1913 211,640 172,490 

None of the above was re-exported ; of ore produced 
in this country only 34 tons were exported last year ; 
during 1910 the quantity reached 786 tons. Our 
imports come from Spain and Greece ; those from 
Spain are increasing rapidly, as shown below, whilst 
those from British India have ceased lately. 

Tons. £ 
1909... ial — 90,380 70,860 
za Mee én 150,960 124,800 
1913... ites a 188,190 149,630 

For the eleven months of 1914 our imports of manga- 
niferous iron have been as given below, the bulk com- 
ing from Spain :— 

Tons. £ 
i aa a 134,650 110,600 
.—l( pe ie 201,880 165,360 
1914... “ak a? 161,870 138,070 

Our exports of the ore produced in this countr 
for the same period were 1498 tons, compared with 
only 27 tons for the corresponding eleven months of 
1913. The effect of the war is shown by the following 
figures of our imports of manganiferous iron ore :— 

Tons. £ 
November, 1912 ... 11,460 9,222 

- 1913... 17,010 14,790 
a 1914 ... 4,060 3,170 

October, 1912 ... 16,670 13,87 
és 1913... 10,240 9,530 
- 1914 ... = 21,250 

September, 1912 ... 12,760 8,710 
es 1913... 10,660 8,310 
de 1914... ¥ 29,010 

August, 1913 ... 23,110 19,460 
“ 1913... 12,590 10,320 
os 1914 13,850 11,790 

In addition to manganiferous ores, there are several 
other sources of supply, such as manganiferous iron 
and silver; also the manganiferous residuum from 
zinc-roasting. In the United States there are man 
deposits, but only in a few places do they occur in 
sufficient quantity to be of high commercial value. 
Deposits occur in the New England, Appalachian, and 
Piedmont regions in the Eastern United States, and 
to a limited” extent in Central Western California. 
Manganiferous iron and silver ores are also widely 
distributed ; but manganese mining is not a very 
important industry in the States, owing to the dis- 
continuous and somewhat scattered nature of a great 
many of the deposits. Where ore only occurs in 

ets of inconsiderable extent, which are soon 
exhausted, the erection of expensive concentrating 
plants is impossible. 

The use of manganese for a variety of purposes is 
of t antiquity ; there can be no doubt that it was 

known at least as long ago as the time of the 

| by the manganese dioxide is all evolved in two or 
| three minutes. The liberated iodine in the bu!bs is 
| titrated with an N/10 solution of sodium thiosulphate. 
A blank test should be made on the reagents. , sae 
rience has shown that this method yields very accurate 
results. 
py oe forms part of about 100 minerals, and 

is a relatively widespread element, but practically all 
the manganese of commerce is derived from material 
containing one or more of the minerals polianite, 
pyrolusite, psilomelane, wad, manganite, braunite, 
and franklinite. Commercial manganese ores are those 
which contain about 35 per cent. or more of man- 
ganese, and otherwise conform to the specifications of 
the trades in which they are used. 

The composition and percentage of the more impor- 
tant manganese ores are aa follow :— 

: ve nese. 
Mineral. Composition. Percentage. 

Polianite MnO. 63.2 
Pyrolusite Mn0.nH,0 60.63 
Psilomelane MnO.(MnK Ba)OnH,O 45.60 

Wad Hydrousimpure mixture Variable 
of manganese oxides 

Manganite Mn, 0; H,O0 62.4 
Braunite 3 Mn, O, MnU. SiO, 69 

Franklinite (FeZnMn)O(FeMn),O, Variable 
Rhodochrosite MnO. CO, 47.56 
Rhodonite MnO. SiO, 41.9 

(manganese pyroxene) 
‘ephroite 2Mn0O.Si0, 54.3 

(manganese olivine) 
Spe sartite 3 MnO. Al, O, 3 SiO, 33.3 

(manganese garnet) 

These minerals are found either separately or com- 
bined among themselves, or with other minerals ; the 
form four different classes of materials from whic 
manganese can be obtained commercially :—(1) Man- 
ganese ore; (2) manganiferous iron ores ; (3) man- 
ganiferous silver ores; and (4) manganiferous zinc 
ores. Manganese ores consist of various mixtures of 
manganese oxides sometimes containing admixtures 
of manganese carbonate. Manganiferous iron ores con- 
sist of mixtures of manganese and iron ores. Mangani- 
ferous silver ores consist of mixtures of manganese 
and iron oxides with small quantities of silver sulphide 
and lead carbonate. As a rule, the iron content 
exceeds the manganese content, but locally the iron 
is altogether absent. Manganiferous silver ores are 
divided into three classes, according to their uses :— 
(1) The greater portion of the manganiferous silver 
ores are used for their silver and foal contenta ; man- 
ganese and iron content often ensures these ores 
obtaining a higher yew on account of their fluxing 
value. (2) A second class of manganiferous silver ore 
is too low in silver and lead to be used as a source for 
these metals, but it is sufficiently high in manganese 
and iron to be used for the manufacture of ferro- 

y | manganese and of spiegeleisen, as is the case with the 
high-grade manganiferous iron ores mentioned above. 
(3) There is a third class of manganiferous silver ore 
too low in silver and lead to be used primarily for 
these metals, and too low in iron and manganese to 
used for the manufacture of iron-manganese alloys. 
This ore is sold to the smelters as flux, the iron and 
manganese become waste products, while the silver 
and lead contents are recovered during the smelting. 
Manganiferous zinc residuum is an artificial furnace 
product, consisting of mixtures of manganese and iron 
oxides in a matrix of slag. Manganiferous zinc resi- 
duum is obtained from zinc volatilising and oxidising 
furnaces using special zinc ores ; the residuum consists 
largely of iron and manganese oxides, the zinc having 
been removed by volatilisation and collected as zinc 
oxide, 
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INDUSTRIAL NOTES. 
THE annual meeting of the Yorkshire Miners’ Asso- 

ciation was held at Barnsley on Saturday, December 19, 
Mr. H. Smith occupying the chair. The vexed ques- 
tion of the use of steel props in the collieries was dealt 
with, and it was reported that permission was granted 
to the men at the Altofts Nos. 1 and 2 Collieries to take 
a ballot to decide whether they will tender their 
notices ongieting the introduction of these steel props 
into the pits. It was agreed that before notices are 
given the men’s representatives should ask Sir William 
Garforth if he would receive an official deputation on 
the question. 

The men’s Executive were hopeful of arriving at a 
settlement on the matter if the desired interview 
could be brought about. There were twenty-three men 
‘* victims” on the funds, because they had refused to set 
steel props. This was to be regretted, especially at 
a time like this. Colliery managers appeared to have 
the idea that they could send anything into the pit 
and order the men to use it, irrespective of the ques- 
tion of danger. It was a very great mistake to think 
that the men should not be consulted in a matter of 
this kind. He did not consider there could be any 
lowering of dignity on the part of any manager who 
consulted his men previous to the introduction of 
new methods. It was all very well to talk about a 
shortness of supply of timber, but he did not think 
there was any scarcity at the present time. He 
hoped the Executive would be able to get the matter 
settled without anything more serious occurring. He 
was pleased to say that the South Yorkshire Coal- 
owners’ Association had agreed to meet the men’s 
officials at Sheffield shortly, with a view to discuss 
the question of using steel props, and he felt sure that 
if the West Yorkshire coalowners would meet the 
men and discuss the point, they would get out of 
the difficulty much more pleasantly than they were 
doing at the present time. 

In this matter of the use of steel props, which is 
being discussed in conjunction with the Altofts Col- 
lieries, Sir William G. Garforth, managing director of 
Messrs. Pope and Pearsons, Limited, is reported to 
have stated that he is quite willing to accede to the 
request of the men’s representatives for an interview. 

‘““When the war broke out,” Sir William added, 
‘‘we found that we had not the usual quantity of 
timber to meet cur requirements. We had therefore 
to fall back upon steel props, which we knew were 
being used in large quantities in other parts of the 
federated area. We know of one colliery alone in the 
Midlands where 8000 steel props are in use, and the 
conditions in that colliery are altogether similar to ours. 

‘‘Therefore when we found we had not sufficient 
timber we uscd steel props, and even now I cannot 
understand the objection to them. For many years 
we have used a certain number of iron telescopic props, 
and the steel props which we now want to use are 
much less troublesome. As to the suggestion that 
they are dangerous, we must surely be allowed to know 
what is dangerous and what is not, seeing that during 
the whole seventeen years that the seam has been 
worked—in which time we have raised 34 million 
tons of coal—we have not had a single fatality at the 
coal-face. 

“ The suggestion of the men that steel props require 
so much fixing as to affect their wage-earning capacit; 
is scarcely worth considering. Altogether the steel 
props that we ask them to use are a proportion of only 
about one-eighth of the total props used in the pit, 
seeing that they are only required to be set in the 
gates, and not down the banks at all. Even if we 
made the use of steel props universal throughout the 
pit, the men would not suffer financially, for we are 
assured that they are just as easy to set as the timber 
props. Anyhow, the wages of the first six men who 
went on strike averaged 11s. 9d. a shift, which repre- 
sented between 3/. and 3/. 10s. a week.” 

There being a shortage of hands in the woollen mills 
of South Lancashire, Belgian refugees are availing 
themselves of the opportunity to lify for employ- ua 
ment, Employment has already tom found in the | 2000 Loth 
mills for many female refugees; a further number 
will be taken on On the other hand, a system of 
amicable exchange his been instituted, in that several 
Belgian refugees are teaching Lancashire girls their 
finer art of lace-making. Belgian miners are working 
in the British coal-pits temporarily to replace colliers 
who have enlisted in the army. 

On page 698 of our last volume we gave publicity to 
an article published in the Liverpool ee and 
dealing with the British glass trade and the war. In 
® recent issue we find the following article on the 
same question, which, we feel sure, will interest our 
readers :— 
‘*Many remarkable commercial situations have 

arisen on account of the war, and one of the most 
remarkable is that relating to the flint-glass industry. 
At the present moment certain firms of British glass 

manufacturers are having the ‘time of their lives’ in 
the direction of disposing of glass at premium prices 
and being able to place themselves on an admirable 
footing for defeating competition. A different state of 
things, however, exists in regard to the flint-glass 
industry, which, above every other, ought to be 
doing well now that German competition is at a 
standstill. Flint glass is chiefly associated with the 
manufacture of tumblers, lamp-glasses, lamp-shades 
and the like, of which an enormous number are dis- 
posed of in Great Britain, and this trade has for 
years been in the hands of the Germans and Austrians. 
Originally it was practically a Continental trade, but 
the war of 1870 resulted in Great Britain acquiring a 
start in it on an extensive scale. Instead, however, 
of the British maintaining their hold, they allowed 
the trade to be wrested from them once again by the 
Germans and Austrians in duenasnntin the most 
humiliating description. The trade now isa wonderful 
asset to any country which can get it, but the British 
are no longer able to make a serious bid for it, 
according to some of our best authorities. It is 
stated by them that it is all the fault of the Flint 
Glaesworkers’ Society, which, it is alleged, hampered 
the employers in every way when the trade was 
being encouraged. One of the principal grievances 
against the union was that it throttled the number of 
apprentices, four only being allowed to every ten 
men. The union further prevented the introduction 
of machinery, and as a consequence the Germans and 
Austrians, using moulds for the production of the 
glass, so cheapened the output that they captured 
the market. Now that the war has given Great 
Britain an opportunity of re-creating a flint-glass 
trade on an exteneive scale, it is said that it would be 
rash to sink money in it, because nearly all the experi- 
enced men having died out, there are few who have 
served an apprenticeship to take their place. This 
seems to be a serious indictment of trade unionism as 
a deterrent of the country’s progress.” 

We read in the Manchester Guardian that a resolu- 
tion was passed at the quarterly meeting of the Opera- 
tive Spinners’ Amalgamation, held in Manchester on 
December 26, confirming the agreement with the 
Masters’ Federation that notices to cease work should 
not be sey by either organisation until the dispute 
from which they might arise had been dealt with by 
the two associations, both locally and centrally. 

The agreement in question was suggested by Sir 
George Askwith on the ground that since the 
repudiation of the Brooklands Agreement there 
had existed no arrangement between the Masters’ 
Federation and Operatives’ societies for dealing 
with disputes. On both sides it was agreed to be 
desirable that, at any rate for the duration of the war, 
an informal understanding should be come to which 
would reduce the risk of strikes or lock-outs to a 
minimum. In November last a very similar agree- 
ment had been concluded by the employers with the 
Card-Room Amalgamation. So far as organisation | 
for the prevention of ew. disputes is con- 
cerned, the cotton trade may now said to be in the 
same position as when the Brooklands Agreement was 
still in force. 

In the case of the operative spinners there was 
already in existence, dating from the time of the 
Mossley bad-spinning disputes, an agreement not to 
give notices in any bad-spinning dispute until the 
question at issue had been considered by the two 
associations. The resolution passed on December 26 
has extended that temporary agreement to all other 
disputes. 

At the conclusion of a five-hours’ sitting of the 
Lothian Miners’ Conference at Dalkeith, on Saturday 
evening, December 26, it was reported that, as a 
result of the modification of shipping restrictions, 
greatly increased facilities for the despatch of orders 
for coal were now being taken advantage of, the 
majority of miners thus obtaining full-time employ- 
ment, and others obtaining from eight to ten days’ 
work per fortnight. It was also reported that about 

ian miners were serving in the Army and 
the Navy. 

The Southport National Aid Committee states that 
with the exception of various sections of the building, 
printing, and other trades employing female labour, 
such as drapers and milliners, employment conditions 
at Southport are satisfactory under the circumstances, 
and do not appear to call for any action on the part of 
the employment sub-committee at present. The 
position of joiners particularly has been relieved by 
contracts for huts for the War Office and the Cor- 
poration sewerage and other works. A successful ex- 
eriment in the making of toys (of which some 3000 
Soe been made) hes provided employment for # 
number of women. There has been very little un- 
employment amongst women. Conditions among the 
townspeople have been materially improved by the 
billeting of a large number of troops, 

The following statement is given in the issue for 
December 17 of The Iron Trade Review, Cleveland, 
Ohio:—‘‘The best Christmas gift which manufacturers 
can give men this year is an opportunity to work. 
Even if many must be reduced in wages and given 
an let as many as possible be given some 
work.” 

We are glad to put on record the following letter 
which the Admiralty has recently written to the British 
shipbuilding yards and engineering firms. The letter 

8 as follows :— 
“* Gentlemen,—I am commanded by my Lords Com- 

missioners of the Admiralty to acquaint you that they 
have noted with t satisfaction the strenuous 
efforts which have been made since the outbreak of 
war to press on with the work for the Navy which has 
been entrusted to the various shipbuilding and engi- 
neering firms of this country, ood they desire me to 
send their hearty congratulations upon the excellent 
results which have already been achieved. 

**I am to ask you to bring this letter to the notice 
of all your staff and employees, and to assure them, 
in the name of the Admiralty, that their patriotic 
efforts have assisted materially in increasing the 
strength and readiness of the Fleet. 

“It is their Lordships’ earnest wish that each 
worker should realise that, however small his own 
work may seem, it is still an essential of a great 
united effort, and that by steadfast devotion to his 
duty he is taking his part in maintaining his country’s 
honour and safety just as surely as those who are 
engaged on active service. 

** Continued sacrifices and efforts are still required 
from all concerned if we are to sustain our soldiers at 
the front and our sailors afloat, and come through this 
business with honour and without misadventure. 

**T am, gentlemen, your obedient servant, 
** (Signed) W. Granam GREENE.” 

The quarterly meeting of the Cleveland Ironstone 
Miners’ and Quarrymen’s Association was held at 
Middlesbrough a few days ago. Mr. H. Dack, Presi- 
dent, stated that they had, under all the regrettable 
circumstances of the moment, much to be thankful for, 
and reason to feel proud of the way in which the 
members of the Cleveland Miners’ and Quarrymen’s 
Association had come forward to offer their services 
in the hour of their country’s need. Over }1 per cent. 

| of the total membership were now serving in the 
| King’s forces, and the time had now arrived when 
| it was very necessary to consider whether it was 
in the best interests of the country to make 
| any further drain upon the district. The industry 
| with which they were identified was one of the first 
importance to the Government in providing material 
for munitions of war, and he thought their members, 
by steady and regular attendance at work, could just 
as usefully serve their country here as if they were 
fighting across the North Sea. He was not a mili- 

| tarist, but he was whole-heartedly with the Govern- 
| ment in the prosecution of the war, as it could only 
be by pushing it to a successful issue that they would 
save themselves from the domination of military caste 
over democracy, and release industrial peoples from 
the horrible nightmare which had depressed Europe 
for many years. 

He added that stocks had not altered very much 
during the quarter, and prices, which had ebbed and 
flowed from week to week, were now higher than they 
had been for the whole year—about 54s. per ton being 
the present figure for Cleveland pig-iron. From an 
organisation standpoint the executive had had to 
consider the Association’s attitude towards those who 
had refused to join the Association. At the outbreak 
of war the Association declared a truce, but some of 
the men outside the ranks had tried to persuade 
those who were regularly subscribing not to do so, 
and, as a result, the executive had Secided to take 
measures against those outside the Association, either 
to compel them to pay their share or remove from the 
industry. 

The monthly report of the British Steel Smelters’ 
Association was issued last week. It states that 
most of the branches of the iron and steel trade con- 
tinued to improve, and that the somewhat pessimistic 
tone which previously ruled had disa A 

The more promising outlook in the tin-plate trade 
of a month ago , however, been overcast by the 
decision of the Government to place an em on 
the exportation of tin-plates to Holland and the - 
dinavian countries, on the ground that a considerable 
part of these exports were being transferred to Ger- 
many, in spite of the precautions taken by Welsh 
manufacturers. The general secre of the union, 
Mr. John Hodge, M.P., was co-operating with the em- 
ployers in their efforte to obtain from Government the 
rovision of such arrangements as would protect the 

interests of the tin-plate trade without at the same 
time helping the enemy. The Board of Trade was 
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Fig. 2. 

Fie, 1. 

considering the suggestions which had been put 
forward. 

A further slight reduction in the a 
membership was reported, but a good deal of short 
time was still being worked. An analysis of the 
returns shows that 1.64 per cent. only of the members 
were entirely idle in November. 

BONECOURT SURFACE - COMBUSTION 
BOILERS. 

We illustrate on this and the opposite an 
interesting boiler plant recently installed in a Midland 
metallurgical works by Bonecourt Surfate Combustion, 
Limited, of Parliament Mansions, Westminster, S. W. 

Fig. 1 is a photographic view of one of the boilers, 
while the general arrangement of the plant is illus- 
trated in Figs. 2and 3. It will be seen that this consists 
for the present of two boilers, though provision is made 
for the putting in of a third at some subsequent date. 
The boilers are operated by producer-gas, and 
their main function is to supply steam to a 
battery of producers, the output from which is utilised 
in the furnaces of various types. The producers are 
designed to utilise bituminous coal, and are provided 
with ammonia recovery plant. The steam is supplied 
to these producers at a gauge pressure of about 3 Ib., 
but the boilers are themselves operated at 80 lb. gouge 
pressure, and at a maximum hourly output of 12,5001b. 
each. This is equivalent to an output of about 
15,000 Ib. from and at 212 deg. Fahr. 

Before entering the producers the steam passes 
through steam-turbines, which generate the power 
required for different operations iu the factory. One 
of these turbines is shown in place in Fig. 3, and 
is used to drive one of two fans which produce the 
draught uired by the boilers. The other fan 
is driven electrically. In these turbines the pres- 
sure falls from 80 lb. to 3 lb. (gauge) pressure, so that 
the steam consumption per kilowatt-hour is, of course, 
very high, being in the neighbourhood of 80 lb. to 90 Ib. 
This, however, is a matter of no importance, since the 
power ne is practically a by-product, the 
main object of the boilers being to supply steam to 
the producers. When the turbines are not in work 
the steam is wire-drawn down to the required pressure 
by means of suitable reducing-valves. 

Details of the boilers are represented in Figs. 4 
to 12. Each boiler is 10 ft. in diameter by 12 ft. long 
between tube-plates. The tubes number thirty-eight, 
all of 6 in. internal diameter. Th» total is made up 
of twenty-six ordinary tubes, } in. thick, and twelve 
stay-tubes, § in. thick, and the total internal heating 
surface is 715 sq. ft. per boiler. Since the output is 
15,000 Ib. (reckoned from and at 212 deg. Fahr.), the 
equivalent evaporation is about 21 lb. per sq. ft. of 
heating surface per hour, a fi which by appropriate 
alterations in the fans could be increased by 30 per 
cent. without strain to the boiler, and with but little 
loss in efficiency. 

Each tube serves both as furnace and flue. It is 
filled from end to end with ee ee myryin 
the case of the ter portion of the length of, the 
tube act as vedienien enti baftles, but for the first Toot 
or so near the entrance of the tube serve to promote 
surface combustion of the gas and air drawn through 

ben-tee—> | — 

8 Heo | 
ee Te ee tj. 
-2 ae Zz en een ees meres 

| i 

as See DL GR DO GE 

TT RE EEE ya 

we ee 
' G 

| 7 Seer “351-6 

H HI 
if 2 

48. £2 

the tubes by the action of the suction fans, shown in 
Fig. 3. A gas-nozzle fitted with an independent 
valve stands opposite the mouth of each tube, but, 
as is best seen in Figs. 6 and 8, a clear space of 24 in. 
separates the end of the nozzle from the entrance 
to the tube. Hence when a suction is established 
inside the tube both air and gas are drawn in, the sepa- 
ration between, and relative dimensions of, the nozzle 
and tube ie oe that the two are drawn in in proper 
proportions. Mixing is effected in the first part of the 
tube and greatly accelerated by a refractory neck, 3 in. 
in diameter, through which both air and gas 
before impinging on the refractory surfaces. The whole | g 
of the combustion is completed within a distance of 
about 2 ft. from the mouth of the tube, one of the 
most remarkable features in the phenomenon of 
surface combustion being its intensity, in virtue of 
which an enormous weight of can be completely 
consumed within a remarkably limited space. 

In view of the high temperature (about 800 deg. 
Cent.) attained by the firebrick in the combustion 
area, the heat transmission to the tubes is very great, 
taking place at a rate equivalent to an evaporation of 
some So ib. per sq. ft. per hour. The temperature is 
lower throughout the remainder of the tube, but the 
fireclay-block packing baffles the flow of the gases very 
effectively, and they leave finally at a temperature 
only some 70 deg. Cent. in excess of the steam tem- 
perature. The rate of steam production is very readily 
and easily adjusted by varying the draught. At start- 
ing up this is 2 in. of water, but at normal full output 
the suction in the smoke-box (not shown in our draw- 
ings) is 16 in. of water. If any further adjustment is 

uired, it can be effected by shutting off one or more 
tu As shown in the figure, the gas- main is 
arranged below the boiler-room floor, and from this 
main two vertical pipes fitted with 12-in. shut-off 
valves lead to each boiler front Branches from these 
vertical pipes support the nozzles, and the outer ends 
of these branches are themselves secured to a vertical 
T-iron standard, as indicated in Fig. 7, the arrange- 
ment being shown in greater detail in Figs, 10 to 1 

PgrsonaL.—The Worthington Pump Company, 
Limited, and Messrs. James Simpson and Co., Limited, 
both of 153, Queen Victoria-street, E.C., announce that 

they are removing to more suitable premises at India 
House, Kingsway, W.C., and that the change of address 
will take place on January 4. Their telephone numbers 
will be 3048, 3049, and 3050 Holborn. 

Contracts.—Messrs. Boving and Co., Limited, hy- 
draulic engineers, Union-court, Old Broad Street, London, 
E.C., state that their recent orders include the following 
machines :—One double-wheel spiral Francis turbine, of 
2300 horse-power, 300 ft. head, for Japan ; one 900-horse- 
power impulse-wheel, 510 ft. head, for the Simla Munici- 
pality, with two exciter turbines of 30 brake horse-power 
each, and pipe-line of 16 ft. diameter ; three spiral double- 

i rancis turbines, 3850 horse-power each, under 
a head of 400 ft., and two of 170 horse-power, for Japan ; 
one impulse turbine, 170 hor: e-power, 260 ft. head, for 
the Mount Lyell Mining and Railway Company. Several 
of these are repeat orders. They have orders 
for twenty-one ving Victoria turbo-pumps. — The 
National Engine Company, Limited, Ashton-under- 
Lyne, has been successful in securing what is be- 
lieved to be the largest contract given to any firm in 
Great Britain for gas-engines, the total value being nearly 
60,000/., and consisting of six 1500-horse- power gas- 
engines and one 1000-horse-power gas-engine, all to be 
direct coupled to alternating-current generators. The 
engines are of the latest tandem vertical type. 

** AIDE-MEMOIRE DE L’INGENIEUR-CONSTRUCTEUR DE 
Béton ArMe&.”—This is the title of a pocket-book in 
French, edited by Mr. Jean Braive, and published by 
Messrs. H. Dunod and E. Pinat, 47 and 49, Quai des 
Grands Augustins, Paris, at the price of 15 france. The 
book contains about 400 pages of illustrated subject- 
matter on reinforced concrete, its composition, uses, 
tests, &c. It opens, as usual with all elasses of ket- 
books, with artinenatie and conversion tables. e com- 
ponent parts of concrete, their preparation, the various 
tests for concrete, the different types of reinforce- 
ments used for bridges, floorings, pillars, &c., are entered 
into in detail. The French Government regulations 
with regard to the uses of reinforced-concrete work 
are given, and the bearing of the regulations is explained. 
It also contains data for the calculation and design of 
reinforced-concrete work, such as floors for factories, 
reservoirs, sewage mains, chimneys, silos, bridges, and 
— foundations. It is completed by glossaries in 
rench, English, German, Italian, and Spanish, which 

will render it useful to a wide ciréle of engineers and 
contractors, 
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BONECOURT SURFACE-COMBUSTION BOILERS. 

BONECOURT SURFACE COMBUSTION, LTD., ENGINEERS, LONDON. 

(For Description, see opposite Page.) 
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CoMPETITION wiTH GERMANY AND AvustTRIA.—The 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, E.C., has just issued a revised 
inquirers’ list similar to those previously published. 
These lists contain the names of articles which inquirers 
(a) desire to purchase and (6) to sell. They are intended 
to serve as a means of putting into communication 
through the Board of Tratie buyers and sellers whose 
sources of supply or whose markets have been interfered 
with by the war. The sixth list may be obtained by 
British firms on application at the above address, and 
will jpmenn d pee as useful as its predecessors. The 
articles cov embrace all kinds of engineering materials 
and products, hardware, &c. 

Repiacine German Goops.—In order to satisfy the 
comnts of the a French inquirers who desire to 

by their British equivalents, the place German 
British Chamber of Commerce, Paris, has decided to 

publish in French a trade index of British manufaeturers, 
merchants, and producers, which will be largely dis- 
tributed amongst French firms. After careful considera- 
a, 5 has been found that this is the most practical 
method of responding to the demand for British goods in 
France. The index in question will be confined to firms 
of undoubted British nationality. The Chamber's general 
meeting will be held on Friday, February 12, when the 
election of six directors will take The Board of 
the Chamber have carefully examined the situation of 
British firms the estates of whose enemy debtors in 
France have been sequestrated, and suggest that in many 
— a requéte to the Tribunal Civil may be 

ira) 

Messzs. Joun Lysacut, Limirep, AND THE Wak.— 
Messrs. John Lysaght, Limited, have issued an interest- 
ing pamphlet giving the names of the men from their ing 

_ various establishments who are on service in the war, 
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their works at Bristol, Ne 

It states that 1449 men from 
Scunthorpe, and Wol- 

a and 67 from their office staff—over a quarter 
of the total number of —- of the firm—are at 
ey in the Army or Navy serving their country. 
he firm has promised that all the men who left for ser- 

vice — have their jobs kept open a them ; - ao. 
ance of 10s. per week is being given Messrs, Lysaght 
to the wives or dent relatives of the men who are 
away. Provision also made as to the members 
of staff who are oh service. The introduction gives a 
brief survey of th®- political situation; it states how 
— broke out, and forms a patriotic appeal to all 

ritons. 

proposed to hold in San a So to in isco in - 
ember, 1915, and the International i i : 
which is to be held from the 20th to 25th of the same 
month, Owing to the impossibility of convening the In- 
ternational Electrotechnical Commission, under whose 
authorisation the ical was to have been 
held, it has been decided by the governing body of the 
American Institute of Electrical Engineers to 
indefinitely the holding of the Electrical Congress. is 

which will be held os originally planned. Marked pro’ wi as y ple x pro-. 
is being made in connection with the latter. 

Papers have already been received from several of the 
foreign countries, and everything points to a successful 
issue. Full information concerning the Congress may be 
obtained by inquiry at the following address :—TInter- 
nal Engineeri 1915, Foxcroft Building, 

| San Francisco, Cal. U.S.A. es 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 16. 

THe almost hourly anticipated decision by the Inter- 
state Commerce Commission of a 5 per cent. advance 
in freight rates has created the most favourable out- 
look for railroad orders for a year. Ina case of a 
favourable decision this week, it is figured out that 
orders for the following amounts may be placed :— 
1,000,000 tons of rails, $5,000 to 50,000 cars, several 
hundred locomotives, 100,000 tons of structural mate- 
rial, and a large quantity of track supplies. The 
Pennsylvania has ordered the construction of 1050 
steel freight cars at its Altoona plants, involving 
the purcnase of upwards of 12,000 tons of plates 
to be delivered within four months. The Union 
Tank Line has ordered 1000 tank cars, involving 
8000 to 10,000 tons of steel plates; Northern 
Pacific, 125 passenger coaches; Great Northern, 21 
coaches; Save Oil Company, 150 tank cars. No 
further concession in prices is probable. Scarcely 
any second -quarter-delivery business has been 
placed. Heavy pig-iron buying continues. In the 
recent rush about one million tons have been con- 
tracted for, in which Southern furnaces participated 
but lightly. The present pig-iron output is down to 
18,000,000 tons @ year. he entire industry is on 
tiptoe of expectation of great things. Unfilled ton- 
nage of the Steel Corporation is 3,461,097 tons 
November 1, and 3,224,592 tons December 1. Decem- 
ber bookings will average about 20,000 tons a day. 
The starving process has reached its limits. Much 
European business is coming in, and figures are not 
reliable. Secrecy prevails as to details of much of it. 
An upward tendency in prices is probable, though 
understandings exist between manufacturers and large 
consumers which will be carried out. There is, how- 
ever, much incoming business. 

“Tue Enemy’s Trape AND Baitisa Patents.”—This 
is the title of a pamphlet by Sir G. Croydon Marks, 
M.P., which is issued by the Technical Publishing Com- 
pany, Limited, 55 and 56, Chancery-lane, W.C., at the 
price of 1s. net. It explains clearly the situation as to 
the manufacture in this country of articles covered by a 
patent held by an alien enemy. 

Trape Oprortunitigs IN lraty.—The British Cham- 
ber of Commerce for Italy states that British manufac- 
turers and shippers should not fail to avail themselves to 
the very utmost of the em unique opportunity of 
securing « footing in the Italian markets, where, if 
is excepted, a predominant position was held by Ger- 
many. The Chamber is doing its utmost to assist British 
firms in getting into touch with Italian importers and 

mts. Those manufacturers who wish to make a 
special bid for Italian trade should send out their princi- 
pals, or fally-qualified representatives and travellers, 
with samples, &c., to take orders and thoroughly study 
local requirements, so as to be able to supply in future 
exactly what is wanted. Since the end of August, the 
Chamber has received from all parts of Italy numerous 
inquiries from consumers, importers, and agents for all 
sorts of goods, chiefly manufactured, the inci 
articles inquired for being :—Steel, steel goods, naval 
supplies, technical goods, accessories for motor-cars and 
machines, aluminium, tools of all sorts, aniline colours 
and oils, office requirements, kitchen and house utensils, 
foodstuffs, printing ink, biscuits, cheap gold, plaqué gold 
and silver jewellery, linen articles, accessories for cycles, 
corsets, manilla ropes, pharmaceutical and chemical pro- 
ducts, paints, dyeing products, carbonate of soda, boots, 
coffee and colonial goods, coal, fertilizers, hosiery, iron- 
mongery and hardware, cotton and cotton yarns, steel 
copes paper, cocoa, cutlery, skins and leather, wax, 

ting, cardclothing, woollen piece goods, cotton prints, 
&c, upholstery stuffs, d electrical material, dried 
fruits, photographic goods, handkerchiefs, linings, linen 
yarns, greases, Australian corn, rubber articles, gloves, 
cardclothing, jute, waterproofs, timber, wool, electric lamps 
and materials, woollen dress a goods, tinplates, lubrican 
files, liqueurs, motors, agricultural ines, sewing an 
knitting-machines, metal and wood-working machines, 
metals, shipbuilding material, smallwares and haber- 
dashery, soapmaking materials, oils, perfumery, dried fish, 
leather china, lace, copper, oil-seeds, soaps, sul- 
phate of copper, emery products, silk stuffs, locks, scien- 
tific instruments, sanitary goods, sport goods, sulphate of 
copper, carpets, tubes, tea, velvets and velveteens, glass- 
ware, varnish, zinc, &c., &c. Lists of addresses may be 
had from the Secretary-General, vid Ionocenzo Frugoni, 
1, Genoa. From the Milan district the British Chamber's 
otfive in that town have had inquiries for :—Colonial pro- 
duce, tools, cutlery, chemicals, d hides, dyes, 
machinery 2 rage eg iron an — ye sypee 
goods, tinplates, w Pp, Pe (printing), oils an: 
turps, ware, waterproofs, goloshes, cycles and motor- 
cycles, stationery, inks, boots, tubes, wire rope, paint 
brushes, bamboo cane, haberdashery, surgical instru- 
ments, plated goods and jewellery, drapery, ribbons, 
laces and curtains, paints, woollen goods, belting, fertili- 
zers, fancy goods, warps and threads, scientific instru- 
ments, um 

&e., &e, The addresses may be had from the 
etary, vid Andegari, 18, Milan. As it is wished to 

give in every possible case the names of Members of the 
Uhamber, these facilitate this result a3 nee in as soon 
as possible an exact detailed list of whatever they are in 
& position to supply or ship. 

rincipal | were 

feathers and flowers, cloth and cotton | bef 

SWEDISH IRON AND THE WAR. 
At the meeting of the Union of Swedish Ironmasters at 

Gothenburg, on November 28, the report stated that the 
war had caused a considerable reduction in the sale of 
Swedish iron and steel to the large countries whither the 
bulk of the export was wont to go, and some markets had 
been entirely closed. Also, in the countries which were 
not implicated in the war, the conflict had exercised a 
crippling influence, with the result that the Swedish 
export also had diminished to those countries. Some com- 
pensation had been afforded by the new markets which the 
extraordinary state of affairs had opened, but in spite of 
the statistics things were very depressing. August was 
the worst month; the ate exports were then 
13,600 tons, against 47,800 tons in the same month, 1913. 
Some improvement set in during the months of September 
and October, the figures for the two being respectively 
32,400 tons and 33,200 tons, against, respectively, 45,400 
tons and 55,500 tons for the corresponding months of 
1913. Also the export of iron ore had gone down very 
materially, the decrease up till the end of October being 
1,472,000 tons, against the same period in 1913. 
The greatly reduced export of iron and steel has natu- 

rally tended to reduce the production materially. At the 
end of October about one-third of the blast-furnaces were 
out of work, and the position in this connection has 
not altered since the end of August. Of Lancashire 
hearths there were 125 going during August and Sept- 
ember, but only 110 at the end of Ovtober, and about 
60 per cent. of these hearths are now idle. Of the 
Bessemer converters, of which there are 24 in Sweden, 
only 9 were working at the end of October, and out of a 
total ot 75 Martin furnaces only 49 were working. The 
production of pig-iron has diminished 56,600 tons during 
the first nine months of 1914, as compared with the same 
sae mes of 1913. The production of blooms and ingots has 
uring the same time decreased 81,600 tons, as compared 

with the first nine months of 1913. 
The main cause of this reduced production, as already 

mentioned, is the great war and the consequent reduced 
sale, but shortage of water has also made its influence 
felt. Now thao all available reserve steam-power has 
been resorted to, and a number of works are ~— new 
installations of this nature completed, it may be said that 
the available water-power does not even suffice for the 
greatly-reduced demand for Swedish iron and steel on 
account of the war. On this account the quotations for 
Swedish iron products have lately been, and are still, 
very firm, and have even partly risen, so that the iron 
works in some degree are compensated for the increased 
cost of production arising from the high ’ for coal, 
increased export freights, war insurance, &c. 
The prospects as regards a sufficiency of water for 

water-power for the present winter are particularly 
gloomy for nearly all iron works, and it is much to be 
regretted that the long-pending national regulation of the 
water-courses has not been taken in hand. 
The production during the first ten months of 1914 

was as under, the corresponding figures for 1913 being 
added for comparison :— 

1913. 1914. 
tons tons 

Pig-iron and direct castings 617,700 561,100 
Blooms on iste “e 128,700 97,700 
Bessemeringote .. as 94,200 81,500 
Martin and scrap castings. . 381,000 343,100 

The exports during the same period of some commodities 

1913. 1914. 
tons tons 

Pig-iron oe ‘ 165,000 131,000 
Ingots .. - ‘a os ee 11,800 10,400 
Blooms i ae = a 11,400 3,600 
Rough bars .. we - 18,900 14,300 
Billets .. = bi o oa 9,100 4,600 
Solid tube material. . és ea 16,400 11,200 
Hammered bar iron ame - 14,400 11,100 
Best rolled bar iron. . Jai he 86,800 61,700 
Cold-rolled or drawn bariron .. 5,200 8,700 
Rolled wire .. “a a 32,400 22,700 

The aggregate exports from January 1 to October 31 
were 313,200 tons for 1914 and 417,600 tons for 1913, the 
deficit for 1914 consequently being 104,400 tons, or 
exactly 25 per cent. 
The figures for the iron-ore exports still more forcibly 

illustrate the effect of the war; the exports for the four 
months, July to October, 1913 and 1914, were :— 

1913. 1914. 
tons tons 

July .. * ~ és ba 876,000 864,000 
August Y 211,000 
September 775,000 253,000 
October 698,000 336,000 

Ear.y Cast [ron.—At the monthly magting, of the 
Ipswich Engineering Society, held at the Museum 
Rooms, on Thursday evening, Dec. 17, an interesting 
lecture was delivered by Mr. Robert Buchanan, of 
Birmingham, on ‘‘The Origin and Development of the 
Foundry Cupola.” Mr. Buchanan said that he owned 
what he believed was the oldest piece of iron in the 
world, a portion of a gully grate from the floor of some 
ruins at Ephesus, which still showed the iron crystals. 
The first record of cast iron being used was in 1543, when 
in Sussex a man named Hogg made cannon. Personally 
he believed that the system must have been discovered 

ore, because in 1595 it was stated that cannon of 
6000 Ib. vy were made, and he did not think such 
progress could possibly have been made in 50 years. The 
firat record of a cooking-pot being made of cast iron was 
160 years after cannon were first cast, so that it seemed 
that in those days armaments led the metallurgical world 
as they did in agreat degreee at the present day. 

NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Wednesday morning 
the pig-iron market was quietly steady, and only one 
Cleveland warrant changed hands at 54s. one month, 
with sellers over at that figure, and at 533. 91. cash. 
Buyers’ closing prices were 53s. 64d. cash and 533. 94d. 
one month. In the afternoon the market was quite idle, 
but sellers made no change in their quotations for Cleve- 
land warrants. On Thursday morning there was in 
nothing doing in Cleveland warrants, and prices remained 
steady. Sellers’ prices at the close were called 53s. 94d. 
cash and 54s. 04d. one month, but buyers had drawn 
nearer, and named 533. 84d. cash and 533. 114d. one 
month. The marked remained closed in the after- 
noon and also on Christmas Day. When business was 
resumed on Monday morning there seemed little desire 
for dealing, and although sellers’ prices had a harder 
tendency, buyers were a shade easier. The session 
closed with sellers of Cleveland warrants quoting 533. 11d. 
cash and 64s. 2d. one month. In the afternoon there 
were again no transictions, and Cleveland warrants 
were nominally a shade easier at 53s 104d. cash and 
54s. 14d. one month sellers. On Tuesday morning idle- 
ness again prevailed, but Cleveland warrants continued 
steady, with sellers’ quotations unchanged. The same 
conditions prevailed in the afternoon, and still no trans- 
actions in Cleveland warrants were recorded. At the 
close of the session sellers quoted 53s. 104d. cash and 
54s. 14d. one month. When the market opened to-day 
(Wednesday) the tone was firm, but no dealings took place. 
Cleveland warrants were quoted 53s. 11d. cash, 54s. 2d. 
one month,.and 54s. 8d. three months sellers. The market 
hardened in the afternoon, when 3500 tons of Cleveland 
warrants were done at 54s. 4d. and 54s. 5d. one month, 
and closing sellers named 54s. 24d. cash and 54s. 54d. one 
month, while buyers were at 1d. less in each cise. 

Sulphate of Ammonia.— During the past we: k there has 
been quite a steady demand for sulphate of ammonia, 
and dealings have taken place at 12/. per tor, aad so the 
—_ has ended as it began, with sulphate hixh in value. 

ut the tale for the intervening months is somewhat 
different, because the price fell away to about 10/. 7s. 6d. 
in the month of June, owing to German competition. 
That low figure was of short duration, and with a good 
demand springing up the quotation rallied to 11/. 2s. 6d. 
per ton in July, and just when the outlook had become 
good the war broke out, and shortly afterwards 10/. 7s. 6d. 
per ton was again touched. With conditions rightin 
themselves, however, markets began to pick up, an 
about the beginning of December sellers were quoting 
11. The business during that month was quite active, 
and prices advanced 17s. 6d. to 20s. per ton, and thus the 
—_— as the year closes is 12/. per ton for prompt 
elivery, and round to 12/. 5s. per ton for February to 
March delivery. 

Malleable-Iron Trade.—After the long spell of quiet- 
ness which occurred in the malleable-iron trade of the 
West of Scotland through excessive foreign competition, 
it is very gratifying to note that a turn for the better has 
taken place, and that activity now prevails. Order-books 
have been filling up, and makers close the year in a very 
satisfactory position. They have a certain steady run 
ensured for some months ahead, and with prices on the 
rise, the outlook is encouraging. 

Scotch Steel Trade.—The past week has teen one of 
— activity in the Scotch steel trade, and specifications 
have come to hand in large numbers, which is a clear 
indication of the improvement in business. Government 
orders are responsible for a fair percentage of the im- 
proved state, but not forall, as the quiet confidence in the 
ultimate success of our Forces on land and sea, which 
prevails generally, is really the keynote to the present 
activity. The stocks of steel material have been seriously 
reduced both at home and abroad, and buyers now 
display the ter anxiety to secure requiremente. 
The end of this memorable year thus finds the steel 
makers with heavy order-books and a very pressing de- 
mand for deliveries. For ship-plates there is an excel- 
lent outlet owing to the large shipbuilding contracts 
recently given ous, and as no German material is now 
available, the prospects for the local steel works are very 
bright. Thin plates have also been in great request of 
late, and early delivery is a out of the question, 
as so many orders have been booked. That fact brings 
us back to the old trouble which generally confronts con- 
sumers during a time of activity in the steel trade— 
namely, the question of reasonable delivery, and that 
difficulty has frequently allowed the foreigner to secure, 
and hold, a fair portion of our legitimate trade. Now 
that we have learned our lesson it is to be hoped 
that both buyers and sellers will use every endeavour 
to mest one another amicably, and thus secure for 
our own workpeople a period of steady employment. 
The first three quarters of the past year were 80 
difficult for the producers that a good run now would 
be very acceptable. In the black and galvanised-sheet 
trade the improvement continues, and the vay eee are 
encouraging. There is also a good demand for structural 
material, as consumers are booking freely. The export 
trade is waking up, and buyers are recognising that to 
secure their requirements they must enter the market 
now, with the result that inquiries are more in evidence 
this week. France is naturally a fairly good market at 
present, and large lots are steadily going forward. With 
reference to prices, it is difficult to name hard-and-fast 
quotations, owing to the state of things, but prices all 
round are much firmer, and are very likely to g° higher. 
Ship-plates for the home market are called 7/. 5s. per ton, 
less 5 per cent., and for export 7/. per ton, less 24 per 
cent.; boiler-plates are 7/. 10s. per ton, less 5 per cent., 
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export market, and angles areT7l: per ton less ® percent, | NOTES FROM OLEVELAND AND THE | tiirsity large steam coal has mado 20s, 6d, to Zin; best 
for home delivery, and 6/. 15s. per ton, less 24 per cent., NORTHERN COUNTIES. secondary qualities, 19s. 3d. to 19s. 9d.; other second 
for export. These quotations show an advance varying MIDDLESBROUGH, Wednesday. | descriptions, 18s. 3d. to 186. 6d ; best bunker smalls, 12s. 
from 2s. 6d. to 30s. ton when compared with the close The Cleveland Iron Trade.—As is usual at this season | to 12s. 6d.; and cargo smalls, 9s. 6d. to 10s. 3d. per ton. 
of last year, but the present high values are due to the id coal has been quoted at 19s. to 20s.; 
dearness of raw material, &c., and with hematite selling 
at 77s. 6d. per ton the steel-maker has little chance of 
making a fortune. 

Scotch Pig-Iron Trade.—The demand for Scotch pig- 
iron continues very , and producers have recently 
fixed up quite a number of important contracts, both on 
home and on export account. In the latter connection 
the increase is marked, and the clearing of the high seas 
of the German commerce-destroyers has given a fillip to 
foreign buying. Hematite is still in great request, and 
bookings are exceedingly good; the price is called 77s. 
per ton, delivered. The following are the market quota- 
tions for makers’ (No. 1) iron :—Clyde, 693. 6d.; Calder, 
Garvsherrie, and Langloan, 70s.; Summerlee, 70s. 61. 
(all shipped at Glasgow); Eglington, 64s., and Glen- 
garnock, 71s. (both at Ardrossan); Shotts, 70s.; and 
Carron, 73s. (both at Leith). 

The Holidays.—The very active conditions which now 
prevail throughout the steel and iron trades, and the 
great pressure for certain classes of material, are neces- 
sitating shorter —- * for holidays this year than 
is usual. Certain establishments, which generally close 
down for a week or ten days at this time, will only cease 
operations for two days, but any further reference to 
them would be indiscreet. Monday morning will see 
full steam up in many works. 

NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Very little business has 
been booked this week in any section of the South York- 
shire coal trade. Merchants have been too busy clearing 
off substantial arrears of orders placed before Christmas 
and held back by railway congestion to pay much atten- 
tion to new inquiries, while almost the whole of the 
output of steam hards has been absorbed bya general effort 
to bring contract deliveries up to date. A few inquiries 
are reported for contract renewals, but so far nothing has 
been agreed upon which will serve as a general cash basis. 
Railway companies, having regard to the slump in ship- 
ping, are striving to obtain reductions on last year’s 
prices; but collieries have, so far, declined to commit 
themselves. Owing to the increased cost of timber and 
other necessities, working expenses are considerably 
higher than at this time last year. Moreover, a large 
number of pit-workers have joined the Forces, and, even 
when full-time working is in operation, the output is 
anything from 15 to 20 per cent. below the normal. The 
slack market has undergone a marked change during the 
past month, and consumers have difficulty in securing 
supplies except at advanced rates, This is attributable, 
first, to the materially-decreased ~~ and, secondly, 
to the revival of trade with the Lancashire cotton 
industry. Cokes are quiet, but prices show a firmer ten- 
dency. Quotations :—Best branch sss 16s. 6d. 
to 17s. 6d.; Barnsley best Silkstone, 13s. 6d. to 14s. 6d.; 
Derbyshire best brights, 13s. 6d. to 14s. 6d.; Derbyshire 
house, 11s. to 12s. 6d.; best large nuts, 11s. to 12s.; small 
nuts, 93. to 10s.; Yorkshire hards, 10s. to 11s.; Derby- 
shire hards, 9s. 6d. to 10s. 6d.; best slacks, 7s. to 8s.; 
seconds, 5s. to 6s.; and smalls, 2s. to 3s. 

Iron and Steel.—The market for raw materials has 
undergone practically no chan Owing to the holidays 
buying has not been on the e of the preceding two or 
three weeks, but a healthy tone still obtains, and prices 
are mostly held at the level reached a week before 
Christmas. The continuance of the heavy demand for 
special and ordinary hematites for armament-making 
purposes has alone been sufficient to withstand the 
inaction which usually basets the market at this time of 
the year. The basis on which the latest business has 
been arranged is as follows :—West Coast hematites, 
8ls.; East Coast hematites, 72s. 6d. to 75s.; Lin- 
colnshire No. 3 foundry, 593.; Lincolnshire f 
57s. 6d. ; Derbyshire No. 3 foundry, 56s. 6d.; Derby- 
shire forge, An early advance on the basis 
quotation of 8/. 5s. for South Yorkshire ‘‘ Crown” bars is 
forecasted, in consideration of the higher cost of common 
iron and the wages advances which are coming into 
operation under district wages 8 agreements. In 
the gun, armour, and shel! departments, as well as in all 
other sections of local industry engaged on urgent orders 
for the Government, work was resumed on Monday, after 
twodays’ holiday, instead of the usual Christmas respite 
of from a week to ten days, and is ae See day 
and night at high pressure. Additional furnaces are 
in course of completion, which will facilitate a consider- 
ably bigger output of basic steel. Forges, foun- 
dries, and mills have resumed work, with a better pro- 
spect than they have had for several months past. 
he position at the crucible furnaces is also re 

to be more satisfactory. Railway material depart- 
ments are not deriving the benefit that they ex 
from the decline of Continental competition, but there is 
a steady run on tramway material, and orders from ship- 
building centres for steel work and heavy castings and 
forgings are numerous. The lighter trades show weak 
patches, but for the most part are well employed. The 
demand for high-speed twist-drills is one of the it on 
record. The inquiry for machine-tools, spades, shovels, 
and other field implements is almost as large. certain 
amount of work is ing from the city because makers 
are unable to guarantee delivery. Some good inquiries 
are reported for —e steel, a satisfactory feature being 
expansion in the decided overseas business. 

of the year, holidays are interfering considerabl — The best 
sagen as business, but the general situation must be 

very satisfactory. Values of pig-iron are moving steadily 
r,t The minimum quotation for No. 3 g.m.b. 
nae see is 54s. 3d., and there are sellers who ask 

. to le vy ton above that oo. No. 1 Cleve- 
d.; No. 4 foundry, 9d.; No. 4 forge, 

53s. 3d.; and mottled and white iron, each 52s 9d. | has 
Values of East Coast hematite pig are rather difficult to 
fix. The uotation may be given at round 
about 72s. 6d. for ion 1, 2, and3; but whilst some 
second hands are selling small odd lots at a little below 
that figure, there are makers who quote up to 75s., 
and with cost of action high, and increasing, further 
—— is ic! 4 p Mme oes a8 
c more anythi just now. tter suppli 
have come to a | Tatel , and the total im or 
December approach 100, tons. Deliveries, however, 
are still much below what consumers consider they 
should be. Stocks are low, and a suggestion has 
mooted that the Government be requested to facilitate 
the conveyance of foreign ore. Quotations can hardly 
be given. ers ask rates that absolutely prohibit 
business, naming as much as a basis of 28s. 6d. ex-shi 
Tees for Rubio of 50 per cent. + Possibly, how- 
ever, a firm offer to buy at about a is of 25s. would 
receive favourable consideration. Ore - steamers are 
hardly obtainable, and offers to pay — of 10s, 6d. 
Bilbao-Middlesbrough is to have failed to tempt 
shipowners. Coke is very and in good demand for 
local use. For prompt delivery of average blast-furnace 
kinds at Tees-side works rather more than 18s. has to be 
paid, but for delivery over periods next year contracts 
can be made at a little below that figure. 

Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 107,394 tons. 
Since the by ye of the month the stock has been 
increased by 1900 tons. a of pig-iron from the 
Tees are on only a very small scale. To-date this month 
they average 720 tons per working day, the total des- 
patches being returned at 17,923 tons, 17,373 tons of 
which have gone from Middlesbrough, and 550 tons from 
Skinningrove. To the same date last month the loadings 
were given at 52,981 tons, or a dail — 2037 tons, 
and for the correspondin of , & year ag, 
the clearances reached 84,070 tons, or an average of 2 
tons per working day. 

Manufactured Iron and Steel.—Very satisfactory ac- 
counts are given of all branches of the manufactured iron 
and steel trades. Works are busily employed, and pro- 
ducers are pressed for delivery. Several orders have 
been booked for rails, including one of 6000 tons by 
Messrs. Bolckow, Vaughan and Oo. for the North- 
Eastern Railway Company. Prices are firm. Prin- 
cipal market quotations stand:—Common iron bars, 
8l.; best bars, 8/. 7s. 6d.; best best bars, 8/. 5s. ; 
packing-iron, 6/. 5s.; iron ship-plates, 7/. 5s.; iron ship- 
angles, 8/.; iron — gy 17s. 6d.; iron girder- 

tes, 7l. 5s.; steel bars (basic), 7/. 10s.; steel bars 
Siemens), 7/. 15s.; steel ship-plates, 7/. 10s.; steel ship- 
angles, 7/. 5s.; steel boiler-plates, 8/. 5s.; steel strip, 
71. 5s.; steel hoops, 8/.; steel joists, 77. 2s. 6d.; cast-iron 
columns, 7/. 7s. 6d.; cast-iron railway chairs, 41. 5s.; 
light iron rails, 7/. 153.; heavy steel rails, 61. 7s. 6d.; 
steel railway sleepers, 7/.—railway material net at works, 
and all other descriptions less 24 per cent. discount ; gal- 
vanised corrugated sheets, 24-gauge, in bundles, 14/. f.0.b. 
—less 4 per cent. 

Dock Ezxtensions.—Messrs. Sir James Laing and Sons, 
of Sunderland, have received permission from the Wear 
Commission to carry out new work at the Cornhill 
Graving Dock, on the north side of the River Wear. 
The new works include the reconstruction and enlarge- 
ment of the existing Cornhill Dock, so as to give a length 
of about 450 ft., a width of 60 ft., and a depth on the sill | 7 
of 5 ft. at low water of ordinary spring tides. 

Steel- Workers’ Wages.—The secretaries of the Northern 
Iron Trade Board of Conciliation and Arbitration having 
received from Messrs. Price, Waterhouse and Co. the 
result of the ascertainment of the average net selling 
price of steel plates at Consett during September, 
October, and November, 1914, have informed the Consett 
Iron Company, Limited, that, in ® with the 
sliding-scale arrangement, the wages to be paid to steel- 
mill men in the by need beginning January will be the 
same as prevailed during the preceding three months— 
viz., 124 per cent. above the standard. 

Miners’ Wages.—According to the Northumberland 
coal-trade ascertainment, the average selling price of 
coal during the past three months was 3.21d. below the 
figure for the previous quarter. Wages are thus reduced 
> ee making them 47 per cent. above the basis 
of 1879. Under the sliding-scale arrangements, wage 
rise and fall by 1 per cent. for each 1d. change in 
selling price. In the previous quarter wages were un- 
altered, but in the second quarter they wers reduced 
by 24 per cent. 

NOTES FROM THE SOUTH-WEST. 
Cardiff.—Business has, of course, been much affected | British 

by the holidays ; at the same time colliery-owners have 
taken up a strong attitude for January deliveries. Tonnage 
arrivals have been heavy, and when work was resumed 
after the holidays there was a good deal of loading pres- 
sure. COoal-owners are loo! forward to an increasing 

e 
households have made 17s. to 18s.; No. 2 Rhondda 
has ht 13s. 6d. to 15s. 6d.; and No. 2 

8s. 6d. to 9s. 3d. per ton. Patent fuel has been q 
at 17s. to 18s. per ton. Special foundry coke has realised 
27s. to 3ls.; good foundry coke, 20s. to 26s.; and furnace 
coke, 17s. 6d. to 19s. 6d. per ton. As ty ey 

made 20s. to 2ls. per ton, upon a of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Newport.—The steam-coal trade has shown continued 
strength, although business has been a good deal inter- 
rupted by the holidays. The best Newport Black Vein 

has made 17s. 9d. to 18s. 3d. ton; Western 
Valleys have brought 17s. to 17s. 6d.; and Eastern 
Valleys, 16s. 3d. to 16s. 9d. per ton. 

The Swansea Valley.—Business has been fairly active 
during the last few days. Most of the anthracite and 
bituminous pits have been fully employed, and the 
fuel works have been run: as usual. The Fores 
Worcester, Beaufort, and Duffryn works have had — 
outputs, but there has been continued slackness at the 

P| sheet-mills. The tin house sets have been doi well, 
and the steel trade is reported to be in a fair condition, 
although there have been some cases of short time. 

The Tin-Plate Trade.—It appears that ge licences 
have been ted for the exportation of tin-plates to 
Holland; three licences have also been granted to 
Sweden, and one to Denmark. The announcement of 
the poaties of these licences has been received with 
much satisfaction, as the restriction of trade with Holland 
has been a serious matter. 

Messrs. Burnyeat, Brown and Co.--Progress has been 
made with a pro for the amalgamation with the 
United National Colliery, Limited, of Messrs. Burn- 
yeat, Brown and Oo., Limited, which has for some 
years past been under the same management. According 
to the scheme recommended by the directors for accept- 
ance by the shareholders of both companies, the Burn- 
eat-Brown undertaking will be wound up, and the 
United National Company, taking over the assets of 

providing for all the 
that company, will issue shares in a 

Mesers. Burnyeat and Co., and 
obligations o 
reconstructed cx 

Waste Compustion Gases ror Firg-Extincrion : 
Erratum.—In our abstract of Dr. G. Harker’s paper, 
read before the British Association at Sydney, reference 
was made to J. Harger’s suggestion of reducing the 
oxygen percentage in the air of coal-mines. The two 
names and two papers must not be confounded with one 
another ; but, unfortunately, J. Harger’s name was mis- 
= ‘*Harker” in the third paragraph, third column, 

page 691 ante. 

Tue T.-S.SS. “Cropap pe Buenos AIRES” AND 
*“*Crupap pg Monts Vipgo.”—These vessels, illustrated 
and described in last week’s issue (page 745), are fitted 

:| with two filters for the treatment of the whole of the 
fresh water on board, as supplied by the Buhring’s Patent 
Water Purifying Company, 61, Wilson-street, London. 
These filters are of the automatic ing type, and the 
filtering medium is sterilised by steam. are fitted 
with a waste water-tight gauge. An apparatus of 1100 
gallons capacity per hour weighs 22 owt. 

British Bank ror Itaty.—The Bulletin for De- 
cember, issued by the British Chamber of Commerce for 
Italy, states the ——s :—“*It is suggested that a 

incentive to British manufacturers to import to 
Italy would be given if a first-class British bank were to 
start a ch office in The imports of coal alone 
from Great Britain to Italy amount to some 94 million 
tons per annum, so that the handling of the relative 
apy —~ ld Myf ye is for ~ business. we, to 
this a usiness in foreign exc it being pre- 
sumed that the leading British and Koustenn banks 
would name the British bank here as their correspondents 
for their letter-of-credit business. Thirdly, a quantity 
of goods arrive here for payment of which credits have to 
be opened in London (jute from Calcutta, nitrate from 
Chile, &c.); this business should also be acquired. And 
here a word of warning and advice may be i to 
British merchants. The banks ee, epaney those 
of German origin, have followed the German plan 
of working for nothing, in order to attract business. A 
British bank works on the system of charging a uniformly 
fair commission, it does not take advantage of its client 
when he is on the wrong side, but it expects gS | 
a reasonable commission at all times. Many Britis 
merchants have been attracted by the terms offered by 
the Italo-German banks here, and for the sake of saving 
one-tenth per cent. commission they give them their busi- 
ness. Ifa British bank is pitted against such conditions, 
and British merchants consider ang Neves owing 
of a fraction of their profit, we fear that a British ban 
will not meet with success. We think, however, that a 

itish merchant should pay a reasonable commission in 
return for the greater security he must feel in entrusting 
his documents to a eng ae > pay « in the first 
place, get more reliable information as prospective 
Stent and may rest assured that once the are 
shipped, his interests will be well looked after.” 
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30-IN. HEAVY LATHE FOR PROJECTILE WORK. 

CONSTRUCTED RY THE NILES-BEMENT-POND COMPANY, ENGINEERS, NEW YORK. 
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Tue illustrations on this show a very heavy 
and powerful 30-in. lathe driven by a 35-horse-power 
motor. Several of these machines have recently been 
built by the Niles-Bement-Pond Company, New York, 
for turning armour-piercing projectiles of all sizes, 
including l4in. diameter. They are designed through- 
out for high duty on the tough and hard-steel forg- 
ings used in this class of work. Al of the gearing is 
steel. The motor-pinion and the gear which it drives 
have herring-bone teeth, ensuring smooth, quiet opera- 
tion. All of the bearings and gearing of the headstock 
are entirely enclosed, and are provided with a con- 
tinuous supply of oil. 

The headstock is completely enclosed, and is espe- 
cially long, affording most rigid support for the tnt, 
earing, and motor. The length of bearing of the 
eadstock on the bed is 5 ft. ll in. The front spindle 

bearing is 184 in. long and 6} in. in diameter. The 
bearings for all rotating shafts are lined with bronze 
bushings. 

All bearings and gears are oiled continuously from 
a tank in the head, which is kept filled by a pump 

Fig. 2. 

from a tank in the bed. The end thrust on the 
spindle is taken on hardened-steel and bronze washers. 
he design is such that the tendency of the upward 

thrust of the tool to lift the spindle in its bearings 
is eliminated. 

The face - plate is driven by a direct - connected 
motor through powerful gearing. The motor is of 
three to one speed variation, which, with the gear 
changes in the headstock, gives forty face - plate 
8 8 varying from 11 to 152 revolutions per minute. 
y means of a handle on the carriage the face-plate 

may be started, stopped, reversed, or any of the 
different motor s s obtained without requiring the 
operator to leave his working position at the carriage. 

e carriage has a bearing on the bed for its entire 
length, front and back. It is gibbed underneath the 
track, both inside and outside. Nine reversible feeds 
are provided, ranging from 7, in. to } in. per revolu- 
tion of the spindle. Three feeds may be obtained, 
without removing any gears, by means of a sliding key. 
Both hand and power cross-feed are furnished. 

The tool-carriage is fitted with a compound swivel. | 

ing tool-rest. The tool-slide is provided with four 
large clamping-bolts and straps. All parts above the 
carriage are of steel. The tail-stock is of extremely 
rigid construction, the section being considerably 
increased toward the end carrying the centre. It is, 
however, readily traversed by means of a crank- 
wrench and gearing engaging the steel feed - rack. 
The tail-stock has four 14-in. clamping-bolts and steel 
clamps. A tail-brace engages a rack in the bed, 
which prevents any possibility of the tail-stock slip- 
ping under heavy loads. 

CANADIAN AGRICULTURE. — Western Canada had 
11,000,000 acres under cultivation for wheat in 1913, and 
last year’s total has been carried to 13,000,000 acres. 
Mr. T. S. Acheson, general agricultural agent for the 
Canadian Pacific Railway at Winnipeg, considers that the 
farmer in that part of Canada has now every cause for 
optimism. Never before has there been so much autumn 
moisture as in 1914. Snow lies in various depths up to 
facts and next year’s crop prospects are ered 

t. 
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NOTICES OF MEETINGS. 

Tae Royat Institution or Great Britaiww.—A 

Saturday, Jan 2, “ Fluids in the Home.” Tuesday, January 5, 
“Heat in the Home.” Thursday, January 7, “‘ Electricity in the 
Home.” Saturday, January 9, “ Light in the Home.” Lecture 
hour, 3 o’clock. 
Tur Réntesn Socitxty.—Tuesday, January 5, at 8.15 p.m., at 

the Institution of Electrical Baghseers, Victoria Embaokment, 
W.O. Discussion on ‘‘ The Localisation of Foreign Bodies by 
X Rays,” adjourned from last meeting. 
Tue Instirvrion or Sanitary Enoineers. — Wednesday, 
ag at 8 p.m., at Caxton Hall, Caxton-street, Westminster, 
8.W. ential Address will be given by Mr. A. P. L 
Cotterell, M. Inst. C.E. 
Tus Concrete InstiruTs.—Thursday, January 7, at 7.30 p.m., 

at Denison House, 296, Vauxhall Bridge-road. Mr. Henry J. 
Tingle, M. Inst. C.E., will read a paper on “The Application of 
Concrete in Modern Sanitation.” 
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THE COMPOSITION OF NAVAL 
FLEETS. 

Tue cabled summaries of the report of the 
Secretary of the United States Navy, which 
appeared in the daily Press some days ago, indi- 
cated that Mr. Josephus Daniels had raised the 
important question ot the relative advantages. of 
the battleship and the submarine. We felt that 
until the complete report was before us it would 
be imprudent to comment upon the sumewhat 
remarkable attitude taken up by him in favour of 
the submarine. We have now received a copy 
of the report, and our hesitancy is justified, as it 
can scarcely be said that Mr. Daniels favours so 
strongly the submarine as the cabled summaries 
seemed to suggest. Nor has he, as was thought 
probable, attempted to deduce lessons from the 
naval operations of the past few months in the 
direction of determining the composition of naval 
fleets. What is of greater value at the moment is 
the carefully-reasoned report of the General Board 
to the Secretary, a Board presided over by Admiral 
Dewey, who, it will be remembered, commanded 
one of the American Fleets during the American- 
Spanish War, and is now, as always, a close 
student of all strategic and technical problems. 
This report of the General Board is dated Nov- 
ember 17, and the Secretary’s report December 1, 
so that in each case there was availablea knowledge 
of at least three months’ naval operations during the 
present war. We are not disposed to encourage 
even an attempt at deduction from naval events 
except upon very broad lines, But when there is 
available a report by naval officers such as those 
composing the General Board of the United States 

type of ships which ought to constitute a fleet. 
n laying down the guiding principles in the 

systematic building up of the United States Navy 
the General Board of Admirals deals inferentially 
with the very important question of submarines 

there seems no dubiety as to their opinion. 
‘*Command of the sea can only be gained and held 

and they see no reason to modify it. Other ty 

going, sea-keeping ships of its day—or, of ite 
battleships.” The naval operations of the past 

over Admiral Cradock’s ships by reason of their 

speed and its attendant tactical advantages ; and, 
further, that Admiral Sturdee annihilated Spee’s 
fleet because of corresponding superiority. The 

States Navy admits that 

BOLCKOW, VAUGHAN’S STEEL WORKS. 

But what are to be the structural details of the 
battleship of the future? All interested wish for 
an enunciation of the ideas of the naval constructors 
regarding the means to be adopted for making 
ships less vulnerable ¥ the attack of the torpedo 
and submarine mine. The time evidently, however, 
has not come for the discussion or disclosure of 
such ideas. It is recognised that ships, even 
of the most modern design, are at the mercy of 
a well-equipped and accurately-aimed torpedo, 
while the submarine mine has done very con- 
siderable damage. This, however, raises the 
question primarily of constructional detail, and 
however much naval architects are providing against 
future destruction, none will expect them to dis- 
close, for the present at all events, the results of 
their work. 

The question arises whether the submarine-boat, 
even with the effective torpedo, is all that it was 
expected to be. The United States General Naval 
Board, while recommending the construction of 
an increased number of fleet submarines and coast 
submarines, refrains from entering into any questien 
of the ible superiority of this type of craft. 
They admit that the value of the submarine in war 
‘* for distant work with the fleet ” can hardly be esti- 
mated, and they recommend that three fleet sub- 
marines with a wide radius of action and a high 
og should be constructed. They consider that 
the difficulty assoc’ated with the provision of a 
reliable internal-combustion engine of the requi- 
site power to give the necessary speed has been 
overcome. The Secretary, however, proposes only 
to build one of these sea-going vessels, notwith- 
standing that he takes upon himself to give what 
must be regarded as a layman’s view strongly 
supporting the advantages of the submarine. He 
states that recent developments in naval warfare 
have strengthened faith in the efficacy of the sub- 
marine ; and ‘‘there are many (very many more 
than a few weeks ago) who believe that the time 
has come when the advice of Sir Percy Scott should 
be taken. Months ago that able English officer de- 
clared that the submarine was the most effective ship 
of the Navy of the future, and advised a cessation 
of the rapid construction of Dreadnoughts, and 
the utilisation of the money thus saved in building 
large numbers of submarines. The lay mind has 
accepted this view of the policy, but the trained 
naval officers making up the General Board are 
convinced that while submarines have a large part 
to play in naval warfare, they do not replace the 
larger craft.” Later the Secretaiy refers to the 
fact that at the date of his writing there had been 
no encounter between powerful ships, whereas the 
smaller craft had ‘‘ astonished the world by its 
ability to sink cruisers and other craft, giving its 
severest and most fatal blows before its presence is 
discovered.”’ This is true ; but when all the suc- 
cesses of the submarine-boat are carefully analysed 
it will be realised that they were attended by re- 
markably favourable circumstances. The British 
Fleet, of course, has suffered most, because it has 

been most at sea, and when one remembers the 
extreme view that Sir Percy Scott took, to the 
effect that with submarines ‘‘in being ” it would 
be hazardous for any fleet of battleships to leave 
port, the failure of events to substantiate the 

lant Admiral’s proposition is significant. It 
always been understood that our Grand Fleet 

is in the open, because otherwise its ‘‘ silent pres- 
sure” could not be operative, and the failure of 
any of the German ships, submarine or surface, to 
challenge the Fleet, and establish Sir Percy 
Scott’s theory, must have its effect in moulding 
the opinion of naval officers regarding the relative 
place of the submarine and the battleship in the 
composition of navies. The only element which 
stands in the way of definite deduction—and it is 
an important one—has reference to the personal 
equation, always, and now more than ever, 4 
dominant consideration. The Secretary of the 
United States Navy therefore, while naively 
remarking that ‘‘it may be that naval engage- 
ments later on will teach lessons, and will change 
expert opinion,”—a point established by the 
battles off the Chilian coast and the Falkland 
Islands—somewhat grudgingly confesses that ‘‘as 
long as the bulk of the ablest naval officers believe 
that the increase of the Navy should embrace in 
fair proportion the Dreadnought, the destroyer, 
and the submarine, the Secretary would not feel 
warranted in recommending a widely different 

ship-building is to continue in the United States. 
geen of construction.” The surprise is 

t while the General Board suggest four 

eS 



18 ENGINEERING. (JAN. I, 1915. 

Dreadnoughts, three sea-going submarines, and 
sixteen coast submarines, the head of the Navy 
is satisfied by recommending two Dreadnoughts, 
one sea going submarine, and seven or more of the 
coast-defence type. This latter type, the General 
Board think, should be a small vessel to act in 
home waters only. Any addition to size they con- 
sider detrimental, because any increased draught 
debars them from operating in shallow waters, 
while high speed is not needed, and is gained at 
the expense of other desirable qualities. The sea- 
going = on the other hand, ought to be of suffi- 
cient size, radius of action, habitability, and surface 
speed, to accompany and act with the fleet tactically 
at all times. The Board do not think that there 
is need in naval warfare for an intermediate type. 

The General Board, indeed, place the destroyer 
as next in importance to the battleship. After 
very mature consideration of all the elements 
involved in a study of the results obtained from 
fleet manceuvres, the Board came to the conclusion 
that a well-balanced fighting fleet for all purposes 
of offence and defence should have a relative pro- 
portion of four destroyers to one battleship. eir 
recommendation, therefore, was for the construction 
of sixteen destroyers, but Mr. Daniels recommends 
only six. As regards scouts, again, reference is 

made to the fact that no cruisers or scouts have 
been provided for the United States Navy since 
1904. It is only within the last two or three years 
that the need for very high-speed light-armoured 
cruisers has been recognised by the British Admi- 
ralty ; and the exceptionally serviceable character of 
these vessels during the last six or eight weeks has 
been fully demonstrated. Tne General Board of the 
United States Navy points to the fact that their 
fleet is peculiarly Jacking in successful scouting 
cruisers, so necessary in obtaining information in 
a naval campaign, and of such great value in clear- 
ing the sea of torpedo and mining craft, in opening 
and protecting routes of trade for our own com- 
merce, and enclosing and prohibiting such routes 
to the commerce of the enemy. This branch 
of the fleet, they think, has been too long 
neglected, and they recommend the construc- 
tion of four such scout-cruisers ; but their recom- 
mendation has not been accepted by the Secre- 
tary. Similarly, the American Navy is deficient 
in gun-boats, those on the list being obsolescent. 
The result is that in recent years it has been 
necessary to detail battleships, large cruisers, and 
destroyers to do gun-boat Selp— neni on the 
Mexican coast. is is held as a harmful influence 
on the efficiency and training of the fleet for war, 
and it is recommended that a beginning should be 
made by the building of four such vessels to replace 
the worn-out gun-boats on the list. But here, 
again, the recommendation is only partially ac- 
cepted, and only one gun-boat has been put on the 
official list for the approval of Congress. We are 
surprised to find no reference by the General Board 
to the utility of monitors—a type which played a 
great part in the American Civil War. The brilliant 
success off the coast of Flanders in co-operation 
with the Allies field forces of the three monitors 
built by Vickers from the design of their naval 
constructor, Mr. T. G. Owens, has renewed the 
belief in the efficiency of this type of ship. 

Regarding aircraft, the General and the 
Secretary fully recognise the potentialities of the 
‘*new Arm,” and attention is directed to the 
**dangerous situation of the country,” owing to 
the lack of aircraft and airmen in both the naval 
and military services. Early in the past year a 
board of experienced officers was appointed by the 
Secretary to consider and make recommendations 
for the development of aeronautics in the Navy. 
This board recommended the establishment of a 
station at Pensacola, in Florida, and orders were 
given for foreign-built aeroplanes, in addition to 
others made in the States, in order that experience 
should be collated for the development of a type 
suitable for the navy. The war, however, ren- 
dered impossible the obtainment of aeroplanes from 
abroad, and those of American manufacture were 
alone supplied. But instead of fifty aeroplanes, a 
fleet dirigible, and two small dirigibles being avail- 
able, there are now twelve aeroplanes, only two of 
which are of the same type, and all are of too little 
speed and carrying capacity. The General Board 
show the importance they attach to the ‘‘new Arm” 
in the composition of the fleet by remarking that 
the state of affairs in the United States is “ nothing 
less than deplorable.” They take the view that, as 
now developed, aircraft aro the eyes of both armies 

and navies, and it is difficult to place any limit to 
“e their offensive possibilities. ithout them the 

navy has not the means of detecting the presence 
of submarines or mine-fields, or of attempting 
direct attack on the enemy from the air, while her 
own movements would be an open book to him.” 
Certainly the events of Christmas Day and on 
Wednesday at Dunkerque prove the absolute accu- 
racy of this statement. 

lt will thus be seen that the report by Admiral 
Dewey’s Board, while apparently a colourless 
document as far as current events is concerned, is 
an interesting commentary on the progress of naval 
operations at the present moment. The Board 
present a well-balanced policy along which progress 
may be made in the establishment of a navy which 
they consider, in the case of the United States, 
should include, by 1919, forty-eight battleships, 
as enunciated eleven years ago, whereas at the 
present time the probabilities are that this battle- 
ship fleet will have only thirty-seven ships. It is 
thus evidently necessary to accelerate the battle- 
ship programme, and to also build other types of 
ships to act in co-operation with the battleships, 
while the suggestion of the moment for next year’s 
rogramme is based upon four battleships. 
hese, the Board consider, involve the building 

also of sixteen destroyers, three fleet and sixteen 
coast submarines, four scouts, four gun-boats, two 
oil-fuel ships, one destroyer tender, one submarine 
tender, one navy transport, one hospital ship, and 
one supply ship, with a vote of one million for air 
service. But the official programme to be placed 
before Congress calls for the building of only 
two Dreadnoughts, six destroyers, one sea-going 
and seven or more coast-defence submarines, one 
gun-boat, and one oil-fuel ship. 

ICE OBSERVATIONS IN THE NORTH 
ATLANTIC. 

Wits the loss of the Titanic in April, 1912, the 
attention of the public was directed to the constant 
and imminent danger that navigation had to 
encounter from the unsuspected presence of ice- 
fields and bergs in the North Atlantic, and various 
schemes were suggested to ensure greater safety to 
ships traversing particular routes. The most prac- 
tical of these resulted in sending out a vessel to 
observe the motion and amount of ice, as well as 
the direction in which it was moving under the 
influence of wind and ocean currents. An arrange- 
ment was made between the Board of Trade and 
shipowners to equip and maintain an ice-patrol 
vessel, that should make regular observations on 
the behaviour of the ice, and report by wireless 
telegraphy to the nearest station, whence the 
information could be forwarded to all interested. 
The vessel sent was the Scotia, and the scientific 
staff consisted of Mr. D. J. Matthews (hydro- 
grapher) and Mr. L. R. Crawshay (biologist), both 
of the Marine Biological Association in Plymouth, 
and Mr. G. I. Taylor (meteorologist), huster 
Readér in Meteorology in Cambridge. These ex- 
perts have now issued a full report, and it is 

ssible to see the nature of the results that have 
en collected. It has, however, been known for 

some time that the International Conference on the 
Safety of Life at Sea, which met in November, 
1913, considered the inquiry so promising that an 
international service for ice observation, ice patrol, 
and the destruction of derelicts was established to 
carry on the scientific work initiated by the small 
band of scientists who, from March to August, 
kept an attentive watch over an area extending 
some 10 deg. in longitude and latitude to the east 
of Newfoundland and Labrador. This useful 
co-operative investigation, hardly inaugurated at 
the opening of the war, must have been adversely 
affected both by the interruption of friendly inter- 
course and the naval and military operations. 
Possibly, through the kind offices of the United 
States, some means will be found for continuing so 

desirable a research. 
The object of the expedition was primarily to 

observe the ice conditions off the coasts of New- 
foundland and Labrador, but other scientific in- 
vestigations were carried on concurrently when 
they did not interfere with the main purpose. 
These subsidiary researches have proved to be 
of the highest interest, and, besides general prob- 
lems of oceanography, they embrace systematic 
determinations of the salinity and temperature of 
the ocean at various depths, the measurement of 
the velocity and direction of currents, and the 

collection of water samples. Another associated 
inquiry was the exploration of the upper air by 
means of kite ascents, in connection with ordinary 
surface meteorological observations, and inasmuch 
as plankton investigations are of service in the 
study of ice movement in so far as they throw 
light on the currents that affect ice distribution 
deep-sea dredging was practised when feasible, 
with careful collection of the microplankton. The 
instrumental equipment, carefully chosen, was 
adequate for the purpose intended, though the 
space was sometimes limited; and we may note 
here with some satisfaction that the German scien- 
tists at Lindenberg contributed some instruments 
and took a lively interest in the work. The Copen- 
hagen Laboratory seems to have been most lavish 
in its support. 

The triangular form of Greenland contributes to 
the formation of three noticeable currents which 
influence the number and movements of icebergs. 
The one flowing along the eastern coast is an over- 
flow from the North Polar Basin, and is not 
responsible for many bergs, for the larger number 
ground and break up in the shallows while still in 
the northern latitudes. The West Greenland 
current passing round Cape Farewell runs north- 
ward as far as Smith’s Sound, and carries numerous 
bergs into the inlet of Melville Bay, whence they 
drift in all directions, apparently haphazard, but 
are probably controlled by the two main currents 
that pass down Davis Straits, and, joining, form 
the Labrador current. These currents are the 
main carriers of the fieid ice often encountered, which 
is set free in summer in Baffins Bay, and combines 
with the ice formed along the coast of Labrador. 
Its extent, as well as the number of bergs, will be 
decided by the prevailing winds, which again will 
depend upon the barometric gradient. hen the 
conditions are favourable for easterly winds, much 
ice and many bergs may be expected to travel 
southwards, because the bergs are driven away 
from their birthplace on the West Coast of Green- 
land, and, meeting the Labrador current, follow 
its course. With either a strong northerly or 
southerly component in the wind direction, a year 
poor in — may be anticipated. Some hopes of 
a successful forecast are indicated by these obser- 
vations and deductions. On the other hand, Mr. 
Matthews, whose report we are following, distrusts 

the determination of the temperature of the surface 
sea-water as a guide to the presence of ice in the 
vicinity. Although icebergs were occasionally 
encountered in water of approximately 50 deg. 
Fahr., the majority were naturally found in colder 
water. His conclusion is :—‘*That a sudden drop 
of temperature shows as a rule that the ship has 
entered the polar current in which ice may be 
expected, but not that there is any ice in the 
neighbourhood ; while a rise of temperature shows 
that the chances of ice being sighted are less on the 
whole, but not that the ship is in safety, if she is 
within the limits to which ice has been known to 
spread in the past.” Mr. Matthews reports that 
he has known and recorded sudden changes in the 
temperature of the surface water when it was 
certain that there was no ice within 500 miles. 

The possibility of ice detection by means of 
thermometrical indications is so important that 
we may refer at once to the more detailed account 
given by Mr. Taylor, the meteorologist attached 
to the Expedition. Doubtless the hope of perfect- 
ing some practical scheme, founded on change of 
ocean temperature, for removing one of the latent 
dangers besetting navigation weighed with the 
authorities in supporting this experiment. Unfor- 
tunately, there seems little chance of its realisa- 
tion ; the changes are too slight and their inter- 
pretation too doubtful. As now practised, navi- 
gators place no reliance on temperature measure- 
ments, though as a matter of ship’s routine and 
to impress the ngers, the quartermaster may 
occasionally go through the ceremony of plunging 
an ordinary thermometer into a sample of surface 
water, and report the result to the officer of the 
watch. But within the last few years, Professor 
Barnes, of the McGill University, has suggested 
that the indications of a delicate thermometer 
might be used to detect the approach of 4 
vessel to an iceberg. In experimental trips 
made in the Strait of Belle Isle, he had oppor- 
tunity for observing more than two hundred ice- 
bergs, and in every case his apparatus showed a 
rise of temperature as the vessel drew near ice. 
This result ought not to have been —- rma 
facie, but plausible explanations have been offered, 
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which, however, do not meet with a ready or 
general acceptance. The currents set up 5 a 
melting iceberg of fresh water in a salt sea offer 
peculiar difficulties. Petterson, from laboratory 
experiments, has detected three distinct currents. 
Professor Barnes will only admit two: a cold 
current sinking downwards, carrying with it all the 
melted ice water, and a horizontal surface current 
of sea water flowing in towards the ice mass, and 
bringing about the berg’s undoing. Mr. Taylor does 
not accept the explanation offered by Professor 
Barnes, but puts forward the suggestion that an 
iceberg standing up above the sea would produce a 
motion of the air. of the nature of an eidy, by 
reason of the obstruction it offered to the wind. 
The stirring up of the air to a height above that of 
the iceberg would make it warmer than the 
surrounding air, at the same time communicating 
some of its heat to the water. 

Evidently the theory is not satisfactory and, 
unfortunately, it is equally difficult to harmonise 
the facts. Professor Barnes contends that the rise 
of temperature is a distinctly characteristic effect, 
upon which the navigator can confidently rely as a 
guide to the proximity of ice. Occasionally a fall 
might be perceived when the vessel was abeam of the 
ice, but such fall would be due to the influence of a 
colder current from the north, in which the iceberg 
is carried. Mr. Taylor is equally emphatic in deny- 
ing the exhibition of any systematic effect on the 
temperature, or the possibility of tracing the 
observed change to ice proximity or ice behaviour. 
The Scotia was equipped with thermometers of 
sufficient sensitiveness to show a change of ,}, deg. 
in the temperature of the sea, and yet on examining 
the records no features distinctive of icabergs could 
be observed on the temperature curves. Where 
any movement was perceived, it was impossible to 
ascribe the irregularities to any other cause than 
the ordinary fluctuations of sea temperature, char- 
acteristic of the region. Mr. Taylor's summing up 
is disappointing, inasmuch as it destroys a hope that 
one would willingly have cherished, but he speaks 
in the most decisive tone. ‘‘ An inspection of the 
records leads to the conclusion that the temperature 
of the sea near its surface does not furnish a certain 
method of detecting the presence of an iceberg in 
the regions over which the Scotia made her voyages. 
In most cases an iceberg produced no measurable 
effect on the temperature of the sea ; in a few cases 
a slight warming was observed, and in one the sea 
was cooler near the berg. .. . It is true that a rise 
in temperature was more often associated with the 
approach of an iceberg than a fall, and to that extent 
these observations tend to confirm the opinion of 
Professor Barnes . . . but it is doubtful whether the 
effect could be utilised to detect the presence of 
bergs on the Newfoundland bank, because in that 
region the temperature of the sea ge mo a 

than a small and sudden rise much more often 
vessel passes an iceberg.” 

Ice is not the only danger in these waters. 
Fogs, causing delay and loss to navigation, are 
notorious, and the opportunity for investigating 
the atmospheric conditions that promote or dis- 
perse fog has not been neglected. An interesting, 
if not an altogether convincing, inquiry has been 
made, based on the discussion of facts acquired 
by kite ascents, during which were registered the 
temperature and humidity of the air at considerable 

These ascents were too 
few in number to give very trustworthy data, and, 
moreover, were all made in summer-time, when it 
might be expected that the air temperatures would 
be higher than those of the sea—an important con- | b 
dition apparently in determining the frequency of 
fog formation. How far the conclusions would 
hold in the winter-time, when the air might be 
expected to be colder than the sea, is doubtful. 
Tn any case, the facts collected, which have been 
discussed with great acuteness, furnish a useful 
hypothesis that will serve for a more critical ex- 
amination. The tendency is to ascribe the preval- 
ence and density of fog to the action of the sea in 
cooling the air at saturation through a greater or 
less range of temperature. Such conditions must} CATALYSIS IN THE GAS INDUSTRY. 

: nen in the ocean that have not 
acyuired the evil reputation attaching to the banks | explanation of certain reactions, and is answered 
of Newfoundland. Some local conditions of 

1 

heights above sea-level. 

obtain at many p 

rently are peculiarly effective, possibly tracea 
to the union of air currents, from different districts | the suggestion is justified. At the same time some 
possessing varying degrees of humidity and tem-| catalytic processes are as well understood as the 
perature. Mr. Taylor attacks the problem of fog | chemist understands any reactions. The term ‘‘cata- 

As the arrangements for despatching captive 
balloons were not very convenient, owing to the 
smallness of the craft and the amount of top hamper 
carried, only fourteen kite ascents were made. 
During four of these ascents, the temperature 
diminished with the height above the surface, and 

on these occasions no fog was discernible. Of the 
remaining ten, when the temperature gradient was 
reversed—that is, higher temperatures were re- 
corded at greater elevation—nine were associated 
with fog, the density of the fog generally increasing 
with the steepness of the temperature gradient. 
Naturally, fogs were observed at other times than 
those of balloon ascents. The inferences drawn 
from the less complete information is neither clear 
nor conclusive. In 141 cases of observed fog, 
80.2 per cent. occurred when the air temperature 
was greater than the sea temperature. In 665 
observations of clear weather, 59.6 per cent. were 
recorded under similar relative conditions of tem- 
perature. The conclusion that Mr. Taylor draws 
from these coincidences is ‘‘ the fact that air tem- 
perature is greater than sea temperature in 80.2 
per cent. of the observations taken during a fog, 
as compared with 59.6 per cent. of the observations 
taken in clear weather, seems to indicate that 
there is a connection between fog and excess of air 
temperature over sea temperature, but there seems 
to be no connection between a negative value for 
(air oe temperature) and absence of 
fog.” The safer conclusion seems to be that, as a 
rule, the air temperature was higher than that of 
the sea, irrespective of the prevalence of fog. The 
real value of the discussion lies in the novel sug- 
gestion of the mechanism by which layers of air of 
different humidities and temperatures become 
mixed by an ‘‘eddying conductivity,” and can 
contribute to the production of fog. The deter- 
mination of the prevailing conditions that on par- 
ticular occasions led apparently to the formation 
and dispersion of fog is very instructive and in- 
teresting. 
Two other researches have been assiduously 

prosecuted to which only a brief reference is neces- 
sary, for though it is reassuring to find that the 
resources of science have been enlisted in the cause 
of commercial intercourse, the results are likely to 
have little immediate influence on practical naviga- 
tion. One of these researches, bearing on plankton 
investigation, is capable of supplying valuable in- 
dications on the behaviour of currents, a main 
feature in determining ice distribution. Some of 
the species examined, especially of the Neritid:e, 
affect the cold low-salinity water brought by the 
Labrador current ; others, oceanic in their charac- 
ter, abound in the salter and warmer water of the 
North Atlantic. When both these types are 
found fairly mixed in a limited zone, the edge of 
the polar current may be assumed. Where the 
plankton distribution is much confused the ice 
movement becomes erratic, a fact of importance in 
some branches of science; but our mariners can 
hardly be expected to draw inferences from obser- 
vations of the microplankton. Similarly, a very 
careful determination of the degree of salinity in 
the water of the various latitudes visited, and the 
inferences dr: wn from the observations, are of 
great interest in problems connected with geo- 
physics. It is especially important to note the 
accuracy with which the dilution by shore water 
can be detected, and the influence on the various 
currents traced. On more than one instance, the 
inferences drawn from the variations of salinity 
independently confirmed the conclusions derived 
y Mr. Crawshay from his observations of plankton 

organisms. 
Considering the short time at the disposal of the 

scientists engaged, the results are eminently satis- 
factory ; but the feature of greatest significance is 
the resolution to continue the work of exploration 
on international lines, and to gather new facts that 
will contribute to the safety of the mercantile 
marine of all nations. 

Wuew the engineer appeals to the chemist for an 

that they arise from ‘‘ catalysis,” he is apt to hint 
that the reply masks a plea of ignorance. Frequently 

quite recognised the peculiar character of the reac- 
tions long before that. That catalysis plays a great 
part in the gas industry might not at once be 
granted ; but a little reflection will show that 
catalysis must come in, and Dr. R. Lessing cer- 
tainly made outa good case for ‘‘Catalysis in the Gas 
Industry’ when recently delivering the William 
Young Memorial Lecture before the North British 
Association of Gas Managers at Glasgow. 

The definition of catalysis, for which Dr. Lessing 
expressed preference, was that given by Ostwald : 
** A catalytic agent is a ae which affects the 
velocity of a chemical reaction without itself 
appearing in the final products.” The definition, 
Dr. Lessing pointed out, implied that the reaction 
is possible even in the absence of the catalyst, and 
that the catalyst does not appear in the final pro- 
duct, though it may, and does. probably, form 
unstable intermediate products which are decom- 
— and re-formed. This view is indeed the 

is of one of the hypotheses offered for explain- 
ing the phenomena. The other hypothesis suggests 
absorption or occlusion of the reacting substances 
on the surface and in the pores of the catalyst, the 
acceleration of the reaction then being due to 
the higher concentration of the reagents, which 
may be solid, liquid, or gaseous. As regards coal 
and gas, Dr. Lessing remarked, there is scarcely a 
step in the course of the treatment which coal 
undergoes, from the mine to the burner or chimney 
flue, on which catalytic influences have not some 
bearing. In 1882 Abel suggested that ‘‘ coal-dust 
exerts a contact or catalytic action upon yas 
mixtures similar to that possessed by platinum.” 
There is a kernel of truth in that suggestion, 
though it does not cover the whole range of the 
phenomena of coal-dust explosions. The occlusion 
of methane, oxygen, and other gases by the large 
surfaces of the carbon particles would facilitate 
not only explosive combustion, but also spon- 
taneous combustion. The older view attributed 
spontaneous combustion and gob-fires chiefly to 
the presence of pyrites ; modern chemistry inclines 
to the belief that the constitution of the organic 
matter is often itself sufficient to render spontane- 
ous combustion possible, and that the minerals act 
more as catalysts than as the primary cause. Dr. 
Lessing mentioned in this connection some recent 
work by K. A. Hofmann, Schlumpelt, and Ritter ; 
they found that even retort carbon and lamp-black 
can be oxidised at temperatures below the boiling- 
point of water by dilute solutions of potassium 
chlorate when catalytically activated by osmium 
trioxide or by solutions of bleaching-powder. 

If coal is subject to catalytic influences at ordi- 
nary temperatures, at which it appears chemically 
inert, it stands to reason that these influences 
will exert themselves strongly at the high tem- 
peratures of carbonisation, ne e@ com- 
plexity of the organic coal substance, which always 
includes mineral matter. All the primary pro- 
ducts from coal suffer decomposition on coming 
in contact with the hot retort-walls or hot coke. 
If the walls themselves have such an effect, the 
physical structure and the chemical composition 
of the retort-walls may be expected to have an 
influence ; it would be of interest, therefore, to 
try glazed and unglazed retorts, and retorts made 
of silica, highly aluminous fire-clay, and iron. 
These influences will not be great, probably ; for 
the retort will generally be covered by deposited 
carbon ; yet experiments would be instructive. In 
addition to the ordinary thermal decomposition, 
there are taking place, in the retort, oxidation, 
dehydration, decomposition of heavy hydrocarbons, 
formation of benzene and other ring compounds, 
reduction or hydrogenation—all processes which, 
Dr. Lessing suggested, from the analogy of cognate 
reactions, the mineral constituents may well affect 
catalytically. These processes do not take place in 
any fixed sequence, of course; most of them are 
reversible and overlapping, and it is therefore 
very difficult to ‘‘disentangle the threads” and 
to trace the influence of any particular catalyst. 
But that the influences exist is sufficiently shown 
by Cooper’s coal-liming process, which has so 
successfully been revived by R. O. Paterson, of 
Cheltenham. The addition of a minute quan- 
tity of lime to the coal does away with sto 
ascension-pi and with ‘‘scurfing ” troubles, 
that is to say, the trouble experienced in remov- 
ing the deposited carbon from the retort-walls. 
Hempel ascribed the peculiar hardness of coke to 

eccurrence as affected by the atmospheric condi-| lysis” was introduced by Berzelius in 1837; but|the formation of silicides like carborundum, from 
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have proposed to neutralise the acidity of a highly 
siliceous ash by lime. Too little is, unfortu- 
nately, still known about the conditions in which 
mineral matter occurs in coal to speak definitely 
on such problems; the different constituents 
would interact in the retort, but the analysis of 
the ash does not tell much about the compounds 
originally present. How it comes about that the 
coal-liming process increases the yield in ammonia, 
and diminishes the formation of organic sulphur 
compounds, was explained in 1902 by the researches 
of q. T. Beilby and G. G. Henderson. They 
proved that metals like iron, copper, silicon, &., 
take up nitrogen from ammonia at high tempera- 
tures, forming nitrides, which are decomposed again 
by steam with liberation of ammonia, and coals of 
different ash contents differ indeed in their am- 
monia yield. 

Again, Dr. Lessing continued, catalysis is im- 
portant in water-gas production. Whilst coke 
to which 10 per cent. of lime is added gives a gas 
containing 88 per cent of hydrogen and 12 per cent. 
of methane, the addition of 50 per cent. of lime will 
yield a gas with 77 per cent. of hydrogen and 23 per 
cent. of methane. P. Sabatier, one of the most con- 
spicuous workers on catalysis of our time, found, in 
conjunction with Senderens, that both carbon 
monoxide and earbon dioxide could be hydrogenated 
into methane by the aid of hydrogen and of finely- 
divided nickel at a temperature lying between 
200 deg. and 250 deg. Cent. Much hydrogen is, 
however, required for this formation of methane— 
more hydrogen than water-gas contains. The future 
of this reaction thus depends upon the cheap gene- 
ration of hydrogen, itself mostly a catalytic process. 
That the purification from sulphur of pe pete by 
iron oxide is essentially catalytic hardly needs 
emphasis ; the iron first binds the sulphuretted 
re send and the sulphide is by the air again 
oxidised, so that the iron oxide is restored, and 
sulphur is deposited. If this sulphur, which blocks 
up the es between the oxide particles, could 
be extracted by some solvent, which should not be 
volatile, the process would be perfect. The removal 
of the organic sulphur and of the carbon bisulphide 
from the crude gas is, or was, a still more difficult 
problem. The latter difficulty has quiterecently been 
overcome by the catalysis, on a grand scale, of Charles 
Carpenter, in conjunction with Evans and Franks, by 
means of hydrogen in the presence of nickel at 430 
deg. Cent. Oscar Guillet hopes to achieve the same 
purification in a still simpler way by the aid of 
steam with iron oxide at the relatively low tem- 
perature of 130 deg. Cent. ; this process has not 
yet emerged from the laboratory stage, however. 
We will not follow Dr. Lessing in his references 

to catalysis in relation to by-product works and to 
methodical ‘‘ cracking ;” it would lead us too far 
into chemistry. What we have said will suffice to 
show how important a part catalysis plays in the 
coal-gas industry. Much has been gained by 
systematic research, and a t deal remains to 
be investigated; the field is manifestly one for 
systematic scientific study. 

LEAD-POISONING IN SMELTING AND 
REFINING WORKS. 

Tue last twenty years have seen great changes 
in the lead-smelting industry. Most mines now 
content themselves with concentrating the ores and 
shipping them, often far away, to large smelting 
works, which are better equipped than the old, 
small works near the mines, and in which better 
care can be taken of the men. From this and 
other reasons, it is generally believed that lead- 

isoning is becoming less frequent and less 
ngerous. That opinion is only partly confirmed 

by statistics. In Great Britain the record of lead- 
poisoning has generally been considered better than 
on the Continent. In 1912, 56 cases of plumbism 
occurred among 2404 men engayed in British metal- 
smelting works, and the zinc industry was con- 
sidered responsible for an undue proportion of 
these cases ; thus the real plumbism figure would 
be below 2 per cent. The average figure for years 
previous to 1908 had been 34 4; but in 1908 and 1909 
the number of cases rose to 70 and 66. These figures 
concern smelting works only, however. Men in 
white lead, lit) accumulator works, &c.,are much 
more endangered still, and the general mortality 
figures certainly show no steady improvement. The 
total. numbers of lead-poisoning cases (with the 
numbers of fatal cases added in brackets) wera 
much higher: 1058 (38) in 1900, 592 (23) in 1905, 

646 (32) in 1908, 587(44) in 1912. That the documen- 
tary evidence does not always support the assump- 
tion of a gradual improvement may be ascribed to 
various reasons. In the first instance, the struggle 
against the most insidious fiend of all factory work, 
the dust, particularly dangerous in lead works, is too 
frequently shirked, whilst much is made of minor 
hygienic measures, good enough in themselves, but 
ae all of secondary importance. We will only 
mention one other reason at this stage. The mode 
of medical registration is not rigidly fixed in any 
country, and varies very much with different coun- 
tries. What would be entered as gastric catarrh, 
colic or rheumatism by some inspectors, is decidedly 
regarded as plumbism by others; some medical 
men are very conscientious, and others not, and it 
is on this account, among others, that general 
comparisons of statistics from different countries 
should not be based upon mere figures which 
cannot fully be inquired into. 

The cause of our reverting to the subject to-day 
is the publication of a very acceptable compilation 
on lead-poisoning by the United States Depart- 
ment of Labour in Bulletin No. 141 of that de- 
artment ; the author is Alice Hamilton, M.A., 
-D. We may also draw attention to a very 

promising remedy against lead-poisoning, simple 
enough for admitting of application in the works. 
The United States produce far more lead than any 
other country, and the conditions of labour and 
hygienic arrangements vary very strongly in the 
different States. In the United States the roasting 
of lead oxides to red lead and litharge is not 
classed as a se te industry, as in Europe ; but 
little of it is done. Dr. Hamilton’s inquiry con- 
cerns twenty of the biggest lead-smelting plants 
and refineries of the United States, which have an 
average daily pay-roll of 7500 men. On the whole 
the conditions were found fairly satisfactory in these 
works. But there were 1769 cases of lead-poisoning 
among these 7400 men—not counting the 100 men of 
a new factory ; there was no plant in which every 
available precaution had been used, and neglect 
was certainly conspicuous in two plants. Yet Dr. 
Hamilton concludes that dangerous processes are 
on the whole more responsible for lead-poisoning 
than careless management. 

The danger lurks in many different operations. 
The stored and dried ore is very dusty, even before 
it is ground. The roasting furnaces give off dust 
and fumes of sulphur, arsenic, and metals ; the fumes 
contain valuable products which are condensed in 
flues, dust-chambers, and bag-houses. The bags have 
to be shaken at intervals ; to collect the fine dust 
shaking may be necessary at least once every day 
The annual flue-cleaning is rushed through as a nasty 
job, and even suitable mechanical devices, reversed 
air current, vacua, and the lavish use of water do 
not deprive work in the bag-houses and flues of its 
dangers. On the tapping-floor the worst danger 
threatens from the fumes of the superheated 
metal, matte, and slag; the lead metal fumes are 

invisible, and hence disregarded, and hoods on lead 
ts are ‘‘in the way ;” that applies also to matte 

ettles, which fume in dense clouds. Though 
these matte fumes are far less rich in lead, of 
course, than the fused metal fumes, matte-tapping 
is rightly dreaded. The desilvering kettles are 
much safer, because in those kettles the tempera- 
ture should not rise above the melting-point of 
zinc, 450 deg. Cent. On the other om work at 
the cupels and retorts is quite as bad as at the 
open-hearth furnace and the blast-furnace. 
Many of these risks are aggravated by the rapid 

extreme changes of temperature to which the men 
are exposed, and by the physical exertion required 
for their work. There is still too much over- 
exertion, often quite unnecessary; the carrying 
about of ladles of molten metal and of heavy loads 
might be avoided in most cases. As regards 
medical care, the doctor is, in the United States, 
as a rule, appointed by the firm, though paid, in 
greater part, out of the contributions of the men 
to the sick and hospital funds. Only in two of the 
twenty plants studied by Dr. Hamilton had the men 
@ voice in the selection of their medical attendants. 
The State of Illinois puts the whole expenditure 
for the medical inspection on the firms, without 
any deductions from the wages, and enacts at least 
one monthly inspection of every man and compul- 
sory reports of all cases of plumbism, but only by 
the respective medical man of the works, not by 
the physicians. The two years’ working of the 
Tilinois Act, which was framed on British lines, 

, and upon which Dr. Hamilton reports, was unsatis- 

tory, however. In more than one plant the medical 
man (appointed by the firm) reported a few, two or 
five ca-e3, e.g., of plumbism, whilst in the one 
instance forty-six men had been treated in the 
hospitals, and sixty-eight more cases by private 
physicians. 
Too much depends upon the individual selected ; 

if every doctor were obliged to report every case of 
lumbism coming under his notice, the factory 

inspector’s statistics would be more reliable, and 
Dr. Hamilton is not wrong in emphasising that 
physicians are less competent to advise on such 
matters than practical experts. A physician is too 
apt to insist upon extreme cleanliness — quite 
desirable, of course—without troubling to inquire 
whether it is ible to practise it. Much more 
harm is certainly done by the inhalation of dust and 
fumes than by neglect of proper washing and bath- 
ing. To prevent poisoning by dust and fumes the 
man has to rely upon the management rather than 
upon his own care; and it is easier for the managers 
to complain about the carelessness of the men 
than to improve matters. As regards assisting and 
advising the manager, the medical factory inspector 
ranks with the practical expert. Dr. Hamilton 
makes frequent quotations from the report on 
‘* Lead-Smelting,” which Mr. Edgar L. Collis, M.B., 
H.M. Medical Inspector of Factories, presented 
to the Home Office in 1910, and from Richard 
Miiller’s ‘‘Bekaimpfung der Bleigefahr in Blei- 
hiitten,” 1908, as well as from other publications, 
and gives extracts of the regulations in force in 
Great Britain, France, Germany, and some of the 
United States. Miiller was a lead-works engineer 
of twenty years’ experience when he published 
that book, which was awarded a piize by the 
International Association for Labour Legislation. 
He points out, for instance, that it is not much 
use to insist upon keeping the luncheon-boxes in 
special rooms, when the drinking water is taken 
from open pails. He would prefer the inspection 
to be entrusted to the superintendents and foremen, 
to be supplemented by thorough medical examina- 
tions of every man twice every year. There is, of 
course, the difficulty of shifting the men from one 
department to another. A certain amount of 
seasonal shifting may be quite desirable; but 
frequent changes impair the efficiency of the work, 
expose others to danger in addition to the men new 
to their work, and frustrate a proper medical 
control, especially if particularly dangerous work, 
repairs, ¢.g., is given to outsiders, who are dis- 
charged as soon as possible again and hardly 
ap on the registers at all. 

at the engineer could, and should, try to 
help in many ways is clear from a study of 
Dr. Hamilton’s report. She describes many fur- 
naces and other devices which are manifestly 
faulty. In some cases the law cannot step in 
perhaps, because the drawbacks of an improve- 
ment are not discovered until it is tried in 
ractical work. Other processes or apparatus, 
owever, cannot but create the most objectionable 

nuisance, and one wonders why they are tolerated. 
There are certain converter-roasters, for instance, 
cast-iron pots provided with a fslse perforated 
bottom, through which a blast is introduced ; part 
of the charge is put in red hot, ora coke fire is 
started at the bottom. During the roasting the 
up-draught hood carries away most of the fumes. 
But the discharging of the roasted, glowing mass 
is most unsatisfactory: the pot is tilted, and the 
charge falls on the ground, where it is broken up 
by manual labour, dense clouds of fumes and dust 
spreading all over the works, almost stifling the 
crane-man, who cannot get away when the wind is 
blowing in his direction. 

Dr. Hamilton does not touch upon the cure of 
lead-poisoning. But we should like to refer to a 
sdaghs comely which has done excellent service in 
several works. In 1913, Sir Thomas Oliver, M.D., 
published in the Lancet an account of a kata- 
phoretic treatment of plumbism which he had 
worked out in conjunction with Mr. M. Clague, 
also of Newcastle-on-Tyne, after Sy ow ery | on 
rabbits. Kataphoretic treatment originated long 
ago, of course. Dr. Oliver poisoned a rabbit by 
daily doses of solution of lead nitrate dropped 
for months into its mouth, until the rabbit became 

ralysed ; he had then cured it by an electro- 
ytic treatment for some days, and, when strong 
again, poisoned it once more until it died, after 
three years of experimenting. A double - bath 
electrolysis was then tried on workmen with good 
results. The observations showed that some lead } 
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was present as removable dust lying on the skin, 
and that other lead had been deposited in the skin 
and system. Most of the patients showed the blue 
gum line, nearly all of them suffered from partial 
paralysis; all were much strengthened by the 
treatment. We do not know of any British works 
in which the treatment is systematically used, but 
there may be some. But we have seen it in regular 
use in the Port Pirie smelting-works of the Broken 
Hill Proprietary, South Australia. 
The manager of these works, Mr. W. Robertson, 

hearing of the experiments mentioned, last year 
fitted up three baths, as illustrated in the annexed 
diagram. The patient sits down in front of two 
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shelves supporting two basins of enamelled stone- 
ware, which are filled with solution of common 
salt. Aluminium plates lie as electrodes in the 
bath; the feet are put on the anode, in the lower 
bath, and the hens on the cathode, the upper 
plate. As soon as the current is slowly turned on 
through a resistance the bath becomes discoloured, 
aud black spots appear on the skin. Currents of 
16 volts, at from 25 to 40 milliamperes, are applied 
for half an hour every day or every other day ; 
the patient does not feel anything. The treat- 
ment is continued for a fortnight or longer, but, 
as a rule, good results are observed after 
a few baths. The very first case dealt with 
was that of a man who, after twenty-five years’ 
work in the smelters, had become unfit for work, 
and had been under medical treatment for 3h 
months without getting rid of his ‘‘ wrist-drop 
and general debility ; a few baths distinctly bene- 
fired the man. 

The baths had only been in use for a few weeks 
when we saw them, but the belief in their efficacy 
was certainly spreading and growing. On the other 
hand, the experimental evidence that lead had 
really d from the bodies—not merely from the 
dirty skins—into the bath was not strong, and we 
should mention that in the Lancet of October 3 two 
London medical men, Mr. Kenneth Goadby and 
Mr. W. F. Oxley, directly contradict Sir Thomas 
Oliver’s statements. They had worked inde- 
pendently of one another, experimenting, the 
one with rabbits and a dog, and the other chiefly 
with men. Neither of them found that the treat- 
ment benefited the victims or — and neither 
of them observed any trace of lead deposit in the 
bath—except in the case of the dead dog, when the 
liver was electrolysed after having been destroyed 
by the aid of nitric acid and potassium chlorate. 
It would thus appear that the lead accumulating in 
the tissues enters into organic compounds which are 
incapable of being ionised. This conclusion is 
hardly surprising, and Mr. Oxley is also right 
probably in saying that the lead ions move at too 
slow a rate to be removed by half an hour's treat- 
ment, and that the number of lead ions in the 
tissues would be far too small to take any notable 
part in carrying the current. Whether those 
objections would preclude the possibility of an 
electrolytic lead cure, further experiments will 
have to show. 

NOTES. 
ELecrriricaTion OF THE Swiss State Raiiways. 
We read in the Milan journal L’Industria that 

the electrification of 3017 km. (1880 miles) of Swiss 
State Railways has been decided on, and a com- 
mencement will be made with the electrification of 
the Gothard line, the most important line of the 
Swiss railway system. A portion of the required 
hydraulie power is already available ; the —— 
means for this were taken in the cantons thro 
which the Gothard line runs. Electrification will 

a length of 109 km. (68 miles), which includes the 
Gothard Tunnel; Exrstfeld is on the River Reuss, 
to the south of Altdorf. The large power- 
stations for this section are in course of construc- 
tion, one at Amsteg, on the north slope of 
the Gothard, and the other in the vicinity of 
Piotta. In the Amsteg power-station, which will 
utilise the power moor) ag in the Reuss and its 
tributaries, the head being 275m. (902 ft. ), the machi- 
nerv will be able to develop 32,000 horse-power. The 
power-station at Piotta will turn to account a head 
of 800 m. (2624 ft.), and will have a total capacity 
of from 50,000 to 52,000 horse-power. It is cal- 
culated thet the average power required in 1918 
will be 6550 horse-power, and the maximum power 
19,000 horse-power. One power-station will there- 
fore suffice to ensure the service on the line, should 
the other be immobilised for any reason. The 
Piotta power-station will be operated by water from 
the Riton Lake; and in the summer, when the 
Reuss, on the north slope, is high, it will be pos 
sible to store all the water destined for the 
Piotta station for use in the winter months, when 
the Reuss is low. On certain occasions, as in very 
cold winters, it will not be possible to generate 
more than 6000 horse-power at Amsteg, and more 
than 8000 at Piotta; but means will be taken to 
obtain a constant output of about 26,000 horse- 
—_ which will suffice for the whole Gothard 
ine. The railways will be able to utilise other 
sources of hydraulic energy on the Reuss and in the 
Tessin Canton. The electrical energy will be trans- 
mitted as single-phase current at a pressure of 
60,000 volts from the power-stations to three, and 
eventually to six, sub-stations, which will reduce 
the pressure to 15,000 or 7000 volts. During the 
transition period, when traction will be partly 
by steam and partly electrical, this latter tigure 
will be the pressure adopted. The locomotives 
for the through trains on the Gothard service 
now haul eight four-axle carriages, and the elec- 
tric locomotives will be required to haul ten 
such carriages. It is intended to provide two 
types of locomotives—one type for the inter- 
national through trains, designed for a speed of about 
90 km. (56 miles) per hour, and a lighter type, the 
design of which is under consideration. The Swiss 
State Railways are to own the power-stations ; 
in no case will the supply of current be entrusted 
to private companies. This has been found the 
more satisfactory and more economical solution. 
It is probable that Swiss firms only will be called 
upon to supply the necessary machinery. The 
total cost of electrifying the Erstfeld-Bellin- 
zona section is estimated at 38,500,000 francs 
(1,540,000/.), but a large part of the stationary 
plant will also serve other sections. The advan- 
tages of electrifying the railways will be two-fold : 
it will render Switzerland independent of outside 
supplies of coal for the railways, and will do away 
with the smoke nuisance in the tunnels ; this latter 
advantage, we may add, will be thoroughly appre- 
ciated by the travellers who are compelled to 
travel over the section Erstfeld-Bellinzona in the 
dog days. 

HEattTH AND Sarety 1n Trn-Piate Factories. 

The report on the precautions necessary for 
health and safety in tin-plate factories, by Mr. 
James H. Rogers, H.M. Superintending In- 
spector of Factories, Seuth- Western Division, 
has now been issued. It states that a conference 
was arranged with employers and operatives, and 
that there was a substantial acceptance of the pro- 
~— putforward. The subjects dealt with covered 
encing and safeguards and their maintenance ; 
first-aid dressings ; mechanical ventilation ; wet 
floors ; dust and fumes ; and systematic inspection. 
In the matter of fencing and safeguards, the con- 
ference agreed with nearly all the proposals; in 
two minor points, it was considered that feucing 
was not required in all cases—such, for example, 
as those of shafts running at slow speeds. In- 
spectors had pointed out that the provisions of 
ie. Acts as regards the maintenance of fencing 
were not well observed in some tin-plate factories. 
Attention was drawn to the necessity of super- 
vision by employers and their agents, ard to the 
possibility of taking direct legal proceedings against 
workmen who carelessly left guards off. The 
Medical Inspector explained to the conference the 
way in which blood-poisoning could arise through 
minor injuries becoming infected owing to impro 
methods of treatment. He — advocated the 
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the abolition of oil or grease as an application for 
burns and scalds. He drew up a memorandum 
on the subject, which was distributed, and had 
since, at the desire of the workmen’s repre- 
sentatives, been supplemented by a section on 
eye injuries and suggestions for the contents of 
a first-aid box. In the matter of mechanical 
ventilation it was pointed out that in most 
rolliug mills in the trade fresh air was blown 
in by fans and delivered at the hot working places 
near the rolls and furnaces. The workmen urged 
the necessity for this provision at all mills, whilst 
the employers suggested that some mills were so 
lofty and so favourably situated that mechanical 
ventilation was unnecessary. After discussion, it 
was agreed that plenum ventilation or some equally 
efficient alternative device should be provided in 
all cases. It was further pointed out thatan exhaust 
system might possibly be satisfactory, and in one 
large works good results were said to be obtained 
by water sprays. On the subject of wet floors, in 
the pine departments and the tin houses, it was 
decided that efficient draining should be provided. 
The question of dust and fumes was discussed, the 
employers maintaining that the Registrar-General’s 
statistics quoted included twice as many persons as 
were employed in the tin-plate factories ; they sug- 
ested that the ill-effects shown were to be attvi- 
uted to the conditions in other allied trades pre- 

sumably covered by the statistics, such as the 
tinning and enamelling of hollow-ware, &. The 
subject remains open until further statistics are 
available ; but it was pointed out by the employers, 
and fully admitted by the workmen, that many im- 
provements in tin-house ventilation had been made 
during recent years. No agreement was reached 
in regard to systematic inspection. Both the em- 
ployers and workmen feared there would be difii- 
culty in getting a workman to act as an inspector ; 
the employers added that it would be impracticable 
to give the foremen any additional duties in the 
shape of systematic inspection and record, but 
they promised to carry out all the agreements 
to the best of their ability. The workers’ repre- 
sentatives, on the other hand, promised the fullest 
co-operation. 

Navy EnNaGiIneers. 

It is most gratifying to learn that the Admiralty 
have decided that from to-day engineer-officers of 
the old system of entry will be classified as part of 
the military branch. One cannot fail to recognise 
that Lord Fisher has been a dominant factor in 
bringing about this much-desired change, and on 
achieving this end, against much prejudice in the 
Service, he is to be congratulated. All interested 
in the Navy have advocated this concession most 
strongly. The technical institutions of the country 
have done all they could to induce the Board to 
agree to this step, because it was recognised that 
as the new Lieutenant (E) who had been trained 
in the common-entry system, entered the Service 
having equal military rank with the officers of the 
other departments, there might be difficulty with 
the superior engineer officers who had entered under 
the old system, and were without military rank. 
Doubt has been entertained as to whether enough 
time has been given for training in engineering 
under the new entry system except for those who 
are to take up special duties ; but everything has 
been done by existing engineers to make the train- 
ing on board ship thoroughly succersful. No one in 
the Navy has shown greater loyalty than those 
of the Engineer Department, and when the new 
lieutenant-engineers entered upon their training 
on board ship, everything was done to ensure the 
success of the scheme from the engineerin 
standpoint. There has been no friction, an 
consequently some promise of success, notwith- 
standing the limited engineering experience of 
the new officers. The decision of the Admiralty to 
grant military rank to the engineer officers of the 
old system of entry has therefore been doubly 
earned, and comes at a particularly appropriate 
time, first as a recognition of the value of their 
contribution to the success of all naval operations ; 
and, secondly, of their desire fur the maintenance 

of the best traditions of the engineering service 
under the new lieutenants. It comes, moreover, at 
an appropriate time, because recent naval actions 
have shown beyond any possibility of doubt 
that speed is the dominant factor in success, 
As one of the highest in authority in the 
Navy, and ablest to judge, has said: ‘‘The un- 

use for all wounds of dry sterilised dressings, also approached efficiency of our engineers in the Navy 
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merited this tardy recognition of their all-important 
work in the present splendid fighting condition of 
our whole fleet, and this has been combined with 
an unswerving loyalty to a changed system, which 
they one and all recognise to for the public 
benefit and for the good of the Navy. Machinery 
has no nerves, the all -oil boilers do not get 
tired, and the unfailing propellers get us, at to 
speed, on the spot to a minute, though 7000 miles 
away.” Engineer officers will now wear uniforms 
exactly similar to those of the officers of correspond- 
ing rank in the existing military branch. The dis- 
tinctive colour between the lace on the sleeves will 
be retained. They will retain their present titles. 
There will, however, be no change in their 
status as regards the command of His Majesty’s 
ships, and in all details relating to the duties of the 
Fleet and to the discipline and interior economy 
of His Majesty’s ships, they will be subject to the 
authority of any officer who may be in cha: ge of the 
executive duties of the ship, or acting as officer of 
the watch, or specially detailed for the charge of 
any other special service or duty, of whatever 
seniority such officer may be. Otherwise the 
authority of such engineer officer in the work of 
his department will continue to be ranked as at 
present. This latter clause probably meets the 
case, especially when, as is so often the case, the 
officer in charge of the executive duties of the ship 
acts tactfully. Certain alterations are proposed 
in the pay of the engineer lieutenant-commanders, 
who, after four years from the date of promotion, 
are to have an increase from 18s. to 203. a day ; 
after six years it will be increased to 22s., and 
after eight years to 24s. per day. 

ARGENTINE RAILWAY MANAGEMENT.—The ratio of the 
working expenses to the traffic ~~ upon the Central 
Argentine Railway for the year ending June, 1914, was 
58.54 - cent., as compired with 57.31 per cent. in 
1912-13. The 58.54 per cent., representing the working 
charges of last year, include the following items :—Main- 
tenance, way, works, and stations, 8.11 per cent.; loco- 
motives, 3.69 per cent.; coaching stock, 1.37 .per cent. ; 
goods and animal stock, 3.04 per cent. Running ex- 
aes: Sees, 17.45 per cent.; other vehicles, 
.66 per cent.; traffic char .70 per cent.; and miscel- 

laneous, 4.15 per cent. 
1913-14 was 2,511,406J. 

e balance of net revenue for 

Tue Unrrep States GOVERNMENT AND ARMOUR- 
Piate Manuracrurr.—We read in the Jron Trade 
Review, Cleveland, Ohio, that in bis annual report, Mr. 
Daniels, Secretary of the Navy, renews the agitation in 
favour of the Government building its own armour-plate 
plant. ‘‘ Twice the Government has authorised the con- 
struction of a factory,” he asserts, ‘‘but twice were the 
armour-plate works saved a monopoly of this business 
through a mysterious Providence!” As a matter of 
fact, reports our contemporary, there was no mystery 
about it, for if the Secretary will take the trouble to 
investigate, he will find that the various projects to 
build armour-plate plant were abandoned in accordance 
with the dictates of sound common-sense. The argu- 
ments against the project were unanswerable. Repeated 
investigations demonstrated that it would be folly for 
the Government to undertake a project of this 
kind. For example, in 1897 an armour tactory Board 
was crea’ vy and extended investiga- 
tion was made. The late John Fritz was paid 15,000 
dols. for services as an expert, and a very elaborate 
report epee sed detailed drawings of the proposed 
plant was published. The unanimous conclusions of the 
members of the Board were as follow :—1. An armour- 
= works comprises essentially a collection of special 
urnaces, heavy machine-tools, and appliances that are 
nob needed in any other class of work, and a class of 
labour, especially skilled, in the business. 2. A Govern- 
ment armour-plate works not connected with an establish- 
ment pam in other branches of the steel industry 
would depend for its success and economic administration 
upon a constant demand for anoutput nearly pee 
its full capavity. 3. If the Government should establi 
an armour-plate works, its efficient and economic main- 
ten. nce or working would necessarily de upon a con- 
stant yearly appropriation for ships to be provided with 
armour; the armour uced at any time must be 
sp cially designed for and fitted to these ships. Any 
failure to appropriate for such ships in any one year would 
require the ces-ation of work and the Lote off indefi- 
nitely of the skilled experts and labourers that had been 
trained to that industry. A resumption of work at a 
later period would require the training, at a considerable 
expense, of a new set of men. In the meantime the 
ome the art would perhaps have been such that 

ifficult and radical changes would be required, which, 
under continuous working, might have been ually and 
easily made. According to the Review, the Secretary 
expresses regret that the Commission recently appointed 
by Congress cannot, on account of the war in Europe, 
make an examination into i 5 of armour-plate 
abroad. Our contem ids :—‘‘It would indeed be 
an inspiring spectacle for world to see representatives 
of the only great nation at peace travelling about in 
Europe trying to find out how armour-plate is made.” 

YEAR-BOOKS AND ANNDALS. 
The Post Office London Directory.—In spite of the 

difficulties caused by the war, the 116th annual publi- 
cation of the Post Office London Directory, with 
County Suburbs, for 1915 is only two days later than 
last year. It is impossible to exaggerate the value 
of this volume to the commercial and manufacturing 

P| interests of the country, but users need always to 
keep in mind that the word ‘‘ London” is somewhat 
indeterminate. For instance, we have the City of 
London, the County of London, Greater London, 
Postal London, Police London, and Water London, 
and, possibly, we may have Electric London. It by 
no means follows that because a man’s letters 
may be correctly addressed ‘‘ London,” that his name 
will be found in this directory, either in the main 
portion or in that devoted to County Suburbs. The 
area comprised within the Post Office London Direc- 
tory approaches an irregular rectangle, extending from 
the western bounderies of Kensington and Chelsea, 
and parts of Hammersmith and Fulham in the west, 
to Hackney, Bow, Blackwall, and Cubitt Town in the 
east, and on the north from parts of Kilburn, West 
Hampstead, Haverstock Hill, Holloway, Highbury, 
and Dalston to Kennington, Walworth, Deptford, and 
New Cross. For places beyond these limits reference 
must be made to the County Suburbs Directory, which 
extends to the extremity of the County of London. 
The boundary of the area, however, is very irregular, 
and hence it sometimes occurs that places relatively 
nearer to, say, the West-End are outside the county, 
while other places which are radially more remo.e 
are inside the county. This is a point that needs to 
be kept in mind in consulting the aeaeey- In this 
issue certain sections have been re-arranged, and new 
trade headings have been introduced. Amongst these 
are:—Airship manufacturers, asbestos - machinery 
makers, celluloid machinery makers, cinematograph 
poster printers, crown cork machinery, gelatiners, 
mustard-leaf makers, rifle-range builders, and wax 
(sugar-cane) manufacturers. The publishers are Kelly’s 
Directories, Limited, 182-4, High Holborn, W.C., and 
they issue the Directory at the following prices :— 
Complete edition, 32s.; small edition, 18s.; Commer- | Red 
cial only, 12s.; Trades, 12s.; Streets, 12s.; Court, 5s.; 
Banking, 3s. 

Whitaker’s Almanack.—This well-known publica- 
tion, which appeared first in 1868, is affected, like all 
others, by the war. The articles on ‘‘ The World’s 
Peace” and ‘“ Proceedings of the Hague Tribunal” 
have given place to an account of the immediate 
origins of the war, and the section on the Army is 
extended. There are also articles on the operations of 
the opposing forces, and on allied subjects. The Federal 
Reserve Act, U.S.A., is summarised, and details of the 
World’s Grain Crops have been tabulated. The Income 
Tax and the War Budget (introduced on November 17) 
are explained. In addition there is the vast amount 
of useful and interesting information for which one 
always turns to Whitaker when in doubt. The work 
is sold at 12, Warwick Lane, Paternoster Row, and 
by all booksellers, at the price of 2s. 6d. 

The Colliery Manager's Pocket-Book, 1915. — This 
ket-book is edited by Mr. Hubert Greenwell, 

-S.S., Assoc. M.I. Mech. E., and is issued by the 
‘Colliery Guardian” Company, Limited, 30 and 31, 
Furnival-street, Holborn, E.C. The present edition 
is the forty-sixth annual issue. It gives the whole of 
the Acts and Regulations relating to mines, reference 
to which is facilitated by a good index. It contains 
about 450 pages of subject matter dealing with the 
characteristics of coal, the measurement of seams, the 
strength of materials, the capacity of mining machi- 
nery, ventilation, surveying, ambulance and rescue 
work, electricity, valuation, explosives; also with 
mining machinery, &c. It gives the names of the 
mining authorities in the various districts, and has 
also a diary and memorandum sheets. Notwithstand- 
ing the amount of information covered, the work is a 
** pocketable” one, which, we feel sure, will be 
appreciated by a wide circle. 

The Year-Book of the Scientific and Learned Societies 
of Great Britain and Ireland. London: Messrs. 
Charles Griffin and Co., Limited, Exeter-street, 
Strand. [Price 7s. 6d. net.]—This year-book now 
attains its thirty-first annual issue. It is compiled 
from official sources, and is divided into fifteen 
sections, dealing with a variety of subjects, amon 
which those more especially in our line deal wi 
science, astronomy, mathematics, physics, chemistry, 
mechanical science, naval and military science, &c. 
In each case, where possible, a list of the officers of 
the society dealt with is given, as well as particulars 
of meetings, membership, &c., and information regard- 
ing the proceedings of the session 1913-14. This year- 
book is looked upon as the standard work of its kind, 
and will, no doubt, prove as useful as in previous 
years, 

Hazel’s Annual, 1915. Edited by Dr. T. A. 
IncrAM. London: Messrs. Hazell, Watson and Viney, 
Limited, 52, Long Acre, W.C. [Price 3s. 6d. net. }— 
We have frequently had the pleasure of noticing in 
these columns the useful annual published by Messrs. 
Hazell, Watson and Viney, and it is hardly necessary 
for us to do more than mention the fact that the new 
edition brings the annual issues up to thirty. This 
fact alone shows that the work has become well estab- 
lished. This issue contains records and information 
on a mg My subjects which will be of permanent 
interest. e year 1914 was a memorable one in many 
ways at home and, of course, abroed, and the various 
outstanding events are all given a fair share of atten- 
tion in this review. The work has by degrees grown 
to nearly 600 pages of matter, in addition to which 
there is an excellent index of cluse upon 20,000 entries, 
which greatly facilitates reference. 

Pocket. Books, Diaries, &c.—From the Peninsular 
and Oriental Steam Navigation Company, 122, Lead- 
enhall-street, E.C., we have received their usual diary 
and almanack, which gives particulars of their 
sailings, &c., arranged for 1915. This little book con- 
tains maps of the routes, &c., and has a frontispiece 
of the new s.s. Kaisar-i-Hind, of 11,400 tons.—Messrs. 
George Fletcher and Co., Limited, Masson and Atlas 
Works, Derby, send us a vest-pocket diary, in which 
are given illustrations of examples of sugar machinery 
—o them. The book also contains useful tables, 
squared paper leaves, and diary space for each day. 

Almanacks and Calendars.—We have again received 
numerous almanacks and calendars, many of which are 
of considerable artistic merit. One deserving special 
mention comes from Messrs. Abdulla and Co., Limited, 
168, New Bond-street, London, W., and contains a 
number of reproductions of drawings relating to 
recent events, by well-known artists. We under- 
stand that copies of these pictures on plate-marked 
mounts, free of advertising matter and suitable for 
framing, are for sale at the low figure of 2s. 6d. for 
the set of sixteen pictures, the proceeds of the 
first issue of 20,000 copies to go to the British 

d Cross Society. Other almanacks come to 
hand from the Sun Life Office ; Messrs. George Cradock 
and Co., Limited, Wakefield; the Welin Davit and 
Engineering Company, Limited, Hopetoun House, 
Lloyd’s-avenue, E.C.; Messrs. Merryweather and 
Sons, Limited, London ; the United States Metallic 
Packing Company, Soho Works, Bradford, Yorks ; 
Messrs. Dickson and Mann, Limited, 7, East India- 
avenue, E.C.; Messrs. Henry Simon, Limited, Man- 
chester ; Messrs. Alfred Herbert, Limited, Coventry ; 
Messrs. John Rogerson and Co., Limited, Wolsingham 
8.0., Co. Durham ; Messrs. Pirelli and Co., 144, Queen 
Victoria-street, E.C.; Messrs. Richard Garrett and 
Sons, Limited, Leiston ; Messrs. Urquhart, Lindsay 
and Co., Limited, Dundee ; the General Electric Com- 
pany, Ltd., 67, Queen Victoria-street, E.C.; and Messrs. 
William Clowes and Sons, the well-known printers. 

CanapDIAn Pu.p.—For the first time in the history of 
the Canadian pulp industry more than half the pulp- 
wood (51? per cent.) produced in Canada in 1913 was 
manufactured into pulp in Canadian mills. In 1913 each 
Canadian province, except Nova Scotia, used an increased 
proportion of its pulp-wood for home manufacture. The 
greatly increased production of pulp in British Columbia, 
together with the fact that this province uses practically 
all its pulp at home, is meaty responsible for the in- 
creased proportion for the whole of Canada. penny 
fifty active firms, reporting in 1913 to the Forestry Branc 
of the Canadian Department of the Interior, consumed 
1,109,034 cords of pulp-wood in their mills, representing 
a value of 7,243,368 dols. Theexports of unmanufactured 
pulp-wood from Canada to the United States in 1913 
representcd 1,035,030 cords, valued at 7,070,571 dols. 
These two totals, when added together, brought the 
total supply of pulp-wood in Canada in 1913 to 2,144,064 
cords, valued at 14,313,939 dols. 

AGRICULTURAL Macuingery.—The war has sharply 
affected our exports of agricultural machinery, which 
were made largely to Germany and Hungary. The 
depression, which also prevailed in Argentina, has 
affected shipments to that quarter. The general result 
was that the value of the exports in November declined 
to 15,286/., as compared with 94,557/. in November, 1913, 
and 64,6191. in November, 1912. In the eleven months 
ending November 30, last year, the exports were valued 
at 1,144,544/., as compared with 1,300,367/. in the first 
eleven montbs of 1913, and 1,227,674/. in the first eleven 
months of 1912. European countries figured in these 
totals for 763,553/., 823,436/., and 629,170/. respectively. 
South America tcok agricultural machinery in the first 
eleven months of last year to the value of 37,222/., as 
compared with 151,370/. and 259,185/. The colonial 
demand was represented by the following values :— 

Colonial Group. or i . 

British South Africa.. 14,897 38,477 30,558 
British India .. -- 91,557 68,944 44,570 
Australia oe -- 2,278 36,281 57,904 
New Zealand .. ee 9,414 12,352 21,759 

There seems little prospect of more favourable figures 
being forthcoming during the war. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 

(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 

«z71) OCTOBER. 

_ Notr.—The above diagram shows the fluctuations 
in the prices of tin, copper, antimony, spelter, lead 
and quicksilver since the London Metal Exchange re- 
opened for business on November 16 last. The prices 
of steel ship-plates, rails, tin plates, and hematite, 
Scotch and Cleveland irons are plotted for October, 
November and December, as the Middlesbrough, 
Swansea and Glasgow markets have been open for 
the whole of the quarter. 

In the cases of tin and copper, the figures plotted 
are the official closing quotations of the London Metal 
Exchange for cash transactions in ‘fine foreign” and 
‘“standard” metal respectively. The prices plotted 
for antimony and lead are for English metal in both 
cases, while those for spelter are for American metal— 

“AT AS AN INSULATING MaTERIAL.—The construction 
of the Berlin elevated railway, which in places had to 
pess through blocks of houses, necessitated the use of 
sound insulating material, and several experiments proved 
th st compressed peat-litter possessed exceptionally good 
qualities for this purpose. It was applied in plates 
1 in. thick, weighing 1.3 lb. to 2.5 lb. per square foot, 
according to the degree of compression (the more firmly 
compressed, the more efficient it is). As such peat plates 
can withstand a pressure of from 280 Ib. to 1400 ib. per 

NOVEMBER. 

NOVEMBER. 

DECEMBER. 

DECEMBER. 

| the only kind at present available. Steel ship-plates 
and heavy steel rails are plotted to Middlesbrough 
quotations; the usual discounts are allowed in the 
case of ship-plates, but rails are net free on board at 
Middlesbrough. The figures plotted for hematite, 
Scotch and Cleveland irons are Glasgow settlement 
rices, and these prices are per ton, as also are those 
or all other metals previously mentioned. The price 
of quicksilver is, however, per bottle, the contents of 
which weigh about 80 lb., and the price of tin plates 
is per box of I.C. cokes free on board at Welsh ports. 
Each vertical line in the diagram represents a market 
day, and the horizontal lines represent 1/. each in all 
cases except those of hematite, Scotch and Cleveland 
irons and tin plates, where they represent ls. each. 

sq. in., according to the method by which they have 
been made, they are also suitable as sub-layers for 
asphalt in gateways, for linoleum, and even for machi- 
nery foundations, and can be used to replace expensive 
cork plates (peat plates cost barely 2s. per square 
yard). These plates have also proved most efficient 
insulation material for heat and cold. The plates are 
protected against damp and insects by means of molten 
— which is used for attaching them to each 
other. 

THE MENNO ee GREASE- 

WE illustrate below a grease-cup, the feed of which, 
instead of being effected by & spring, as is usual, is 
worked by compressed air. At first sight this may not 
seem to be of much advantage, but on further investi- 
gation we think it will be that a good deal 
may be said in its favour. ith the spring-worked 
feed it is desirable to have an assortment of springs of 
varying strengths to provide a pressure suitable to the 
quality of the grease and the bearing. As an alterna- 
tive the cup may have a strong spring, the feed 
then being regulated by an arrangement fitted in the 
body or neck of the cup to restrict the outlet; this, 
however, sometimes leads to clogging of the latter. 

In the case of the compressed-air cup, no assortment 
of eprings ie necessary, and no throttling of grease can 
occur. e feed depends entirely on the amount the 
top of the lubricator is screwed down, and the full 
bore of the outlet is always used. Another advantage 
of the compressed-air cup is that if the bearing should 
heat up, the air behind the grease is warmed and 
expands, this giving an increased supply of grease 

to the journal without any special attention. The 
lubricator, as will be seen in the illustration, consists 
of three main parts: a cup C, top A, and a locking- 
ring B. These parts, except the locking-ring, are 
pressed out of mild steel or brass, and consequently 
are practically unbreakable. The top A contains a 
suspended disc D, the object of which is to keep 
the upper surface of the grease flat and to prevent the 
air from forcing a parsage through the grease. In 
working, the cup is filled with grease, Sen which 
large air-cavities must be removed. The suspended 
disc is pulled out and the top A is screwed into the 
cup, in most cases from } in. to § in.; this compreeses 
the air, as all parts are hermetically sealed the 
grease; the locking-ring is then tightened by hand. 

In putting the cup together care must be taken that 
no grease gets behind the disc in the top part. The 
small funnel at the bottom of the cup is made of thin 
sheet steel, so that, should the bearing get hot, the 
heat is transmitted quickly to the grease, which melts 
and runs down. 

The cu described are made by Lubricators, 
Limited, Leeds-place, Tollington Park, London, N., 
and from our own experience we can say that they 
give most economical results. 

Roussta’s Propvuction or Coat In 1913.—Official statis- 
tics recently made available, and referring to the year 
1913, show that the increase in Russia’s production of 
coal has been continued, it amounting to some 15 per 
cent. for 1913. The appended table gives particulars for 
the last six years :— 

8. 

ewe ano wo eae 
| +» we ~~ ww~'1,887,680,000 
1910 .. AOC 

“ae . we -1,789,140,000 
a ONE ..  1,904,480,000 
a ..  2,197,900,000 

The increase comes in the main from the Donetz basin, 
and next from the Dombrowa district, the output for the 
various districts for 1913 being :— 

Poods. 
Donetz basin .. 1,544,790,000 
Dombrowa - ie 426,310,000 
Ural... se as ta 73,460,000 
Moscow district ~ ae ee 18,340,000 
Caucasus - ‘ ow = 4,280,000 
East Siberia . o6 os os 69,720,000 
West Siberia .. ° ae 66,300,000 
Turkestan... 400,000 i ca Le 8 

From this it will appear that 70 per cent. of Russia’s 
entire coal production comes from the Donetz basin, 
19 per cent. from Dombrowa, and about 3 per cent. from 
the Ural. Out of the above total 1,837,000,000 

anthracite, and 67,000,000 
= 1 ton.) 
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i 
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THE USE OF LIQUID FERRO-MANGANESE 
IN THE STEEL PROCESSES.* 

By Axe. Saux.iy, Brussels. 

Tux value of manganese as a deoxidising and solidifying 
agent in the manufacture of steel was discovered in the 
early years of the last century. The problem of the most 
economical and perfect method of adding the percentage 
of manganese required to the charge of steel has ever 
since confronted the steel-makers. 

In the early days of the Bessemer process, when steel 
was first produced in large quantities, spiegel iron, con- 
taining from 6 to 20 per cent. of manganese, was univers- 
ally employed. It was melted in cupolas and run liquid 
into the converter. The red clouds of smoke continually 
issuing from the tops of the spiegel cupolas gave unmis- 
takable evidence of the extravagance of this method. 
When, later, ferro-manganese, the richer alloy of man- 
ganese and iron (which is hereafter for the sake of brevity 
referred to as ‘‘ ferro”) containing from 60 to 80 per cent. 
manganese was produced, and thereby the quantity of 
alloy required for each charge correspondingly brought 
down, the cupola was found impracticable, and various 
coke, coal, gas, and oil-fired furnaces were employed 
without satisfactory results. In works producing high- 
grade steel, for which cost of manufacture is a secondary 
consideration, ferro is often melted in crucibles and added 
liquid. This method, however, is too expensive for 
general adoption, and the standard procedure of dealing 
with ferro additions has been to break up the cakes of 
ferro into lumps of less than fist size, to place the weighed- 
up quantity of alloy required for the charge on the apron 
inside the melting-furnace doors, and then at the proper 
moment to push the more or less heated lumps into the 
bath. In some cases part only of the ferro is placed in the 
bath, part in the ladle; in yet others the whole quantity 
is thrown into the ladle. In many works a small fur- 
nace is employed for the preheating of ferro to dark 
red. 

Practice has taught, however, that this method results 
in a loss of manganese of from 35 to 18 per cent. (for prac- 
tical calculations say, 20 per cent.) of the metal added, 
and that for ordinary qualities of steel it is necessary to 
calculate additions of about 0.8 per cent. of 80 per cent. 
ferro. If the 20 per cent. of manganese lost could be 
recovered, this would, for a steel plant producing 300,000 
tons of steel yearly, and now employing 0.008 x 300,000= 
2400 tons of ferro, represent a saving of 300,000 x 0.008 

x 0.20=480 tons of ferro, which, at 11/. per ton, is equi- 
valent to 5280/. saved yearly. Whether it pays to make 
an effort to recover part of this amount depends, of course, 
on the cost of melting 2400-—480=—1920 tons of ferro. 
Until the advent of the electric furnace no suitable appli- 
ance for dealing with this problem had been available. 
Now, however, electric ferro-furnaces are installed in a 
number of steel plants. 

In an interesting paper by Mr. Indenkempen, steel- 
works manager, Ay fore the German Metallurgical 
Engineering Society ‘‘Sud-West,” on May 14, 1914, it 
was stated that arc furnaces—Héroult, Girod, Nathusius, 
and Keller—as well as induction furnaces—Roechling- 
Rodenhauser—have been used for melting ferro. The 
conclusion at which Mr. Indenkempen arrived, and the 
facts presented in the paper, are interesting, especially 
on account of the discussion by men experienced and 
interested in the various types of furnaces. The author 
confirms that the electric energy represents the principal 
factor of costof the melting process. He gives as an 
average on which to base calculations, a power consump- 
tion of 900 units per ton of ferro melted and kept hot. 
To this several opponents objected as being too high a 
figure, and 800 units were generally given as correct for 
average practice. It should be noted that only one of the 
debaters interested gave a power consumption of less than 
700 units. If we therefore accept 800 units per ton of ferro 
melted as the average energy expended up to date for 
the purpose named, and compare this with the ascer- 
tained theoretical power consumption of 350 units for 
melting and heating to 1500 deg. Cent. 1 ton of ferro, we 
arrive at an averse? furnace efficiency of 350 : 800, or 
43.75 per cent. is low figure does not indicate the 
usual efficiency of the furnaces above enumerated, nor 
does it discredit the established figures of efficiency. The 
reasons for the high power consumption in melting ferro 
may be traced to the following causes :— 

1. Intermittence of deliveries. A quantity of molten 
metal must always be kept on hand ready to tap. This 
means a continued consumption of heat without equiva- 
lent output. 

2. Radiation. Both arc and induction furnaces present 
large and unprotected surfaces of brickwork exposed to 
atmospheric cooling. In part this is necessary to prevent 
the flat silica roofs from melting down. 

3. Immersion of the lumps of metal in the bath, where 
they sink to the bottom of the furnace. In the arc- 
furnaces Ow remain surrounded by the coolest stratum 
of the liquid metal, which does not circulate, and is 
heated only by the superimposed iayers of hotter metal. 
The solid lumps of ferro also rest on the yet cooler fur- 
nace bottom. This causes retarded melting, unnecessary 
superheating of the surface of the bath, and loss of energy 
and efficiency. 

4. In the arc furnaces the proximity of the electrodes 
to the bath tends to set up a chemical reaction, and 
results in a certain loss of metal. This is offset in the 
induction furnaces by the uneconomical transmission of 
energy and the difficulty of charging cold metal, which 
must be allowed for. 

All the above and other minor and individual defects 
result in a loss of power, and explain the uneconomical 
working of the various furnaces on ferro, but they also 

* Paper contributed to the Iron and Steel Institute. 

show that the problem of melting ferro advantageously | inner working lining of magnesite brick, fettled with a 
has not hitherto been solved. sintering composition of dolomite. Thus lined, the little 

To analyse the above figures, quoted from an article in | furnace forms an egg-shaped melting-vessel, withstand- 
Stahl und Eisen, or to meet or renew any discussion of | ing a working temperature of above 2000 deg. Cent. 
them, would be outside the scope of this paper. They are | Centrally in the roof, and —- throug! bles 
referred to merely because they form the reason for the | or sides, enter water-cooled bronze electrode holders, 
experiments described below, and the conclusions drawn through which slide, with a very neat fit, three Acheson 
from same. | graphite electrodes turned to exact size. The diameter 

In 1913 there was placed on the market a new type of | of these electrodes varies from 1} in. for the smallest up 
electric arc-furnace, the invention of Mr. Ivar Renner- to 4 in. for the largest furnace above mentioned. Any 
felt. For our purpose we need only consider the smaller available 3-phase current, preferably of 50 to 60 cycles, 

Fie, 1. Firrgenth RenNERFELT FuRNACcE ; CaPActry, 23 Tons (250) Ke.). 
Noset’s Works, St. Pererssure, June, 1914. 

Fig.2. RENNERFELT FERRO FURNACE,WITH MELTING BRIDGE. 
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siz2s of this furnace as having a practical value for the | is converted in stationary transformers, by Scott’s coup- 
fusion of ferro, that i. the sizes between 6 cwts. (300 kg.), | ling, into two-phase current at 70 volts pressure for the 
now installed (one of several) at the Hallstahammar smallest up to 90 volts for the largest furnace. One 

Works, Sweden, and one of 24 tons instalied at the works | phase of current is coupled to each side electrode. The 
of Ludwig Nobel A.-G., St. Petersburg (Fig. 1), and (one central vertical electrode is connected with the common 
of vena at the Ljusne Worksin Sweden. The Renner- | point between the two phases of the transformer. en 
felt furnace is built as a steel cylinder, with length and | the current is turned on, a phenomenon takes place. The 
diameter practically equal. This cylindrical shell is | arcs, instead of passing directly between the points of the 
supported on rollers or trunnions, and is furnished with | electrodes, are deflected downward, noe an inverted 
one close-fitting charging and tapping door. The inside | arrow-head or “‘fleur-de-lys,” with a height of Gin. to 
of the shell is covered with a layer of asbestos board, | 12in. When the bath has been formed in the —, 
about 1} in. thick. Next to this is placed a lining of | the points of the electrodes are adjusted at su 3 
suitable first-quality fire-brick. Against this rests the height above the surface of the bath that the point 

pee 

726. 
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the ‘‘arrow-head ” impinges on the surface of the metal, 
throwing out reddish waves of heat radiating towards 
the edges of the bath. When the furnace is to be pre- 
heated, the current is simply turned on, there being no 
necessity for solid fuel or metal in the furnace. e 
furnace can be charged and tapped with the current on 
the electrodes. The consumption of electrodes for melting 
ferro is from 2 Ib. to 3 Ib. ton of metal. The electrodes 
are fed forward by small d-wheel and mechanism 
as they are consumed. They are spliced by screw joints. 
The whole furnace is remarkable for its simplicity and 
compactness, and for the small and well-protected surface, 
in comparison with its cubic capacity which it exposes to 
radiation. : ; 

The experiments in which I have been interested were 
made at the instance of the Elektriska Ugnar Company, 
Stockholm, owners of the Rennerfelt patents, with the 
consent and co-operation of the managers of the two 
works where the tests were Soe Ares Mr. Amilon, 
managing director of the Hallstahammar Works, and Mr. 
von Eckermann, — manager to the Ljusne-Woxna 
Iron Company. The tests were personally supervised by 
Mr. Ivar Rennerfelt, the inventor of the furnace. 

Test No. 1, made at Halistahammar Bolt and Nut 
Factory, Sweden, June 11 and 12, 1914. 

Capacity of furnace 1 ton to 1} tons. 
Standard kilowatts 200. 
Number of electrodes Three Acheson graphite electrodes. 
Diameter of electrodes 3 in. 
Current supplied .. 2-phase, 50 cycles. — 

Varying : 66, 80, 95, and 110 volte. Voltage of current .. 
Ourrent received . 3-phase, from generator 200 K.V.A., 

400 volts, 290 amperes, driven by 
water-turbine. 

Stationary, arranged with Scott's 
coupling. Voltage variable by 
primary adjustment. Transformers 
each of 125 K.V.A., 110 volts, 
efficiency being reduced according 
to voltage. 

The furnace is usually employed for making steel cast- 
ings and dead soft-steel ingots for special purposes. The 
er is usually regulated at 110 volts at the start and 
95 volts at the end of the charge. The number of men 
employed when making steel is one melter and two boys 
per shift (five cha: per twenty-four hours ; two shifts). 
After pouring the last charge of steel (from pig-iron and 
cold scrap, intended for making steel castings), the fur- 
nace was well cleaned out and fettled. Temperatures 
were taken by means of a Wanner optical pyrometer. 
Readings were made every fifteen minutes. The con- 
sumption of electrodes was ascertained by measuring the 
length of electrodes consumed from beginning to end of 
tests. 

Tasie I.—Record of Test Run—Melting and Storing of 
Ferro. 

Transformers 

Time. Operation. Remarks. 

> m. 

8. ls Charging begun ..| Temperature of furnace, 1588 deg. C. 
1000 kg. of ferro, in cold lumps, 
were charged. 

8.23 Charging completed 4 
£.24 8 kg. lime charged .. For forming layer of slag covering 

metal. 
8.30 Ourrent turned on .. 115 volts per phase. 

Sen joa€iae? 
“tes See 3S5 

Time. | » 3 o2/8 se aa Remarks. 
ec 2ieFs sos 
Zane Dem Zee 

p.m. 
8.30 | 170,084 — — Slight reddish smoke. 
8 45 118 34 136 Melting proceeding quietly. 
9.0 159 41 164 (Smoke had disappeared entirely. 
9.15 200 41 164 

9.30 244 45 180 

9.45 287 042 168 
10.0 321 34 136 
10.18 379 ~=s«BS8 193 
10.30 402. 23 115 
10.45 444 42 168 
11.0 485, 41 164 
11.15 525| 40 160 |Welting completed. Time for melt- 

ing 1 ton of ferro, 2 hours 45 
Total 441 minutes. Expenditure of units 

per ton of ferro, 441 units. Aver- 
age amount of current used, 160 
kilowatts. If more power had 
been available, the time of melt- 
ing would have been reduced 
accordingly. 

Time. | Operation. Remarks. 

a.m, | 

11.15 Current shut off 
11.16 250 kg. cold ferro 

dropped into bath 
11.18 |\Charging completed 
11.19 |Current turned on .. Voltage, 95 per phase. 

TaBLE I.—(continued), 

Time. Operation. 

a.m. 
12.22 Power cut off.. ee 
12.22 480 kg. ferro-cast .. Run into sand-beds. 
12.30 | Temperature of furnace, 1478 deg. C. 
12.32 Power turned on .. Voltage, 95 per phase. 

SH~ ec hlsck 
feu" Seiass| 

Time. Eg Susy Fey Remarks. 
$3°S cssios S| \Siamam | Seals See) 

} 
12.20 | 170,703 | — = 
12.26 | 723 20 — 270 kg. cold ferro charged. 
1.0 791 «68 170 
1.15 | 836 «45 180 Charge almost all melted. 
1.30; 884) 48 | 192 
1.40 | 913 «29 174 Whole charge melted. It is probable 

—_ | that the Iting was completed 
Total 210 ear.ier. 

Time. Operation. Remarks. 

Energy required, 619 + 210 = 829 
units, or 545 unite per ton. 

--|Temperature of furnace, 1494 deg. C. 
From 2.0 to 4.0a.m. current at 
90 volts was kept of the furnace. 

a.m. 
1.45 |Current reduced 

The following ings were made :— 

Se ldca ; 

me 358368 
Time. 2s og 3 3 tl Temperature. 

~ = ge ma 5 oe 3 3 

| deg. 
2.0 | 170,044) — ~ — 
2.15 72 = 
29| — _ —.| = 
2.30 978, 16 | 64 | 1470 
2.45 995 | 17 68 | 1450 
0 1,011 16 64 1450 

8.15! 1,025) 14 56 | 1430 
3.30 1,088; 13 52 | 1446 
8.45| 1,052) 14 66 | 1417 
4.0 1,069 17 68 1417 

| Total..| 125 

Time Operation. Remarks. 

a.m. 
4.0 _— Power shut off. Test of very liquid 

metal was taken for chemical 
analysis. 

4.20 Temperature of charge, 1404 deg. C. 
No current on. 
Metal could not be properly weighed 

on account of lack of ingot moulds 
Temperature of furnace, 1360 deg. C. 
Furnace bottom found intact. 

4.21 Metal cast in sand 

4.26 Furnace examined . 

Oxidation.—During the first few minutes after charg- 
ing, small reddish clouds of smoke escaped through the 
joint at top of door. Afterwards there was no sign of 
manganese smoke, 
Consumption of Electrodes.—During the melting down 

of 1 ton of ferro, as dessribed above, the fulluwing con- 
sumption of electrodes was ascertained :— 

Centimetres. 
Top electrode ied ba os 16.5 
Right-hand side electrode .. 32.5 
Left-hand - , 12.5 

The excessive use of the right-hand side electrode was 
caused by the falling off of a defective piece of electrode 
near a joint. If a correction be made for this accident, 
the consumption of electrodes would be 

5.16 hours x 0.43 kg. 

1.5 ton 

or 1.44 kg. per metric ton = say 3 1b. per ton, which, at 
6d. per pound = 1s. 6d. per ton. 

Chemical Analysis.— Analyses of ferro were made at the 
joes J laboratory of the Royal Technical University, 

boc olm, with the following result :— 

Before After 
ss Melting. Melting. | 108 | Gain. 

_————— a 
No. of test ..| 93,541 93,542 | -- } _ 
Weight ..|220 grammes 65 grammes) _ | — 
Carbon 6.07 p.c. 5.69 p.c. 0.42 p.c. | -- 
Manganese ..| 78.90 ,, 79.50 ,, _ 0.60 p.c. 
Iron .. ocl Se op 12.30 , | _ 0.60 

Cost of Mclting.— Assuming the cost of electric current 
to be 2.5 centimes (}d.) per unit, which is a safe figure for 
most steel works, the cost of melting of ferro in the Ren- 
nerfelt electric furnace, poured off hot into the receiver 
after melting, would be, per ton :— 

Loss of ferro, assumed, 1 per cent. at 111. 
3 lb. of electrodes at 6d... a oid 
Repairs, from experience 
Royalty, average... 
Current, 441 units at 3d. 
Depreciation, 15 per cent. .. 
Labour, one man per shift 

j CORO eOomt me Rom | eon @warne 

& —) Cost of melting 1 ton ferro 

For a steel plant producing 300,000 tons of steel per 

—_- . é | na ra 

33... $S8/3852 
Time, e228 2*Sisey Remarks. 

$e23 5 s3 233 ZA Seis = 

mm. 

11.19 |170,525 | — — | 
11.45 2 77 178 | 
12.0 
a j 646 44 | 176 Charge nearly melted. right 
a.m 

12.15 689 43 172 

12.20 703 | 14 | 168 (Charge completely melted. Energy 
cy required, 441+178=619 unite, or 

Total ..| 178 495 units per ton of ferro. 

£ 
Gross cost of ferro saved at 11. per ton 5260 
Less cost of melting 1920 tons ferro 

Net saving per year the 2860 

This saving is a minor consideration as com with 
the great advantage =— by the uniform distribution 
of the manganese in the steel, resulting in higher quality 
of product. 

Results.—By the above tests the following points have 
been established :— 

1. That the melting of 1 ton of ferro, charged into an 
empty and prehea Rennerfelt furnace, requires less 
than 450 (441) units. The corresponding efficiency of the 
furnace is 78 to 79 per cent. 

2. That the melting of 1 ton of ferro, if dropped into 
an existing liquid bath in the furnace, will require less 
than 750 (average 741) units, the corresponding effi- 
ciency of the furnace being 47 per cent. 

3. That the keeping hot of 1 ton of liquid ferro in the 
electric furnace during one hour at constant tempera- 
ture requires less than 80 (77) units, or about 30,5 per 
—_. of the regular power consumed by the furnace when 
melting. 

To corroborate the results of tests No. 1, similar tests 
were made at the Ljusne works of the Ljusne-Woxna 
Iron Company, Sweden. The furnace employed was a 
Rennerfelt tilting furnace, with a my waged of 10 cw. to 
11 owt. charge, and arra: for 125 kw. of current. It 
is equipped with three Acheson electrodes, 2 in. in dia- 
meter, and is insulated in the same manner as the furnace 
at Hallstahammar. The lining was new, the bottom 
being built up of magnesite, the roof of ‘‘ Dynamidon” 
brick. This furnace been running for about fifteen 
months, making a splendid record on special steels and 
steel castings. 

Tass II.—Test No. 2—June 15, 1914. 

Operation. 

Time.) state Units | Kilowatts Remarks, 
of Unite Between | Between 
Meter. Readings. Readings. 

p-m. | 
6.40 | Charging — } — Furnace at yellow heat. 

begun 
7.0 | 25370 _ ~ 385 kg. ferro charged. 
7.15 390 20 100 
7.30 418 28 100 
7.45 | 443 25 100 
8.0 466 23 100 
8.15 491 25 100 108 kg. ferro added. 
8.30 518 27 110 
8.45 540 22 100 13 kg. ferro tapped ; fur- 
9.0 565 26 110 nace bottom too high. 
9.15 590 25 110 Melting completed. 

Total units .. 220 493 kg. total charge. 

Ferro melted ee = - , “fH 
(Time, 2 hours 35 minutes.) 

Units per ton of ferro . oe . 
Efficiency of furnace 

493 kg. 

‘ 446 
78.2 per cent. 

Ferro recovered—drawn from furnace. - 13 kg. 
” ” ” ee 465 ,, 

Lost in ladle .. ea o6 by ; D ss 

Total 483 ,, 

The loss in melting was 2.03 per cent. 
centage of loss is due to— 

1. The fact that no slag was made to cover the surface. 
2. To the entirely new lining, any porosity or cracks 

in which would be filled with ferro. 
3. To the small size of the furnace, which causes a 

small loss in weight to figure as a high percentage. 

Electrodes consumed: 360 grammes actual weight. 

Electrode consumption : 360 x = = 0.73 kg., or 

1.63 lb. per ton of ferro melted. 

The test was discontinued on account of trouble in 
power-station. For test No. 3 the same furnace was used 
as for test No.2. The immediately preceding heat pro- 
duced regular steel for castings. © furnace was care- 
fully cleaned and fettled. 

TaBLE III.—Test No. 3—Ljusne Works, July 1, 1914. 

This high per- 

State of | 
Units | Kilowatt> 

Tim = between | between Remarks. 
Meter. | Readings. Readings 

0.0 _ -- — \450 kg. ferro charged 
| | current turned on. 

1.55 184 184 | 110 = Melting completed. 

Units—total. . on 184 
Ferro melted ee es - be om 450 kg. 

(Time, 1 hour 55 minutes.) 
Units per ton es - os @ ee 409 
Efficiency of furnace oe ‘ se 85.5 per cent. 

Nork.—This abnormal efficiency must be partly ascribed to 
high initial heat of the furnace, due to it just having melted a 
charge of steel. 

_ During 2 hours 50 minutes the charge was kept molten 
in the furnace, greatly superheated. At the end of 
& total time in furnace of 4 hours 45 minutes, durin 
which 100 kg. of ferro were tapped, and 100 kg. of cold 
ferro were added, the heat was poured, showing the 
following results :— 

Metal recovered, 543.8 kg. 

year :— 
Loss, 6.2 kg., 11.4 kg. per ton, or 1.14 per cent. 
No slag has been made to protect this bath. 
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Consumption of electrodes by weighing, 800 grammes. | it is intended to convey the idea of one or two small ferro- | 200,000 tons per year 12 ewt. f 600 kg. 
Consumption of electrodes per hour, 180 grammes. | melting furnaces delivering as quickly as melted 300,000, - 3 s (ieee 
Consumption of electrodes per ton melted and kept | and slightly superheated, into one bottle-shaped, tightly- 400,000 ” ¥ a % 4. (ise, ) 

liquid during 2 hours 50 minutes, 7.7 grammes, or | closed, heavily-lined, and well-insulated tilting receiver, 500,000 =, m ... One 36 ,, (1860 ,, ) 
1.7 Ib. placed on a small truck running on a track on the casting- or two 18 ,, (900 ,, ) 

Ah Fig.4 ° a ‘4 i 
Fig.3, RENNERFELT FERRO FURNACES ~y bi 
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Analyses.—The ferro was analysed at the Ljusne Works 
laboratory, as follows :— 

Manganese. 
Per cent. 

Ferro before charging ... om 80. 
Ferro after melting —_... . ai 79.0 

The loss in ferro is explained by the absence of any 
protecting slag on top of the batb. 

Loss of Manganese.—In test No.1 this could not be 
ascertained, because there were no moulds available in 
in ——_ ye pas the — a —-). that no 
oxidation of manganese took place, the bat ing - 
tected by a limey s In test No. 2 the newly teed 
furnace showed a loss of ferro of 2.03 per cent. for melting 
only. In this case the bath was unprotected, and if the 
—— and cracks in the furnace-lining absorbed only 

kg. of metal, this loss would have been brought down 
to 1 per cent. In test No. 3 the loss of metal in melting 
and keeping molten iv a superheated state during 2 hours 
50 minutes after complete melting results in a total loss 
of metal of 1.14 percent. In regular practice and with 
furnaces running continually on ferro, the bath being 
protected by a small quantity of basic slag, it is therefore 
justifiable to assume a loss in melting of only 1 per cent. 
of the metal charged. 

Conclusions.—1. The high efficiency of the Rennerfelt 
furnace as e melter depends on the excellent insulation of 
the furnace, the tightness of the door, the a ce of all 
air-inlets, the effective arrangement of the small elec- 
i and on the heat-arcs produced by them. 

2. The comparatively low efficiency of the same furnace 
for melting additional charges dropped into the liquid 
bath depends any on the indirect heating of the 
solid lumps of ferro and the stopping of circulation in the 
bath around the cold metal. 

3. The Ljusne tests Nos. 2 and 3, in a small furnace, 
corroborate the excellent melting results obtained in 
Hallstahammar test No, 1. The size of furnace has not 
influenced the economy. The tact that more ample power 
was available during tests No. 2 and 3 accounts for the 
greater efficiency of the furnace. ; 

4. The absence of oxidation of the metal, even if kept 
during long periods in the Rennerfelt furnace, and greatly 
superheated, has been proved, especially if the bath be 
protected by a thin sheet of basic slag. 

5. In order to get the best results, the furnace must be 
only as a melter of ferro, exposed directly to the 

heat rays. The metal, as soon as melted, should be re- 
moved from the farnace into a ladle or into a receiver. 
Better results in remelting will undoubtedly be secured 
if the ferro be added in small quantities, broken into 
small lumps well scattered in the bath. But the best | /#4 
economy will be reached by either of the two methods, 
A or B, described below. 
_ 4, Direct Method (Fig. 2).—This involves building 
inside the furnace, in front of the charging and tapping 
door, a small bridge or platform of magnesite brick. ‘The 
top level of this platform should be slightly below the 
level of the liquid bath when the furnace is cone. 
The cold ferro should be placed on this bridge, in close 
proximity to the heat arcs, the lumps of ferro being ex- 
posed to them. To the users of Rennerfelt furnace 
this offers a simple and inexpensive expedient, which is 
bound to maintain the economy indicated by the first 
— ‘ Tt is — hae in which the ferro is 

u requently, y, in small quantities. 
. Indirect Method {Figs 3 and 4) bane on arran 

nent applicable in many works. By ‘indirect method ” 

oe: | Steel Ladle 

al He 

| 
J 

floor level below the ferro-furnaces, and so placed that the 
metal can be poured directly from the melting-furnaces 
into the throat of the receiver. When not receiving 
charges the receiver is placed between the two furnaces 
in front of a weighing-scale supporting the ferro:distri- 
buting ladle. When the receiver is in an upright posi- 
tion, the neck is closed by a heavy plug of firebrick, 
operated by the weighman from his position near the 
scal e. 

For preheating the receiver, and eventually to supply 
additional heat A emergencies, a si oil-burner should 
be fitted in the side of the neck. During continuous 
operation this will, however, never be required, as the 
superheat of the ferro drawn from the Rennerfelt furnace 
is sufficient to maintain liquid during several hours the 
metal stored in the receiver. 
Under the steel-works’ casting crane-girder, and alon 

the front of the supporting columns, should be suspend 
a mono-rail on which will travel a hoist-larry carr; the 
small ferro ladle. This ladle should be designed to be of 
sufficient capacity to take the largest charge of ferro 
required for any heat produced. _ it has been filled 
from the receiver, the ladle is lifted by the hoist, and 
moved along the mono-rail until it arrives directly above 
the tapping-trough of the furnace from which the heat is 
pag ty mn When the ladle is raised to a certain height 
above the furnace tapping-trough, a tipping-hook sus- 
pended from the trolley automatically attaches itself to 
the bottom of the ladle. If now the ladle is lowered by 
the hoist-operator, it will gradually be emptied into the 
tapping-trough, the ferro mixing with the steel as it flows 
from the furnace. If desired, the ferro can also, by the 
same arrangement, be poured directly into the casting- 

le. 
This method is recommended for large steel works 

making heavy heats. For such works it is also better to 
work two small ferro furnaces having together the safe 

pacity ired, and so operated that heats are tapped 
from them alternately, rather than to rely on one larger 
furnace. Whether one or two furnaces are employed, a 
spare furnace-shell should be kept as a reserve, lined and 
ready for use. 

6. The ferro-melting furnace should be chosen as small 
as practicable to ensure a regular supply of liquid ferro 

furnace are when required. The following sizes of 
recommended for plants running regular! 
revision in case of special requirements :— 

For Steel Works Pro- Furnace 
ducing up to— Capacity. 

6 owt. ( 300 kg.) 75,000 tons per year 

7. The similarity of the figures obtained with two fur- 
naces of different size, run by different men and under 
different conditions, gives assurance of the practical 
trustworthiness of the results obtained. 

8. These experiments indicate an economical method 
of melting ferro for the steel processes. 

Raitway C.assiFicaTION OF Goops.—Tbe Machine- 
Tool and En —~ | Association, Limited, of Queen 
Anne’s a othill-street, Westminster, S.W., 
have issued an alphabetically-arranged list showing the 
railway classification of pom 8 principally dealt with by 
their members. The list isa summary of the General 
Railway Classification of Goods, and it contains some 
useful information relating to the carriage of machinery, 
&c., by rail. 

InstITUTE oF INDUSTRY AND COMMERCE.—A meeting 
of the Imperial Advisory Council of this Institute was 
held on Tuesday, December 22, at the offices of the Insti- 
tute, Aldwych Site, Strand, for the purpose of consider- 
ing the best means of approaching the various Dominion 
Governments with a view to abolishing the payment of 
license taxes payable by British commercial travellers in 
the Dominions and Colonies, and also for the purpose of 
considering the best means of bringing about the stan- 
dardisation of company law througbout Great Britain, 
the Dominions, and Colonies in order to facilitate com- 
merce within the Empire. After carefully considering 
the pro; , the Council decided that a memorandum 
should drawn KONE hh ——s 
with the leading i le organisations, and tha’ 
this memorandum be submitted to the Agents-General 
of the Dominions and Colonies for submission to their 
respective Governments. It is gratifying to learn that 

both suggestions were sympathetically considered, and 
that everything ible will be done to straighten out 
any inequality tbat 1 may be prevalent in company law 
and with regard to license taxes payable by British com- 
mercial travellers travelling in the Dominions. Should 

the Committee be successful in accomplishing the objec- 
tives aimed at, it will have performed a very er- 
able service for the industry and commerce of the country. 
The policy of the Institute of Industry and Commerce is 

to develop a set of satisfactory working conditions within 
the Empire in which industry can operate, and if this 

is accomplished satisfactorily a considerable increase in 
business should follow. The Institute continues to receive 
very distinguished support from among the leaders of 
industry commerce. 
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MERCHANT SHIPBUILDING AND 
ENGINEERING IN 1914. 

For patriotic reasons we have been officially re- 
quested, when compiling our annual returns of new 
ships, ‘‘not to take into account the tonnage and 
pa ee of vessels of His Majesty’s Navy, either 
individually or in the aggregate.” Having complied 
with this reqnest, it is n to modify our com- 
parisons with past years, but fortunately we have 
always given, in Table I., the total merchant tonnage, 
so that it becomes easy now to appreciate the position 
as compared with former years. e total number of 
merchant ships launched in 1914 is 1129, making 
up @ gross tonnage of 1,737,700 tons. This is 
305,000 tons less than in 1913, which marked a record 
in the shipbuilding industry in this country. The 
decrease, as compared with 1912, is 173,835 tons, and 
as compared with 1911, 120,924 tons. But in the three 
lean years, 1908-10, the total was considerably less, 
averaging little more than a million, while this year’s 
total is exactly on a par with 1907. There can be no 
doubt, however, that the warship tonnage is in excess of 
the previous year, when it totalled 269,200 tons, while 
in 1912 it was 196,695 tons. Never before have the 
works engaged on munitions of war been so fully 
occupied as in the period since August last. Never 
before have British workmen displayed such loyalty 
and earnestness in their strenuous work during long 
days and long nights in prt their King and country 
with the best of skill and the cheeriest of temperament. 
So that it can be said that the past year has been one 
of unprecedented activity in all departments of marine 
construction. The same applies to the production of 
machinery. The total horse-power of machinery con- 
structed for merchant ships is 1,473,300. This figure, 
of course, does not include the machinery of warships, 
which in the previous year made up 1,188,600 horse- 
power. The warship machinery output for last year 
is enormously greater, so that the record total of 1913, 
of 2,679,000 indicated horse-power, is certainly ex- 
ceeded. 
We have indicated that the output of merchant 

tonnage is 305,000 tons less than in the previous year. 
This was anticipated, because the year opened with 
declinin a and the prospect of greatly re- 
duced demands upon shipbuilders. Freights con- 
tinued on the down grade; then came the war with 
staggering suddenness. There was at once a paralysis 
of oversea trade. This was checked by the Govern- 
ment’s scheme for covering war insurance riske. As 
the Navy soon established the command of the sea, 
the general condition quickly improved, and oversea 
trade was resumed on all routes with comparative 
freedom from anxiety, except for short periods in 
certain parts, due to the raiding of the enemy’s com- 
merce-destroyers. This, however, has now ended. 
Freights have gone up to a great extent ; in some 
cases from 50 per cent. to 100 per cent. But it 
is only fair to state that the gain is partly 
absorbed by delays in ports, by increased wages to the 
men to cover war risks, and by the greater time 
taken on the voyage owing to detours to obviate 
contact with the enemy’s ships. But withal, the ship- 
owners are reaping @ harvest. This improve- 
ment in shipping freights is due in part to the 
absorption for military service of so many merchant 
ships. There has been withdrawn from the British 
mercantile fleet about 100 vessels, of 600,000 tons, for 
the transport of — apart from vessels for other 
special services. There is a decided quickenin 
of the demand from overseas for the raw materia 
for war and other supplies. A million tonsof German 
ships have been captured or destroyed, and, in addi- 
tion, there is an enormous number of German ships 
held up in their own or neutral porte to prevent them 
being captured by the British Fleet. As a conse- 
quence there has been an increased demand during 
the past two months for new shipping, and it 
may be said that many of the shipbuilders have 
to-day on their order-books orders sufficient to ensure 
full and continuous work during the next twelve 
or fifteen months. Labour is scarce, not only be- 
cause of the t number of men who have gone 
from the marine works to the Colours, but because of 
the absorption of others for the production of arma- 
ments. Steel plates have advanced greatly in price, 
the rise during the past two months being from 
6/. to 71. 108. per ton. Forgings have advanced 100 
per cent., due to the works being engaged so largely on 
war munitions. As a consequence, those shipowners 
who have been caught without sufficient tonnage have 
been required to pay a much higher price for their 
new vessels, the increase in price since the summer 
being from 40 to 50 per cent. During the lean years 
1908-10 the prices were little more than half those now 
demanded, and the rates to day are almost equal to 
the highest paid for general cargo-ships. 

It can scarcely be said that during the past year either 
shipowners or rhipbuilders have prospered greatly 
80 far as dividend-earning has been concerned. “‘ Fair- 
play’s” admirable list of company results shows that 
in the case of fifteen representative shipbuilding com- 

1912. 1911. 1910. 1909. 1908. — 1914. | 1913, 

tons | tons | tons tons tons tons tons. 
Power-driven tonnage* a nia -- 1,709,900 | 2,205,400 1,924,320 1,985,184 1,244,930 1,131,549 980,600 
Sailing tonnage .. ie se s 27,800 | 31,600 | 129,680 47,874 43,660 25,627 54,200 

Totals * sy 4 .-| 1,787,700 | 2,237,000 | 2,054,000 2,038,058 1,288,590 1,157,176 | 1,084,800 
His Majesty's Dockyards ée = ool = 74,960 54,230 55,600 52,852 46,320 | 42,426 

Grand totals | 1,737,700 2,311,960 | 2,108,230 2,088,658 1,341,442 1,208,496 | 1,077,226 
j | | 

Foreign-owned tonnage .. wee} 854,500 | 507,000 | 471,600 ,000 245,686 | 317,000 376,600 
Per cent. of total Sat inpat “cig! gtoa Cn 22 | 224 20.0 13 06| | (58 35 

Total merchant tonnage on we .| 1,737,700 | 2,042,760 1,911,535 1,858,624 1,200,255 1,078,436 992,250 

Per cent. of power-driven merchant tonnage | 
to total merchant tonnage... a os 99.85 99.35 93.2 97.5 96.5 98 95 

Horse-power of engines om _ -. 1,478,800 | 2,679000 | 2,271,775 2,241,500 1,671,600 1,484,810 1,157,140 

Per cent. of all Naval tonnage to merchant 
tonnage .. ° _ 13.2 

* Includes warships in private yards for all years excepting 1914. ft 

panies, with 264 million sterling ordinary capital, the 
return was 7.91 per cent. for the year which ended dur- 
ing the past twelve months, as against 6.98 per cent. in 
the previous year. But if debentures are taken into 
consideration, the return on the whole capital involved 
is not 5 per cent. ; and, moreover, many of the firms 
gain largely from special productions entirely disso- 
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ciated from shipbuilding and marine engineering. 
There are other cases in which practically no profit 
has been made, and the year has not been without its 
failures of shipbuilding concerns. As regards the earn- 
ings of cargo ships, eighty-seven companies, ownin 
over 2 million tons gross of —— , with o book 
value of 15} million sterling, equal to $, 10s. per ton, 
earned during the year 19 per cent. on the basis of a 
depreciation allowance of 5 per cent., whereas in the 
previous year the return on the same basis was 30 per 
cent. The companies, however, are pursuing the 
commendable course of allowing more for deprecia- 
tion, and for the past year an average deduction 
of 9.69 per cent. was made, which reduced the 
actual average dividend paid to 10.38 cent. 
Against this, however, there must be p! the low 
rates during the lean years; the average rate for ten 
or eleven years has been 5.37 per cent., which is not 
adequate for such a hazardous investment. The return 
in the case of twenty-five passenger lines with 5.1 mil- 
lion tons of shipping at an average book price of 
11/. 15s. per ton gross, ie 8.26 per cent. on a capital of 
30} million sterling, as compared with 10.37 per cent. 
in the previous year and 7.79 per cent. two years ago. 
These companies, however, employ in their business as 
working capital large reserves built up in previous 
years, and if these be included in the capital on which 
dividends should be earned, the rate of return is not 
more than 5 per cent. It will therefore be seen that, 
however rosy the situation seems at the moment, 

| 10.3 13.6 10.9 11.6 7.5 

Figures for 1914 do not include warship tonnage or engine power. 

capital is not by any means getting an undue share 
of the working results. 

THe Vessets LAUNCHED. 

Of shipbuilding firms (see Table V., page 29) and of 
marine engineering firms 81 have sent us returns, and 
to all of them we express our thanks. The list, how- 
ever, is incomplete, because several firms have devoted 
themselves entirely to warship building this year. This 
is particularly the case with Messrs. Vickers, of Barrow, 
Messrs. John Brown and Co., Limited, of Clydebank, 
Messrs. Beardmore and Co., Limited, of Dalmuir, 
the Fairfield Shipbuilding Company, of Govan, 
Messrs. Yarrow, of Glasgow, Mesers. Thornycroft, 
Southampton, and Messrs. White, of Cowes.. Others 
have eliminated from their return the warship work, 
so that the comparison with the output of such firms 
in the preceding year is inconclusive. This is the 
case with Messrs. Cammell Laird and Co., Limited, 
Sir W. G. Armstrong, Whitworth and Co., Limited, 
Scotts’ Shipbuilding and Engineering Company, 
Limited, Messrs. —_ of Dumbarton, and Messrs. 
Swan, Hunter and igham Richardson, Limited, 
of Newcastle-on-Tyne; and in the engine list the 
Wallsend Slipway and Engineering Company, Limited, 
of Wallsend, and Messrs. Hawthorn, Leslie and Co., 
Limited, Newcastle-on-Tyne. 
The merchant-ship work completed during 1914 is 

thoroughly representative of any year’s output. Of 
sailing tonnage only 27,800 tons fall to be included, 
made up of barges, fishing-craft, and small vevsels 
generally. The steam tonnage is therefore 99.85 per 
cent. of the total, which is about the average for 
several years, as shown in Table I. Of the power- 
— vessels, there is none which can set 
own as of very high speed, although many veesels of 

18 to 20 knots have been turned out, the fastest 
vessels being those constructed for service around 
the British coast and in the Channel. A list of 
notably large vessels is given in Table IV., from which 
it will be seen, that the largest is the White Star liner 
Britannic, of 50,000 tons and 60,000 indicated horse- 
power, which is comparable with the Olympic and Aqui- 
tania of other years. Harland and Wolff's list, indeed, 
not only constitutes a record for the world for one 
firm, but is notable for the number of ships of great 
size included. In addition to the Britannic, there is 
the Statendam, of 33,000 tons and 20,300 horse-power, 
built for the Holland-America line ; the Belgenland, 
of 27,000 tons and 18,400 indicated horse-power, for 
the Red Star Line. In all there were twelve vessels 
exceeding 10,000 tons, one of them a large oil-tank 
steamer. Another feature of the year’s work, as far 
as ships are concerned, is the increasing rate at 
which the Isherwood principle of — framin 
is being applied. his year a ge number o' 
vessels were so fitted in Great Britain, the total for 
the world being 45, of 274,990 tons, bringing the total 
number —— up to 315, of 1,480,983 tons. The 
proportion of merchant work done for foreign owners 
is well up to the average. There were 354,500 tons, 
equal to 20.45 per cent. of merchant vessels. In the 
two previous years the proportion was about 22 per 
cent, and in 1911 about 20 per cent. 

FEATURES IN MACHINERY MANUFACTURE. 

As regards the propelling power in merchant 
ships built in 1914, a notable feature is the in- 
creasing favour of geared turbines. It will be seen 
from Table IV. that two large ships are fitted with 
this system, the Anchor liner Transylvania and the 
Tuscania. It is interesting in this connection to note 
that there is being built a third ship, to be named 
the Aurania, for the same line, and in this case the 
Wallsend Company are an of the 
geared-turbine type, but to utilise superheated in- 
stead of saturated steam. As there is little difference 
between the size and the engine power of the shi 
there will be opportunity for careful teste of 
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TABLE II.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN THE YEARS 1908 TO 1914. 

; ik ki pore aes oe : Per Cent. OF PoWER-PROPELUED TO Per Cent. OF COLONIAL AND ForEIGN-OWNED TO ToraL Propuction. ToraL Tons. | Torat Tons. 
District. | —_—— = ; 

1914.* | 1913, 1912. | 1911. | 1910. | 1909. | 1908. } 1914. | 1913. | 1912. 1911. 1910. 1914. | 1913. | 1912. 1911. | 1910. | 1909. 1908, 
— - = - - - | | | | ——— - os | 

Scotland. | No.| tons | tons tons | tons tons tons tons || ae va 
Clyde (including outports) .. ..| 261 | 465,000 | 765,000 | 642,000 | 632,000 | 393,000 | 404,000 | 352,800 | 99.06 98.7 9.3 | 98 97.6 22.0 | 22.5 ) 25.2 21.5 24.6 | 24.2 | 34 
Other Scotch ports... a .., 109 42,500 | 51,000 | 41,000| 41,000} 27,800 | 22,000} 45,000 || 99.05 100 96.44 | 83.6 | 96.87 || 15.0 | #28 33 39.0 | 15.4 | 22.4 42 

| | | | ud, 1| | } ee 
Tyne ~ — st o ..| 98} 330,000 | 430,000 | 380,000 | 418,000 | 230,000 | 203,000 | 213,000 || 99.82 99.99) 89.6 | 976 | 95.92 6.82 | 23.3 | 20 28.7 | 149 | 29.7) 445 
Wear “ s ae Se ..| 71} 265,000 | 309,000 | 314,000 | 287,000 | 173,600 | 132,600 | 85,000 || 99.79 100 100 | = 99.99 109 | 37.8 | 26.2 328 | 265 | 195 | 332) 304 
Tees e “ re 4 ..| 70] 134,700 | 167,000 | 149,000 | 143,000 | 111,000 | 64,000 | 59,000 || 98.91 |100 99.35 9 | 9.9 | 980 | 9 | a3 14.5 7.22/27 | 187 
Hartlepool _ ba = ..| 29} 130,000 | 170,000 | 130,000 | 136,000 | 77,000 | 68,000| 37,000 | 100 100 100 | 100 100 123 21.7 | 19.2 19.9 25.9 17.8 38 
Humber (Hull and Grimsby) - ..| 117| 64,360 68,700 | 52,700 | 45,000/ 28,800/| 24,900) 20,500 || 96.26 | 96.58 92.4 90 | 82.7 11.9 36 | 14.8 5.6 7.6 9 13.7 Ale ; Work.| 
“ingle: " ae OE 285 | 66,400| 55,700| 52,000| 20,500} 61,000| 15,000 || 100 100 | 55 9835/100 | 0 | 43.5. | 90 4.7 | 765 | 54 | 33.3 
Mersey < os ae 163| 44,949 | 43,500| 83,200/ 32,000/ 21,600 | 24,500) 23,000 || 76.4 | 82.8 58.5 91.45 84.8 25.3 42 17.4 24.8 24.5 (51.25 5.8 
Blyth and Whitby - - --| 2] 6,158 14,880 | 12,200 9,258 4,890 6,276 6,725 || 100 100 100 100 | 86.3 | 0 20.5 0 0 4.9 | 0 56.5 
h engli Welsh | - 

= poets en eee Pee 191| 20,603 | 32,520| 29,500! 51,000| 33,300| 25,900| 18,200 || 65 68.5 | 67.7 so | 565 || 282 |31.5 |2002] 180 | 262 | 437 | 80.7 * . -* * * ’ ” ’ ’ ’ ’ 

Ireland. | ed 
Belfast, Londonderry, Dublin, &c. | 21| 234,145 | 129,000 | 164,700 186,800 | 167,100 | 121,000 | 158,600 || 100 ial 99.43 sons| 99.93 | 18.0 | 8 0 1.61 | 99/17.9!| 384 

! | } ; | 

Tasix III.—Horse-Power of Engines Constructed. 

| 

_ | 1014.* | 1918 | 1012 | 1911. 1910. 

Clyde .-| 606,000 1,117,000 | 878,000 | 787,000 | 621,000 
Other Scotch | | 

rts ..| 64,000, 41,000/ 85,000, 47,700 | 30,700 
North - East 

District ..| 596,000' 920,000 840,000 | 779,000 | 518,000 
Humber ..| 59,700 61,000! 64,450 | 55,700] 44,000 
Barrow — | 121,000| 136,750} 121,000} 90,000 
Mersey ..| 38,700} 93,000, 106,425 | 127,000] 72,500 
Thames and | 

other Eng- } | 
lish ports..| 82,000) 213,000/ 117,700 | 174,000 | 157,700 

Ireland ..|_ 18+,900) 113,000} 93,450 | 150,100 | 137,700 
——_—. | a | | ef 

Total ..| 1,478,300) 2,679,000 | 2,271,775 | 2,241,500 | 1,671,600 

. Machinery of warships is not included. 

TaBLe 1V.—Notable Vessels Launched. 

Name. Tons 1LH.P. Builder of Vessel. 

White Star liner 
Britannic .. » , 50,000  60,000+ Harland and Wolff 

Holland - American 
Statendam .. 88,000 20,300t Ditto 

Red Star liner Bel- 
genland ‘ 27,000 18, 400t Ditto 

Royal Mail Steam 
Navigation Oom.- 
pany'’s Steamshi, 
Almanzora : 15,600 12,160+ Ditto 

Pacific Steam Navi- 
gation linerOrbita 15,500 11,840t Ditto 

Aberdeen liner Euri- 
pides - -- 14,987 8, 2701 Ditto 

Anchor liner Tran- 
sylvania .. 14,315 12,000" Scotts’ Shipbuilding and 

Engineering Co. 

14,300 12,000* Alex. Stephen and Co, 
Anchor liner Tus- 
cania ou ¥ 

Canadian Pacific 
liners- 
Metagama +-| 13,009 10,500 Barclay, Curle and Co, 

Limited. 
Missanabie * 12,469 10,500 Ditto Ditto. 

P. and O. liner Kaisar 
t Hind i 11,430 14,000 Caird and Co., Limited. 

Eagle Oil Transport 
Company's San 
Nazario .. 10,064 4,100 Wm. Doxford and Son. 

* Geared turbines. J 
+ Combination —four-cylinder piston engines and low-pressure 

turbine. 

comparative efficiency of the two systems, not only 
in respect of economy, which is already established 
ia favour of superheated steam, but of efficiency in 
service and durability. There are at nt over 20 
vessels being fitted with geared turbines, includ- 
ing poactionliy every type of ship from the cargo- 
carrier, so that it is obvious that this system 
has commended itself ‘to the technical advisers 
of steamship-owning companies, who perhaps are 
best able to decide as to the ral efficiency of 
comparative systems of propelling machinery, since 
they have the res ibility of maintaining regularity 
throughout the king voyages, and have, moreover, 
opportunities for collating data as to the performance 
in general service ; they have to rely more upon such 
results than upon trial-trip and other performances 
under conditions which may conduce to favourable 
results. It is remarkable to note, however, that 
Messrs. Harland and Wolff cortinue to place reliance 
on the combination system of machinery. In six of their 
leviathan ships built in 1914 and included in Table IV. 
they have fitted the combination system, with the 
wing propellers operated by four-cylinder triple-expan- 
sion balanced engines, exhausting into a low- 
turbine on the centre shaft. The fact that Lord Pirrie 
is himself so closely identified with the steamship lines 
for which these vessels were built, and that his staff 
has therefore the fullest facility for seouring data as 
to the sea performances, adds to the significance of 
this preference by the firm. On the other hand, there 
are no other cases of vessels built with the combina- 

* Does not include warshiy s. 
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tion machinery in this country, although scme of the 
Continental firms seem to have a preference for it. In 
their case the arrangement is of four shafts, with two 
reciprocating engines and two low-pressure turbines, 
the steam-piping being so that either recip- 
rocating set can exhaust into either or both exhaust 
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turbines. As regards the internal-combustion engines 
of the Diesel type, the firm which has done the most 
is undoubtedly that associated with Mersrs. Harland 
and Wolff—the Burmeister and Wain (Diesel System) 
Oil-Engine Company, of Glasgow. This firm ha- 
attained a very high degree of success with 
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articular type of engine, and three of the vessels 
Built by Messrs. Harland and Wolff at their Glas- 
gow works have been fitted with engines by them, 
the results having proved special favourable. 
About 20 vessels are in course of construction 
with oil-engines, and, according to Lloyd’s annual 
report, issued some weeks ago, 27 vessels fitted 
with Diesel engines, having a collective power of 
50,000 brake horse-power, are in service. Two or 
three vessels have been fitted with semi-Diesel engines 
for the coasting service, while a number of barges 
have been fitted with oil-engines. The internal-com- 
bustion engine for using mineral oil, but particular] 
the lighter oils, is being extensively used now in small 
craft. Oilfuel is increasing in favour, particularly for 
vessels trading along routes where ey stations 
are provided. That Lloyd’s Register regard this with 
favour is shown by the fact that under certain condi- 
tions they are approving of plans, where suitable pro- 
vision is made, for the use of oil of lower flash-point 
than 150 deg. Fahr. 

Tue Work oF THE DistRICcTs. 
The merchant tonnage and horse-power completed 

in the various districts in 1914 is given respectively 
in Tables II. and III. Difficulty arises of making 
any comparison, since previous years include warship 
work. It may be said that in practically all cases 
there has been a decrease due to lees output of mer- 
chant shipping, but the decrease is not so serious 
as the figures indicate, because on the Clyde and the 
Tyne, at Barrow, and on the Mersey, th2re has been 
very great activity in respect to warship work. The 
Clyde merchant total shows a decrease of 300,000 tons, 
the total being 465,000 tons; but it must be remem- 
bered that there are eight firms engaged on warshi 
work, and their totals are necessarily affected. 
Again, last year there were included seventeen war 
vessels, of nearly 63,000 tons. The decrease in 
the work turned out cannot be more than 200,000 
tons. This is serious enough; but, as already indi- 
cated, a large amount of new merchant tonnage 
has been recently ord -red, so that there is a prospect 
of more continuous employment during this year than 
in 1914. It will be seen from Table II. that in the 
lean years the average output, even including war- 
ships, was only about 383,000 tons, so that the work 
of the past year may be regarded as favourable. As 
regards the output of machinery, this is very seriously 
affected by the absence of warships, and it is only 
506,000 horse-power ; but the Clyde total for warship 
is always more than double that of merchant machi- 
nery, and the past year his been no exception to the 
rule, so that the engineers of the district have been 
quite as busy as in any previous year. As in former 
years, there has been a great variety of work 
undertaken. We have already referred to the 
Burmeister and Wain oil-motor ships, and we note 
that seven geared-turbine steamers were built—the 
two large vessels inc.uded in Table IV., two fast 
steamers for the Canadian Pacific—the Princess 
Margaret and the Princess Irene—built by Messrs. 
Denny; the Brockelbank liner, the Mahanada, of 
7196 tons, was built by Messrs. Connell, of Scotstoun ; 
the Biarritz, of 2479 tons, by Messrs. Denny ; and one 
of 928 tons, for the North Wales traffic, Messrs. 
Inglis. Twin-screw steamers, with reciprocating 
engines, number 28, of 102,000 tons; while ordinary 
single-screw steamers, 83 in number, make up 260,000 
tons. There were also three paddle-steamers, of 2536 
tons, a8 compared with two in the previous year, and 
15 tugs, as compared with 18. The Clyde has always 
been noted for its — and hoppers, and this 
year there are 27 on the list, of 18,470 tons, as com- 
pared with 44, of 30,590 tons, in 1913. There were also 
50 barges and lighters, of 11,413 tons, as com 
with 43 in the previous year. The list further includes 
68 motor-boats as against 71, three pilot-steamers, 
two motor coasters against six, cight pontoons, one 
lighthouse tender, four ferries, three stern-wheel 
steamers, one drifter, 35 sailing yachts and boats, a 
steam-yacht, and two sailing canoes. Of the total, 
28 per cent. was on Colonial or foreign account. 

The firms of the other Scotch ports built 109 vessels, 
of 42,500 tons, excluding very small fishing craft. 
Here no warship work is included, so that the com- 
— with previous years is quite accurate. It will 

seen that the output is tons (equal to 164 per 
cent.) less than in the previous year, but in recent years 
has only been exceeded by the 45,000 tons produced 
in 1908. The horse-power total, on the other hand, is 
higher than in many years, being 54,000 indicated 
horse-power—that is, 13,000 indicated horse-power, 
or 51.7 per cent., more than in 1913. 

The Tyne total is affected very considerably by the 
warship work done by several of the firms, so that the 
reduction of 100,000 tons as com with 1913, and 
of 50,000 tons as compared with 1912, is not sur- 
prising. Of the total, 6.82 per cent. was for forei 
account. The warship work in 1913 was particularly 
heavy, ineluding two foreign battleships, a light- 
armoured cruiser, and five torpedo-boat destroyers ; 
but this year it may be readily assumed that @ con- 

TABLE V.—PRODUCTION IN 1914 OF EACH SHIPBUILDING FIRM IN THE UNITED 
KINGDOM, WITH COMPARATIVE FIGURES FOR PREVIOUS YEARS. | 

| YEARLY € . 
1914.4 1913. Lanonet Torat | avensgn,| Torat,| 6 | § Since 1900, 1901-10, | 1911-14. & 

No. Name or Firm. ‘a & 
Ss . to.- 

| 55%) 2% 
| No. | Tons. | No. | Tons, | Year.| Tons, Tons. | Tons. | S** | g5& 

1 |Harland & Wolff, Ltd., Belfast & Glasgow, il 182,759 8 71,202 | 1914 | 182,759 80,875 /449,851 | 69,000 | — 
2 |Swan, Hunterand Wigham Richardson,| 18 82,627 22 | 107,696" | 1906 | 126,921" | 83,566" |441,464*| 11,307") — 

Ltd., Wallsend and Newcastle-on-Tyne| 
3 |Russell and Co., Port G Ww --| B 78,015 16 .876 | 1913 | 83,876 62,065 —~ 21,800 | — 
4 |Workman, Clark and Co., Ltd., Belfast | 9 76,188 11 84,217 | 1909 | 88,052 59,378 (311,195 _ 
5 |Wm. Gray & Co., Ltd., West Hartlepool) 16 82,280" | 18 97,100" | 1913 | 97,100* 54,076 * |347,706" | 22,525* 
6 |Wm. Doxford and Sons, Limited., | 

Sunderland.. a a sit st = 62,928 9 60,086 1907 | 106,058* | 54,594" |289,168*| 17,342 560 
7 |Irvine’s Shipbuilding a-d Dry Docks Co., | 

Limited, West Hartlepool ..  ..| 13 | 65,876" | 15 | 81,160" | 1918 | 81,160" | 48,844" 272,875 | — _ 
8 |Northumberland Shipbuilding Co., Ltd.. | | 

Howdon-on-Tyne .. ve i o> © 52,860" | 12 63,400" | 1911 | 66,408" | 89,537" j244,790 | = — _ 
9 |Palmer’s Shipbuilding and Iron Co.,) | Limited, Jarrow-on‘tyne -. .| 9 | 42,800 | 10 | 58,006 | 1912| 58,902 | 23,734 |iose0| — | — 

10 \John and Sons, Limited, . 
South Shields ea a AF oi 8 41,365 8 88,318 | 1914 41,365 23,198 |137,770")  — - 

11 |Sir James Laing and Sons, Limited,) 
Sunderland é - os ies 40,796 5 27,004 1914 40,796 21,612 /109,214 | 21,056 — 

12 |Barclay, Curle & Co., Ltd.,Glasgow . as 41,267 6 45,299 | 1 47,332 $1,261 (169,112 _ _ 
13 |Charles Connell and Co., Ltd., Glasgow) 7 39,914 6 720 | 1912 | 46,313 34,758 |154,797 -_ _ 
14 |Cammell Laird & Oo., Lid., Birkenhead) 50 38,019 63 38,000 | 1912 é 10,265 {175,275 | 10,000 | 7000 
15 |Sir W. G. Armstrong, Whitworth and 

Co., Limited, Newcastle-on-Tyne ..| 7 37,724 9 Q 1913 99,333 48,886 (252,715 _ -_ 
16 |Scotts’ ——, Limited, Greenock 7 $7,671 5 45,015 | 1912 58,313 19,674 |178,597 - _ 
17 |Karle’s Shipbuilding and Engineering 

Company, Limited, Hull a Re a... 86,135 9 36,125 | 1914 36,135 10,053 |118,569 6,700; — 
18 |Ropner & Sons, Ltd., Stockton-on-Tees} 13 | 35,322 | 10 | 60,584" | 1913 | 60,584" | 27,740" |16x,603"| —— | 1470 
19 |Alex. Stephen and Sons, Ltd., Govan, } 

Glasgow... a ‘7 a . 5 34,966 5 47,715 | 1913 | 47,715 25,306 |160,451 _ —_ 
20 |R. and W. Hawthorn, Leslie and | 

Co., Limited, Newcastle-on-Tyne ..| 4 32,110 6 36,217 | 1911 39,594 21,817 |146,381 _ _ 
21 |Richardson, Duck and Co., Stockton- | 

on-Tees o% - ae - - 7 | 30,912 8 33,997 1911 36,244 21,571 184,215) — - 
22 |William Denny & Brothers, Dumbarton| — 78,800 - 40,803 | 1918 40,803 32,943 [143,974 | 11,868 
23 | Bartram and Sons, Sunderland .. an & | 27,082 5 26,895 | 19138 26,895 12,7638 |101,442 | — 
24 |Short Brothers, Sunderland os 4 | 26,489 6 29,286 | 1911 81,425 23,666 /|118,563 a - 
25 |Joreph L. Thompson and Sons, Ltd., } 

Sunderland. . ie od $a --| 6 | 25,010 9 41,4:6 | 1907 48,218 | 24,681 |149,052 | 20,3(8 - 
26 |David and Wm. Henderson and Oo., | 
ORG 4. nc os - asl ~O 24,825 5 | 20,446 | 1902 | 89,849 | 25,436 |110,284 ~- rm 

27 |Sir Raylton Dixon and Co., Ltd., Mid: 
dlesbrough-on-Tees oe - me 6 | 28,444 8 | 30,806 1911 36,782 23,666 (114,499 | 2,068 _ 

28 |Sunderland Shipbuilding Co., Ltd., } } | 
Sunderland - - | 7 27,894" 5 | 19,755 | 1014 27,894" 12,348" | 91,196"! 14,623 _ 

29 |Craig, Taylor and Co., Ltd., Stockton | | 
on-Tees “- ve oa <a. = 20,403 6 | 34,451 | 1901 | 40,244 20,448 |117,464 8,020 

30 |Caird and Co., Ltd., Greenock .. < 2 20,270 4 | 35,980 | 1913 85,8e0 | 14,527 {115,663 - ~- 
31 |Tyne Iron Shipbuilding Co., Ltd., | 

Willington Quay-on-Tyne ai ina 5 19,628 4 17,141 1914 19,678 | 13,004 | 67,765 | 8,913 
82 |Greenock and Grangemouth Dockyard 

Co, Greenock and Grangemouth .. 6 19,103 10 $2,212 1913 82,212 | 18,020 | 86,444 | 1,990 _ 
33 |William Pickersgill and Sons, Ltd., 

Sunderland ée ee es > 4 18,590 5 21,6°3 1905 23,950 12,377 63,238 9,534 — 
34 |William Hamilton and Co., Ltd., Port 

haga eee ieee eae 17,816 7 85,180 | 1907 | 44,805 22,443 118,626 | 6.447) - 
35 |A. McMillan and Son, Ltd., Dumbarton 3 17,222 3 15,580 1912 26,141 | 17,416 78,844 17,222 _ 

36 |J. Blumer and Co., Sunderland .. ° 5 15,344 7 22,025 | 1913 22,025 | 12,859 | 68,043 8,139 a 
37 |Dunlop, Bremner and Co., Port Glasgow 7 14,363 5 10,500 | 1914 14,363 3,124 | 33,044 6,909 | — 
48 |William Dobson and Co., Newcastile-on- 

Tyne.. on on - - 4 14,351 4 12,039 1906 24,811 12,761 59,898 7,648 
39 |Smith’s Dock Co., Ltd., Middlesbrough- 

on-Tees - ee ee os --| 35 13,251 26 12,037 1914 18,241 5,265 47,300 -- 
40 |John Priestman & Co., Ltd , Sunderland 4 16,544* 6 25,703" | 1918 25,703* 12,2383" | 79,108") 4,7u1") — 
41 |Wood, Skinner and Co., Ltd., Newcastle- | 

on-Tyne.. aa oe ee - 6 12,884 6 8,135 1911 15,118 9,049 | 47,08: | 3,932 = 
42 |Robert Thompson and Sons, Ltd., Sun- 

derland ee os ee + 11,714 5 17,134 1912 19,221 11,662 | 62,802 7,300 — 
43 |Osbourne, Graham and Co., Sunderland) 8 11,553 8 12,744 | 1913 12,744 7,120 | 45,706 4,634; — 
44 |Cochrane and Sons, Selby . . ee .-| 89 11,057 39 9,986 | 1914 11,057 3,829 | 38,199 634 — 
45 |Ramage and Ferguson, Limited, Leith. . 3 10, 436 3 2,387 | 1914 10,436 4,019 | 23,189 4,367 _ 
46 |Napier and Miller, Ltd., Old Kilpatrick, 

Glasgow .. + “a be a 8 9,842 5 18,702 | 1907 19,785 14,671 | 57,749 _ _ 
47 |Caledon Shipbuilding and Engineer'ng 

Co , Ltd., Dundee si <- a 9,501 3 13,427 | 1913 13,427 9,234 | 46,824 _ a 
48 |Cook, Welton & Gemmell, Lud., Beverley; 33 9,004 34 8,459 | 1914 9,004 6,626 | 31,907 225 — 
49 |S. P. Austin and Son, Ltd., Sunderland 4 8,635 5 11,667 | 19138 11,667 7,087 — —_ _ 
50 |William Simons and Co., Ltd., Renfrew 12 8,117 15 11,080 | 1913 11,080 7,627 | 82,940 6,717 — 
51 |Fleming and Ferguson, Ltd, Paisley ..| 10 7,950 12 11,500 1918 11,500 5,216 35,450 — 
52 )W. Har and Son, Limited, Middles- 
a ee én oe _ a 6,350 4 6,161 1911 7,117 2,969 | 26,258 2,000 o> 

53 |Blyth Shipbuilding Co., Ltd., Blyth .. 2 6,158 6 14,879 | 1913 14,879 7,452 | 42,630 — _ 
54 |John Crown and Sons, Ltd, Sunderland 4 6,107 4 7,438 | 1913 7,438 3,931 | 20,806 1,926 —_ 
55 |Clyde Shipbuilding and Engineering Co., 

td.,PortGlagow .. .. ..| 4 5,867 5 12,679 | 1909 | 13,305 8,686 | 89,768 sis | — 
56 |Hall, Russell and Co., Ltd., Aberdeen ..| 25 5,311 18 5,892 1902 8,865 4,966 21,624 = _ 
57 | Ailsa Shipbuilding Co., Ltd., Troon and 
eee a he oto. See sae 5,167 | 10 10,155 | 1912 | 14,086 6,118 | 85,919 636 | 636 

58 |Bow, McLachlan and Co., Ltd., Paisley 13 4,792 13 4,864 1906 5,659 2,839 16,004 2,067 780 
59 |A. W. Robertson and Co., Canning Town; 31 4,210 30 4,990 | 19138 4,990 2,646 | 16,197 1,000 | 4210 
60 |John Fullerton and Co., Paisley.. ..| 7 3,014 5 2,768 | 1914 3,614 2,290 | 10,638 a oe 
61 |Lobnitz and Co., Ltd., Kenfrew .. sol 08 3,406 23 8,458 | 1913 8,458 4,577 | 25,529 2,812 
62 |The John Duthie Torry Shipbuilding 

Company, Aberdeen... mi : 16 3,351 14 3,471 | 1007 3,783 1,667 | 12,182 _ _ 
63 |Joseph T. Eltringham and Co., South 

Shields - ae in we a 8,313 s 2,398 | 1914 8,313 1,096 8,712 735| — 
64 |Geo. Brown and Co,,Greenock .. ee 4 8,266 7 4,145 1913 4,145 1,452 19,045 2,487 _ 
65 |Ardrosgan Dry Dock and Shipbuilding 

.. Ltd., Ardrossan... a on 8 3,186 5 1,326 | 1912 8,500 1,165 7,830 428 -- 
66 |Dundee Shipbuilding Company, Limited, 

Dundee... “i a ne ‘ 7 2,649 5 4,600 | 1908 4,776 2,880 | 10,104 _ 790 
67 |Dublin Dockyard Co., Dublin .. 2 2,637 5 3,453 | 1913 8,453 1,248 9,707 — _ 
68 | Alex. Hall and Co., Ltd., Aberdeen 4 2,630 10 2,195 | 1914 2,630 1,406 8,278 _ — 
69 |Sudbrook Shipyard, Sudbrook .. --| 14 2,587 ll 3,280 | 1908 8,424 6,211 9,571 — 1643 
70 |Goole Shipbuilding and Repairing Co., 

Ltd., Goole. . os 4 ee wat © 2,615 7 2,347 | 1911 8,905 6,232 | 21,871 _~ _ 
71 |Scott and Sons, Bowling .. es ee 8 2,216 8 2,519 1904 2,909 1,952 8,614 — 75 
72 \Ferguson Brothers, Ltd., Port Glasgow) — 2,072 4 5. 1911 6,132 255 | 16,184 800; — 
73 |A. and J. Inglis, Limited, G wa 2,035 4 6,604 | 1901 12,204 4,543 | 17,842 _ 77 
74 \Campbeltown Shipbuilding pany, 

Campbeltown aR Ph “ 2 1,926 2 4,819 | 1912 7,574 3,361 | 21,719 1,215| — 
75 \Lytham as and Engineering 

Company, ited, Lytham .. ..| 2 1,883 23 2,472 | 1913 2,472 1,344 8,824 230 | 1082 
76 |Hawthorn and Co., Ltd., Leith .. 7 1,730 3 1,119 | 1912 1,815 627 4,709 ~ 400 
77 \Johp Chambers, Lowestoft ee --| @ 1,761 27 2,155 1913 2,155 1,243 7,563 ~ — 
78 \Isaac J. Abdela and Mitchell, Limited, 

Queensferry we ial iets --| 2 1,644 22 2,700 | 1918 2,700 = 6,184 471 | 1331 
79 |Ritchie, Graham and Milne, Whiteinch, 

Glasgow... =e ae na .-| 18 1,587 10 875 | 1904 3,556 2,113 4,117 1,687 | 1482 

* Jacludes erections, t Doev uot ingludy wrebipa, 
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TABLE V.—PRODUCTION IN 1914 OF EACH SHIPBUILDING FIRM IN THE UNITED 
KINGDOM, WITH COMPARATIVE FIGURES FOR PREVIOUS YEARS—Continued. 

YEARLY | 3s . 
" Larerst Toran |... | Toran,| Se 55 

1914 1913. AVERAGE, |; «5 = 
SINCE 1900. ° -14.) a 

No. Name or Fira. | 1901-10, "| 1911-16.) Zé- we 
ey ere 2} wee ae 

asd af 
| No. | Tons No. Tons. Year.| Tons. Tons. Ton. | S™= ZF 

78 |Camper and Nicholsons, Ltd., Gosport| | | 
and Southampton oe ee ‘a 9 1,531 =. 177 1914 1,531 | — 2,897 1,079 101 

79 W. H. Warren, New Holland, Lincs. ..| 8 1,346 7 1,000 1911 1,725 | 684 5,270 | — 1340 
80 W. J. Yarwood & Sons, Ltd., Northwich| 16 | 1,321 16 | 2,405 1913 2,405 611 | 65091; — 187 
81 Chas. Renold«on & Co., South Shields .. 4 1,175 — _ _ —_ _— _ — 620 
82 Murdoch & Murray, Port Glasgow | (8 | 1,149 5 | 8,816 | 1907 6,899 8,261 8,475 634 _ 
83 J. P. Rennoldson & Sons, South Shields 6 1,077 6 | 1,614 1901 2,609 1,489 5,740 — _ 
44 J. Crichton & Oo,, Live 1 a -| @ | 1,077 14 | 141 — 1,913 141 — 122 30 
85 Alley and MacLellan, Ltd., Polmadir, | 

Glasgow - - as _ cal tae 1,075 19 | 2,900 1910 3,500 , 2,562 9,355 1,015 655 
86 Isaac Pimblo:t and Sons, Northwich . 18 1,405 31 529 1914 1,005 398 2,935 986 951 
87 Wm. Chalmers and Co., Ltd., Rutherglen 9 | 1,001 5 | 1,281 1913 | 1,281 _— 2,458 445 433 

88 Philip and Son, Dartmouth ae --| 10 | 925 ll 469 1914 925 617 2,228 895 30 
89 Fellows and Co., Limited, Great 

Yarmouth .. ow - we i 9 794 7 458 1914 794 309 1,311 _ 100 
90 Edwards and Oo., Ltd., Millwall.. --| 18 793 _ —_ 1906 1,875 _ 3,176 | 460 «= 408 
91 |\Crabtree and Co., Limited, Great) | 

Yarmouth .. oa a0 os 6 754 10 925 1912 1,062 1,777 | 3,332 | 360, — 
92 |Livingetone and Cooper, Hessle .. 5 737 — _ — _ | — —- | — -- 
#3 Henry Scarr, Ltd., Hessle, «e ba 9 678 ll 850 1910 1,970 | 1,154 3,318 | — 284 
94 Fred. Braby and Co., Limited, Dept- | 

| ford .. Re a os eo alk an 575 8 324 1907 636 406 | 1,354 1000s 421 
95 G. and J. Forbes, Sandhaven’ =. 12 562 ~ — _ _ _ —_ _— 12 
06 \A. Jeffrey and Co., Alloa,.Leith .. 3 490 2 254 | 1914 490 a 744 _ _ 
97 |\John Cran and Co., Limited, Leith 2 422 7 675 1913 675 358 2,068 — — 
98 |\Cox and Co., Falmouth .. ee és 8 406 6 399 1908 466 195 1,109 | 250 _ 
99 |Hepple and Co., Limited, South Shields 3 | 360 5 550 =: 1910 1,094 543 2,118 _ —_— 

100 P. McGregor and Sons, Kirkintilloch .. 9 354 5 478 =1913 478 248 1,515 254 254 
101 Maryport oe and Repairing 

Co., Limited, Maryport... ..  ... 1 | 285 1 290 | 1905 1,165 370 866 - 
102 Larne ay Co., Larne Harbour 2 2738 — — — —_ _ _— _ _ 
108 Geo. and Thos. Smith, Ltd., Rye ee 3 180 — = — — _ 180 
104 Rowhedge Iron Works Company, Ltd., | 

Rowhedge .. os ee ee ool 175 | 2 269 1913 269 _— “4; -— 
105 Rose Street Foundry and Engineering | 

Company, Limited, Inverness .. a 2 171 — 384 1912 | 252 -- 907 |  — _ 
106 Wm. Fife and Son, Fairlie.. ° 5 130 7 199 1908 | 290 242 788 4 130 
107 MacLaren Brothers, Dumbarton . 18 123 25 120 | 1912 | 357 — 755 6 3 
108 |Aldous, Limited, Brightlingsea .. es 4 115 _ _ = _ —- _ 75 
109 Saltey Brothers, Folly Bridge, Oxford .. 3 108 _ -- _ — — _ 
110 G. Imes, Macduff .. i aa 3 105 -- _— — | _ — — | oo 
lll D. M. Cumming, and Oo., Parkhead, | 

Glasgow... wa ie ee es 4 92 2 120 1909 990 _ 580 92 30 
112 W. White and Sons, Cowes - ae 4 77 = -- — _ -- — _ a 
113 James Miller, Anstruther and St. Monans 8 76 _ - — | -- — 162 _ — 
114 J. and H. Cann, Harwich .. i +“ 1 67 - _ _ — —_ _ _ 67 
115 J. W. Brooke and Co., Ltd., Lowestoft 27 59 | — — —-|} — — -iji- _ 

* Does not include warships. 

siderable amount has been done for the support of the} built at Messrs. Harland and Wolff's yard on the 

Navy. Fewer oil-carriers were produced than in the 
previous year, and there has been less work done in 
such floating structures as caiesone, dock-gates, and 
floating docks themeelves. 

On the Wear there is a sharp decrease, equal to 
44,000 tons, the output having been 71 vessels, of 
265,000 tons, which is less than in any year since 
1910. This is a direct consequence of the reduction in 
the demand for cargo-carriere. Of the proportion of 
work, 37.8 per cent. was for foreigners, which is a 
rather larger proportion than in previous years, 
although the Wear firms ordinarily do a considerable 
amount of work for the Colonies and abroad. 

The Tees total is 32,300 tons less, the measurement 
of the 70 vessels launched being 134,700 tons, ex- 
cluding erections, while as compared with 1912 the 
reduction is 14,300 tons. The output, however, 1s 
fairly up to the average of recent years, and of the 
total, 9 per cent. has been for foreign owners. 

At Hartlepool there has been a decrease of 40,000 
tons as compared with 1913, but the total is exactly 
the same as in 1912, and is only 6000 tons less than in 
1911. Twenty-nine versels were built, all of them of 
large size ; 12.3 per cent. was for foreign owners. 

The engine output of the North-East Coast is con- 
siderably affected by the exclusion of the warship 
work. The total is 596,000 indicated horse-power, 
but, as in the previous year, two battleships ard a 
number of light craft were engined by Tyne firms ; 
and as this year there has been a very large amount 
of work done, not only for ships built in the district, 
but constructed in the dockyards, the total may be 
regarded as satisfactory, notwithstanding the apparent 
decrease of 324,000 horse-power. 

Nothing need be said about the Barrow return, the 
absence of the work of Messrs. Vickers having com- 
pletely prevented any comparison. This holds good in 
some measure as regards the Mersey, but here the 
merchant tonnage is exceptienal ; thus the total is 
1449 tons more than in the previous year, even when 
naval work was included ; but it is nearly 40,000 tons 
less than in 1912. The Hull total is the largest on 
record, due in part to the considerable activity in the 
building of steam trawlers. Indeed, all the firms 
engaged in this work here, on the North-East Coast, 
and at Aberdeen are very fully occupied. 

As to Ireland, the inclusion of several of the large 
liners noted in Table IV. has considerably swelled the 
total, which embraces 21 vessels, of a total tonnage 
of 234,145, the Britannic itself contributing over one- 
fifth of the total. The output is the t in the 
district, and is 115,000 tons more than in the previous 
year, 70,000 more than in 1912. The output of 
machinery includes the engines of one of the vessels 

Clyde ; and the total, 186,900 indicated horse-power, 
is 73,900 indicated horse-power more than in 1913, and 
exactly double the output of 1912. Of the Irish total 
tonnage, 18 per cent. was for foreign owners. 

THe Propvuction oF SHIPBUILDING Firms. 

In Table V. there is given the production of the 
merchant shipbuilding firms for the past year, along 
with comparative figures for the previous years, ex- 
clusively warship-building firms beingabsent. Messrs. 
Harland and Wolff take first place with the largest 
tonnage ever completed by any one firm—182,759 tons. 
while the engine output (Table VL ) aggregates 149,590 
indicated horse-power. This compares with 71,292 tons 
for the previous year, while their previous highest total, 
in 1911, was 118,209 tons. As shown in Table IV., 
their return includes the six largest ships constructed 
during the year, ranging from 14,947 tons to 50,000 
tons ; all of these were fitted with combination ma- 
chinery. The hulls of four of the 11 vessels were con- 
structed at the firm’s yard at Glasgow ; one of these 
was supplied with machinery at Belfast, the three 
others being fitted with Diesel engines of the Bur- 
meister and Wain type, ranging between 2250 and 
3200 brake horse-power, built at Messrs. Burmeister 
and Wain’s works at Glasgow, with which Messrs. 
Harland and Wolff are closely ullied. In the case of 
one of these, the Mississippi, internal-combustion 
engines are used also for supplying electricity for 
the steering-gear, deck machinery, and heating and 
cooking, so that the vessel is the most complete motor- 
equipped ship yet constructed. The prospects for the 
new year are satisfactory, the work in hand including 
two large mail-steamers for the Union-Castle Line, 
with liners for the P. and 0., Pacific, White Star, 
Atlantic Transport, Bibby, Dominion, and American 
lines, and steamers for Messrs. Lamport and Holt, 
and motor vessels for Messrs. Elder, Dempster and Co. 
and the Pacific Steam Navigation Company. 

Messrs. Swan, Hunter and Wigham re 
who topped the list in the previous year, come second 
for 1914, with a total of 18 vessels, of 82,627 tons, 
while the machinery output is 42,440 horse-power. 
This total does not include their warship work, and is 
25,000 tons less than in the previous year, and from 
43,000 to 44,000 tons less than in the two precedirg 
years ; their highest total was that of 1906, 126,291 
tons. 1t is tothe credit of the firm that their average 
since 1901 has been 82,627 tons and 42,440 indicated 
horse-power. Several of the vessels were engined by 
other firms. Of the total, 11,307 tons were con- 
structed for foreign owners. 

Messrs. Russell and Co., Port G w, again head 
the Clyde list; and are third on the list for the king- 

dom of merchant-ship builders. They built a 837-ton 
twin-screw passenger-steamer for Spain, a 7250-ton 
twin-screw insulated cargo-steamer, and two twin- 

| screw Japanese liners, of 6717 tons, the remainder of 
| the 15 vessels being of the single-screw type, with 
| which the firm has been so long identified. The total 
| is only 5800 tons less than their record output, that of 
|1913. Messrs. Workman, Clark and Co., Belfast, com- 
pes nine vessels, of 75,188 tons, all of them ranging 

tween 6111 and 9373 tons, being for British owners. 
This output is about 9000 tons less than in the previous 
year, but 13,700 tons less than the record total of 1909. 
Sir William Gray and Co., West Hartlepool, built 
16 vessels, of 82,280 tons, which, however, includes 
erections. This is about 15,000 tons less than in 
the previous year, which marked a record. Of the 
total, 22.525 tons was for foreign owners. Messrs. 
William Doxford and Sons, Limited, Sunderland, con- 
structed 13 vessels, of 62,928 tons, Board of Trade 
measurement ; but including unmeasured spaces, the 
total is 73,604 tons. The former figure is about 
12,900 tons more than in the previous year, but falls 
short of the firm’s record by over 43,000 tons. The 
Irvine re Company give a total, including 
spaces unmeasured by the Board of Trade, which makes 
their 13 vessels equal 65,875 tons, all for British 
owners. This is 15,285 tons less than the record total, 
that of the previous year. The Northumberland Ship- 
building Company completed nine vessels, of 52,860 
tons, which is 10,540 tr ns less than the previous year, 
and 13,548 tons less than the record total, that of 1911. 

Palmer’s Shipbuilding Company return nine vessels, 
of 42,300 tons, with » total power of 67,110 horse- 
power. This is within 11,000 tons of the total 
ot the previous year, and is only 16,600 tons less than 
the record attained in 1912. Messrs. John Readhead 
and Co. return eight vessels, of 41,365 tons, the 
increase on the total of the previous year being 3047, 
while the machinery output, of 18,400 indicated horse- 
power, shows a decrease of horse-power. This is 
the largest total credited to the fiim. Sir James 
Laing and Sons give the Board of Trade tonnage of 
their seven vessels as 40,796, and the tonnage 
including erections as 44,186 tons. The former is 
the best attained since the firm was reconstructed, 
and is 13,700 tons more than in the previous year. 
Messrs. Barclay, Curle and Co. launched five 
vessels, two of them for the Canadian Pacific 
Company being about 13,000 tons, with engines of 
10,500 indicated horse-power. The other three vessels 
were for the British India Company. The total ton- 
nage, 40,267 tone, is 5000 tons less than in the previous 
year, and 7000 tons less than the record total—that 
of 1907. The engine output—31,500 indicated horse- 
power—is, however, greater than in the previous year 
by 1390 horse-power, but is 9000 indicated horse-power 
less than the record—that of 1907. Messrs. Charles 
Connell and Co.’s vessels were all for Liverpool owners, 
and ranged between 3797 and 7263 tons. The total— 
39,914 tons——is 7200 tons more than in the previous 
year, but is over 5000 tons less than in 1912, the highest 
year of this century. Messrs. Cammell Laird and 
Co.’s total does not include warships. Notwithstand- 
ing this, the merchant tonnage is equal to the total of 
the previous year, but only half that of 1912. Three 
of the vessels were for South American owners, and 
two others were for the P. and O. Company. The 
engine output is, of course, very ccnsieaalae affected 
by the exclusion of warships. 

Sir W. G. Armstrong, Whitworth and Co. are also 
unable to include warships, and thus their total— 
37,724 tons—cannot be regarded as comparable with 
that of previous years. Scotts’ Shipbuilding and 
Engineering Company, Limited, built seven vessels, the 
largest being the geared-turbine-driven Anchor liner 
Transylvania, included in TableIV. Here, again, the 
warship work is not included, so that the figures for 
ships and engines are not comparable with those of 
the previous years. Earle’s Shipbuilding Company 
also built seven vessels, of 36,135 tons, and the machi- 
nery for these and other vessels, built elsewhere, 
makes up 26,390 indicated horse-power. The tonnage 
output is the largest for any year of this century, but 
the engine total is nearly 8000 indicated horse- 

wer less than the record production. Messrs. 
ichardson, Duck and Co. have also seven vessels to 

their credit, and in this case the Board of Trade ton- 
nage is 30,912, while, including erections, the total is 
39,950 tons, figures which show only a slight decrease 
from the high output of the two preceding years. 
In the case of Messrs. Ropner’s return the 13 vessels 
have a Board ot Trade tonnage of 35,322, and, including 
erections, of 40,638 tons, the decrease on this last basis 
is 10,000 tons as compared with the previous year. 
Messrs. Stephens, of Linthouse, include in their five 
steamers the geared-turbine-driven Anchor liner 
Tuscania, as mentioned in Table IV. The other four 
vessels were for the British India Company, and the 
total output, 34,966 tone, is 12,749 tons less than in 
the previous year, which constituted a record. The 
machinery output of the firm, 25,000 horse-power, 18 
13,350 horse-power lees than in the previous year, and 
15,000 horse-power less than in 1911, when the firm 



JAN. 1, 1915.] ENGINEERING. 3 I 

TABLE VI.—PRODUCTION OF MARINE MACHINERY BY EACH FIRM IN THE UNITED KINGDOM. 

| Hiewxst Tora, Averaer, ToTaL Hieurst Tora, Averacr, Toran 
1914.t 1913. ° 1914 1913. ’ SINCE 1900, 901-10. 1911-14 , SINCE 1900, . “14. No. Naue or Frau. 1 Me. an ep Vem, 1901-10. 1911-14. 

H.P. Year. 4H.P. H.P. H.P. H.P. Year. HP. H.P. H.P. 

1 Harland and Wolff, Ltd., Belfast..| 149,590 58,390 1914 149,590 67,583 339,196 38 Ailsa Shipbuilding Co., Ltd., Troon 8,520 5,600 1912 13,150 2,491 37,050 
2 North-Eastern Marine — A | } 389 Dunlop, Bremner and Co., Port 

Company, Limited, Sunderland.. 113,880 89,605 ‘1912 | 129,125 | 95,222 430,715 Glasgow on vs ae Se 8,300 7,400 1914 8,300 8,200 20,750 
3 Denny and Co., Dumbarton ..| 94,950 82,600 1914 94,950 52,560 308,600 40 Clyde Shipbuilding and Engineer- 
4 ‘David Rowan and Co., Glasgow .. 72,000 | 56,470 i914 | 72,000 38,047 239,290 ng Co., Ltd., Port G w  ..| 8,000 | 17,100 1905 18,000 11,185 | 49,150 
5 Palmer’s es and Iron 41 Caledon Shipbuilding and Engi- 

Company, Ltd., Jarrow-on-Tyne 67,110 25,100 1914 67,110 28,402 138.340 neering Co., Ltd., Dundee dn 7,900 6,925 1911 13,970 8,486 $8,195 
6 Blair and Co., Ltd, Stockton .. 59,300 73,700 1912 76,850 42,410 281,000 42 Lobnitz and Oo., Renfrew .. ol [ae 9,582 1912 12,100 5,937 $8,312 
7 Richardsons, Wes' h and Co., | 43 Ramage and Ferguson, Ltd., Leith 7,800 2,650 1914 7,800 5,025 28,200 

Limited, Middlesbrough and 44 Shields Engineering and Dry Docks 
Hartlepool .. é0 oe 53,900 81,500 1901 | 120,150 67,854 266,030 Co., Ltd. orth Shields .. ee 6,490 8,500 1911 12,635 6,045 37,825 

8 ‘Central Marine Engine Warks, | 45 Plenty and Son, Limited, Newbury 6,059 7,880 | 1913 7,880 -- 27,548 
West Hartlepool .. oe ..| 45,470 56,415 1913 | 56,415 28,626 189,755 46 Aitchison, Blair and Co., Clyde- 

9 Workman, Clark and Co., Limited, bank .. > a ee oe 5,760 8,870 1914 5,760 2,433 18,040 
Belfast “6 ne - 45,000 60,200 1909 76,550 44,190 210,400 47 \A. Hall and Co., Ltd., Aberdeen... 5,350 4,310 1914 5,800 2,764 17,560 

10 Swan, Hunter and Wigham 48 G. T. Grey, South Shields .. os 5,080 6,165 1908 10,085 5,455 22,980 
Richardson, Limited, Wallsend | 49 Parsons Motor Co., Southampton 5,000 4,000 1914 5,000 _ 9,000 
and Newcastle-on-Tyne .. : 42,440 28,300 1914 42,440 22,0385 125,088 50 MacColl and Pollock, Ltd., Sun- 

11 George Clark, Limited, Sunder- | derland ol oe ee os 4,680 9,630 1912 11,440 8,408 80,980 
land .. loa mn - -. $1,900 42,150 1906 51,500 37,135 | 167,166 51 John Lewis and Sons, Aberdeen .. 4,600 4,000 1914 4,600 13,659 

12 Wallsend Slipway and Engineering 52 Elliott and Garrood, Beccles and 
Company, Limited ae -.| 41,850 159,550 1913 | 159,550 58,556 397,200 Lowestoft .. as °° oe 4,430 4,070 1914 4,430 3,340 15,110 

13 Cammell Laird and Co., Ltd., Bir- | 53 Ferguson Brothers, Limited, Port 
kenhead ie ~ oe ..| 84,570 90,100 1911 | 122,249 33,342 348,269 Glasgow i“ oe ee ~ 4,160 8,060 1911 10,600 5,906 27,640 

14 Barclay, Curle and Co., Limited, | 54 Campbell and Calderwood, Paisley 3,380 2,850 1903 4,065 3,850 12,8¥0 
Glasgow a he - .. 81,500 30,200 1907 | 40,532 24,142 123,80) 655 J. P. Rennoldson and Sons, South 

15 Scotts’ Shipbuilding and Engineer- | Shields on - ia Ne 3,330 4,687 1902 5,525 4,106 14,408 
ing Co., Ltd., Greenock .. -. 29,900 27,000 =: 1912 51,550 26,725 130,550 6&6 Gouldie, Gillespie and Co., Glas- 

16 William Doxford and Sons, Ltd., UT én. “son v.case of at, ee? eee 3,080 1,496 8,920 
Sunderland .. i os -., 29,200 25,700 1911 43,450 22,918 133,850 67 A. and J. Inglis, Ltd., _ 3,000 11,000 «1911 19,725 6,717 87,625 

17 Earle’s shipbuilding and Engineer- 58 J. Abernethy and Oo., Limited, 
ing Company, Limited, Hull ..| 26,390 27,980 1912 34,260 15,081 118,569 Aberdeen... - ee es 2,620 | 4,555 1913 4,555 1,803 13,720 

18 John Dickinson and Sons, Ltd., 59 Cooper and Greig, Dundee .. ‘nn 2,300 | 8,500 1918 8,500 - 7,600 
Sunderland .. ail ee .-| 25,100 51,360 1906 55,000 29,119 154,280 60 Hawthorn and Co., Limited, Leith 2,220 | 2,060 1906 2,550 1,233 5,770 

19 Alex. Stephen and Sons, Limited, 61 Philip and Son, Dartmouth ; 2,120 878 1914 2,120 — 6,650 
Glasgow bs «e os --| 25,000 38,350 1911 40,000 22,988 135,270 62 Fishers, Limited, Paisley 2,000 | 860 1910 2,140 1,463 5,6lu 

20 Caird and Co., Ltd., Greenock ..| 23,000 27,000 1905 30,000 16,000 | 10¥,000 683 Cox and Co., Falmouth 4 es 1,920 1,000 1906 2,000 1,500 4,446 
21 ‘John G. Kincaid and Co., Limited, 64 Lytham es and Engi- 

Greenock .. ca ‘a --| 22,710 33,100 | 1913 33,100 | 15,025 101,900 neering Co., Ltd., Lytham + 1,900 1,640 1912 8,480 1,735 9,915 
22 Dunsmuir and Jackson, Limited, 65 Jos. T. Eloringham aod Oo., Sout 

Glasgow - a os -.| 21,000 21,000 | 1912 41,650 | 24,768 124,150 Shields “4 ‘a ae es 1,900 —- —_ — — _ 
23 Charles D. Holmes and Co., Ltd., 66 Murdoch and Murray, Ltd., Port | 

Hull .. ve xe ~ --| 19,455 19,186 1914 19,455 10,087 68,721 Glasgow... om a ua 1,700 _ — | 6,800 12,243 ond 
24 John Readhead and Sons, Limited, 67 J. and T. Hosking, Bermondsey .. 1,660 2,140 1911) 2,845 -- 8,315 

South Shields ne ae ... 18,400 | 18,800 1913 18,800 12,015 68,550 68 Orabtree and Co., Limited, Great 
25 Rankin and Blackmore, Greenock 17,250 | 35,870 1913 35,870 18,530 96,720 Yarmouth .. ot an 1,596 4,800 1907; 8120 4,810 16,125 
26 Bow, McLachlan and Co., Limited, 69 W. J. Yarwood and Sons, North- | 

Paisle ae - --| 14,600 12,100 1914 14,600 8,441 47,490 wich .. se pa - — 1,540 1,611 1913 1,611 - 4,673 
27 Smith's Dock Co., Limited, Middles- | 70 Hepple and Co., South Shields’ .. 1,400 1,900 1907 2,745 1,203 6,248 

brough - es oe --| 14,660 13,250 1914 | 14,560 _ 39,810 71 Rowhedge Iron Works Company, 
28 Amos and Smith, Limited, Hull ... 13,830 12,271 1907 | 14,620 9,248 50,562 Limited, Rowhedge ee om 1,124 445 1914 1,124 a 1,669 
29 Bergius Launch and Engine Com- | 72 Rose Street Foundry Company, 

| pany, Limited, Glasgow .. --| 18,500 12,713 1914 | 13,500 — 26,213 Inverness .. a oe oe 1,070 1,100 1912 1,270 — 2,935 
30 |\D. and W. Henderson and Co., | 73 John Cran and Co., Leith .. os 9u0 2,720 1907 3,949 953 5,870 

Limited, Glasgow .. ey .-| 12,580 18,100 1902 35,300 20,483 74,770 74 Alley and Maclellan, Limited, 
31 Ross and Duncan, Govan .. --, 12,676 15,250 1912 15,420 11,410 53,525 Glasgow _ a> os en 775 300 1904 1,680 1,107 2,486 
32 William Simons and Co., Limited, 75 Isaac J. Abdella and Mitchell, 

Renfrew 7 a“ - o-| 18,680 14,340 1908 18,910 11,523 47,155 Limited, Queensferry ee - 680 245 1911 1,590 | _ 8,165 
83 W. V. V. Lidgerwood, Coatbridge 12,335 6,760 | 1907 16,540 9,358 40,500 76 J. W. Brooke and Oo, Lid., 
34 Burmeister and Wain (Diese) Lowestoft .. ee oh iy 606 10,138 1912 11,600 -- | $0,282 

system) .l-Engine Co., Ltd., 77 Vauxhall and West Hydraulic 
Glasgow ea - ve -.| 12,835 _- _ - _— — Engineering Co., Ltd., Luton .. 570 —_ 1208 4,228 2,762 5,180 

35 Fleming and Ferguson, Limited, 78 Menzies and Co., Limited, Leith .. 380 | 175 = 1905 1,250 470 1,290 
Paisley on = _ --| 12,000 13,80 1913 13,800 7,940 50,660 79 |W. White and Sons, Cowes.. es 306 | 117 1913 316 _ S869 

36 McKie and Baxter, Govan .. 11,620 8,790 1914 11,520 6,808 39,860 80 W. Sisson and Co., Limited, | 
7 Hall, Russell and Co., Limited, a, ; 270 | 361 1908 950 420 1,256 

Aberdeen ~ a. .. 10,700 10,010 1914 10,700 7,132 39,645 81 |A. Jeffrey and Oo., Alloa .. 220 | _ _ _— — _ 

attained their highest production. Messrs. Hawthorn, 
Leslie’s return of four vessels, of 32,110 tons Board of 
Trade measurement, or 32,818 tons including erections, 
does not include the warship work. But even so it is 
only 4107 tons less than in the previous year, and 
7484 tons less than in 1911, when the output was the 
highest attained in any year by the firm. Messrs. 
William Denny and Brothers’ return is always inter- 
esting, and this year includes three geared-turbine 
steamers, already referred to, with a screw steamer of 
7470 tons, and vessels for river navigation in India. 
This, however, does not include the warship work. 

PRopUCTION OF MARINE ENGINEERING Firms. 

The production of machinery for merchant ships by 
the various firms in the United Kingdom is given in 
Table VI., with figures for previous years to assist 
comparison; but here again the result is greatly 
affected by the absence of the warship work. Messrs. 
Harland and Wolff top the list, but their total would 
undoubtedly have been exceeded by one or more of 
the firms exclusively engaged in warship work, and 
that, too, by a very large amount. We have referred 
to the work done by the firm in dealing with the 
shipbuilding output, as well as to the engineering 
work of other firms who are also shipbuilders, so that 
here we may confine ourselves exclusively to the 
returns made by engineering firms who do not them- 
seives construct the hulls o —_ 
The North-Eastern Marine Engineering Company 

take first plece in this respect, their total output being 
113,880 indicated horse-power, the collective power 
for 51 vessels, the — sets being of 5500 indi- 
cated horse-power. e total is 24,275 indicated 
horse-power more than in the previous year, but falls 
short of the highest total reached, in 1912, by 15,245 
indicated horse-power. Of the total, 78,655 indicated 
horse-power is credited to the works at Wallsend, and 
40,125 indicated horse-power to the works at Sunder- 
land. Messrs: David Rowan atid Co., Glasgow, engined | Island 

16 steamers constructed on the Clyde and one built at 
Trieste. In the case of the Mahanada, the turbines 
and gearing were built by the Parsons Company, but 
the boilers and the remainder of the machinery by 
Messrs. Rowan. The total, excluding the turbines, is 
72,000 indicated horse-power, 15,530 indicated horse- 
power more than in the preceding year ; indeed, this 
is the largest output in any year since 1900. Messrs. 
Blair and Co., Limited engined 23 vessels, all built on 
the North-East Coast, the collective power being 
59,300 indicated horse-power, which is 14,400 indi- 
cated horse-power less than in the preceding year, 
and 17,550 less than the record output attained 
in 1912. The sets of machinery ranged from 1600 to 
3750 indicated horse-power. Messrs. Richardsons, 
Westgarth and Co., Limited, turned out machinery for 
26 vessels, ranging from 4000 down to 1000 indicated 
horse-power, the total being 53,900 indicated horse- 
power. This is 27,600 indicated horse-power under 
the previous year, and is less than half the maximum 
attained in 1901. The firm, however, built steam- 
turbines for land use, totalling 43,000 indicated horse- 
power ; but this, of course, is not included in the 
marine output. The Central Marine-Engine Works, 
West Hartlepool, completed 17 sets of machinery, 
of an ate indicated horse - power of 45,470, 
as com with 20 sets, of 56,415 indicated 
horse-power, in 1913, all of the engines being of the 
po, eda y oars type. Messrs. George Clark’s return 
embraces twenty engines, of 41,900 horse-power, which 
is only 250 horse-power less than in 1913, although 
about 10,000 horse-power less than in 1906. 

The Wallsend Slipway and Engineering Company, 
Limited, do not include warships in their return, so 
that a comparison cannot be made with the preceding 
years. Their merchant work includes engines for 
nine vessels, totalling 41,850 indicated horse-power, 
and amongst the number is a twin set of Diesel marine 
engines of 1500 horse-power, while the Prince Edward 

has & set of engines forward and two sets aft. 

Messrs. John Dickinson and Sons, Limited, Sunder- 
land, engined 10 vessels, the total being 25,100 indi- 
cated horse-power, which is barely half the output of 
the previous year. Messrs. John G. Kincaid and 
Co., Limited, Greenock, produced 12 sets of engines, 
four of them for re ships, and the others 
for Clyde steamers. The total output is 22,710 indi- 
cated horse-power, over 10,000 indicated horse-power 
less than in 1913, which had an exceptionally high total. 
Messrs, Dunsmuir and Jackson, Timited, lasgow, 
return 21,000 horse-power, the same as in the previous 
ear, but little more than half the maximum produced 
y the firm in one year. Messrs. Chas. D. Holmes and 

Co., Hull, have profited by the great demand for 
trawlers, their total output of 19,455 indicated horse- 
cet being the highest attained by the firm. Messrs. 

nkin and Blackmore, Greenock, engined seven ves- 
sels, the collective power being 17,250 indicated horse- 
power. This, however, is only half the total of 1913, 

| when the firm had the highestaggregate in their history, 
35,870 horee-power. Messrs. Amos and Smith have 
also experienced a brisk year. Their output, which 
includes four sete of compound engines for tugs built 
| abroad and triple-expansion engines for 28 trawlers, 
| makes up 13,830 indicated horse-power—1559 more 
| than in the previous year, but 790 indicated horse- 
| power less than the total of 1907, which was the 
| highest. Messrs. Ross and Duncan, Govan, shi 
| abroad engines of 4625 indicated horse-power, which, 
added to ten sets of machinery for Clyde vessels, 
made up a total of 12,675 indicated horse-power, 
which is 2575 less than the power produced in the pre- 
vious year, when the total was practically a maximum. 
Our returns this year include one from Messrs. Bur- 
meister and Wain, which comprises Diesel engines 
ag ting 12,335 indicated horse-power for the pro- 
pulsion of ships, but the total power of all the Diesel 
engines made, which includes emergency lighting 
sets for various vessels, was 13,885. yo Me okie 
and Baxter, of Glasgow, return 11,520 horse-power: 
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FOREIGN ENGINEERING PROJECTS. 
WE give below a few data on several foreign engi- 

neering projects taken from the Board of Trade Journal. 
Further information on these projects can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, London, E.C. 

in. The Gaceta de Madrid notifies that tenders 
will be opened at noon on January 5, 1915, at the Direc- 
cién General de Obras Piblicas, Ministerio de Fomento, 
Madrid, for the execution of dredging works at the port 
of Alicante at an estimated cost of 283,038 pesetas (about 
10,880/.). A preliminary deposit of 14,152 — (about 
5401.) is required to qualify any tender. The conditions 
of contract contain clauses to the effect that at the first 
competition the material to be used will be confined, 
with certain exceptions, to products of Spanish manu- 
facture, but that in theevent of no decision being arrived 
at, a second competition, in which foreign products may 
be accepted, will then take place. In the latter event 
Spanish products will bave a 10 per cent. margin of 
preference over foreign. 

Brazil : The Diario Official, Rio de Janeiro, publishes 
a Decree approving the projects of the Great Western of 
Brazil Railway Company, Limited, for the construction 
of the Pesqueira-Flores section of the Pernambuco Cen- 
tral Riilway. The Diario also publishes a Decree 
approving the plans presented by the Compagnie Auxi- 
liare de Chemins de Fer au Brésil for the construction 
of an arch bridge and two metal river bridges on the 
Santa Maria-Porto — section of the Rio Grande do 
Sul Railway. The total estimated cost of these bridges is 
189,167 milreis (about 12,0007. ). 

Chile: The Diario Oficial, Seatings, publishes a Decree, 
dated September 30, approving the project of Messrs. 
Gibbs and Co. for the construction of a railway from 
Caleta Blanco Encalada to Cerro del Arbol. The line 
will be of metre gauge, and will have an approximate 
length of 252 km. (about 156 miles). The first section of 
the railway, from Caleta Blanco Encalada to the station 
of Lacalle on the northern section of the Longitudinal 
Railway, must be completed within a period of four years, 
and the whole line within six years from the date of the 
Decree. The project of Messrs. Dauelsberg and Co., for 
a quay, 246 m. (abcubt 267 yards) long and 10 m. (near! 
11 yards) wide at the port of Antofagasta, is also approved. 
Pians must be mted to the Ministerio de Hacienda 
within a period of three months from the date of the 
Decree, and the work must be completed within a further 
twelve months under pain of forfeiting the conce-sion. 
The Diario further publishes a Decree, dated October 6, 
granting a concession to Sefiores Domingo S. Paffetti and 
Tomas Mejique for the utilisation, at the rate of 2700 
litres (about 600 gallons) per second, of the waters of the 
Rio Gamboa, in the Department of Castro, for the supply 
of light and power to the town of Castro. Plans must be 
submitted for the approval of the Government within a 
period of twelve months from the date of the Decree. 

Tue Sourn Wags Coat Annvat, 1915.—This annual 
is edited by Messrs. Joceph Davies and C. P. Hailey, 
and is issued at the price of 7s. 6d. net by the Business 
Statistics Company, Limited, 12, James-street, Cardiff, 
and 20, Victoria-street, London, S.W. he present is 
the twelfth annual issue, and, like the preceding issues, it 
will prove of great service for reference purposes regurd- 
ing Welsh coal output, exports, and prices. It also 
contains information on wages questions, on the available 
reserves of all classes of coal in the different Welsh 
basins, &c. It is completed by a detailed index. 

COAL AND BriqueTres IN THE UnitTED States.—Two 
recent publications of the United States deal with 
** Coals Available for Export Trade” (Bulletin No. 76, 
United States Bureau of Mines, by V. H. Manning) and 
with ‘‘ Fuel Briquetting in 1913” (Paper II. : 2 of the 
United States logical Survey, by E. W. Parker). 
The Bureau of Mines tests all eoal for the Government 
and has developed new methods and rules for the pur- 
chase of coal, thanks to which considerable economies 
have already been realised. The exports of coal from the 
United States amounted in 1913 to 16,083,101 tons, of 
which 11,500,000 tons went to Canada and 450,000 tons 
to South America. The analyses are made on the basis 
‘*as received ” and on the “‘ dry coal” or ‘‘ moisture free” 
basis; the analyses determine volatile matter, fixed 
carbon, sulphur, and ash. The first publication men- 
tioned briefly describes the coals of the six coal-fields 
which export their produce ria Philadelphia, Baltimore, 
Newport News, Norfolk, Charleston, Mobile, and New 
Orleans. The fields are situated in the Allegheny 
Mountains, from Pennsylvania down to Alabama, and 
further west in Illinois and Kentucky; New Orleans 
is the port for this last coal-field. The fuel-briquetting 
industry of the United States is still in a very cay stage 
of development, the briquetted fuel being wanted for 
domestic use merely. The number of plants decreased 
by 2 (leaving 17) in 1913 ; the quantity of briquetted fuel 
decreased by 17 per cent., and yet increased in value by 
5.8 per cent. the 62,244 short tons of briquettes produced 
being valued at 240,643 dols. The materials utilised are 
anthracite culms or fines, semi-anthracite, bituminous 
slack, and carbon residue from works making gas 
from petroleum ; the binders are pitch (from coal- 
tar, water-gas and asphalt), or mixed binders of un- 
published compositions ; the carbon from oil-gas residue 
requires no binder. Two F sacamg which utilised coke 
breeze have remained shut down for the last two years. 
The second of the two pa we mention gives statistics 

brief notes on of the production in the different States 

CATALOGUES. 
Electric-Light Fittings. — The Wardle Engineering 

Company, Limited, of 196, Desmaaem, Manchester, have 
issued an illustrated catalogue and price-list of electric- 
light fittings for use with half-watt lamps. Among them 
are included fittings for shop-window and street-lighting, 
as well as bowl and other fittings for interior lighting on 
the semi-indirect principle. 

Tubes.—Messrs. Glover, Edwards and Oo., of 8, 
Laurence Pountney Hill, E.C., who are agents for the 
Page-Hersey Iron, Tube, and Lead Company, Limited, 
of Toronte, Canada, have sent us a list of tubes manu- 
factured by the latter firm. Butt-welded and lap-welded 
tubes are made in gas and steam qualities up to 10 in. in 
diameter, and sizes up to 6 in. in diameter, to British 
standard gauge and thread, are kept in stock in London. 
Prices are stated for these tubes, and particulars are 
ang of steel spigot and socket-pipes and tubular electric- 
ine poles. Some interesting photographs of the Page- 
Hersey ey ty te tube-making plant at Welland, 
Ontario, are also reproduced. 

Elevator and Conveyor Accessories.—From Messrs. 8. 8. 
Stott and Co., of Laneside Foundry, Haslingden, near 
Manchester, we have received a copy of their latest cata- 
logue of accessories for elevators and conveyors. Steel 
rollers and bearings for band-conveyors are first dealt with, 
and particulars are then given of tension-adjusting de- 
vices, travelling throw-off carriages, feed-hoppers, belting, 
and other accessories for conveyors of this type. Boots, 
heads, buckets, and other parts for bucket-type elevators 
are included in the catalogue, ther with plummer- 
blocks, shaft-couplings, friction-clutches, rope and belt 
pulleys, gear-wheels, and many other accessories for 
power transmission. The catalogue is very fully illus- 
— and prices are stated for most of the articles 
listed. 

Grinding- Wheels.—A useful catalogue and 
grinding-wheels has been issued by the Britis 
Wheel Company, Limited, of Tinsley, Sheffield. These 
wheels, which are sold under the trade name ‘‘ Bulldog,” 
are made by the vitrified, silicate, and elastic processes, 
and the abrasive materials employed are corundum, car- 
borundum, and ‘‘Electrundum.” The latter material, 
as its name implies, is a product of the electric furnace. 
[t is made by melting amorphous alumina, which cools 
intoa hard crystalline mass having excellent abrasive 
properties. Wheels made of ‘‘ Electrundum” are claimed 
to be especially suitable for all precision work, and for 
grinding alloy steels, hardened steels, &c. e cata- 
logue gives much information relating to the different 
qualities and grades of wheels manufactured, and states 
prices for plain wheels renging from lin. in diameter by 
+ in. thick to 36 in. in diameter by 5 in. thick. It also 
gives full particulars of cup wheels, cylinder-wheels, and 
special wheels for all types of grinding-machines. 

Crushing and Grinding Machinery.—We bave received 
from Messrs. Ernest Newell and Co., Limited, of Mister- 
ton, Gainsborough, an illustrated catalogue of crushing 
and grinding machinery manufactured by them and sold 
under the trade name “Lion.” Gyratory crushers for 
rock and ore are first dealt with. These are made in 
eight sizes, capable of crushing from 4 to 200 tons of rock 
per hour to pass through a 2}-in. ring. Particulars are 
then given of standard-tube mills for wet and dry-grind- 
ing, 1 mills for dry-grinding, red crushing-rolls, 
Carr-type disin tors, and revolving screens. A set 
of three rotary kilns, recently constructed for the Asso- 
ciated Portland Cement Manufacturers, is also illus- 
trated in the catalogue. These kilns are each 200 ft. 
long by 8 ft. 6 in. and 10 ft. in diameter at the burning 
zones ; their combined capacity is 3500 tons per week. 
On the same page the first rotary kiln erected in this 
country is illustrated. It was 13 ft. 6 in. long and 3 ft. 6in. 
in diameter; the contrast with the modern kilns is certainly 
striking. 

Steam - Fittings, Boiler - Mountings, 4c.—Messrs. 8. 
Dixon and Son, Limited, of Leeds, whose London address 
is 6, Laurence Pountney Fill, Cannon-street, E.C., have 
sent us a very useful catalogue of steam-fittings. boiler- 
mountings, &c. The catalogue, which contains 127 pages 
bound in paper-covered boards, with cloth back, deals 
with valves and cocks in gun-metal and iron, fusible 
plugs, unions, oil-boxes, lubricators, complete sets of 
boiler-mountings, water-gauges, test-cocks, whistles, fire- 
fittings, injectors, pressure - gauges, reducing - valves, 
steam-traps, &c. Special attention is called to Rennie’s 
patent stop-valves, which are suitable for use with high- 
pressure, low-pressure, and superheated steam. The 
valves are designed so that the seating is above the top 
of the valve y, & point which greatly facilitates the 
inspection of the seating when the cover is removed. It 
also enables any re-facing or grinding to be done very 
easily without removing the valve body from the pipe. 
Several other advantages are claimed for these valves, 
— it is an —_ me i may be 
repacked under pressure when the valve is y opened. 
Prices and full particulars of all the fittings are given in 
the catalogue, which is very conveniently arranged. It 
is provided with numerical and alphabetical indices, and 

with a thumb-index, which enables any section to 
be found instantly. 

Lathe-Chuck.—A pamphlet illustrating and describing 
the Coventry chuck has reached us from the makers, 
Mesrs. Alfred Herbert, Limited, of Coventry. This 
chuck is of the scroll type with three jaws, and it is 
clai to possess exceptional strength, so that the makers 
are able to guarantee it agai It is intended 
for heavy work on turret-lathes and automatic turning- 
machines. One of its most im * features is she 

rice-list of 
Abrasive 

vhe plants, 

usual radial slots for the jaws. In the Coventry chuck 
the — Sales te are ae bp rang owe 
are in y three sector- plates 
on to the body. The scroll is formed with a circular 
curve instead of the usual spiral, and thus both the 
inner and outer surfaces of the shoe at the back of 
the jaw-slide can be made to bear on the scroll for 
the whole of their width, instead of merely along a 
line, as is the case with a spiral scroll. By this means 
wear is practically eliminated. The pinions are made of 
chrome-nickel steel, and have a special form of tooth that 
is exceptionally strong ; it is claimed that they cannot be 
broken. The question of lubrication has been specially 
considered in the design of the Coventry chuck. In the 
ordinary scrolJ-chuck dirt and metal chips can enter the 
chuck body through the open jaw-slots, and thus an 
abrasive paste of chips and oil is formed inside the chuck, 
and excessive wear takes place. The working parts of 
the Coventry chuck are, however, totally enclosed, and 
proper means are provided for admitting and retaining 
oil, while dirt and chips are rigidly excluded. The jaws 
are reversible, and can be independently adjusted to 
hold eccentric or irregular work. ey may 
removed entirely, and the chuck used as an ordinary 
face-plate, the work being bolted to the chuck-face by 
means of the tee slots in the jaw-slides. In this way 
special chucking fixtures can also be bolted on to the 
pr oe Several other special features of these chucks 
are ref to in the pamphlet, which also gives dimen- 
sions and states prices for six sizes, ranging from 9 in. 
to 25 in. in diameter. 

Electric-Arc Welding.—The Anglo-Swedish Electric. 
Welding Company, Limited, of Wood Wharf, Greenwich, 
S.E., have sent us a pamphlet relating to the Kjellberg 
arc welding process. This process, which has been in 
operation on a commercial scale for the last ten years, is 
largely used for effecting repairs to marine and other 
boilers; but it is also useful for welding flanges and 
branches on to large steam-pipes, filling blow-holes in steel 
castings, building metal on to worn or defective machine 
parts, and other work of this class. According to the 
Kjellberg process, the electrode consists of a steel rod 
covered with a sheath of non-conducting material, which 
not only protects the fused metal from oxidation, but 
provides a means for making up the loss of certain con- 
stituents in the arc. The metal deposited can thus be 
made to have the same composition and physical pro- 
perties as the original article. Another important effect 
of the sheath is to reduce the temperature of the arc to 
but little above the melting-point of steel, thus practically 
eliminating the risk of burning the metal. The metal may 
be deposited vertically upwards or downwards, or inahori- 
zontal direction, which is obviously an important feature 
in connection with marine-boiler repairs. The pamphlet 
includes particulars of a large number of tests carried out 
by independent authorities to show the strength and 
ductility of the deposited metal, and also illustrates 
numerous examples of repairs carried out by the process. 
Among them are included marine boilers, stern-frames of 
steamers, tanks, crank-shafts, propeller-shafts, pistons, 
water-jackets, castings, and other parts. A particularly 
interesting example illustrated is a worm for the steering- 
gear of a steamer. The thread was badly worn on both 
sides to a depth of about ,'; in. below the original surface 
of the metal. New metal was added to the worn parts, 
and the worm was then turned up to its original size. 
Many similar repairs have, we understand, been carried 
out with satisfactory results. The company have a 
number of floating and portable plants for carrying out 
the process by their own workmen, and are also prepared 
to grant licences for the use of tho process to manufac- 
turers and others. 

ASBESTOS IN 1913.—Canada remains the chief source 
of asbestos, which it produces in increasing quantities ; 
but Russia bas also become of importance in this field. 
The Canadian asbestos comes almost entirely from the 
eastern portions of Quebec, from Thetford, Black Lake, 
and Danville. The total output in 1913 amounted to 
132,564 short tons, against 102,759 tons in 1912. The 
136,951 tons cold in 1913 averaged a price of 27.97 dols. 

r ton, the average price of 1912 being 27.95 dols. 
uring recent years Canada has always supplied more 

than 80 per cent. of the world’s asbestos. Of Canada’s 
exported asbestos, we see from Paper II. : 20 of the 
United States Geological Survey (compiled by J. 8. 
Diller), 103,812 short tons, valued at 2,848,047 dols.—+.c., 
83 per cent. of the whole exports—went to the United 
States, which are unimportant as an asbestos-mining 
country, but rank first in the manufacture of asbestos 
oods. The production of asbestos in the United States 
lecreased from 7604 short tons in 1911 to 4403 tons in 

1912, and to 1100 tons in 1913. All the asbestos of 1913 
came from two mines in Georgia and one mine in 
Arizona, the Chrysotile Asbestos Corporation, of 
Vermont, having been closed in 1913. The chief coun- 
tries importing manufactured asbestos into the United 
States are England (value of imported asbestos, 176,413 
dols. in 1913), Austria-Hungary and Germany, these two 
countries supplying together about as much as England ; 
Belgium comes next in order (value 28,616 dols. in 1913). 
The value of asbestos imported into the United States 
totalled 2,367,666 dols. in 1913; this figure is nearly 
double that of 1909, and comprises 378,961 dols. of manu- 
factured asbestos, which is subject to a duty ranging 
from 25 per cent. up to 40 per cent. The Russian ashestos 
comes chiefly from the Ekaterinburg district of the Ural ; 
the exports amounted to 18,138 short tons in 1912. South 
Africa and Rhodesia also supply asbestos. The parti- 
culars of J. S. Diller’s compilation on asbestos in the 
United States will interest mainly the geologist and 

derign of the chuck body, which is made without the prospector ; the manufacture is not dealt with, 
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The number of views given in the Specification Drawings is stated 
no case ; where none is mentioned the Specification is not 

Where inventions are communicated from abroad, the Names, é&c., 
of the Communicators are given in italics. 
— of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price 0, of 6d. 

The date of the advertisement of the mee of a Commie 
w Specification is, in each case, given after abstract, unless 

Fatent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 

the advertisement of the nce of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 

ELECTRICAL APPARATUS. 

21,0293. C. O. Bastian, London. Electric Glow- 
Lamps. (2 Figs.) September 17, 1913.—Thi:s invention relates 
to electric glow-lamps of the kind having a wire in spiral form as 
the radiating bcdy therein, and, according thereto, the wire is 
wound with the convolutions thereof only slightly separated 
from one another—i.e , the convolutions as close to one 
another as possible without being actually in electrical contact 
with one another, so that the wire is somewhat like a tube, and 
only capable of effective radiation from its outer surface. 
Numerous observations and experiments made by the applicant 
tend to show that the lif+ of a metallic filament in a glow-lamp 
depends on the sum of the molecular or atomic disturbances due 
to temp2rature on the one hand and current density on the 
other, and if the disturbance due to current density be reduced, 
then the disturbance due to temperature can be increased with- 
out necessarily increasing the total disturbance in the filament 
so long as the temperature of vaporisation is not attained. As 
compared with metallic-filament lamps as heretofore cons*ructed 
and operated at an effisiency of 1 watt per candle-power, accord- 
ing to this invention, the current density in the wire is reduced 
by suitably increasing the cross-section of the latter and arranging 
itin the form of a closely-wound spiral, whereby such closely- 
wound spiral may be operated at a temperature corresponding to 

a much higher light efficiency—e.g., an efficiency of 0.6 watt | nad 
Hefner candle- power, and even U.5 watt per Hefaer candle- 
power, over a p:olonged period, say, for 1 hours or there- 
abouts. Fig. 1 shows a wire arranged in tubular form, after 
having been removed from the mandrel, on which it has been 
wound, and with pieces of the wire left straight at f/,/. Fig. 2 
shows the invention as applied in a glow-lamp of the urdinary 
form, comprising a glass envelope at h, with leading-in wires at 
k Two “‘spirals” a. a! are here shown connected in series 
between the ends of the leading-in wires at the fused or welded 
or pressed joints c, cl, and these two spirals are fo ree and 
connected together at the fused or welded or pr joint d at 
the end of the wire g projecting from the = rod e. The un- 
wound or straight or straightened end portions of the “spirals” 
at f, f, f,f are specially provided for the purpose of keeping 
down the temperature at the joints a3 much as possible, which is 
very important in high-temperature lamps, as overheated jointe 
are frequently the cause of “‘ blackening” and premature failure. 
The spirals a, a' should be arranved between the joints c,d and 
cl, d respectively, after having been very slightly stretched, or 
after any other suitable means have been applied to only just 
separate the convolutions of the ‘“‘spirals” from one another. 
(Accepted September 30, 1914 ) 

19,919/13. F. Coates and J. Mirrey, Cleadon, and 
A. Reyrolle and Co, Limited, Hebburn-on-Tyne 
Transformers. (6 Figs.) September 3, 1913.—This inven- 
tion relates to electrical transformers, specially, though not 
exclusively, adapted for use in connection with what is known 
as the Merz Price protective system. According to this invention, 
it is desired to use transformers in which a smalier migneto- 
motive force is used than in transformers of what is known as 
the primary-bar type—that is to sty, transformers in which 
there is only one turn of the main current-carrying conductor. 

As itis not possible to wind a transformer with less than one 
Primary turn, various plans have been adopted to o tain an 
equivalent for this, such as the shunting either of the primary 
or of the secondary current, or the insertion of a resistance in a 
separate secondary winding. The use, however, of shunts and 
resistances is unsatisfactory, and for that reason the employment 
0! a transformer with an air-gap in the iron core has been sug- 
gested. Such single air-gap, however, renders the action of the 
transformer liable to interference from external sources, such as 
the magnetic field set up by neighbouring current-carrying con- 

Now the applicants have found that the drawbacks to the use of 
such an air-gap is due (at least in large — to the absence of 
symmetry av 4 by th’s gap. and they have overcome the 
difficulty so presented by employing what may be termed a 
“ distributed air-gap " transformer. In constructing such a dis- 
tributed air-gap transformer, instead of having a single air-gap, 
there is a number of smaller air-gaps so distributed round the 
iron core as to divide the latter into sections, so that the said iron 
core is symmetrically dividedup. By this means the interference 

scences, or dished-out portions d, d, whilst the bottom e of 
the meter is provided with a pair of similar excrescences or dished- 
out portions /, /, in line with the portions d, d. The bottom of 
the meter is also provided with sup; ng feet g, g, of any suit- 
able or well-known form. When the meter is in use with the 

Pigst Fig.2. 
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with the action of the transformer by the above- 
external eources is reduced. The invent‘on is illustrated in 
Figs. 1 and 2. Fig. 1 shows the transformer-core divided into 
four symmetrical sections 9, the air-gaps 8 being small. Fig. 2 
is a perspective diagrammatic illustration of a distributed —- 
transformer-core constructed under this invention, and in wi! 
there are five sections. 9 are the sections, as before, and 8 are 
narrow air-gaps as described. (Accepted October 14, 1914.) 

21,672/13. Marconi’s Wireless Telegraph Com- 
pany, Limited, and R. N. Vyvyan, Lon Con- 
densers. (6 Fiys.) September 25, 1913. The object of this 
invention is to provide improved connections for electrical con- 
densers, especially such as are used in wireless telegraph trans- 
mitting appa~stus. In large d 3, especially those em- 
ployed in wireless telegraphy, it is of great importance that the 
oscillation constants of ail the individual portions of the con- 
denser-bank shall be as nearly as possible the same, in order that 
surging currents may not be set up between different rows of 
condenser-jars. It is also important that the inductance of the 
pr:mary circuit outside the jigger should be reduced to a mini- 
mum, in order that as large a proportion of the total inductance 
in the circuit as possible be in the Jigger. With these objects, 
the unite of which the whole condenser is composed, and 
which con-ist of a few, say three, condenser-jars @ in series, 
are connected to the main bus-bars b, )! by connections which are 
identical in every respect. The bus-bars are made of thin copper 
strip, affording a large surface area for the of the oscil- 
lating currents, and the main and return cumeclinn to any one 
point in the condenser circuit are kept strictly parallel to one 
another, and as close together as possible, taking into considera- 
tion the voltage and the nature of the insulation utilised. The 
adjacent terminals of the jars in a unit a-e connected together by 
means of stra'ght pieces of copper strip f, the inner terminal 
being connected to the bus-bar b!. This c»pper strip is covered 
by a porcelain insulator c of }{ section, th e ends of which are 

we 
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recessed back as at g, to prevent leakage. The long copper 
strip f1 from the outer terminal to the bus-bar b lies in this ia- 
sulator, and is thus brought as close as possible to the connect- 
ing pieces between the condensers without any dan of flashing 
over. The distance between the long copper strip f! and the 
interconnecting J is also kept constant in all the con- 
densers, thus yaya | the surging spoken of above. The 
whole condenser is usually made up of eight nests, each consist- 
ing of a number of units of three condenser jars in suries. Fig. 2 
shows a condenser composed of eight neste of jars connected to 
a jigger d, each nest comprising 16 units, like Fig. 1. It is of the 
utmost importance that the circuits from the points A, where 
all the main bus-bars }, lb! unite to the nests themselves, shall be 
exactiy identical in order that surging currents may not be set 
up between the nests, where, of course, they would be of much 
Sangre magnitude than between separate unite. The main bus- 

ars are rigidly held at a fixed distance apart by means of porce- 
lain insulators i suitably supported, so that the inductance in 
the main bus-bars may constant. Since the rotating disc is 
that part of a wireless telegraph transmitter which is most likel 
to break down, the applicants usually connect a condenser ban 
to tw) discs ¢, el, either of which may be used. The connections 
to the discs are ilentical, and the disc connections are joined 
to exactly similar points on the main bus-bars in order that there 
may be no change of wave-length when one disc is changed for 
the other. A slightly inductive link may be used in conjunction 
with one or the other of the discs in order to correct any slight 
differences in wave-length. (Accepted October 14, 1914.) 

GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

27,411/13. T. Fox, and James Milne and Son, Ltd., 
Edinburgh. Gas-Meters. (2 Figs.) November 28, 1913.— 
This invention relates to gas-meters, and it has for ite object to 
improve the construction of the walls or casings thereof. In 
dry gas-meters as  apeeny constructed the casings are made 
in standard sizes, are adapted for use with standard dia- 
phragms of correspending sizes. Under the present invention 
the meter casing is so made that diaphragms of different sizes 
may be used therein, so that the casing may be utilised for meters 
of different capacities a& required. Instead of making the sides 
or walls and the bottom of the meter casing flat in the usual 
manner, such parts are formed with segmental excrescences in 
line with each other, so that the interior of the meter casing is 
provided with enlargements or recezses, is capable of 
accommodating pe = of greater diameter should such be 
required. The back and front walls a, b of the meter are of the 

ductors or the conductors leading to and from the transformer. usual form, and the sides ¢ are each made with a pais of excre- 

if 
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larg2r capacity diaphragms, the leather sides of the diaph 
extend into the recesses in the meter sides and bottom each time 
such diaphragms are collapsed. In Fig. 1 the dotted circle I re- 
presents the collapsed position of the capacity dia 
phragms, whilst II represents the same position for the larger 
capacity diaphragms. (Accepted September 80, 1911.) 

25,632/138. W. P. Clyde aud Dobbie MolInnes, 
Limited, Glasgow. Internal-Combustion Engine 
Indicators. [8 Figs.) November 19, 1918.—This invention, 
which relates to improvements in and connected with internal- 
combustion indicators, has s reference to the revolving 
metal arm and bracket, and has for its object to construct such 
component of the indicators as to make a more rigid fixing 
than heret , and to prevent the cover becoming loose when 
the piston is detached from the motion. According to this 
invention, a double bracket is formed on the revolving arm having 
an opening for carrying the parallel motion, and open at one end 
or closed at both ends, and a ximately of semi-circular forma- 
tion, On the revolving metal arm A, which carries the parallel 
motion B, is formed a double bracket O, or, as shown in the 

drawings, a s>lid bracket with an opening D, but which bracket 
may be closed at both ends ©!, C2, and of approximately semi- 
circular formation, as shown in Fig. 1, Or open at one of the 
ends. The dual pivotal connection having a large transverse 

effects of strain, produced” priccipally st hprece ron the e 8 n produ prioc at ure on 
paralle! motion B, with consequent trition, there vitiating the 
accuracy of the instrument which is experienced fn the present 
form cf a single overhung bracket. Ye Be the construction 
of the bracket CO, the cover which holds the of the bracket in 
position whil-t loose, and easily accessib'e for adjusting purposes, is 
prevented from falling out when the cylinder-cover G and - 
rod E are unscrewed for purpose of changing the spring F. 
(Accepted 30, 1914.) 

29,089/13. T. R. Wollaston, Manchester. Producer- 
Gas Generators. (2 Figs.) December 17, 1913.—This inven- 
tion relates to improvements . ae generators, and 
particularly in the arrangement construction of that part of 
the apparatus which generates the steam or vapour required in 
the process of Fe ee the producer-gas. The invention com- 
prises the combination with a producer. generator, of a rotary 
or oscillatory boiler or water-vaporiser having depending hollow 
members projecting downwardly into or upon the fuel-bed in the 

0 

~ 
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producer and adapted to act as stirrers and distributors of fuel 
as well as abstractors of heat from the burning fuel and the top 
of the ucer. a designates the produ ver or generator of auy 
sui known type other than that of a suction-gas plant ; b its 
fire-brick lining ; ¢ an outer casing or jacket; da poke-hole, of 
which there may be any convenient number ; ¢ the fuel-feed chute; 
f the producer-gas outlet ; g the water-lute and ash-pit; h a pipe 
connecting the bottom the annular or other space of 
a ¢ to the bottom of the fuel-badin the generator a up which 
t extends to any height desired ; i the boiler, provided with wheels 
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@ arranged to run upon a circular rail track j when the boiler 
is slowly rotated (or oscillated) by worm-gearing or other suitable 
gearing; k the combined hollow members and stirrers, in this 
case hows as a series of Perkins tubes; /a vertical poke-hole 
extending through the boiler, and of which there may be any con- 
venient number ; m the sand or water -lute, to make a gas-tight 
joint between the rotating boiler ¢ and the stationary generator 
a; na stuffing-box, p! centrally on the boiler i, and in which 
are fitted the water-supply pipe o for feeding the boiler, and the 
steam-outlet pipe p connected at the other end to the steam 
space of the outer casing or jacket c,and also provided witha 
branch for connection to a safety-valve as well as an injection 
nozzle. In this arran ent, steam from the branch p of the 
boiler ¢ passes through the injection nozzle, inducing thereby 
and mixing with the requisite supply of air to the superheatin; 
acket c of the producer previous to its discharge to the tuel-bed 
y these means the necessary air and steam are supplied for the 

production of gas, and by abstracting heat during passage through 
the superhea' jacket undue temperatures ‘n the fuel-bed are 
avoided. The slow rotation or ceciliation of the boiler i causes 
the depending tubes k, or other hollow members, to act as fuel- 
distributors as well as stirrers or agitators, in addition to their 
normal function of abstracting heat from the burning fuel and 
the top of the producer and transmitting the same to the water 
in the boiler i, whereby they serve to moderate the tendency to 
excessive heat in the producer as well as assist to raise steam in 
the boiler. (Accepted September 23, 1914.) 

20,005/13. W. Morgan and E. B. Wood, Bristol. 
ternal-Combustion Engines. [1 Fig.) September 4, 

1913.—This invention relates to the valve-gear of internal-com- 
bustion engines, and has reference to engines where a sliding 
ring-valve is actuated from the engine crank-shaft. The present 
invention consists in the combination of a sliding po ag for 
controlling the inlet and exhaust ports of the cylinder and 
harmonic motion mechanism for actuating the ring-valve, the 
said mechanism consisting of two levers ted ona 
shaft, a double cam between these levers, a roller journalled in 
each lever, a spring-loaded coupling for maintaining each lever 
normally in the same position relatively to the other, but per- 
mitting of a certain amount of relative motion between them 
when the mechanism is strained and a coupling between this 
mechanism and the valve. In the accompanying drawing, a and 
bare the two cams mounted side by side on a common shaft c. 

Working against the cam is a rollerd. This is journalled in a 
cranked arm ¢ in which it is partially housed. From the arm e 
motion is transmitted to the sliding-valve by alink f. Working 
against the cam } and journalied in an arm A, in which it is par- 
tially housed, is a roller g. This arm h and the cranked arm ¢ 
are ted on a pivot j. The two arms e¢ and A are 
maintained in fixed relation, each to each by a bolt & and nut 1. 
Difficulty is found in making parts so accurate’y that these 
results can be obtained readily. To obviate these difficulties a 
very strong spring m is connected between the nut land the arm 
h. This spring is practically quiescent at all times. By the 
means described above, a positive periodic intermittent motion 
is obtained, and can be imparted to the valve from the red f by 
any suitable means, thus sensible and positive arrest of the ring- 
valve ye and explosion is attained. (Accepted 
September 23, 1914 ) 

662/13. Triumph Cycle Company, Limited, and 
ov. Hathaway, Coventry. Internal-Combustion 
Engines, [3 Figs) October 30, 1913.—This invention relates 
to washer devices used for Peas leakage of oil past the 
bearings of rotating shafts, and it has for its object to provide a 
simple self-contained washer-device, ready for application to an 
engine, which will prevent leakage, even in cases where the pres- 
sure on one side of the washer fluctuates, such as is the case in a 
two-stroke internal-combus‘ion engine of the crank-case com- 
ression type. According to this invention, the washer ‘s secured 
»y rivets or the like to a ring. The ring protects the washer, 
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and the ring and washer can be assembled ready for fitting to an 
engine. A washer A is annular and of leather or other slightly 
flexible, yet fairly tough, material. The inner B is dis- 
torted, and the washer is secured to a carrier ©, as by rivets or 
screws. The washer in place in the carrier can then be used 
where uired, In the case shown in Fig. 1, it is provided with 
a dowel-pin E which engages a notch in the crank chamber, and 
the inner edge B of the annular washer contracts on to the crank- 
shaft X. As wear takes — the leather tends to take its 
original flat shape, so that it maintains its grip and leakage is 
prevented. (Sealed December 17, 1914. 

MINING, METALLURGY, & METAL-WORKING. 

1930/14. Mavor and Coulson, Limited, and 8S. M. 
vor, Glasgow. -Cutters. [10 Figs.) January 21, 

1914.—Bars, discs, and the like, hereinaf_er referred to generally 
as cutter members of machines, particularly adapted for use in 
mining coal, to which this invention refers, are provided with 
cutters, each cutter consisting of a cutting-head extending from 
a shank, and the cutter-members are formed with sockets for 
receiving the shanks of the cutters. Shanks and sockets for 
cutter-members for this purpose have in some cases been rect- 
——, or approximately rectangular, having at least two flat 
sides parallel and of material width, or circular in cross-section. 
By adopting the rectangular, or approximately rectangular, form, 
rotation of the cutter about the axis of its shank is prevented ; 
but in the case of shanks of circular cross-cection, this rotation 

Fig.t. 
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has, for instance, been prevented by providing the shank with a 
key to engage with a way in the socket, or by forming the head 
with shoulders to engage with recesses in the member. Accord- 
ing to this invention, a shank and its socket in cross section are 
each of oval, or substantially oval, form; for example, it may be 
elliptical. The shanks and sockets of cutters, according to this 
invention, may be arranged with the major axis of the cross- 
section in any direction ; for instance, in some cases the major 
axis may be in alignment with the direction of motion of the 
cutter, or it may be at right angles thereto. A designates the 
cutting head, and B the shank of the cutter. The shank of the 
cutter, as shown, is tapered, and in cross-section is of eubstanti- 
ally oval form, and the major axis of its cross-section is in al gn- 
ment with the direction of motion of the cutter. (Accepted 
October 14, 1914.) 

MOTOR ROAD VEHICLES. 

11,518/14. The Lacre Motor-Car Company, Limited 
(in Liquidation), and J. 8S. Drewry, Letchworth. 
Motor d Vehicles. (2 Figs.) May 9, 1914.—This inven- 
tion has for object to provide an arrangement of friction-gear 
whereby the power developed by the engine of a motor vehicle 
can be utilised for lifting and lowering loads from the platform of 
the vehicle or other places, for driving or turning machines or 
appliances arranged on the chassis or elsewhere, and for various 
other purposes. According to this invention, t!e arrangement 
comprises a reversible friction drive on the main shaft of the motor 
or ashaft driven therefrom, means whereby the sa'd drive can 
engaged to drive in either direction or disengaged, and a reducing 
gear for transmitting the drive from the friction-gear to the 
winding-gear or ine or appli to be driven. a, a! are a 
pair of f ce-friction wheels attached to a sleeve ) mounted to slide 
on and to rotate with a shaft c, which is preferably the main 
shaft of the motor, but may be ashaft driven from the main shaft, 
and d is an edge-friction wheel arranged between the face-wheels 

a,ai,and against the edge of which a face of one or other of 
ese wheels can be pressed to drive it in a corresponding direc- 

tion by means of a hand-lever e adapted to slide the > em b 
on the shaft c. The fulcrum of this lever is connected by a link f 
with a gear-box g, having arranged within it any suitable reducing- 
gear, the gear shown consisting of a worm A on the same shaft i 
as'the edge-friction wheel d and a worm-wheel j on a shaft k, 
which also carries a winding-drum. The friction-gear can be 
operated as described whether or not the vehicle is being pro 
pelled, whilst the arrangement described possesses the further 
advantages that the hand-lever ¢ being connected with the gear- 
box gin which the shaft i is journalled, the strain due to the 
pressing together of the wheel d and the wheel a or a! is taken u 

the link f and the gear-box, and the shaft c is free from end- 
rust or strain which might interfere with its action asa driving- 

shaft ; whilst, moreover, being a friction gear, it will slip under 
undue strain, and thus prevent the transmission of excessive 
= tea) a deadlock arise from any cause. (Accepted Octo- 

r 14, 1914. 

3139/14. O. D. Nortb, London. Motor Road 
Vehicles. (6 Figs.) February 6, 1914.—This invention relates 
to cantilever springs such as are used on motor road-vehicles, and 
it has for its object to provide simple means whereby the spring 
effect is adjustable to suit different loads or different conditions. 
The cantilever spring to wh‘ch this invention is particularly 
applied is attached at one end to the axle and at the other end 
to the vehicle frame, whilst at some intermediate point it is 
pivoted to the frame. By the present invention the central 
pivot or fulerum is adjustable longitudinally with regard to the 
spring, so that the ‘‘rate” or stiffness of the spring can be 
varied, either automatically or otherwise. In spring suspension 
of this kind the spring A is sometimes attached directly to the 
frame B at the point A°, but it is more usually attached to a 
shackle pivoted to the frame. In either case the rear end of the 
spring is attached to the axle A‘, and the load on the frame bears | withi 
downwards on the — at or near its centre. Usually the 
spring is pivoted to a Let on the frame at this point, and the 
point of this pivot is a fixture on the vehicle. It is, however, not 
actually necessary that the spring be pivoted to the frame, as the 
load is always in the same direction. It suffices in many cases 
that the frame reste upon the spring at a certain point, which 
may be termed the fulcrum of the spring. In the construction 
shown, there is carried by the frame a bracket consisting of a pair 
of open-sided triangular plates C, which lie one on each side of 
the spring A. of these is formed with rack-teeth C? en- 
gaging pinions D on a short shaft or pin E. The piniors are of 
the knuckle type. The short shaft E also carries a roller F, 
which bears upon the top of the spring A or upon a clip F which 

surrounds the spring, and is adapted to move against suitable 
bearing surfaces F2 formed of fibre or like material carried by the 
plates C. These plates C are connected together beneath the 
spring by a bolt passing through the aperture C%, and a stop 
C+ is arranged on the p'ates. Normally the frame rests upcen 
the springs through the medium of the rollers F at each side of 
the vehicle ; but it will be clear that if the frame were lifted con- 
siderably, as ht happen on a very rough road, the spring 
might pass out of the space between the plates O. The stop C4 is 
ee to prevent this. If the shaft E is adjusted along the 
rack C2, the position of the fulcrum-pin E with re; to the ends 
of the g is altered, and therefore the “rate,” or stiffness, of 
the spring is varied. It is merely necessary there fore to rotate the 
shaft Eto effect adjustment. This, by the engagement of the pinions 
D with the racks O2, causes the shaft to move bodily along the 

Fig.1., 
— 

rack, the roller revolving on the top of the spring. By employing 
pinions of the knuckle-tooth type the shaft vibrates as it moves in 
relation to the rack, the distance between the plane of the rack 
and the axis of the shaft varying as each to>th is passed. Under 
load the pinion autcmatically tends to rest in the pos‘tion shown 
in dotted lines at D in Fig. 1, in which two teeth are in engage- 
ment with the rack. For the pinion to move, the frame must 
rise slightly. In this way the tendency for the pinion to revolve 
of its own accord is obviated. The shaft has fixed to it a nut or 
other suitable surface G, which enables it to be rotated, and, if 
desired, a grease-cup may be employed to lubricate the tearing 
parts. In this construction it will be clear that it is merely 
necessary to fix a spanner on to the nut G and to rotate this, 
thereby moving the fulcrum-pin along the spring. (Sealed De- 
cember 17, 1914.) 

TEXTILE MACHINERY. 

1831/14. Wilson Brothers’ Bobbin Company, Li- 
ited, and T. S. Wilson, Liverpool. Shuttle-Pegs 

or Tongues. (3 Figs.) January 23, 1914.—This invention 
relates to improvements in the pegs or tongues of shuttles used 
in looms for weaving. A shuttle-tongue or peg, according to this 
invention, comprises a solid tongue or peg, welded, brazed, or 
otherwise secured in a hole in the metal block or head, having a 

> _ 

— 
a Fig. ?. 

|; 6 c 
a 

it _— | 

(1831) 

aa 

saw-gate cut longitudinally from the free end to within a conve- 
nient distance from the block, where it terminates in a curved or 
pom pe line, so as to leave a strengthening web of metal at the 
end of the cut. a designates the block or head of metal ; b the 
solid tongue or peg ; c the saw-gate cut longitudinally in the sold 
tongue or peg from the free end down to the curvilinear line ¢. 
(Accepted October 14, 1914.) 

26,751/13. The Bradford Dyers’ Association, Ltd, 
and J. Thornber, Bradford. Calendering Rollers. 
(6 Figs.) November 21, 1913.—In machines used in the treat- 
ment of fabrics, as, for example, in those for carrying out dry- 
ing, calendering, and like operations wherein the fabric has to be 
kept in a state of tension, ithas been found essential that the 
fabrics should be kept in a stretched condition, with the weft 
threads as nearly as possible at right angles to the warp threads, 
and that throughout the whole lengths of the paths which they 
follow when under treatment. To attain this object it is neces- 
—7 to thoroughly secure the ends of the fabrics to the beam or 
roller, and that by means which shall grip the fabric evenly 
throughout its entire width. It is also necessary that such 
gripping device should, on the end of the fabric being reached by 
the unwinding of same from its beam or roller, readily release its 
gripping effect and permit the fabric to freely leave its position 
on the Coam. At the eame time the gripping devices must be of 

Fig = Fig2 ,, 
< I lh” ¢ +) 4 

en ) Js 
(26751) 

such a character as to readily enable the attachment of the end 
of the fabric to the beam, as well as its ready detachment. 
According to this invention, a rod is pivoted relatively to the axis 
of the coe, so that the rod may move wu its pivots to lie 

n or to move outof a groove made longitudinally in the said 
roller. The roller or beam } is provided with a groove or furrow 
ce extending lengthwise of an arallel with the axis of the 
beam, in order t a red d may lie lengthwise in the groove to 
rip the fabric in manner well known. The rod d is pivoted at 

| its outer ends d}, d2 in such position eccentrically on the beam 4 
as to enable it to be moved into or out of the groove c. Thus, by 
| having it in this latter ition, and placing the fabric between 
it and the roller } when the winding is commenced, the end of the 
fabric is securely held against the roller by the rod turning over 

| into the groove and gripping the end of the fabric, the tension on 
the fabric in this manner tending to keep its attachment to the 
roller so that it is held firm'y in position. (Accepted October 7 
1914.) 
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EXTENSION OF MESSRS. BOLCKOW, VAUGHAN’S STEEL WORKS; 

TELPHER RAILWAY AT BLAST-FURNACES. 
(For Description, see Page 3.) 

Fic. 1. Tetraer Car 1n Position ror DiscHARGING CONTENTS INTO GeweraL View or RUNWAY BETWEEN KILNS AND 
Buast-Furnace Sxktp-Buckert. BuNKERS. 

tITITELLITTT 

et _— ’ i 

Fic. 3. Generat View or Tetener Cars ; Taarcer-Car 1n Posttion to Receive Ironstone FROM CALCINING-KILNs. 

(To Face Page 2.) 
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PLATE IV. ENGINEERING, January 1, 1915. 

EXTENSION OF MESSRS. BOLCKOW, VAUGHAN’S STEEL WORKS. 

(For Description, see Page 3.) 

Fic. 9. Tae Merattocrapatic anp Paysicat Researcn Lasoratory. 

(To Face Page 3.) 
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THE ASSESSMENT OF DAMAGE TO 
MARITIME WORKS. 

By Ernest Latuam, Assoc. M. Inst. C.E., 
A.M.I. Mech. E. 

Civ engineers have frequently to deal with the 
reparation of marine structures damaged by storm 
or collision, or which are in disrepair from want of 
proper maintenance. When insurance questions 
are involved, their services are required more 

The purpose of the present article is to give such 
references and data in general form as may be from 
time to time of assistance in the future. 

The consideration of the subject necessitates a 
— classification of works, and the following 

been adopted :— : 
1. Piers, wharves, jetties, and bridges, con- 

structed in :— 
(a) Steel or iron. 
(b) Reinforced concrete. 
(c) Timber. 

Fie. 1. 

ELEVATION (LOOKING DOWN STREAM). 

(agate) 

=, Sandbox & 
Packing ™ 

-83.00(1 abt.) 

Fies. 1 tro 3. THe Reparrinc or WanpswortH Bripes. 

especially in connection with claims, the equitable 
settlement of which is the immediate concern of 
both owners and insurers. In cases where settle- 
ments are effected on a cash basis, the surveyor’s 
task carries with it considerable a as 
the form and extent of the claims put forward by 
his cliente are largely dependent on his advice. 
Should his estimates be referred to arbitration, or 
become the subject of an action in the High Courts, 
they are more than ever subject to criticism in 
detail. The preparation, therefore, of such esti- 
mates requires great care, and calls either for 
previous experience in assessment work of this 
character or, at least, access to data not always 
ready to hand, 

2. Harbour works, docks, &. 
3. Sea and river walls :— 

(a) Constructed in masonry or concrete. 
(+) Earthen embankments. 

The first of these three divisions covers by far 
the largest field, including, as it does, in addition to 
many important structures owned by Corporations 
or other public bodies, the numerous privately- 
owned wharves and jetties which abound in the 
confined navigable waters of the principal English 
rivers. Such works are, of course, peculiarly 
liable to damage from passing shipping, or to 
accidents arising from errors of judgment in the 

| berthing of vessels alongside. 

Street anp Iron Structures. 

Experience goes to show that the extent of 
damage to steel or iron structures is usually less, and 
the assessment easier, than in the case of similar 
works construcced in reinforced concrete. Where 
steel piles are concerned there is generally little 
danger of actual fracture of the pile due to col- 
lision, failure usually taking place at riveted or 
bolted joints between the pile-heads and super- 
structure. When a steel pile in the immediate 

Fig.2. ' 80 Tons Load Maz. 
eS! 6: Lower Flange of Main.LatticeGirder 

|_| > (6) Moment of Resistance 
due to Friction of Rollers 
Sm 

Tone. 

258 Tons (approx) 

. (e700 Foot tone 
Y | ' F ed . 4 

ie F 
(a) 

| at Rive Jint i Rivets at 3'Pitchv. 

tee Mea 
(4142.8) | 

vicinity of the damaged portion of a steel structure 
is observed to remain true to ition and line 
above low-water level, it is practically certain that 
no fracture has occurred below ; this cannot be said 
to be equally true of reinforced concrete. 

A steel or iron structure lends itself readily to 
the erection of a contractor's temporary staging, 
and the ir work is usually rapid. On the 
other hand, very careful attention must be paid to 
the general condition of the work. Unfortunately, 
it is only too common to find steel or wrought-iron 
piers sadly neglected, and therefore corroded to an 
appreciable extent, ‘‘ condition” being, of course, 
a most important consideration where questions of 
valuation are concerned. 

It must always be borne in mind when dealing 
with collision cases that although a structure may 
be old and in bad repair, the owner is entitled to 
its reinstatement after damage in such a manner 
that it is left in as good condition as before the 
accident. It will be obvious that in the case of old 
steelwork, any ctenee, 6 patching piecemeal 
cannot be said to fulfil this requirement, and, as a 
result, the owner is usually successful in securi 
repair work which gives an appreciable increase o 
strength to the structure, the structure, as a whole, 
being left in better condition than before the 
collision took place. In many respects reparation 
in steelwork is an easier operation even than in 
timber, though necessarily not quite so rapid. 

Under the ——s of ‘* Steel and Iron Struc- 
tures” may be cited the following instances :— 

(i.) 8.8. Wandle in collision with Wandsworth 
Bridge, June, 1912. 

(ii.) Reparation of piling, Clacton Pier, 1914. 
(iii.) Sailing ship General Foy in collision with 

coaling-tip, Port Talbot, November, 1910. 
(iv.) 8.8. White Heather in collision with swing 

bridge at Poole, Mareh, 1908. 
(v.) Barge Bassildon in collision with Southend 

Pier, December, 1913. 
The above are dealt with seriatim below :— 
(i.) Wandsworth Bridge was completed in 1873, 

to the designs of the late Mr. J. H. Tolme. The 
bri consists of wrought-iron lattice girders in 
continuous form, carried on piers, each consisting 
of two wrought-iron cylinders, 7 ft. 6 in. in dia- 
meter, filled with mass concrete, and at 30-ft. trans- 
verse centres. There are five spans to the bridge, 
the central spans being 134 ft. each. The cylinders 
in each pier are attached er at the top by » 
small transverse lattice girder, riveted direct to 
the shells of the cylinders, which at their heads 
are only ,'; in. thick. The s.s. Wandle struck one 
of the mid-stream columns with her bow, 
and displaced it 5 ft. 6in. to the south 1 ft. 6 in. 
to the west. The cylinder was found to be frac- 
tured 46 ft. below the lower boom of the main 
lattice girder, leaving a length of 18 ft. standing: 
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vertical in the clay below the river bed—i.e., to 
foundation level. mination of the main girders 
showed no adequate provision to have been made 
against their lateral displacement by ible col- 
lision from river craft. The piers of the bridge 
were and still are unprovided with dolphins, or 
any form of protection against collision, and it is 
remarkable that no accident had previously 
occurred during the forty years of the bridge's 
existence. 

Repairs were effected by the London County 
Council, and the laborious method was employed 
of sinking a cast-iron caisson, 16 ft. in diameter, 
through the Thames ballast into the clay to a level 
of — 33 Ordnance datum, and ing same up 
above Trinity high-water to a level of 16 Ordnance 
datum. The wrecked column was ultimately 
plumbed inside the caisson and the fracture re- 
paired. To protect the reconstruction works from 
collision, a temporary diamond-shaped ‘‘ island ” 
was constructed in the river, comprising twenty- 
eight timber piles provided with floating booms. 

e photograph (Fig. 1) shows the bridge under 
reconstruction. 

Calculation showed the total weight of the column 
damaged to be 175 tons, and the weight of the dis- 
siseell rtion to be 122 tons. The column was 
struck ft. below the under side of the main 
girder, and considerations as to the strength of the 
column led ta the definite conclusion that had the 
collision been caused by a barge of only 100 tons 
displacement, drifting on a 24-knot tide, a similar 
result would have occurred. Fig. 2 illustrates in 
diagrammatic form the stability of the column, 
from which the force of the blow necessary to over- 
come its stability is apparent. 

The ultimate cost of reparation was 42471. 
This is one of the few and, consequently, inter- 

esting cases in which the force of impact could be 
ascertained within reasonable limits of accuracy. 
An important deduction from this collision is the 
great disparity existing between the cost of 
repairing such a column as against the initial cost 
of construction. The main girders had to be carried 
during reconstruction on two temporary stagin 
erected on either side of the dai - Ben a fn 
the manner indicated in Fig. 3. It is an open 
question whether the method of repair ad 
was the cheapest that could be undertaken, and, at 
the time, on this point a considerable difference 
of opinion existed between the experts called in 
to represent the ies concerned. 

(ii.) The work at Clacton Pier is interesting as 
an illustration of certain advantages which cast-iron 
and steel reparation possess over timber. Fig. 4 
illustrates a normal cross-section of the pier-head. 
The original structure comprised the 12-in. by 
12-in. raking piles of Memel fir shown in the 
centre of the bay. The pier-head was subsequently 
widened to the extent shown on the cross-section, 
and a pavilion constructed thereon, of which the 
outline is indicated in the figure. Certain steel 
piles were driven to carry the stanchion loads of 
this pavilion, but no provision was made at the 
time to carry the floor load in the event of decay 
in the piles beneath. The raking piles referred to 
were driven in 1878, and at an inspection made in 
February, 1914, they were found to be seriously 
decayed at low-water level. 

In advising the Coast Development Corporation, 
owners of the pier and of the well-known Belle 
steamers, it was necessary to recommend resort to 
screw piling with superimposed cast-iron columns 
to carry a steel girder longitudinally down the 
centre line of the pier-head. Any idea of employing 
reinforced-concrete piles had to be abandoned, 
because of the difficulty of driving and manipulating 
in the confined space below the deck. For the same 
reason the employment of timber piles was impos- 
sible, as the pavilion was in constant use, and the 
deck could not, therefore, be lifted to secure the 
necessary headroom for driving. With cast-iron 
screw piles, however, it was | to be prac- 
ticable to employ a screwing length of 16 ft., and 
to include a screw with a blade of 3 ft. 6 in. 
diameter ; above the screwing length each column 
was carried upwards in two short 8-ft. le 
sections, and bolted together. The t 
section of this work was completed in July last, 
and the cost worked out to about 1071. per pile, 
including girder-work and saddles to carry the 
pitch-pine deck-bearers. 

As screw piling is frequently resorted to in 
reparation work, it may be of assistance to indicate 
the best form of blade to employ. Figs. 5 and 6 

represent a common form of blade with two con- 
volutions. This form possesses the advantage of 
screwing absolutely true in most foundations, but 
if used in a clay bed or gravel where boulders are 
likely to occur, there is no escape upwards for the 
latter, and it then becomes im ible to screw 
the pile to its specified depth, while the penetra- 
tion reached may be insufficient to support the work- 
ing load. Figs. 7 and 8 illustrate the type of blade 
employed at Clacton. This blade has only one 
convolution, and, as shown in plan, the cutti 
edge is cleared well away and the heel ‘‘ back 
off.” This gives great facility in screwing, and is 
the form to be recommended for most c of 
reparation work. It , however, one dis- 
advantage, and that is that the screwing has to 
be carefully watched, as there is a slight tendency 

id 
Fig. 4. PAVILION 

e to asteel strut caused by a colliding vessel. 
The Dock Company ultimately scoupted “L30. in 
settlement, and on this basis the reconstruction 
cost may be ed as working out at 21. Os. 8d. 
per foot run. e damage extended to the angle- 
iron bracings attached to the leg, and therefore 
the above figure is useful as one including the 
making good of such attachments and the erection 
of the necessary temporary staging for effecting 
repairs. 

(iv.) The swing bridge at Poole Harbour was 
run into by the s.s. White Heather on March 6, 
1908, and suffered extensive damage. The bridge 
was constructed in 1885, of iron, with protective 
piling and dolphins in timber. The reparation 
work in this case included principally the screw- 
ing of eight new piles, constructed in mild steel and 
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for the single-bladed screw to ‘‘creep.” A further 
important advantage by screw piling 
is the small deck area occupied by the driving 
plant, and the fact that by the judicious use of 
snatch - blocks between the capstan and winch, 
several piles can be screwed without moving the 
plant. e work at Clacton was carried out using 
a deck space of only 25 ft. by 25 ft., and the 
normal traffic of the pier was not interfered with 
in any way. 

(iii.) Cases of vessels colliding in dock with 
aling - tips are of common occurrence. The 

sailing ship General Foy, after leaving dry dock, 
in coming —— at Port Talbot on November 
22, 1910, fouled the — diagonal leg of the tip, 
which in this case was 64 ft. long at a point 24 
above water-level, buckling the leg to the extent 
of about 8in. The leg was constructed of mild- 
steel plates and angles in four sections, each 16 ft. 
long, the face-plates being 9 in. wide and the side 
plates 12 in. wide hem per y Reconstruction 
necessitated the rem of the entire leg and the 
replacement of the damaged section 
This accident may be taken as a typi 

a new one. 
example of 

cast iron, the withdrawal and re-driving of three 
greenheart 14-in. by 14-in. by 40-ft. piles in one of 
the dolphins, and five pitch-pine 12-in. by 13-in. by 
40-ft. fender piles in the bridge foundations ; also 
the replacement of certain mild-steel joists and 
gusset-plates of the bridge girders. The reparation 
work outlined above was executed ata cost of 1050/., 
after a sum of approximately 5701. had been spent 
on emergency work, temporary repairs, surveys and 
inspections. The accident is of special interest, for 
the following two reasons :— 

In the first place it raises a point of considerable 
importance in assessment. e design of the main 
piles g the entablature of the swinging span 
was old-fashioned, consisting of suild-abeel ‘plates 
gin. thick, forming a riveted column 12 in. in dia- 
meter, fitted with cast-iron fla to enable each 
8-ft. section to be bolted to the next, the whole 
column being filled inside with 6 to 1 mass concrete. 
In reconstruction the same design was followed for 
the sake of uniformity and in accordance with the 
requirements of the bridge-owners. Such columns 
are nowadays relatively costly and present diffi- 
culties in connecting with the screwing section for 
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drivi purposes. In any such bridge to-day 
doubtless cast-iron screwing lengths and columns 
would have been employed throughout, and their 
replacement would have been an easier and less 
costly undertaking. It may be taken as a general 
rule, therefore, that the earlier the origi date 
of construction in steelwork or iron, the higher 
will be the cost for replacement of each unit. 

In the second place, one curious result of a colli- 
sion was the fracture of a 3-in. diameter spigot 
and socket cast-iron gas-main conveying the gas 
supply from Poole across the channel to Ham- 
worthy. The gas-main was carried across on the 
bed of the channel, protected by encasement in 
hollow timbers attached to the structure of the 

| 

amount of damage to tie-rods, stanchions, raili 
&c. There was no actual re-screwing of pi 
necessary in this case, the lower sections with 
flanges being left intact with the exception of one 
case, in which a new flange was provided and the 
shaken pile bedded in concrete. 

REINFORCED-CoNCRETE STRUCTURES. 

There is little doubt that engineers experience 
some difficulty when called on to assess damage to 
reinforced-concrete structures. The repair-work 
in these cases is slow and tedious, and the extent 
of the work necessitated is frequently difficult to 
ascertain until the demolition of all stressed mem- 
bers is complete. The following cases of damage to 

“eee - ne 
= cmt Sere eee == 

ZN Nea / Nee / 

Fig. 9. 

12-3 Fascia 

Members thus Gwere broken or removed. by 
of piles ts shewn by arrows thus O+s(deviation in X0lg% 

Deck Levels over pile heads thus Cites) Arbitrary”’: oro 6h UOC 
piles shewn thars 

ogo 8 Ow 

Fig. 11. omyo 8 omy 

Ovweu) Orne 20 
By99-98) S00 2) é & t t cad aan Cmeog mie 

8 3 $ Na 6 & a 3 a o 8 Om 

Srra0ee) Sc020) : Hy 3 4 ¢-D000-01 5 1100.07) 20 06) 2 
ad 7 Hf Ps “pee 0 ‘cA 

(@#426) 

feo 240 o ino 

Figs. 9 To 11. Tae Rerarr or Damacep Jetty — os oe 
aT PURFLEET. aes a one 

Con) Opee 1) Cae OY 00-8) 

bridge. Efforts to effect emergency repairs to this 
main failed, and a flexible 3-in. hose was carried 
across, which had to be lowered to the bed of the 
channel to allow the of each vessel. As 
subsequently it was found impracticable to lay the 
new permanent main on the old site, a new main 
was provided clear of the bridge, necessitating, in 
order to establish it, considerable diving and the 
construction of two additional temporary dolphins 
in mid-channel, from which the main could be 
lowered to its new position. The ultimate cost of 
this operation, in addition to the contract price for 
a reconstruction quoted above, amounted to 

(v.) On December 4, 1913, the sailing- 
Bassildon, 43 tons, ran into Southend Pier, frac- | 
turing four lengths of cast-iron screw-piles, each 
11 ft. long and 8} in. in diameter and ? in. thick. 

accident was accompanied by a corresponding 

reinforced-concrete jetties are amongst those which 
have come directly inside the author’s experience. 
It is to be regretted, however, that the information 
in regard to reinforced-concrete structures which it 
is possible to give is limited, owing to the difficulty 
in extracting details from w gers as to the 
actual costs of reparation, which costs, if properly 
appreciated, would doubtless lead to an increase in 
insurance rates with the underwriters. The cases 
quoted below are of interest :— 

(i.) 8.8. Goorkha (Union-Castle Line) in collision 
with Dagenham Dock, April, 1907. 

(ii.) 8.8. Florence and barge Fred, 1057, in col- 
— with jetty, Halfway Reach, River Thames, 

e , 1911. 
(iii.) Claims in connection with jetty at Graves- 

end, 1911. 
(i.) In the first case, the s.s. Goorkha is reported 

to have been deliberately put ashore in order to 

avoid collision with another craft. The dock in 
question included a reinforced-concrete jetty, form- 
ing a valuable riverside property, with considerable 
berthage in deep water. It was equipped at the 
time with four electric hoists and two rail access 
tracks down the approach. The vessel struck the 
wharf stem on, causing the severance of one bay, 
and the severe stressing of two adjacent bays. One 
of the access tracks was rend useless, and the 
working of the jetty thereby largely interfered with. 
The damage on first inspection did not appear 
great, but a further survey of the reinforced-con- 
crete struts and bracings in the two adjacent bays 
referred to disclosed the existence of several mani- 
festly new ‘‘hair-line” cracks. It is clear that 
when the existence of such a crack running obliquely 
across and round the strut is discovered, no value 
can any longer be attached to the compressive 
resistance of the member. There was, therefore, 
in this case no recourse left but to recommend the 
removal of the entire strut, since the alternative 
of a reinforced-concrete sleeve over the fracture— 
admittedly an unsightly and makeshift arrange- 
ment—did not ap to the owners of the jetty. 
The estimated cest of reconstruction was in this 
case approximately 1600). It is strongly to be 
infe in this instance that had the jetty been 
constructed of steel or timber, with the joints of 
all members readily accessible, the estimated cost 
of reparation would have been considerably less. 
In a similar instance of a collision between a 
steamer and a reinforced-concrete jetty, which 
occurred in 1912, a diver’s inspection showed the 
development of considerable cracks in the concrete 
columns below low water, and at a considerable 
distance from the actual point of impact. In the 
case of e to jetties of this class, a diver’s 
inspection is always desirable ; frequently, no indi- 
cation of straining or fracture is apparent above 
low water, whereas serious damage to the same 
member may exist below. 

(ii.) In the second case quoted above, a small 
steamer proceeding down-stream fouled a barge 
lying — os a light reinforced-concrete jetty 
construc in open piling. As is common in 
structures of this type, the piles were driven to a 
point about 10 ft. below deck-level, and their rein- 
forcement connected direct with that of the 
columns, walings, and bracings of the superstruc- 
ture. The freeboard of the barge at the time of 
the accident, did not reach the level of the lower 
walings, and the force of impact fractured the pile 
at its head; the pile was carried away bodily, 
leaving the superstructure standing intact. The 
deck was thus rendered unsafe to carry its normal 
load across the enlarged span. This accident is 
another typical case of the difficulties of repair in 
reinforced concrete, as reparation had finally to be 
effected by driving another pile alongside the site 
of the old one, it being, of course, impracticable to 
remove any members of the superstructure, which 
would have been an easy operation had the jetty 
been constructed in timber or steel. 

(iii.) The third case, cited as an example of 
damage to reinforced-concrete structures, is not one 
of damage caused by a colliding vessel, but is an 
instance of repairs to werk below low water, which 
work was found, as a result of a diver’s inspection, 
to be faulty. The jetty in question is at Gravesend, 
and of considerable extent, being carried partly on 
5-ft. diameter reinforced-concrete columns, and 
partly on 4-ft. diameter reinforced-concrete columns. 
The work was commenced in 1909, and the faulty 
condition of the columns was not discovered until 
the works had reached an advanced stage. The 
author was asked to advise in 1911 in reference to 
the claims of the contractors for extra work 
involved in the rare of faulty columns, This 
reparation was effected by means of reinforced- 
concrete sleeves, constructed in situ round the 
faulty columns inside annular mild-steel casings. 
The cost of this extra work was considerable, 
representing over 8 per cent. on the total cost of 
construction. Under the terms of the original 
specification it does not appear possible that satis- 
factory columns could have been secured; the 
specification in this respect was substantially the 
same as that for a jetty previously constructed in 
the Thames estuary. In substance, the specifica- 
tion required the contractor first to drive two 
reinforced-concrete piles, and, secondly, to sink 
round them a temporary cylindrical mild-steel 
casing, to be properly bedded from the outside by 
divers. The reinforcement of the cylinder had 
then to be placed in position, and mass concrete 
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deposited through chutes in the top and rammed. 
In many cases, on removal of the steel mould, 
these columns were found to be honeycombed, 
with the reinforcement exposed. In the parallel 
case referred to, by wisely amending the specifica- 
tion of the Licensing Company in respect of the 
procedure required of the contractor, the engi- 
neer found it possible to obtain sound columns. 
To effect this, however, he found it necessary, first, 
to sink the steel casing; secondly, to send the 
diver down inside the cylinder to make a tight 
joint with the river bed from the inside, then to 
drive the piles in their eo positions inside the 
cylinder, and finally to deposit the mass concrete, 
and ram in the usual manner. This operation was 
materially different to that required in the original 
specification. As jetties of this type are now being 
adopted by wharfingers, this is an important point 
to bear in mind when dealing with the reconstruc- 
tion of reinforced-concrete columns. 

Timper SrRvcTUREs. 

Dealing next with timber structures, their most 
noticeable feature is the t rapidity with which 
repair work can be enntal exh, either in the case of 
normal maintenance, or as repairs to damage caused 
by collision or storm. The great disadvantage in the 
pr apa of timber is, of course, the question 
of decay. With, however, the proper specification 
of creosoting, Burnettising, or the use of other 
acknowledged and well-tried preservatives, the 
ordinary life of timber structures in this country 
can be extended to about 25 years, and if their main- 
tenance is properly undertaken and the structure 
not neglected, its life may be indefinitely prolonged. 
It is a type of construction admirably adapted to 
wharves and jetties in confined navigable waters. 
The following collision cases are of interest :— 

(i.) 8.8. vian in collision with jetty, Long 
Reach, River Thames, 1908. 

ii.) re to jetty, Purfleet, 1911. 
iii.) 8.8. Narva in collision with tidal dock, 

Surrey Commercial Docks, 1907. 
(iv.) 8.8. Ryhope in collision with jetty, Tilbury, 

1914. 
(i.) The first example illustrates the flexibilit 

of timber structures when subjected to the shoc 
of a colliding vessel. The s.s. Harrovian was pro- 
ceeding down-river, and when off the jetty swang 
in s due to the failure of her steering-gear. 
The vessel ran ashore, stem on, to the river k 
up-stream of the jetty head, and her stern s 
round on the ebb tide, colliding with the diamon 
end of the T-head. This jetty was a heavily-tim- 
bered structure, and three bays at the western 
end of the jetty head were severely stressed, the 
centre line of the j at its extremity being set 
= to the extent of - = vp ae tm A cash 
settlement in respect, of the damaged portion of 
the jetty was effected for the sum of 11001. Had 
the jetty in question been constructed in reinforced 
concrete, there is little doubt that the damage 
caused would have been much greater in extent, 
the piles would undoubtedly have been fractured 
and the cost of repair, therefore, much higher ; 
furthermore, in all probability the jetty would 
have been thrown into disuse for a lengthy period, 
whereas in this particular case there was not even 
any interruption to traffic. 

ii.) In the second case the damage was of a 
more serious nature. The jetty in question is con- 
structed at right angles to the river bank, being 
exes with a T-head in about 20 ft. of water at 
ow tide. As the photograph (Fig. 9), taken shortly 
after the accident, shows, the colliding steamer 

right through the jetty approach. The main 
piles of the jetty were constructed in Jarrah, and 
the remaining timbering in pitch pine. As shown in 
Figs. 10 and 11, twelve main piles were broken, cer- 
tain moorings and buoys were cut adrift, and five 
bays of 15-ft. span each were demolished, four similar 
bays being severely stressed. In spite of thé serious 
nature of this damage, the complete reparation of 
the jetty was effected within a comparatively 
short period ; the reparation contract was let on 
October 31, 1911, and the work was sufficiently 
complete in March, 1912, to allow the business of 
the wharfi to be resumed, thus occupying a 
period of only four months—a good example of the 
rapidity with which repair work to timber jetties 
can be effected. 

(iii.) In the third case, the s.s. Narva was lying 
in a small tidal dock, and being aground at low 
water, became ‘‘ mud-sucked” on a rising tide. On 
freeing herself from the river-bed she snapped her 

cables, and surged inst the timber wharf-face. 
The extent of the damage was, however, slight, 
being estimated at only 501. ; had the wharf-face 
been constructed in masonry, concrete, or rein- 
forced concrete, the damage would certainly have 
been ter both to wharf and ship. 

‘iv.) The last case is one of the few in which 
reparation, although to a timber structure, was a 
difficult question. The accident occurred while 
the vessel was manceuvring to her berth. The 
= bow fouled one of the main piles of the jetty- 
ace. Under normal circumstances, the fractured 
pile could either have been withdrawn or scarfed 
with ease; in this case, however, the jetty was 
very stiffly braced and heavily timbered, and had 
been considerably strengthened since its original 
construction. The main piles were of extreme 
length, owing to the bad nature of the ground 
encountered during driving. These main piles 
— in a —_— scarfed at twe levels, — 
pile occasi ly possessing an aggregate len 
of 140 ft. The withdrawal of the pile was aie. 

procedure, as it lessens the likelihood of extra 
claims being put forward by the contractor during 
construction, or of any subsequent misunderstand- 
ing on his part as to the true nature of the work— 
sometimes a cause of friction between engineer and 
contractor in — contracts. These schedules 
further enable the surveyor to price the work in 
~ oe — ~— * arrive at a close oe as to 

e total cost of effecting repairs. ere possible 
in addition to the working drawing, there should 
also be incorporated in the contract documents, 
outline diagrams attached to an agreed schedule of 
nomenclature, in which every member of the struc- 
ture receives a designating letter or number ; such 
classification can then be adopted in the schedules 
of quantities. There are times, however, when a 
rough estimate as to cost has to be given on the 
spot. This generally applies to cases where the 
structure is left in a dangerous condition through 
collision, and works have to be undertaken imme- 
diately, quite apart from any questions of liability. 
Such an assessment has generally to be made and 

TABLE I.—Unit Prices or Reparation ConTRActs. 
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ticable, or, indeed, its removal to the first scarfing, 
since the head of the pile itself formed a mooring- 
bollard in constant use, without which vessels could 
not berth alongside the jetty. At an inspection 
made on behalf of the insurance company, it was 
ultimately decided to carry two 14-in. by 7-in. 
timbers alongside the damaged pile from deck to 
low-water level, and to bolt the same thereto at 
intervals of 4 ft., which course was finally adopted. 
From a purely engineering point of view, however, 
such a repair is not entirely satisfactory, although 
there is little doubt that in this case the recon- 
structed pile was as strong, if not stronger, than the 
original. In the case of a steel column, the damaged 
sections could have been removed intact, and the 
difficulty in respect of the mooring-bollard would 
probably not have occurred ; indeed, the expedient 
of using the pile-head for this purpose is not common, 
either with steel or reinforced-concrete structures, 
nor, in view a = = this — would 
it a to be a desirable design in timber. 
at cited a few examples falling within the 

first division of the classification adopted, it may be 
of use to summarise generally those points which 
experience has shown to be of importance to the 
engineer or surveyor in dealing with estimates for 
reparation. It is generally dangerous to prophesy 
in haste the actual expense likely to be incurred in 
effecting repairs to damaged piers, wharves, jetties, 
or bridges. If the damage is of any extent, a 
detailed survey should be made at once, above water, 
and a diver's inspection below. Two schedules of 
uantities should be prepared, the one dealing with 
e removal of old or damaged work, and the other 

with new work in the form of a contract 
schedule. Experience has shown this to bea sound 

agreed between the technical advisers before any 
contract can be let, which latter is then usually 
on a cost and profit basis, and the engineer’s esti- 
mates, therefore, are of paramount importance, 
being unsupported by any contractor’s tenders. 

In dealing with cases of this character at short 
notice, the accompanying table (Table I.) may be of 
interest, though it would be unwise to suggest that 
it necessarily affords any great assistance in dealing 
with the assessment of specific damages to any exist- 
ing structure ; it should rather be regarded as giving 
in very general terms some indications of the unit 
prices likely to be involved in reparation contracts 
of the character under discussion. Such information, 
however, as is given in the table has been abstracted 
from actual contract prices or from schedules pre- 
pared by the surveyors concerned. If the unit prices 
given are to be taken as the basis of a rough esti- 
mate, percen’ varying from 10 to 40 per cent. 
must be added to any total so reached, in order to 
arrive at anything like even a rough approximation 
of the cost of reparation. Within the limits of such 
a table it is not possible to give dimensions or 
description of the members priced in detail, but it 
so happens that in jetties, piers, and wharves in the 
tidal waters of Great Britain there is to some degree 
a certain similarity in design which alone makes any 
attempt at unit tabulation possible. 

(To be continued.) 

Gotp.—Last year showed some falling off in the pro- 
duction of South African gold. In 1911 the output was 
8,237,723 fine ounces ; in 1912, 9,124,299 fine ounces; in 
1913, 8,794,824 fine ounces ; and last year, 8,393,001 fine 
ounces. In this latter total the output for ber ig 
estimated at 710,500 fine ounces, 
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AN INSTRUMENT FOR MEASURING 
FLAME VELOCITIES IN GAS AND 
DUST EXPLOSIONS 

By J. D. Morean, A.M. Inst. C.E., A.M.LE.E. 

THERE are three well-known methods of measur- 
ing the velocities of flames in gas explosions. One 
consists in producing the explosions in a glass tube, 
and photographing the flame on a moving film. 
Another consists in the use of a fine platinum wire 
which, when heated by the flame, modifies the 
condition of an electric circuit containing a suitable 
recording instrument. Both appear to be capable 
of giving accurate results, but they involve much 
refinement and elaboration of apparatus. Another 
method consists in placing a fusible metal strip in 
the path of the flame, and arranging the strip to 
form part of an electric circuit which is broken 

Fig.1. 
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Fig.3. 

of the flame, and the gap 6 alongside a revolving 
drum, on which is secured a smoked-paper strip. 
By means of the spark at b a mark is produced on 
the strip simultaneously with the passing of a spark 
at a. 

A simple arrangement for recording the instant 
at which a flame reaches the open end of a tube, at 
the oppesite closed end of which an explosion is 
initiated, is shown at Fig. 2. The experimental 
tube is denoted by c. In the author’s apparatus 
this is of steel, 1 in. in diameter and 10 ft. long. 
At one end it is closed and fitted with a sparking- 
plug d. A gas and air inlet is arranged ate. The 
metal drum f carrying the smoked-paper strip is 
driven by a clock. In series with the sparking-plug 
a spark-gap g is provided, so that when an igniting 

A copy of a record is shown at Fig. 3. Obviously 
such a record is only useful to indicate the total 
time occupied by the flame in travelling along the 
tube. To obtain some idea as to how the velocity 
varies and to measure the velocity attained, it is 
necessary to insert a number of other spark-gaps 
at intervals along the tube and connect them 

spark jumps at the poles of the plug d, another 
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when the strip is destroyed, the interruption caus- 
ing movement of a recording instrument. This 
method has been extensively used. Its applic- 
ability is, however, limited, and even when it can 
be adopted it is objectionable on account of its 
unreliability. For explésions in which the flame 
attains high velocities the method is useless, as the 
strips are not burnt out by the flame, but blown 
out by the pressure. 
_In the course of some work in the Marks and 

Clerk Laboratory, Birmingham, the author found 
it necessary to attack afresh the problem of flame 
velocity measurements. An effort was made to 
eliminate all appreciable lag due to inductance or 
imertia, to avoid mechanism of any kind in the 
circuits controlled by the flames, and only to employ 
apparatus of the simplest character. e solution 
finally reached depends upon the electrical con- 
ductivity of flame. 

Fig. 1 illustrates the principle adopted. aand b 
are spark-gaps in the high-tension circuit of an 
ordinary induction coil, b being a small gap, and a 
a relatively large one. Normally, no sparking 
occurs at either, but when a flame is inserted at a 
& spark jumps in both. 

Tn the actual apparatus the gap a is in the path 

jumps at q and produces a line of dots on the strip. 
igh-tension current is supplied by an ordinary 

induction coil h, which is actuated by a battery i 
and switch j in the low-tension circuit. The drum 
and one high-tension terminal of the coil are 
nono “s own. At the ey of the tube A 
arran e k-gap a, which is in series wi 
the drum-gap ant h tension current is supplied 
from an induction-coil k, which is provided with its 
own land switch m. As in the other coil, 
one of the high-tension terminals is earthed. The 
width of the gap a is such that when the switch is 
closed no ot occurs at either gap. It is desirable 
Sa a as large, and the gap b as small, 
as possible. hen the flame reaches a, a spark 
immediately passes at both zaps, giving another 
dot or line of dots on the strip. The interval 
between the first dots in the two lines taken in 
conjunction with a wave-line produced on the drum 
by a tuning-fork of known frequency gives the 
time which elapses from the commencement of the 
explosion to the arrival of the flame at a. An 
assumption is made that the explosion commences 
at the first spark given by the plug. The correct- 
ness of the assumption has been proved by a control 
experiment. 

(4260. 7) 

corresponding gaps at the drum, each circuit being 
provided with its own induction coil. To test the 
practicability of this, a spark-gap was inserted at 
the centre of the tube. Using mixtures of eoal-gas 
and air obtained by inserting an ordinary Bunsen 
burner at ¢ in the tube, a large number of records 
were taken. A typical diagram is shown at Fig. 4, 
and the calculated velocities obtained from the 
same are: average velocity in first 5 ft. of tube, 
120 ft. per second, and in the second 5 ft. of 
tube, 300 ft. per second (fork frequency 240 per 
second). These numbers are only approximate. 
The drum was designed to be driven at a speed 
suitable for the slower flame velocities obtained in 
dust explosions. For gas explosions the speed was 
too low, and co: uently the intervals between 
the first dots in ob record are not Arvve. 
to permit of accurate measurements. e 
of flame velocities in gas explosions are simply 
given here to show the capabilities of the instru- 
ment, 

An interesting diagram is shown in Fig.5. This 
shows the result obtained by leaving an aperture 
at the closed end of the tube y open, and 
thereby largely reducing the flame velocity. It 
will be seen that the velocity in the second of 
the tube is much slower than in the first half, the 
figures being 57 ft. and 11 ft. per second approxi- 
mately. 
A convenient form of electrode for use in some 

work at the open end of the tube is shown in 
Fig. 6. It consists of an outer bell or cone a and 
an inner adjustable ball b, both of which are 
mounted on insulating supporte. One wire of the 
high-tension circuit is attached to a, and the other 
tob. Preferably the wire connected to the coil is 
the one which is connected to b. 

An attempt was made to operate all the high- 
tension circuits from a single coil ; but great diffi- 
culties were experienced in so adjusting the ga 
that a discharge in one circuit did not affect the 
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i the question closely, i hen one’ i for desi lon t. When others. It was found better to make the circuits pow they oo ates — Fp ney fw one’s experience | for no longer curren & proper sys' 

independent, and provide a coil and battery for 
each. 

A source of error is liable to arise in the instru- 
ment from the fact that a spark does not necessarily | 
take the shortest course when jumping a gap. This 
is reduced by shortening the gaps at the m as 
much as ible, and rotating the drum quickly. 
It could doubtless be further reduced by using a 
drum of insulating material and arranging a fixed 
thin metal strip close to the inside of the drum 
opposite the external sparking points. Another 
source of error is the comparative slowness of the 
tremblers on the induction coils, resulting in a 
rather large space between the dots corresponding 
to sparks across the gaps at the middle and end of 
the tube. This could be avoided by the use of 
any ordinary apparatus, which would give a high- 
frequency discharge across the gaps. 

SOME POINTS IN JIG-MAKING.* 

By Max. R. Lawrences, M.I.Mech.E.,M.1.A.E., Member. 

Tux author has several times been asked the a tly 
simple question, ‘“‘ What isa jig?” Chambers’s dictionary 
says that it is a quick, lively tune, or a quick dance suited 
to the tune. Engineers attach a different meaning to the 
word, but in so far as the meaning of the word is “‘ quick 
and lively.” it applies equally to engineering, music, and 
dancing. We all, as engineers, look upon a jig as a device 
to aid, speed-up, and cheapen the making of parts which 
have to be alike. It stops short of the machine-tool or 
bench upon which it is used, and also any special or ordi- 
nary tools which actually do the cutsing or holding of the 
cutters. Sometimes w the function of jigs is mostly 
the holding of the work they are termed “fixtures,” and 
sometimes when quantities are very large they develop 
into special machine-tools. 
The vast majority of special jigs, fixtures, tools, and 
auges are ie to lessen the cost of production. A 

Sovice may be said to do this and pay directly if its cost, 
plus the cost of machining the quantity of parts, is less 
than without it; and indirectly, when the accuracy it 
transmits to the pieces saves cost in the nen. or 
increases the production of a particular machine-tool, 
although the cost of the device and the cost of producing 
the individual parts added together is more than without 
it. 
When a quantity of similar pieces have to be made, the 

question of what jigs should be made always comes up, 
and a correct decision of what to make, and how to make 
it, is often difficult. When the quantities are very small 
or very large, the decision is y easy, but when the 
quantity is between the two, it is often extremely diffi- 
cult. Stripped bare of all engineering interest skill, 
the problem is found to be almost entirely financial. The 
questions always uppermost in the mind when consider- 
ing doubtful cases are: ‘‘ Will it pay?” ‘Is the trouble 
and expense justified?” or “‘Is it better to leave well 
alone'and go on in the good old way?” 

It is therefore essential, in the author’s opinion, to 
have a costing system which records the cost of the indi- 
vidual pieces, and also individual jigs, tools, and gauges, 
&c., not so much to ascertain how the money is b at 
the time, which is im t, butso that it may be known, 
when required, whether the estimated saving of a jig had 
actually accrued. This is of great educative value, and 
aids such decisions in the future. The author considers 
this so important that he hopes you will forgive him if he 
just roughly indicates how it may be readily done. 

All works’ accounts in their origi form carry the 
necessary data. Each workman books his time separately, 
wnather bop engaged on mares. Dep, pete to sail, or 
repairs, or whether he is paid day-work or by the piece. 
Each stores’ requisition for material Ps aleo gives 
such separate particulars. Why should these ever be 
mixed upin the office? Some fifteen years ago, when the 
author was engaged to lay out and manage a works in 
the Midlands, he devised and installed a system whereby 
individual costs of the parts made were obtained. ‘The 
method adopted for costing jigs can quite easily be used 
in any works without any interference with the cost 
system in use, whatever it may be. It is as follows :— 
All jigs, tools, and gauges should be numbered. These 
numbers, with the prefix **T” for tools, ‘‘G” for ji 
and gauges, can be used as the order-numbers to which 
their cost is booked. By grouping numbers for different 
designs, a total jig-cost can readily be accurately pro- 
duced, The order-number for any repairs or adjustments 
to them is o to “RT” or “RG” asa prefix to 
the number. is is very convenient, because repairs 
always have to be put in hand initanter by the foreman, 
and this makes it easy for him to book the cost correctly. 

Close experience over a number of years of this method 
of dealing with this important side of jigs, tools, and 
gauges has given the author confidence. It minimises 
the evil of having open order-numbers running for long 
periods in the works, which sometimes form such a con- 
venient dumping-ground for waste labour. It has many 
other advantages, not the least of which is the power to 
deal egy, ee the suggestions of foremen and 
operators. y usually take the form of a request for 
some jig or tool which will lessen the cost of production. 
Often time does not permit the management to go into 

] read before the Manchester Association of 
Engineers, December 12, 1914. 

{ 

In these’ cases it is often extremely difficult to avoid 
giving offence, and, moreover, one’s judgment may be 
at fault. The author has found, when the applicant has 
to supply the answers to questions: ‘How much 
each will your jig save?” ‘‘How many are there to be 
made?’ ‘‘What will the jig cost?’ that the matter can 
be settled out of hand toeverybody’s satisfaction. When 
the policy of the management as to the amount of saving 
to be capitalised becomes known, only useful ons 
are put forward. The author considers that taken as a 

bem 
is installed for dealing with this, no delays arise, and the 
author would be pleased to give further particulars to 
any one interested. 

In jig design the most important point is the correct 
location of ‘* spotting-point ” of the piece. Often far too 
little attention is paid to this, and the larger the quantity 
to be handled the more important it becomes. 

There are two golden rules which should be rigidly 
observed :— 

‘ 1. In order that a jig or tool may be successfully 
located, the accuracy of any machining operations must 

DATE 20.11. % 

SSSUED 21. 11. 14. 

ALTERATIONS. 

TOOLS, DIES ETC. 

TURNING FIXTURE 

N? 49. 

DRILL JIG - N° 85; 

TOOTH CUTTERS. 

N?123.(8.&S.NZ 

=~ IF PLD. ---->4 

ia Pal 

general rule, a jig should not cost more than 75 per cent. 
of the saving it Lanes about. Thus, if a jig is contem- 

ted to save a penny each for 100 parts, ib should not 
made unless its cost is less than 75 pence 

The number and operation for which jigs, tools, and 
gauges are used should be recorded on the drawing of 
the piece. This may be done either by records on the 
tracing, Fig. 1, or by pe list on to the works’ print. 
This will involve a small delay in issuing orders for jigs, 
but the great convenience to the works makes it well 
worth while. These records of jig numbers on the draw- 
ings save a great deal of time, trouble, and money in 
the works, especially when replacements have to be made 

Fig. 2. 

never be increased beyond the requirements of the func- 
tion of the part. 

2. Which is really the same, in other words, that no 
extra face or part be machined for location pu' only. 

Accuracy costs money, and live foremen operators 
only trouble about it to the degree necessary. Hence, 
when a piece is not strictly to drawing, and the inaccu- 
racy is unimportant to the proper function of the part, it 
should pass on to the next ———. If, however, the 
inaccuracy becomes material it affects the location 
in a subsequent jig, it calls for special treatment, and 
unnecessary waste is made, or the jig put out of action 
for all or a percentage of pieces. The same principle 
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applies to the location of thin castings with cores. They 
must be located from the correet p! so that if the 
cores have been misplaced, the error is detected before an 
undue amount of work is put upon the castings. 

Corollaries to these rules are :— 
1. The ter should never be located from the less. 

If this is done, slight errors multiply, and conversely are 
minimised. 

2. When two o tions have to be true to one another, 
the second should always be located from the first. I 
the first is generated from another face, it is wrong to 
locate the second from this face where great accuracy is 
required. Pieces are sometimes not properly in 
jige ; dirt or burrs may get between the locating faces. 
‘This may not be serious if the next operation copies the 
inaccuracy so introduced, but may cause waste when this 
rule is departed from. 
_ The machining of two pieces, a motor-car cylinder and 
its crank-case, will be described to illustrate these im- 
portant points. The crown and barrel of the cylinder 
are madeas thinas possible, so that the heat may i 
escape through them to the water in the jacket. It is 
important that their thickness should be approximately 
even, because differences cause distortion due to the 
difference of temperature between the thick and thin 
sides. The jacket cores which determine this thickness 
are built up, and may be misplaced, so that if the casting 
is located from the outside of the jacket, it may “‘clean 
up ” all over and yet not leave an even thickness of metal | ad 
around the barre It is defects of this nature that 
areca f accound for the mysterious differences in form 

tween engines of the same design so often noticed and 
commented upon. 

Fig. 2 is the section of an engine showing the cylinders 
monnted upon the crank case. I» will be observed that 
the location between the two which secures alignment is 
the flat face on the cylinder-foot meeting the flat face on 
the crank-chamber in the one direction, and the bolt-holes 
are used to locate them in the other. The water-jacket 
around the cylinder is too restricted in are. to allow 
of a fixture being introduced of sufficient size to locate 
the casting truly by the outside of the barre), and 
take the force of a cutter while any face is machined. The 
casting is therefore set up on a surface-plate, and marked 
out. Bent scribers of a suitable shape are used, and 
when the casting has been set up true to the outside of 
the barrels, lines are scribed upon it. The first operation 
is to set the casting up, and mill the foot true to the 
scribed lines. 

The second operation, Fig. 3, shows it standing on this 
face and being machined on the side for the carburettor 
and the top of the water-jacket, the castings for these two 
operations being mounted on plates carrying convenient 
faces for the scribing-blocks to work from while setting. 
The cylinders are then bored on a special machine, 

illustrated in Fig. 4, the casting being strapped tightly on 
to the machined foot, and located for height on the car- 
burettor face, and set true sideways again to scribed 
lines. The barrels are then rough bored, the castings 
taken off and allowed to cool and season for at least 
24 hours, after which they are mounted again on the 
other side of the machine, and a cut taken to within 
one-hundredth of an inch of the finished dimension. The 
rest of the machining of the <a the valve-guides. | qd 
ports, and the holding-down bolt-holes, are located from 
the foot and the bores, to which they have to be true, and 
the final operation is illustrated in Fig. 5, where the 
whole casting is set up on the foot, and located from the 
holding bolt-holes, while the barrels are ground abso- 
lutely true and to size. 

In scheming for these jigs and deciding upon the 
sequence of operations, a much simpler set could have 
been constructed had a datum face been machined for 
location purposes, and at one time this practice was fol- 
lowed. fy, however, produced very bad work and barrels 
of very uneven thickness, because, when the metal had 

n removed from the bore and the foot, where it was 
left very thick for casting reasons, and the scale broken 
on the other machined faces, it was found that some 
castings changed in shape very much. The autbor has 
measured barrels which were =e true as soon as 
they had cooled after removal from the boring-machine, 
the bores of which distorted as much as two-hundredths of 
an inch out of parallel during the next twenty-four hours. 
The set of jigs and the sequence of machining opera- 

tions described properly safeguard the essential functions 
of the part. They automatically ensure a good even thick- 
ness of metal around the and that the whole of 
the machining of the casting is true to the final locating 
face when it is put to work. The marking-out operation 
has survived, although many attempts have been made 
to do away with it on a production which handled about 
10,000 castings per annum. The percen of abs>lute 
rejects from ge jacket-cores was probably not two 
casti r 1000, but as the amount of metal removed 
from the inside of the barrel and the foot was great, no 
doubt many castings were saved and finished to the desired 
avouracy that would have been defective had other locat- 
ing or ‘‘spotting points” been adopted, _ 

is piece and its liability to distortion form most 
excellent instances of why departure from the rules laid 
down — to disaster. Pay ine me ogy 
jeces may de some unexpected irregularity. en 
vn hia wane pa treated as axioms, it will be found 
that jigs locating from the correct place do not really cost 
more to make those which work from some artifi- 
cially-constructed “spotting point.” If be do cost more 
than is justified by the saving they would bring about, 
oe should be ruled out and not made, and the problem 
dealt with in another way. ° ‘ 
The crank-case, which is also a complicated casting 

made with many cores, is likewise seb up and marked 
out: The first operation, Fig. 6, is milling the seat for 

the cylinders ; the second o tion (Fig. 7) is straddle- 
milling for the plummer-b!ocks of the crank t bearings 
and oil-base face, and is located from the first. This is 
one of the few cases where an apparent departure can be 
made from Rule 2. It will be observed that two straddle- 
mills are used to machine the outside edge of the case, 
and provide a face truly to, and at a definite 
distance from, the centre of the crank-shaft. It is legiti- 
mate, because any possible inaccuracy is quite un- 
1m t. 

he casting is then mounted (Fig. 8) upon an angle- 
plate on a boring-machine in such a peoltien thav the 
axis of the crank-shaft and the cam-shaft are truly hori- 
zontal. There is no special feature about this jig except 
that it will be noticed the location is taken from 
cylinder face and the previously-referred-to straddled 
edge. The cutter-bars are guided by hardened and 
ground bushes attached to the jig and driven through 
universally jointed shafts from the a 
The next operation (Fig. 9, page 44) illustrates the jig 

ily | for drilling the cylinder holding-down bolts and the valve 
ide-holes. The casting is located in its jig by plag-gauges 

tting the bore of the crank-shaft and the cam-shaft, and 
the taper wedges underneath are adjusted after these 
plugs are home, to take the pressure of the drills. The 
Jig illustrated has had to be duplicated in order to deal 
with the quantity in the time, and therefore does not 
carry the cylinder bolting-down holes. This has no dis- 

vantage, as this method of location ensures equal 
accuracy to both jigs. If any machined faces do not 
‘clean up,” or any other irregularities are observed after 
the castings come from the jigs, it is a clear indication 
that something is wrong, and either the casting is of 
incorrect shape or has been improperly treated. Ib will 
then either be thrown out or receive special treatment. 
While the machining of these pieces is in mind, the 
author wishes to call attention to the reason why the 
castings are dealt with singly, and not mounted on larger 
machines taking a number at one setting. It is a simple 
matter to set up one casting true to the scribed lines in 
this way within the accuracy required ; but when more 
than one has to be mounted, a t deal more care must 
be taken, because each casting has to be true to the other 
as well as to the machine. 

It is far more economical to set them up singly on small 
machines suitably grouped, when two, three, or four can 
be tended by one operator. The capital outlay in plant, 
the floor space, the idle time when the cutters are not 
cutting, and, as a consequence, the operators’ wages and 
the establishment charges, are all less. The only cases 
where grouping really pays is when the parts can be 
located from a previously machined face like that illus- 
trated in Fig. 10, page 44. This shows a gang of four- 
cylinder motor-car crank-shafts on a planing-machine. 
The time taken in setting is only that necessary to clean 
the locating faces and secure the parts. 
By far the greater number of jigs that are used are 

made for correctly locating drilled holes. Figs. 11 and 12 
illustrate a good method for making drill-jigs where the 
holes are in circular relation. The illustration depicts a 
jig carrying four holes, and the method adopted is as 
follows :—The jig-casting is turned and mounted truly on 
a dividing-head on a universal milling-machine. One 
iameter, preferably an outside diameter, is turned accu- 

rately to a given dimension. On the cutter-spindle of 
the machine is mounted a self-centring chuck, in which 
a true mandrel of known diameter is mounted and set to 
runtrue. The table of the machine is then adjusted verti- 
cally until the cutter and dividing-head spindles are at 
the same height, a Vernier gauge being used to measure 
from the table to the mandrel for the purpose. The table 
is then adjusted sideways until the centres of the two 
spindles are the proper distance apart. A Vernier depth- 
gauge is used to measure from turned diameter of the jig 
to the true mandrel. A drill a few hundredths smaller 
than the finished holes is then chucked and the holes 
drilled, the dividing-head spacing them as desired. 

An eccentric boring-bar holder, carrying a single-point 
cutter, illustrated in Figs. 13 and 14, is then chucked, and 
the first hole bored out to the desired size. The amount 
of eccentricity, and therefore the size of the hole bored, 
are readily adjusted by the use of a chuck-key. A plug- 
gauge is inserted, and the work divided to bring up the 
next hole. The true mandrel is again mounted in the 
chuck, and the micrometer used, as illustrated in Fig. 11, 
to adjust the jig to the exact position, thus eliminating 
any backlash or any imperfections which may exist in the 
dividing-head. The boring-bar is again inserted and the 
hole bored true. The same principle is employed for 
making « series of holes in line, the lead screw of the 
table being quite accurate enough on a universal 
machine for approximate location for drilling purposes. 
The plug-gauge, true mandrel, micrometer, and little 
boring-bar are again used for final location. 

Another very useful device for dealing with the rapid 
production of drilling-jigs, where the holes are not in 
circular relation to one another, is illustrated in Figs. 15 
and 16, 45. The device consists in a cast-iron plate, 
about 18 in. square, planed all over, and has a number of 
holes drilled and tapped in it, as illustrated. Two sides 
are gt up dead true and square to one another, to which 
are bolted two wrought-steel strips carefully machined. 
A slotted bar is provided, with a truly-ground hole and a 
series of slip-bushes. The jig is planed square on the two 
sides and on both faces, and the positions of the holes are 
roughly set out on it. The jig is then clamped up to one 
corner, the bush set over the position of a hole which 
is drilled and reamed through it. The jig is then moved 
to bring the next hole into position under the bush by 
placing two circular gauges upon the one side, and the 
third one upon the other. This hole is then put into the 
jig, and the position again alteréd for another, and 
so forth. 

These methods have great advantages. It will be found 
that standard bushes can be almost universally adopted. 
a can be manufactured on a capstan or automatic 
machine from mild steel, and carbonised, hardened, and 

d, and put into stores. With this little single-point 
Caeeuee it is quite an easy matter to bore the a 
accurately to size and in the correct position. Suitable 
a adopted by the author are given in the following 

‘able :— 

Cast Steel up to 1 In. | Mild Steel Case-Hardened 1 In. 
Diameter Outside. and Upwards. 
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* Where possible. 

Norr.—All drilling and locating liners from 0 to 1 in. outside 
diameter to be marked ‘‘ Cast steel, H» and Gp» ; not like this : 
“C. 8. H> and Gp ;” over 1 in. to be marked “‘ OC. H. 8. Go, 

With these means at one’s disposal, the cost of pro- 
ducing drill-jigs, and, in consequence, the number of 
pieces for which it is worth while to make them, is very 
considerably reduced. They make easy the setting of 
piece-prices for such work, because the time required to 
produce the holes in any jig can be estimated very accu- 
rately. Foremen and operators soon gain confidence to 
set and accept prices. 

Another device which will be found extremely useful 
in every tool-room is what has been christened, for want 
of a better name, a “‘sine-bar.” A sine-bar is a flat strip 
of steel, planed true all over, upon which are fixed two 
hardened and ground plugs, 1 in. in diameter, 10 in. apart? 
Two sine-bars mounted on an angle-plate are illustrated 
in Figs. 17 and 18, page 45. Mounted in this way, they 
are used for gauging ey either circular or flat. 
Two holes are bored in the angle-plate exactly 10 in. 
apart, and the plugs illustrated made to fit them. To 
set to any desired angle it is only necessary to insert the 
correct gauges, and the two bars are brought up to 
touch them, and clam in position by the knurled nuts 
illustrated. Stan sizes will be used for developing 
the Morse taper or any other tapers in current use, and 
A ge taper can be readily developed when re- 
quired. It is only n to look up the natural sign 
of the angle, multiply it by 10, as the centres are 10 in. 
apart, and the re so arrived at is the difference in 
distance apart in inches between the two plugs fixed to the 
sine-bars. Ifa permanent record is required, a correct 
circular plug can be made to suit. ; 

It is wonderful how sensitive this gauge is to use; the 
slightest want of rectitude, especially in a round taper 
gauge, is perceived at once. ; ; 

Another very $ use to which the sine-bar can be 
put is illusteated in Figs. 19 and 20. In Fig. 19 it is 
shown testing the truth of an angle-plate. Upon the 
sine-bar are fixed two hardened and ground plugs 1 in. 
in diameter and 10 in. a When mounted in this way, 
the difference in height between these two plugs and the 
surface-table is found from the sine-table. Take a con- 
crete instance of a 30 deg. angle. The sine of 30 deg. is 
0.500. Therefore the differenee in height between the 
plugs on the sine-bar is 5 in. The sine of 30 deg. 1 minute 
18 0.502, so that it will be easily seen that the device is 
— sensitive. Fig. 21 on = —~ 74 in == 
leveloping an angle gauge. It isclam up to a hollow 

Sa Satiend Sop ah oe ae ot f ang’ ui in gauge. 6 strip of s 
with passe sles is then clamped, as shown, with the 
end roughly trimmed to the angle. The whole is then 
mounted on a surface-grinder and the strip ground true 
to the angle on both sides. } 

Fig. 22 illustrates how a wire gauge may be used to 
measure the exact diameter of a hole which is re 
larger than the length of the gauge. One end of the 
gauge is held stationary, and the other is moved from side 
to side in the hole and the lateral movement observed. 
The oversize of the hole—i.e., the amount it is larger in 
diameter than the length of the gauge—is calculated by 
the use of the following formala :— 

sideways play of the ~? 
gauge in eixteenths of 

The oversizeof theholein Ls sminch = 
thousandths of aninch ~ diameter of the hole in 

half inches 

Fig. 22 shows a wire gauge 7 in. long, which hasa play 
of % in. Therefore :— 
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therefore diameter of the hole is 7.0035in. MIDDLESBROUGH Wednesday. 5.W.0.8F 

This formula is accurate to the third decimal place| pe Ciereland Iron Trade.—The pig-iron market is ft. tt. ft. 
when the amount of ‘ play” does not exceed one-tenth | j, g healthy state Outside speculative operations in | No. 11* 575 73 26 
of thediameter. Itassumes that 32 squared = 1000. warrants are once more interfering to some extent with| » 12" 400 57 j 20 

In conclusion, the author wishes to ex his thanks | jecitimate business; but a genuine undertone of con-| ” !4 550 67 | 26 
to Messrs. Wolseley Motors, Limited, for kindly allowi fide ; ge : » 1b 450 61 26 
him to photograph these jigs and devices illustrated, an 
for lending him the exhibits on the table. 

NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened with a firm tone, and a fair 

Cosiness of 3500 tons of Cleveland warrants was done at 
54s. - and 54s. 4d. cash, and at 54s. 7$d.. 54s. 9d., and 
54s. 7d. one month. Closing sellers named 54s. 54d. cash, 
54s. 8d. one month, and 55s. 14d. three months. There was 
no afternoon session. and the market remained closed on 
New Year’s Day. When business was resumed on Monday 
morning Oleveland warrants were very strong, and 3500 
tons were dealt in at 553. 1d. eleven days, 55s. one 
month, and from 55s. 74d. to 55s. 19d. three months. 
At the close sellers quoted 55s. cash, 55s. 3d. one month, 
and 55s. 10d. three months. In the afternoon the tone 
continued strong, and Cleveland warrants amounting 
to 2500 tons changed hands at 55s. cash, 55s. 34d. 
one month, and 55s. 9d. and 55s. 10d. three months. 
The closing quotations were up to 55s. 14d. cash, 55s. 44d. 
one month, and 55s. 11d. three months sellers. On Tues- 
day morning the market was again active, and some 
5000 tons of Cleveland warrants were put through at 
55s. and 55s. O4d. cash, 55s. 44d. one month, and at 
55s. 11d., 55s. 9d., and 55s. 10d. three months, with sellers 
over at 55s. 04d. cash, 55s. 4d. one month, and 55s. 10d. 
three months. The afternoon session was quieter, and 
prices eased off slightly. The turnover consisted of 1500 
tons of Cleveland warrants at 54s. 10d. cash, 55s. 14d. one 
month, and 55s. 9d. three months, with sellers over for 
the last position, and at 54s. 11d. cash, and 55s. 24d. one 
month. When the market opened to-day (Wednesday) 
the tone was again easier, and 1000 tons of Cleveland 
warrants were dealt in at 55s. one month, and closi 
sellers quoted 54s. 9d. cash, 55s. one month, and 55s. 6d. 
three months. In the afternoon the market became 
somewhat firmer, but dealings were limited to 1000 tons 
of Cleveland warrants at 55s. 9d. three months, and at 
the close sellers named 54°. 10}d. cash, 55s. 14d. one 
month, and 55s. 9d. three months. 

Sulphate of Ammonia.—The year has opened with 
sulphate of ammonia maintaining its strong position, and 
the current price is from 12. 5s. to 12/. 7s. 6d. per ton, 
Glasgow or Leith, for prompt delivery. The demand is 
fairly good, and inquiries for forward parccls are also 
very satisfactory. 

Scotch Steel Trade.—With the holiday spirit still pre- 
vailing in Glasgow and the West of Syotland, there is 
little to report in connection with the steel trade, as work 
will not be general until next Monday, although some 
establishments are now running part of the plant. The 
number of specifications on hand is very satisfactory, 
and full work will be the order of the day for some time 
to come. Government orders, of which re are a& 
great many, will have first call, but apart from these 
there is a wave of industrial activity, which means a 
heavy tonnage of material of all classes. and therefore 
the outlook at the moment is fairly bright. The export 
trade is also very promising, but the high freights are 
keeping business back. 

Malleable-Iron Trade.—The malleable-iron trade in the 
West of Scotland is not yet in full swing, but within the 
next few days the various works will be running ful] time. 
Bookings have recently been very good, and the prospects 
have improved considerably. 

Scotch Pig-Iron Trade,—Although business has barely 
commenced after the holidays, the tendency already is 
for higher values, and Scotch pig-iron is very firm. There 
is a healthy demand for the ordinary qualities, and hema- 
tite is also in good request by steel-makers. Inquiries 
for shipping lots are very satisfactory, and reports show 
that several fair cargoes have booked for early 
despatch. The total amount shipped last week from 
Scotch ports was 2298 tons, against 4136 tons for 
the same week last year, making a decrease of 1838 tons. 
For the full year the shipments of Scotch pig-iron 
totalled 182,991 tons, against 248,119 tons for 1913, which 
shows a decrease of 65,128 tons. The following are the 
market quotations for makers’ (No. 1) iron:—Clyde, 
70s. 6d.; Calder, Gertsherrie, and Summerlee, 71s.; and 
Langloan, 72s. 6d. (all shipped at Glasgow) ; Eglington, 
60s., and Glengarnock, 71s. 6d. (both at Ardrossan) ; 
Shotts, 74s.; and Carron, 738. (both at Leith). 

Scotch Shipbuilding.—The prospects for this year are 
exceedingly bright owing to the heavy increases in 
anathte, end to the euqeeaanaats of So Goveeness 
anc the large tonnage recently placed by shipowners has 
ensured much activity in the yards for some months to 
come. Of course, a shortage of labour is inevitable, due 
to the very ready response of our young manhood to the 
call of King and country, but this difficulty will be 
overcome by the willingness of those remaining to work 
all the harder. 

._ AMERICAN IuMIGRATION.—The war has bad an exceed- 
ing y restrictive effect - eo immigration into the United 
States. The arrivals of immigrant aliens for October 
amounted to 30,416. This was the smallest total for 
October for many years, and it showed a —- of 
nearly 80 per cent, as compared with October, 19 

ence prevails, and a good, steady business is passing. 
Shortage of labour, due to so man 
joined the Colours, is ae 
and this is particularly felt so 
is concerned. No. 3 g.m.b. Cleveland pig is 55s., at 
which figure both makers and merchants have sold and 
are still prepared to sell. Some second hands might 
accept a trifle below the recognised market quotation. 
No. 1 is 57s.; No. 4 foundry, 54s. 6d.; No. 4 forge, 54s.; 
and mottled and white iron, each 53s. 6d. Values of 
East Coast hematite pig show further upward movement. 
It is not easy definitely to fix rates, but producers take a 
very firm stand, and are not particularly pressing sales. 
There are buyers who —— that they can purchase 
Nos. 1, 2, and 3 at 77s. 6d., and possibly some second 
hands would still -~ that price, but makers will not 
ow below 80s. ere is complaint of inadequate 
eliveries of foreign ore. Several consumers have low 

stocks, and unless supplies come to hand better in the 
near future some hematite blast-furnaces will have to be 
blown out. Nominally market rates are based on 26s. 
ex-ship Tees for Rubio of 50 per cent. quality, but with 
steamers practically unobtainable, nobody will sell and 
guarantee delivery at that rate. Freights are very high. 
As much as 12s. has been paid Bilbao to Tyne or Tees. 
Imports of foreign ore to the Tees to date this month 
were to-night officially returned at 7600 tons. ke con- 
tinues steady and firm and in fairly good request for 
local use. Durham beehive av blast-furnsce kinds 
are ~ the neighbourhood of 18s. delivered at Tees-side 
works. 

workmen havi 
supplies Of raw materi 

ar as Cleveland ironstone 

Stocks of Pig-Iron.—Stocks of Cleveland pig-iron in the 
public warrant stores now stand at 110,222 tons. During 
the month of December stocks were increased by 3220 
tons. There are warrants in circulation for 99,500 tons of 
No. 3 Cleveland pig-iron. 

Iron and Steel Shipments.—Shipments of pig-iron from 
the Tees during the month of December were on only a 
very moderate scale. is was mainly due to the war 
and to the closing of the North Sea on three or four 
occasions. Most of the iron required for home use is now 
being sent by rail. Scotland, as a rule, receives hetween 
20,000 to 25,000 tons per month by sea, but during last 
month she received practically all her supplies by rail- 
way. There is no iron being cleared from the Tees to 

mouth, owing to the Firth of Forth being closed 
to shipping. Loadings of pig-iron during December 
averaged 826 tons per working day, the total despatches 
being officially returned at 21,480 tons, 20.930 tons of 
which went from Middlesbrough, and 550 tons from 
Skinningrove. In November the clearances reached 66,013 
tone, or a daily average of 2593 tone, and for the month 
of December a year ago the loadings were given at 
107,698 tons, or an average of 4142 tons per working day. 
All the iron cleared at Skinningrove went to Scotland. Of 
the pig-iron loaded at Middlesbrough, 15,456 tons went 
qheendl and 5474 tons coastwise. Sweden was the largest 
buyer, with 5786 tons: whilst Italy received 2900 tons ; 
Norway, 2603 tons; Denmark, 2359 tons; Scotland, 1735 
tons; and Wales, 1435 tons. Tees loadings of manu- 
factured iron during the month just ended reached 5731 
tons, 606 tons of which went foreign and 5115 tons coast- 
wise. and those of steel amounted to 20,498 tons, of which 
15,033 tons went abroad, and 5465 tons to home customers. 
The Argentine received 500 tons of manufactured iron, 
whilst India was the largest buyer of steel, receiving 
2922 tons. Other principal customers were :— Victoria, 
2700 tons ; South Australia, 2616 tons; Natal, 2433 tons; 
and France, 1451 tons. 

Manufactured Iron and Steel.—Excellent accounts con- 
tinue to be given of the manufactured iron and steel 
industries. Works are going at full pressure, and many 
producers are pressed for delivery. Substantial orders 
are still in the market. In the rail trade large orders are 
expected to be given out shortly on home account. Some 
of the railways are asking manufacturers to contract for 
some years ahead. Quotations are very strong, and 
advances have been made. Steel ship-plates and iron 
and steel angles have each been advanced 10s. Principal 
market quotations stand :—Common iron bars, 8. ; best 
bars. 8l. 7s. 6d. ; best best bars, 8/. 15s. ; packing-iron, 
6l. 5s.: iron ship-plates, 7/. 15s.; iron ship-angles, 8/.; 
iron ship-rivets, 8/. 17s. 6d.; iron girder-plates, 7/. 5s.; 
steel bars (hasic), 7/. 10s.; steel bars (Siemens), 7/. 15s.; 
steel ship-plates, 8/.; steel ship-angles, 7/. 15s.; steel 
boiler-plates, 8/. 15s : steel strip, 7/. 5s.; steel hoops, 8/.; 
steel joists, 7/. 2s. 6d.; cast-iron columns, 7/. 7s. 6d.; 
cast-iron railway chairs, 4/. 5s.; light iron rails, 7/. 15s.; 
heavy steel rails, 6/. 7s. 6d.; steel railway sleepers, 7/. 
—railway material net at works, and all other descriptions 
less 24 per cent. discount; galvanised corrugated sheets, 
24-gauge, in bundles, 141. f.o.b.—less 4 per cent. 

New Dry Docks.—Messrs. Smith’s Dock Company, 
Limited, of South Bank, Middlesbrough. are constructing 
two more modern dry docks on the River ‘Tees, and 
they hope to open these in the early spring. The larger 
one will be capable of holding vessels up to 12,000 tons 

The firm have already two dry docks in use in 
addition to their extensive shipyard ; but these are ina/le- 
quate to cope with the volume of work offered. The follow- 
ing is the list of Messrs. Smith’s dry docks on the Tees, 
the asterisk deneting the two st present under con- 
striction !— 

The firm have also laid out a site adjoining No. 11 dock, 
when necessity arises, for still further accommodation. 
At the present time all branches of the firm are very busy. 
In the repairing department a good deal of work for the 
Admiralty is being carried out. 

NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has remained without 

material change. Tonnage has not arrived very freely, 
in —— of stormy weather. Exporters have, 
however, a sufficient number of steamers ready for 
their immediate requirements, and quotations for prompt 
loading have been maintained as regards large steam 
coal. Smalls, which have been affected by a heavy 
French demand, have become scarce, and prices have 
shown strength. There are some apprehensions of a 
shortage of tonnage, and shipowners are endeavouring to 
enforce enhanced rates. Prices of house coal, patent fuel, 
and coke have shown no alteration. The best Admiralty 
large has made 20s. 6d. to 2ls. per ton; best secondary 
qualities have brought 19s. 3d. to 19s. 9d. ; and other 
secondary descriptions have realised 18s. 3d. to 18s. 9d ; 
best bunker smalls, 13s. to 13s. 6d.; and ca 1s, 
10s. 6d. to 11s. per ton. The best house coal made 
19s. to 20s.; good households have realised 17s. to 18s. ; 
No. 2 Rhondda large has been quoted at 14s. to 15s. 6d.; 
and No. 2 smalls have brought 9s. to 9s. 6d. per ton. 
Patent fuel has been quoted at 18s. to 19s. per ton. Special 
foundry coke has realised 27s. to 31s.; good foundry coke, 
20s. to 26s.; and furnace coke, 17s. 6d. to 19s. 6d. per ton. 
As regards iron ore, Rubie has made 20s. to 21s. per ton, 
upon @ basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Copper Cargo for Swansea.—The steamer York Castie 
has arrived at Swansea with a cargo of 2000 tons of copper 
slabs from Beira, East Africa. The value of the cargo is 
estimated at upwards of 100,000/., and it is the first con- 
signment which has arrived at Swansea from the Beira 
district. 

A Tin-Plate Pool.—A pooling arrangement entered into 
by Welsh manufacturers of tin-plates came into operation 
on Monday. Only about 5 per cent. of the mills are 
outside the arrangement. A standard output is set up 
for each firm or company, and for any excessive potee: 
tion mg openenne has to pay intoa pool, out of which 
those bf their contemporaries who are not making up to 
the standard are to be com 
regulate the output by the demand. 

The Welsh Coal-Ficld.—The area of the Welsh coal- 
field is computed at 1000 square miles—viz., Monmouth- 
shire, 194 square miles; Glamorganshire, 518 square 
miles; Brecknockshire, 74 square miles; Carmarthen- 
shire, 228 square miles; and Pembrokeshire, 76 square 
miles. Some 154 square miles lie beneath the sea, or are 
covered by newer formations. 

Newport.—Large steam coal has shown little change. 
Smalls have been scarce, and house coal, patent fuel, 
and coke bave presented no new features. Best New- 
port Black Vein large has made 18s, to 18s. 3d.; Western 
Valleys have been quoted at 17s. 6d. to 17s. 9d.; and 
Eastern Valleys at 16s. 6d. to 17s. per ton. 

The Swansea Valley.—The tin-plate trade has shown 
some dulness, and shifts of six hours have been worked 
throughout the Morriston frorr. with the exception of 
Tyrcanol and Morriston. @ tin-houre sets have been 
working in accordance with the number of active tin- 
late mills, so that they have been only partly occupied. 

The steel works have been going full time. 

The object is to 

Contracts.—The Monometer Manufacturing Com- 
y, Limited, Whitehouse-street, Aston, Birmingham, 

ve received an order from Messrs. Callender’s Cable 
and Construction Company, Limited, Belvedere, for their 
whole plant to be equipped with the Monometer cable 
and compo-pipe furnaces, complete with the self-acti 
adjustable heat regulator, patent lifting mechanism, an 
low-pressure gas-burners. 

ALMANACKS, CALENDARS, &c.— We have received 
further calendars from Messrs. John I. Thornycroft and 
Co.. Limited, Caxton House. 8.W. ; the Hunslet Engine 
Company, Limited, Leeds ; Messrs. J. Evershed and Oo., 
8-19, King-street, Snow-hill, F.C. ; Messrs. Robert Boyle 
and Son, don ; Messrs. Brecknell, Munro and Rogers, 
Limited, Thrisseli-street, Bristol; Messrs. John Smith 
and Co., Grove Works, Carshalton, Surrey ; the Glacier 
Anti-Friction Metal Sompane, Limited, Waldo-road, 
Willesden Junction, London, N.W.; the Booth Steam- 
ship Compang, Limited, Adelphi-terrace, Strand, W.C. ; 
Messrs. Stewarts and Lloyds, Limited, Winchester 
House, Old Broad-street, EO. ; Messrs. Cammell Laird 
and Oo., Limited, of Sheffield and Birkenhead, and the 
Westinghouse Brake Comeenr, Limited, of 82, York- 
road, King’s Cross, N.—From Messrs. Thermit, Limited, 
of 27, Martin’s-lane, Cannon-street, E.C., we have re- 
ceived a pocket-book and calendar, which contains much 
useful information in reference to the Thermit Process, 
and, in addition, various tables of atomic weights, &c. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Railway companies have 
held out for lower contract rates for locomotive fuel, and 
have succeeded in forcing a reduction averaging 6d. on 
last year’s figures. Producers will doubtless be glad to 
settle matters for another twelve months, as the outlook in 
the shipping section is not very promising. Moreover, the 
loss will be more than counterbalanced by the increased 
value of house fuel. The delivery problem is still unsettled 
and difficult, particularly so far as house coal is concerned. | 
Merchants were hoping that a good — empties would | 
be released during the holiday period, 

this being the case, railway companies are still refusing 
to accept deliveries until the congestion on their respec- 
tive systems is cleared, which, in view of special military 
requirements, may mean an indefinite embargo on busi- 
ness with London and the South. Complaints of shortage 
of supplies are becoming general. Many merchants are 
still dealing with orders for prompt delivery placed on 
December 9. Consequently house-coal prices are still on 
the up grade, further advances of from 3d. to 6d. being 
recorded this week. Decreased production has materially 
strengthened the market for slacks. This in turn has had 
a stiffening effect on coke values, there being a shortage 
of coking material. Quotations :—Best branch hand- 

15s. 6d.; Derbyshire best brights, 14s. to 15s.; Derbyshire 
house, lls. 6d. to 12s. 64. ; best large nuts, 11s. 6d. to 
12s. 6d. ; small nuts, 93. 6d. to 10s. 6d.; Yorkshire hards, 
103. to 11s.; Derbyshire hards, 93. to 103. 6d.; bestslacks, 
7s. to 8s.; seconds, 5s. 6d. ; and smalls, 2s. 6d. to 3s. 64. 

Tron and Steel.—The new year opens in circumstances 
which are regarded as favourable by the leading men in 
the big engineering concerns of South Yorkshire. <Anti- 
cipating a rush of orders, customers at home and abroad 
have for some weeks past been placing orders freely. A 

| big demand for machinery, railway and constructional 
| material of a heavy type, is anticipated, and prices are 

ut so far from picked, 17s, to 18s, ; Barnsley best Silkstone, 14s. 6d, to sure to advance. The serious loss of labour sustained 
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Fig. 17. 
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Fig. 18. 
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Fie. 19. 

Testinc ANGLE-PLatTE. 
**Srvet” Bar Set up For 

owing to early enlistment has already had..a hampering 
effect on output, and a large amount of overtime is being 
worked. All this means a big consumption of raw material, 
‘nd manufacturers are speculating as to how delivery can 
be expedited so as to ensure the regular supply of adequate 
quantities. Movement in raw material this week has 
been chiefly in hematites, owing, no doubt, to the early 
resumption of armament-making, and prices are firmly 
held. Substantial premiums are asked of contract buyers. 
Uincolnshire and Derbyshire forge and foundry sorts 
have been rather quieter, but the undertone is healthy 
and prices show no decline. All sections of the steel 
industry have now got into full working order, and the 
output 13 on an exceptionally large scale. Some depart- | 
ments are so full of orders, on War Office account, that 
they are unable to meet ordinary commercial require- 
ments, and are placing business out with smaller con- 
cerns which have not the equipment to make military 
necessities, Business in railway material is still on the 
quiet side, but much better things are expected later in 
the year when provision is made for the great wear and 
ear which the home and Continental systems are under- 

Fic. 20. Setrrine ‘‘ Sine” Bar to Destrep 

ANGLE, 

going. On the other hand, there is a very heavy call 
for shipbuilders’ steel, and no diminution is expected. 
One of the brightest features is the influx of orders for 
all kinds of military automobiles. Special-steel makers 
report improved order-books. Increased quantities are 
being made for shipment, some of the best orders having 
been received from New York, Sydney, Calcutta, and 
Johannesburg. In the lighter branches work is plenti- 
ful. The latest orders enumerate saws and files for 
India, axes, hammers, and shovels for New South Wales, 
and mining machinery and implements for South Africa. 
There is a heavy run on steel billets. 

**CAB-SIGNALLING ON RAILWAYS.” 
To THe Epitor or ENGINEERING. 

Srr,—In your report of the discussion at the meeting 
of the Institution of Mechanical Engineers on this 
subject, you have in a footnote (page 748, vol. xcviii.), a 
reference to the question of the best shape for the contact 
path of the ram 

I think the chape there suggested and illustrated an 

Fic. 21. ‘*Sine” Bar Ser up ror 
Devetoprnec GAvuGE. 

Gaveine Diameter or Hoxie sy a Wire Gauge. 

| improvement on the straight line, only so long as the 
| whole of the curve can be utilised. Initial contact should 
| take place at the tangent point where the curve joins the 
| line of motion which the contact surface of the engine 
detail has been following just previous to striking. If 
striking takes place higher up the curve, it depends on 
the length of the curve as to whether the slope at the 
point of contact will not be such as to caure a greater 
shock than occurs with the straight-line path. Doubtless, 
one of the reasons for not adopting the ‘‘ wave-line” is 
the impossibility of ensuring perfect alignment of the 
rubbing surface of the detail, with the entry to the ramp, 
due to the pitching of the engine and a number of other 
factors. Theshoe must never come below the lowest point 
of the ramp-path, and in practice it will be generally above. 

It is, as you say, worth noting that the point did 
not come up. A case closely analogous to the one 
in question is that of the tripper on a steam-hammer. 
Here we have the hammer-head moving, like the engine, 
in a‘ straight path, and coming into contact with a 
tripper, to which a sudden movement has to be imparted. 
Almost universally it will be found that no attempt is 
made to give the tripper the right shape for reducing 
shock. © same point arises, of course, in the design 
of cams for quick valve movements, and in the most 
familiar instance of all—viz., the shape for railway or 
tramway curves to secure easy transition from one direc- 
tion of motion to another. I have recently used the wave- 
line on steam-hammers in working out an expansion-valve 
gear, and the smooth and satisfactory working obtained 
could not be got except by the use of the correct curve. 
Here, of course, it is possible to ensure fairly accurate 

mtial contact. 
e@ curve for constant acceleration of the body de- 

flected is a parabola when the actuating body has constant 
velocity. is can be seen from the familiar case of the 

| trajectory of a projectile. Neglecting air resistance, the 
| horizontal component of the velocity is constant, and 
| the constant downward acceleration due to gravity causes 
the body to describe a parabola. In like manner, the 
—_ etail which is being carried = constant 

| velocity must be made to move in a parabolic path, in 
order that the accelerating force acting on it, to move it 

| vertically, shall be constant. 
Yours truly, 

| Manchester, Dec. 30,1914. Ww. H. Snow, Wh, Ex, 
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THE YACHT ‘‘ MELITA.” 
Tue application of the internal-combustion engine 

for marine work has developed from two totally dif- 
ferent starting-points. On the one hand there has 
been the large marine engine of the Diesel type, which 
often follows the lines of a steam-engine in its details ; 
on the other, the type developed from the motor-car 
engine. The latter was found to require considerable 
detail modification in order to work satisfactorily under 
the continuous full-power runs required at sea; but 
these have been made, and engines of this type are being 
constructed which are quite satisfactory. The power 
has rapidly increased from the 50 horse-power of the 
motor-car engine to several hundred horse-power in 
the racing-boats. These engines, however, burn petrol, 
which is far too expensive a fuel for ordinary use on 
such a scale, and also run at very much higher speeds 
than are desirable for continuous work, and accord- 
ingly another type has developed, running at moderate 
speeds and burning ordinary petroleum. This is 
again increasing in size and power, and it remains to 
be seen in the future to what extent it will come into 
use for larger powers still. 
An interesting vessel fitted with such engines is the 

Melita, designed and built to the order of the Grand 
Duke Cyril of Russia by Messrs, J. I. Thornycroft, 
Limited, Southampton. This vessel is designed to have 
the general appearance of a torpedo-boat, and has a 
turtle back forward, with a wheel-house abaft of it, 
and a small bridge over. The funnel is arranged to 
be a ventilator to the engine-room, and also to serve 
for the So of the motors. The latter have 
a total of 300 brake horse-power, and drive twin- 
screws. 
The general appearance is seen in the photograph 

reproduced in Fig. 1, page 48, and Figs. 2, 3, and 4 
show the elevation, deck plan, and cabin plan of the 
boat, and it will be seen from these what a very small 
space the machinery takes up as compared with the 
ordinary steam type. In spite of the small size of 
the engine-room, however, it is not at all cramped, 
and there is ample room to walk right round the main 
engines. 

The owner’s accommodation is arranged aft, and 
consists of two state-rooms for the Grand Duke and 
Duchess, aft of which comes a companion-way, with a 
bath-room on the starboard side, and a maid’s cabin 
and pantry on the port side, aft of which again comes 
the saloon, There is also a secretary’s cabin on deck, 
and it will be seen that the officers’ accommodation is 
exceptionally roomy. 
The engines consist of two six-cylinder motors 

driving twin-screws, the cylinders being 8} in. in 
diameter by 12 in. stroke. Each engine develops 
150 brake horse-power at 550 revolutions per minute 
when using ordinary paraffin as fuel. 

The general arrangement is much that of a motor- 
car engine, modified as necessary, the cylinders being 
cast in pairs, inlet-valves placed above the exhausts, 
and all working parts being enclosed in an oil-tight 
crank-chamber, as will be seen in Figs. 5, 6, and 7, 
on our ey kn Hk oe The crank-shaft, Figs. 8 and 9, 
is of the four- ing type, having crank-pins 4 in. in 
diameter by 5 in. long, and main bearings 4 in. in dia- 
meter by 8 in. long. 

A somewhat unusual arrangement is made for taking 
the thrust of the propeller. This is arranged in the 
crank-case, so that it is lubricated by the same system 
as the rest of the engine, and consists of a single 
broad collar on the shaft running against two suitable 
bearings, the go-ahead thrust being somewhat the 
broader of the two, Fig. 10. 

Cast iron is used for the orank-case, which is of 
substantial construction. It will be seen from Figs. 
11, 12, and 13 that the bearings are entirely carried on 
the bottom half and that it hes large doors, through 
which the bearings can be adjusted and the pistons 
and connecting-rods be removed if necessary. Figs. 14, 
15, and 16 show the cylinders. These have the inlet 
valves placed above the exhausts and driven by means 
of rocking levers. This arrangement has distinct ad- 
vantages over the plan of having all the valves direct 
driven in an engine of this size, as there are no 
separate valve-caps to close the valve openin, 
Where such valve-caps have to be used they either 
have to be water-cooled, which entails complication, 
or a large unjacketed area is exposed to the cylinder. 

The piston is of cast iron of ordinary motor-car type, 
and is shown with the connecting-rod in Figs. 17 and 
18. Four rather narrow ri are used in the piston, 
which is as light as it can reasonably be made consis- 
tent with margin for reliability. An }4{-section con- 
age is used with an ordinary marine-type big 
end. 

Lubrication is by means of an oil-pump which draws 
oil from a sump at the bottom of the crank-case 
and delivers it to visible drip-feeds, from which it 
flows to the various ~wr yy returning to the sump 
o—— a large filter. All parts are made to the 
Board of Trade and Lloyd’s requirements. 

The special features of the engine are the means of 
control. In the smaller sizes of marine motors it is 

usual to start the engine by hand, and to keep it 
running continuously, reversing being effected by a 
reversing-gear. With such a large engine, however, 
starting by hand is impracticable, and the reversing- 
gear would be very heavy. Accordingly the engine is 
started by compressed air, which is also used for 
reversing. In order to allow of this the cam-shaft is 
provided with two sets of cams, having a sloping part 
connecting them, and can be moved endways by the 
reversing lever, thus bringing either set of cams into 
operation. The gear-wheel driving the shaft is made 
wide enough to allow for this movement. 
A conically -seated rotary valve (Figs. 19 to 22) 

placed at the top of a vertical shaft at the frunt of the 
engine distributes air at a pressure of 175 lb. — 
pipes to the different cylinders. The air enters the 
cylinders through a non-return valve, Fig. 23, which 
prevents any blow-back when the engine is working 
normally. The air is admitted to the cylinders on 
the firing stroke, aud as it is a six-cylinder engine, 
one of them is always io this position. The distri- 
butor is driven by spiral gear, and the alteration of 
setting for ahead and astern starting is effected by 
sliding the gear along the shaft by connections from 
the reversing lever. 

Ignition is by an ordinary high-tension magneto, 
which is arranged to run in the same direction when 
running ahead and astern. This is effected by driving 
it by means of two bevel- , each provided with a 
free-wheel clutch. The order of firing in the cylinders 
is necessarily different when going ahead and astern, 
and in order to provide for this a high-tension switch 
is interposed in the leads to the cylinders and con- 
nected to the reversing lever. 

The air-reservoir is kept fully charged by a small 
air-compressor mounted at the front end of each 
engine, an auxiliary compressor being driven by an 
auxiliary engine in case the air-reservoir should require 
charging when the main engines are not running. 
An exhaust-heated vaporiser is used for the fuel, and 

this can either be heated by a lamp for starting, or 
the engine started on petrol and run for a short time 
till it is hot enough to vaporise the paraffin. Control 
of the engine speed is by a powerful governor, having 
an external adjustable spring. The governor acts by 
varying the lift of the inlet-valves. 

he circulating pumps for the oil and water are of 
the rotary-gear type, and in order to ensure that the 
flow shall be in one direction, whether the engine runs 
ahead or astern, two automatic valves are provided to 
each side of the pump, as in Fig. 24. Thus, which- 
ever way the pump runs, the flow is always in one 
direction. 

It is found to be desirable to be able to run the 
main engines without the propellers for warming up, 
&c.; hence a clutch is provided between the engine 
and the propeller shaft. This clutch is not used in 
ordinary manceuvring, but only for the purpose named. 
It is, however, found that the reversing of the engines 
is much improved if the propeller shaft is stopped 
revolving directly the throttle of the engine is shut. 
Hence a foot-brake is provided to the engine shaft 
immediately behind the crank-case. All the control 
levers are conveniently grouped at the after end of 
the engine. 

The yacht is lit by electricity, and has electric 
radiators ; also a small search-light and electric cap- 
stan and steering gear. To provide for this a dynamo, 
direct coupled to a small engine, is installed at the 
forward end of the engine-room. The auxiliary ai?- 
compressor is driven by the same engine, and can be 
thrown in or out of gear as desired. 

Our representative was present on the trial of this 
boat, when a speed of 13.65 knots was obtained on a 
four hours’ trial. The engines ran very satisfactorily 
and with little noise or vibration, while there was 
a complete absence of smell. In manceuvring also the 
starting and reversing were quite satisfactory, the 
engine starting when the compressed air was turned 
on, and fired after one or two revolutions. 

The small amount of attention such engines require 
as compared with a steam-engine is, of course, very 
obvious, and this means that speed can be maintained 
more easily in practical work, as all difficulties in 
connection with firing and coal-trimming are avoided. 
The radius of action is also several times as great as 
would be obtainable with steam, as to attempt a large 
radius of action in such a small boat would mean 
impracticable weights and bunker space. As compared 
with other types of oil-engines, the above general 
type has the advantage of working at very moderate 
maximum pressures, and of having no hot parts of the 
vaporiser exposed to the explosion pressure. It will 
therefore be interesting to see to what extent it 
develops in the future. 

Messrs. Botoxow, VAUGHAN AND Co.’s Works.— 
In connection with our article on Messrs. Bolckow, 
Vaughan’s Works, published last week, it may be stated 
that the telpher railway at the above works was ge 
and cons' by Messrs. Herbert Morris, Limi at 
their Empress Works, Loughborough. 

COPPER AND SULPHUR ORE INDUSTRY 
IN NORWAY. 

THERE are in Northern Norway a number of copper 
and sulphur ore deposits, the working of which is 
being gradually extended, and on the occasion of the 
Christiania Jubilee Exhibition of 1914 some more or 
less exhaustive reports on several of these undertak- 
ings were ouapensd at the instance of the Exhibition 
authorities, and other parties concerned. Reference 
was also made to some of the large iron-mining con- 
cerns started of late years in northern and northern- 
most Norway. The disappointing results of many, 
probably most, of these underiakings, in some 
of which immense sums were lost—Knglish, German, 
Austrian capital mostly—are attributed to reckless 
starting of huge installations befure enough was known 
of the existing conditions. Too much reliance was 
placed upon hasty and cursory reports, and the 
natural result was a reaction aud temporary stagna- 
tion. These happenings, however, do not detract 
from the value of these vast resources, and when 
wiser councils are allowed to prevail, a sound and 
remunerative activity is likely toensue. As a proof 
of the mineral wealth of this part of Norway, it may 
be mentioned that during the period 1905-1912 the 
official in question for the Nordland district (Amt) 
received no less than 32,914 claims from prospectors. 
We have on a previous occasion dealt with Norwegian 
iron-ore deposits ; particulars of copper and sulphur- 
ore deposits may be of some interest in view of the 
shortage of copper in some countries. 

The Bjérkaasen deposits, Ballangen, Ofoten, have 
for two or three years been worked by a compan 
formed for the purpose, and the undertaking bids fair 
to become a stable and satisfactory one. A produc- 
tion of about 100,000 tons of export ore per snnum is 
reckoned upon, the ore hitherto worked containing 
34 per cent. sulphur and 1 per cent. copper. There 
are & t many similar deposits in the vicinity, 
which will no doubt be worked by-and-by, as the 
company goes on. 

The Hopen copper-ore deposits, Salten, are not 
being worked at present, but there is reason to believe 
that work will be resumed, and there are favourable 
cunditions for continuous exploitation. A considerable 
quantity of copper ore has been broken there within 
the last ten years. 

The Rosmo mine has, during the period 1905-12, had 
a production of 195,970 tons of ore containing 49 per 
cent. of sulphur, and a similar production can 
probably be maintained for the future. 

The Rédfjeldet mine, Mo, has worked a limited 
amount of ore, containing 50 per cent. of sulphur, 
during the last few years trom one mine, and there is 
reason to believe that there are further similar deposits 
in the district with good chances of remunerative 
working. Altogether these districts, Ofoten and Ranen, 
are pronounced by the official already referred to as 
giving good promise of future profitable working, 
when thorough and rational investigation has been 
brought to bear upon them. 

The Orkla Mining Company owns mines princi- 
pally at Meldalen, further south than those already 
referred to; the most important is the Likken 
mine, situated 16 miles from the bottom of the Orkedal 
Fjord ; also, the Dragset mine, the Hiidal mine, 
the Aamot mine, &c. The first-mentioned mine has 
been known for more than 250 years, and was originally 
worked as a copper mine. Some of the company’s 
other mines have also been worked for 200 years, 
but working had been discontinued in all save two 
when the company took over the whole undertaking, 
some ten years The sulphur ore in places is 
so rich in copper that ore containing 5 to 8 per 
cent. copper can be deposited. The Likken deposits 
comprise a number of ore lenses, about 400 metres long, 
with a horizontal width of about 25 metres. By 
diamond borings a depth of 330 metres has been 
proved. The deepest drift is down to 260 metres. The 
winding-engines have a capacity of 1500 tons per 24 
hours. About 500 horse-power are used for boring, 
pumping, working, &c. The — per man per shift of 
nine hours amounts to 9.1 tons of rough ore ; per ton of 
rough ore, 4 lb. dynamite is needed, which includes the 
quantity used for preparatory work. During the last 
twelve months or so some 3000 metres of diamond bore- 
holes have been worked. The separating plant, crush- 
ing machinery, and transport arrangements are quite 
modern, the buildings being of reinforced concrete. The 
works contain six sections, of which four are devoted to 
separating and crushing, and two to further handling. 
The capacity of the ————s works is about 300,000 
tons of export material per year. The railway wagons 
are loaded direct from a bin, with a storage capacity 
of 13,000 tons, and the transport to Thams Harbour, 
where there are other bins, is by electric traction. 
From thence a rope railway, with a capacity of 100 tons 

r hour, transports the ore to the vessels at the pier. 
The export during 1913 amounted to about 130,000 
tons of ore. 

The ancient Riéros Copper Works and Mines control 
several mines, of which the Storvarts mine is the 
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largest ; it has been worked uninterruptedly since the 
year 17u8. Itis situated 54 miles north-east of Riéros, 
at an elevation of 2920 ft above the level of the sea. 
From it have been taken 590,000 tons of ore, 
yielding 35,000 tons of copper. Next comes Kongens 
(the King’s) mine, 94 miles north-west from the town, 
and 2720 ft. above the level of the sea. From it have 
been worked 505,000 tons of ore, yielding 18,250 tons 
of copper and about 420,000 tons of export ore, cal- 
culated to contain some 10,000 tons of copper. The 
mine has now been worked upwards of 14 miles into 
the mountain. The Christian Sextus mine is located 
close to the former, but has not worked so steadily as 
the former two mines. Lower deposits, however, 
were discovered in 1905, which promise somewhat 
better, and during the last five years some 5000 tons 
of ore have been worked, yielding 200 tons of copper. 
There are also other mines, the ore of which in some 
places is too poor to work except when the price for 
copper rules high, as it does now in Germany. 

The Réros Copper Works started operations in the 
year 1644 with some very modest deposits, but in 
the following year much larger deposits were dis- 
covered, and October 19, 1646, those interested in the 
concern obtain their first ‘‘ privileges.” Most of the 
proprietors were foreigners, but in the year 1685 a 
change was made in this respect ; otherwise the old 
partner arrangement remained unaltered till 1910, 
when the concern was formed into a limited company. 
The different wag in the history of Riros oven 
led to the building of the long-distance hydro-electric 
power-station in Norway, at the Kuraas Fall ; this 
was in 1896, and the power derived is 600 horse- 
power. Riros copper works formerly had several 
hearths, in the different forests, in which the company, 
according to their privileges, had the right to 
cut w for the preparation of charcoal. 1887 
the Manhés method was introduced, and this has, 
on the whole, since been adhered to. The ore is now 
smelted down into water-cooled iron furnaces, where 
the copper percentage is increased from 4} per cent. 
to 36 per cent., and it is then tapped red-hot into 
converters, where the sulphur and iron is burnt out 
by blowing in air, the sulphur escaping as gas, and 
the iron forming a slag, rin copper, the copper 
remaining fairly pure. This copper is afterwards 
refined. 

The Réros Copper Works from the start in 1644 until 
the end of 1913 have produced copper of an aggregate 
value of 7,000,000. Tne production in 1912 amounted 
to 600 tons of copper and 12,000 tons of ore. 

The Sulitelma Mines, Northern Norway, under- 
taking is a Swedish concern, with a capital of close 
upon 400,000/., which works copper and sulphur ore. 
The breaking of the ore is done by boring-machines, 
and within the mines the broken ore is trans- 
ported by means of electric locomotives, the aggregate 
length of the tracks being 2? miles. The transport 
of the ore from the mines to the works is effected by 
aerial railways, of which there are eight, with an aggre- 
gate length of 7 miles ; their capacity is about 30 tons 
perhour. The handling of the ore is by the ordinary wet 
process in connection with the Elmore system. The 
production consists partly of fine export ore, contain- 
ing 44 to 45 per cent. sulphur and 2.7 to 2.8 per cent. 
copper, and partly of Elmore concentrate, containing 
about 6 per cent. copper. The pure ore—the ore which 
is so pure that it on not require any handling—is 
crushed dry and then mixed with the washed fine ore. 
The capacity of the washery and the Elmore washery 
is respectively 1000 tons and 650 tons per hour. The 
separated ore and the Elmore concentrate are smelted 
down on the spot. The former is treated according to 
the so-called Knudsen pyrite smelting process in con- 
verters with subsequent Bessemer treatment. The 
Elmore concentrate is treated in a mechanical rotary 
wedge furnace, after which the concentrate is smelted 
down in a large flame-furnace of the Anaconda 
type and then subjected to a Bessemer process 
together with the other ore. The final product is a 

ssemer copper containing 99.3 per cent. copper, 
which is exported to the refining works in 
of lewt. The production amounts to about 145,000 
tons export ore, &c., about 15,000 tons Elmore con- 
centrate, and about 1500 tons Bessemer copper per 
annum. Extensions have beer pro which will 
materially increase the production from the year 1916. 
Power for the plant is obtained from the company’s 
power-station on the Balmi River, which has a 
capacity of some 3600 horse-power. The transport of 
finished products takes place by means of sloops and 
tugs across three lakes, and on a narrow-gauge rail- 
way, 84 miles long, between two of these lakes. This 
railway, however, is being altered to ordinary gauge, 
and extended a further 74 miles right up to the works, 
whereby the one lake crossing will be avoided. 
_The important ore deposits at Groug, in Eastern 
Norway, 4 to the on frontier, were, in 
he year » acquired by s com with partl 
Norw and partly French ca) ital. 1 reneatnier 

~— ascertained that 
shape of a cup or fold, | 
gules of some 19 deg., onl 

of careful investigations it has 
the deposits have the 
drawn out, placed at a 

—, with the greatest width at the bottom. 
he ore, on an average, contains 2.2 per cent. of 

copper, and 43 per cent. of sulphur. Ore both richer 
and poorer in copper is also to be met with. It is 
proposed to export some 60,000 tons annually from 
Gjersoik. The Ioma deposits are located some 13 miles 
east of Gjersoik, and about 24 miles from the Swedish 
frontier. The deposits cover an area of about 22,000 
_— yards, and for each cubic yard broken 2} tons 
of export ore are reckoned upon. The greatest depth 
is about 165 ft., and from these figures the Ioma 
sulphur-ore deposits are the largest in Norway. On 
the whole the ore is poor in copper, but contains some 
44 per cent. of sulphur, only small portions being 
suitable for smelting-down purposes. 

It is proposed to exploit these deposits in the follow- 
ing manner :—From the shore of the Hudning Waters 
a drift of about 1.4 miles length will be worked in 
under the Ioma Ceposits, and from the mouth of this 
drift to the Gjersoik, 14 miles, a rope railway will 
be built, and continued as far as the Bindalsfjord, 
& distance of 35 miles. In view of the acceleration of 
the construction of the Nordland Railway to the rail- 
way at Fosmoen, the mining company, by way of pre- 

ratory work, has first constructed a road, 16 miles 
ong, from Namdale to Gjersoik, where a provisional 
power-station has been erected, with saw and planing- 
mills, &c., and a number of houses. The natural con- 
ditions of this almost entirely uninhabited country have 

many serious obstacles in the way of getting this 
concern started, but they have now been overcome. 

NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 23, 1914, 

Tue final decision of the Interstate Commerce 
Commission to advance freight rates on roads east of 
Chicago and St. Louis and north of the Potomac, 
except on coal, coke, and ore, has pe the long- 
awaited stimulus to greater iron and steel activity. 
The release of a large number of railway orders will 
now take place. October exports of iron and steel 
amounted to 16,000,000 dols.; November exports, 
20,000,000 dols. Last week 1000 tons of iron were 
exported for England. An order from the same source 
for 6500 motor-trucks is expected at Chicago—value 
per truck, 1500 dols. Much European business is 
pending, and ante-bellum rate of exports will soon be 
Snabelt Inquiries for 80,000 tons of structural steel 
are pending this week in the Pittsburg district. 
Pending inquiries for plates include 12,000 tons for 
Atlantic coast shipyards. Since December 1 60,000 
tons of basic have been sold at Pittsburg. A Connels- 
ville coke concern has sold 120,000 tons of coke, 
to be delivered at the rate of 20,000 tons a month 
for the first six months. Two other »oke contracts 
call for 10,000 tons a month, at 1.76 dols. at the 
ovens. 

Pig-iron activity has fallen off. The anticipated 
early placing of large railroad orders will give it 
another start on options given. The great 
volume of business in steel will be placed at current 
low rates, after which an advance of 1 dol. to 2 dols. 
@ ton will be announced to catch the multitude of 
smaller buyers. The winter-wheat area has been 
increased 114 per cent. over last year, and 20 per cent. 
above any previous planting. Three thousand com- 
mercial ft industrial organisations will send dele- 
gates toa National Foreign Trade Convention, to be 
held in St. Louis, January 20 to 22. The tone of the 
steel market is stronger than a week ago. Similar 
improvement is noted in many other directions. Con- 
ditions are ripe for a general expansion, and the 
tendency will not be discouraged by any attempt to 
advance prices to an undue degree. 

December 30, 1914. 
The past week has been more satisfactory to the 

steel interests. Railroads, agricultural interests, and 
automobile concerns have placed large orders for bars 
and shapes for delivery over the first half of the in- 
coming year. Ten ocean and lake boats have been 

bars | contracted for, calling for some 25,000 tons of plates, 
rt of which comes to Eastern mills and part to 
ittsburg. Last week the Steel-Corporation averaged 

20,000 tons a day in orders, against 1‘),000 tons per day 
during all of November. Tin-plates in some cases were 
shaded as low as 3 dols. per box. It is estimated that 
the December bookings 
500,000 tons to its waiting tonnage. More business is 
being arranged for than can be traced up. A policy of 
greater or less secrecy prevails. Mr. Schwab, president 
of the Bethlehem Steel Company, on his arrival home 
last week, permitted himself to be quoted as saying that 
orders aggregating 300,000,000 dols. had been, were 
being, or soon would be 
military supplies in the United States. Certain it is 
that a very large quantity of material is being con- 
tracted for. Incidentally it may not be very far out 
of place to observe that the West and South are being 
drained of horses. The estimate of rail inquiries now 
pending is placed at 600,000 tons. Perhaps double 
those figures would be closer to the facts. This much 
it seems safe to say, that the mills will average 50 per 

of the Steel Corporation add | be 

rere for military and semi- | tha 

cent. of capacity next month, which is quite an im- 
near from 35 per cent. Prices are certainly 
ardening. A t many large consumers will hold 

back just a little too long ; the manufacturers see it, 
but the buyers do not. The railroads are figuring on 
large locomotive and car orders, to be placed very 
soon. Pig-iron has in become quiet, but large 
sales are very close at hand. 

COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 

We give below a few data on several colonial and 
fore mm | projects taken from the Board of 

e Journal, Further information concerning these 
projects can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 

Australia : H.M. Trade Commissioner reports that 
tenders are invited by the Melbourne, Brunswick, and 
Coburg Tramways Trust for the supply and delivery of 
(1) rails and fish-plates ; (2) dog spikes ; and (3) special 
work, consisting of standard turn-outs, standard cross- 
overs, curve-rails, special drain-boxes, portable cross- 
overs, &c. Tenders on the se aoe will be received 
by the Chairman of the Melbourne, Brunswick, and 
Coburg Tramway Trust, Victoria, 
January 13 in the case of (1) and (2), 
February 24 in the case of (3). 

hy my = ? —~ Trade omuniameney: ~ New 
ni as forwarded a copy of a report by the new 

general manager of the New Zealand State Railways on 
the organisation and equipment of the system, which is 
of interest to British manufacturers of railway plant and 
equipment, in view of the made for increases in 
material, machinery, station accommodation, &c. The 
erection of new engine building sheds is contemplated at 
Newmarket, whilst the standardisation of engine types 
and the abolition of the small type of engine hitherto 
extensively used on New Zealand Railways is now en- 
gaging attention. Amongst other contemplated changes 
and extensions the .-r-: may be briefly indicated :— 
Rail motor service for suburban traffic in the larger 
cities ; substitution of electric lighting for gas on main 
oe ~ trains; reorganisation of the present system of 
car cleaning; extension and re-modelling of existing 
building and repair-shops; and the erection of new 
stations. The various improvements entail a total esti- 
mated expenditure of 3,250,000/., spread over a period of 
five years, and comprise :— 

up to noon on 
and up to noon on 

£ 
New stations and station yards 1,54 0,000 
Duplications of track ... in 485, 
Grade easements del hi ie 250,000 
New engine dép6t and approach lines 

at Auckland ... ae be ua 140,000 
Additions to workshops 60,000 
New lines... a tekntedi ~_— 
Signalling and interlocking , 
Level-crossing alarms ... 20,000 
Bridge strengthening ... 50,000 
Ten Garrett locomotives 50,000 

3,250,000 

Tolland : H.M. Minister at The Hague re under 
date December 1, that the Netherlands Minister of 
Waterways, Railways, &c., has granted to the Geldersche 
Stroomtramweg-Maatschappij a concession for a railway 
from Dieren to the Prussian frontier in the direction of 
Isselburg. Traffic on this railway is not to have a speed 
exceeding 20 km. (about 12 miles) per hour. 

France: The following commercial inquiry has been 
received from the British Chamber of Commerce, 9, Rue 
des Pyramides, Paris, to which address all relative com- 
munications should be sent:—Inquiry is made for the 
names gh ope oo 4 +" 
pressors centrifugal pumps. erence No. (to 
quoted) G. W. 1093. 

Spain: The Gaceta de Madrid contains a notice grant- 
ing to the Sociedad Andénima Hidro-Eléctrica Ibérica a 
concession to utilise the waters of the Rio Mijares, in the 
district of Fauzara, at the rate of 10,000 litres per second, 
for the production of electric power. Work must be com- 
rarhne! » within a year from the date of the concession and 
completed within four years. 

Spain (Canary Islands): The Gaceta de Madrid pub- 
lishes a notice to the effecs that tenders will be received 
at the Direccfon General de Obras Piblicas, Madrid, up 
to noon on February 25, for the construction and work- 
ing, for a period of sixty years, of an electric tramway 
in San Cristébal de la na, in the Canary Islands. 
The minimum rolling-stock required to work the line will 

two p g hes, one brake van, and two 
wagons. An option on the concession is held by the 
Sociedad Tranvias Eléctricos de Tenerife. Although the 
foregoing contract will probably be awarded to a Spanish 
firm, [epee eps pon = out of the work may in- 
volve the purchase of ma‘ outside Spain. 

Morocco: H.M. Consul-General at Tangier reports 
* tenders are invited by the Special Committee of 

Public Works for the paving of the Place d’Espagne at 
Tetuan. Tenders, accompanied by certificates of com- 
potency, will be received by M. le Président du Comité 
pécial des Travaux Publics, Dar En-Niaba, Tangier, 

up to 11 a.m. on February 6. The estimated value 
of the contract is placed at 47,000 francs (1880/.), and a 
deposit of 100 francs (4/.) is required to qualify any 
tender. The contractor must elect domicile in the neigh- 
bourhood of the works. 
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THE OIL-ENGINE-PROPELLED YACHT “MELITA.” 

OONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, SHIPBUILDERS AND ENGINEERS, SOUTHAMPTON. 

(For Description, see Page 46.) 
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these units since they were formed last September have | this book on the German Fleet is by Mr. Fred T. Jane, 
Divisional Enoingers—Rorau Nava. Division.— | received commissions in the Army. and as silhouettes have nes been a prominent feature 
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REPORT OF THE COMMITTEE 
SHIPS’ BULKHEADS. 

Tue first report of the Board of Trade Committee 
on Bulkheads and Water- Tight Compartments, 
resided over by Sir Archibald Denny, Bart., will 

universally regarded as one of the most useful 
contributions in recent years to the science of naval 
architecture. Not only is the subject one of pre- 
dominant importance to the safety of life in ships, 
but it is one in which it must be confessed there 
was required both close investigation and some 
co-ordination, perhaps rectification, of ideas. The 
complacency with which all assumed that the 
individual efforts of scientific shipbuilders had at 
last produced an unsinkable ship has been com- 
pletely shattered. Great ocean liners and the 
most modern of battleshi accepted in each 
case as the best that could be conceived and 
constructed in respect of division into separate 
water - tight compartments, have succumbed to 
the admission of the sea through the skin of the 
ship. Notable instances of the ineffectiveness of 
bulkheads, all anterior to the appointment of Sir 
Archibald Denny’s Committee, prove the need of 
the investigations conducted, and intensify the 
hope now that at least there may be set out a 
sound scientific basis for improved practice in this 
most important element in the design of the modern 
ship. All indications point to the fact that success 
has been most eagerly searched for. The terms of 
reference were broad. The chairmanship of the 
Commission could not have been filled by one of 
greater experience, alike in research, practice, and 
tactful management. The members of the Com- 
mittee were representative of all classes of marine 
construction, and were each imbued with the proper 
spirit of judicial inquiry, and brought to bear on 

eir work wide knowledge of prevailing practice 
and of the problems to be solved. Much experi- 
mental work also was undertaken. Finally, the 
fact that the rcport is unanimous must carry weight 
with the G.ve.ument in enforcing the recommen- 
dations—wi.. the shipowners in agreeing to the 
adoption of the proposals, and with the public, 

ON 

PROPELLING ENGINES FOR THE YACHT “ MELITA.” who, after all, are most immediately concerned 

)| Life at Sea, which met a year 

in the ultimate issue. Already this view is su 
‘aay v by the fact that a preliminary report, ) 
or the International Conference for the Safety of 

ago, was of great 
utility in the preparation of their rec dati 
with regard to the spacing of transverse bulkheads 
and other matters relating to subdivision. 

The terms of reference, as already stated, were 
broad. The object set before the Committee was 
to determine what would constitute efficient sub- 
division in the case of each class of ship, and 
whether, independently, it was desirable to make 
any recommendations with reference to the sub- 
division of vessels already built, or of new vessels. 
When the subdivision of ships first came under 
Government notice, it was practically as a side 
issue. A Select Committee, appointed by the 
House of Commons in 1887, on ts and Life- 
Saving Appliances, had their attention drawn to 
the matter, and in their report they stated 
that ‘“‘the proper spacing of bulkheads, so as 
to enable a ship to keep afloat for some length of 
time after an accident has occurred, is most impor- 
tant for saving life at sea, and « thing upon which 
the full efficiency of life-saving appliances largely 
depends.” In 1888 a Committee, appoin to 
advise the Board of Trade, recommended that, 
under the new rules then enforced, concessions 
should be granted in the case of ships which 
were efticiently divided into water-tight com- 
partments, so that with any two of the com- 
partments in free communication with the sea 
the ship would remain afloat in moderate 
weather. These ships were to be permitted to dis- 
pense with half the lifeboat and raft accommodation 
otherwise necessary. The late Sir Edward Har- 
land’s Committee, appointed in 1890, reported on 
the spacing and construction of water-tight bulk- 
heads, and their recommendations have formed the 

basis of practically all subsequent developments of 
the subject. Concessions in respect of life-savin 
appliances were only allowed upon compliance wit 
the recommendations made; and, although the 
number of applications for concessions was small, 
the report ‘‘ exercised,” as is stated in the report 
of Sir Archibald Denny’s Committee, ‘‘ a beneficial 
influence on subdivision generally, not only in 
calling the attention of the owners to the desira- 
bility of methodical subdivision, but also in fur- 
nishing a means whereby, within the limits of 
accuracy of the methods devised by the Committee, 
any pro scheme of transverse subdivision 
could be readily tested and the necessary adjust- 
ments made.”” In the summer of 1911 the Mer- 
chant Shipping Advisory Committee of the Board 
of Trade strongly recommended that the Board 
should review the standard of water-tight subdivi- 
sion as laid down by Harland’s Committee in con- 
nection with life-saving-appliances rules, but it 
was very wisely decided that the revision should 
be made without reference to concessions. It is 
therefore interesting to note the interpretation 
the present Committee placed on the official terms 
of reference to them. They decided that their 
investigation must include the following amongst 
other subjects :—(a) The number and disposition 
of transverse water-tight bulkheads to be recom- 
mended for each class of vessel under consideration, 
and the fitting of double bottoms, water-tight decks, 
double skins, and longitudinal bulkheads ; (b) the 
scantlings and arrangements necessary for securing 
the le strength of water-tight partitions ; 
(c) whether openings may be permitted in water- 
tight bulkheads below the level of the bulkhead 
deck, and, if so, what means of closing the openings 
should be provided ; (d) whether openings may be 
permitted in the sides of ships below the level of 
the bulkhead deck, and, if so, what means of closing 
the openings should be provided; and (e) the 
provision of pumping plant to deal either with 
flooded compartments or with adjacent compart- 
ments into which water ma, — by leakage. 
We have here a clearly de ned scientific inves- 

tigation of great practical utility. Those who 
essayed it were worthy of the task. It will be 
seen that engineering as well as shipbuilding ques- 
tions were involved, and there were three engi- 
neers on the Committee. Mr. James Bain is a 
man whose life has been entirely spent in the 
supervision of machinery at sea and as a shore 
superintendent. Mr. Andrew Laing is the head 
of an establishment where the best of warship and 
all types of merchant engineering are carried on, 
Mr. Summers Hunter is chief of a works where 
there has been considerable specialising in machj- 
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nery for cargo vessels. As to the naval architects, 
Mr. H. R. Champness was an assistant Director 
of Naval Construction at the Admiralty, and the 
Committee were thus kept in close touch with a 
department in which subdivision and the strength 
of bulkheads has had continuous and concentrated 
attention. Dr. G. B. Hunter has had a life-long 
experience in all classes of shipbuilding, and his 
firm have done a ~—- amount of high-class pas- 
senger work. Mr. W. J. Luke, trained originally 
at the Admiralty, and now connected with Messrs. 
John Brown and Co., apart altogether from his 
personal ability, doubtless proved a useful member. 
Professor Welch alsu received his training at the 
Admiralty, and, with subsequent mercantile and 
warship experience at Birkenhead, had special 
qualifications. Many of the calculations were made 
by a special staff at Armstrong College, and there is 
no divulging of inside knowledge in the assumption 
that it was done under his supervision. Dr. 
Thearle, as chief ship-surveyor of Lloyd’s, was 
almost inevitably a member of the Committee, but 
most regrettably he died before the work was done. 
As mentioned in the report, however, he rendered 
** conspicuous service in all directions, notably in 
connection with the question of the strength of 
bulkheads” Mr. Charles Buchanan most ably 
took up his duties on the Committee. Mr. J. 
Foster King, the principal ship-surveyor of the 
British Corporation, was likewise clearly indicated 
as a member, since he was the principal of the 
younger society, whose influence during the last 
few years has practically revolutionised ship — 
and construction. To the chairman, Sir Archibald 
Denny, we have already made reference. It is in- 
teresting to note that Lord Buxton, who origi- 
nally appointed this Committee, selected, probably 
without any knowledge or intention, ten members, 
all of whom were on the Council of the Institution 
of Naval Architects, so that the Committee will 
carry the confidence of all shipbuilders, since all 
are members of that Institution. It is further 
notable that five of the ten members were educated 
at the Royal Naval College, Greenwich. Dr. 
Thearle received his professional education in the 
Royal School of Naval Architecture, at South 
Kensington. The Secretary of the Committee, 
Mr. Walter Carter, in his ability and devotion to 
the interests of the Committee, was of invaluable 
assistance. 

The Committee have been at work on their 
investigation for nearly two and a half years, and 
their first report, now issued, deals with foreign- 
going steamers carrying more than twelve passen- 
gers. We are promised other reports on other 
types of ships, notably home-trade passenger 
steamers, cargo steamers, &c. In addition to 
many diagrams, the report extends altogether to 
54 foolscap pages, and, while comprehensive, deals 
with every point in detail; but it is not pos- 
sible here to review all the points raised. The 
first interesting subject, perhaps, is the basal 
principle upon which the Committee founded their 
conclusions. Sir Edward Harland’s Committee 
based their experimental methods on flooding an 
actual model variously loaded, and from the result- 
ing data deduced curves and tables. This was the 
first practical method of speedily analysing the 
subdivision of vessels from simple data without 
the use of elaborate flooding calculations. But the 
late Sir Edward Harland and his coadjutors 
realised that the method was of limited applica- 
tion, and could not be applied under all condi- 
tions to all vessels. Detailed calculations were 
therefore necessary in cases where conditions not 
taken account of in the Committee’s curves and 
tables were material factors. Sir Archibald Denny’s 
Committee started with quite an independent idea 
as to the form in which subdivision rules should 
be drawn up, and, at the request of the Board of 
Trade, they prepared a preliminary report for the 
assistance of the British delegates to the Inter- 
national Conference for the 3afety of Life at 
Sea. But they were careful on that occasion to 

int out that further investigation was necessary 
fore the Committee could finally recommend 

what standard should be adopted in all British 
ships. In addition to this, there was proposed 
at the Conference a German and a French 
system. By the German system, which has been 
in use for the last seventeen years, increased 
safety was attained as the vessel increased in 
length by (a) increasing the number of compart- 
ments assumed to be flooded without sinking the 
vessel, and (b) increasing the assumed permeability 

of the spaces [i.e., the proportion of the immersed 
volume of the spaces that will admit water] in one 
or two-com ent vessels as the length of the 
vessel increased in each of these two classes. The 
floodable length was taken on the assumption that 
the vessel, when bilged, was submerged practically 
to the bulichead-deck line. The essential feature of 
the French system was the factorial treatment of 
floodable length. The preliminary report of the 
British Committee had this in common with the 
German system, that the increased safety was 
attained by increasing the number of compartments 
assumed to be floodable, but within the one and 
two-compartment standards it increased the vases 
by fixing margin-lines, so arranged that as the len 
of the vessel increased, the surplus buoyancy, after 
flooding, was also increased. Fixed permeabilities 
for definite types of compartments were used, and 
the margins were visible instead of being obscured 
by variable permeability, as in the German system, 
or by the factor of subdivision, as in the French 
system. 

At the International Conference there had to be, 
of course, a compromise, and the factorial form was 
adopted ; the idea of fixed permeabilities in accord- 
ance with the British system was combined with 
the German practice of using a fixed margin line, 
and with the factorial system of the French ; 
whilst the adoption of factors of subdivision, de- 
creasing in value with increase in the length of 
the ship, expressed the idea, common to all three 
systems, of obtaining gradually increased safety 
with increasing length of ship. Sir Archibald 
Denny’s Committee have finally determined to fall 
in generally with the proposals of the Convention, 
although it would have n possible to interpret 
the Convention system in terms of the visible 
margin-line system originally proposed. At the 
same time the report now issued proves that Sir 
Archibald Denny’s Committee was most helpful to 
the Conference, and it is only natural, therefore, 
that they should agree with most of the proposals 
of the Conference. Sir Archibald was himself 
one of the British delegates at the International 
Conference, but not as a member of the Bulkhead 
Committee. The Committee has been quite inde- 
pendent of the International Conference and only 
supplied information for use at the Conference at 
the request of the President of the Board of Trade. 
But itis a matter for satisfaction that there have 
been so many lines of agreement between the 
two important independent bodies, although at 
several points there is divergence which a careful 
study of the report clearly reveals. The report now 
made is complete in itself, and it is easy to follow 
the points of international agreement. The Com- 
mittee have certainly done well to accept the 
wording of the Convention wherever possible, as it 
prevents confusion in the correct understanding of 
the points of agreement. As already explained, 
the International Conference adopted much of the 
original wording of the special report prepared by 
the Committee, and altogether the arrangement is 
as creditable to both as it is satisfactory to 
the shipping community. 

Sir Archibald Denny’s Committee is right in 
claiming that the formulation and enforcement of 
rules governing subdivision is a contribution of the 
utmost importance to the subject of safety of life at 
sea, although ‘‘as regards the result of such rules 
in any particular case it is not possible to say more 
than that if the damage does not exceed a specified 
amount, and if the assumptions made in the rules 
are not materially departed from, the vessel may be 
reasonably expected to remain afloat.” The flood- 
ing curve of a ship, floating at a given water-line 
and with given permeability, is, it is explained, one 
showing for any point in the vessel’s length the 
maximum length of compartment having its centre 
of length at the point in question which can be | be 
laid open to the sea without at any point immers- 
ing a margin-line drawn 3 in. below the up 
surface of the bulkhead deck at the side. The 
length of the compartment defined above is the 
floodable length at that point, and is expressed as 
a percentage of the vessel’s length. The size and 
shape of a flooding curve depend principally on 
the freeboard ratio (i.e., the ratio between the 
freeboard to the margin-line amidships or to the 
lowest point of the margin-line, where this lowest 
point is not amidships, and the draught amidships 
to the top of the keel) and on the p rmeability of 
the flooded space. They de to a smaller 
extent on the character of the lines of the vessel 
and on the sheer of the margin-lines fore and aft. 

In the report there is given a clearly defined method 
for the construction of such flooding curves and 
tables. Full calculations were made for several 
actual vessels of widely different types, and from a 
consideration of these cases and the general laws 
governing flooding calculations, the method of pre- 
paring such curves from simple data was devised. 
The method was tested by applying it to a large 
number of actual vessels, and comparing the results 
with those given by full flooding calculations for 
the same vessels. An example may here be given 
to illustrate the basal principle for these flooding 
curves. 

The Committee propose to adopt for machinery 
spaces a permeability of 80 per cent.—that is, it is 
assumed that these spaces will, on the average, 
admit water after damage to the extent of 80 per 
cent. of their total immersed volume. For spaces 
forward and aft of the machinery space separate 
calculations are made for permeability on certain 
assumptions adopted by the International Con- 
ference, so that normally the flooding-curve of a 
vessel consists of portions of three complete flood- 
ing-curves for differing permeabilities, as illus- 

wees = 
trated by the diagram given above. The Com- 
mittee publish cross-curves and other data, by 
means of which, in all but exceptional cases, flooding- 
curves for any permeability can be obtained for a 
vessel of given block coefficient and longitudinal 
distribution of displacement, and given freeboard 
and sheer ratios. en the multiplication of the 
ordinate of this flooding-curve at any point in the 
length of the ship by the factor of subdivision recom- 
mended for the particular length and type of shi 
will give the maximum permissible length whic 
the compartment, having the middle of its length 
at this point, can have. 

As the floodable length at any point gives the 
maximum length of compartment which can 
flooded without practically immersing the bulkhead 
deck at any point, it will be seen that the amount 
by which the factor of subdivision is less than unity 
is a measure of the extent to which the bulkhead 
deck will be above the sea-level after any one com- 
partment is damaged, and is therefore also a mea- 
sure of the degree of safety attained. Thus, for 
example, aship with a factor below 0.5 will float, 
under the assumed conditions, with any two adja- 
cent compartments opened up to the sea, and in such 
vessels the Committee have specially dealt with the 
combined lengths of two adjacent compartments, 
one of which is inside, and the other outside, the 
machinery spaces, at which points there are ordi- 
narily differences of permeability. 

It will thus be seen that the Committee has pro- 
duced a system which dispenses with the compli- 
cated and lengthy calculation involved in getting 
out flooding-curves by the ordinary methods. The 
diagrams supplied for 60 per cent. and 100 per 
cent. permeability enable anyone to arrive at the 
floodable length of any vessel of any length, depth, 
draught, free and block coefficient, with any 
sheer, and also with any permeability between 
60 and 100 per cent. This first approximation 
can be got practically in a few minutes after the 
permeability calculation has been made, which 
must be done in any case. The first —— 
tion will give a subdivision which is not likely to 

inc in severity by the final calculation. 
This latter is more elaborate, but should not occupy 
more than half to one day for any particular 
vessel, whereas the present calculations occupy 
several days. The method, it is believed, will 
give a floodable-curve reasonably accurate for any 
vessel except those of quite exceptional form— 
forms that are not thought of at the present time. 
If the Committee had done nothing else than 
evolve this system it would have made a great con- 
tribution towards the practical working of the 
science of naval architecture. : 

Another matter which had careful consideration in 
determining the spacing of bulkheads had reference 
to horiz ntal and longitudinal subdivision, and the 
Committee recommend for certain ships an allow- 
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ance in the spacing of water-tight bulkheads where 
water-tight decks are fitted. There is no doubt that 
an undamaged water-tight deck isa t advantage, 
but in an ordinary collision the deck is as likely to 
be damaged as not. Its principal value is attained 
in the case of a ripping blow on the skin of the ship 
below the deck. As regards the important ques- 
tion of the value of longitudinal side bunkers, the 
Committee express the opinion that such sub- 
division does, in certain circumstances, constitute 
an addition to the safety of the vessel. But there 
is always the difficulty of the flooding of the 
bunkers on one side of the vessel, giving the ship 
a list, so that, apart from the danger of capsizing, 
it might be difficult to utilise all the life-boats, or 
to maintain the navigability of the ship. The 
suggested arrangements for allowing water to flow 
from one side to the other were examined, but the 
Committee have not felt themselves justified in 
advising that any of these could be accepted, as far 
as water-tight side bunkers for coal are concerned. 
Pumping arrangements might prove satisfactory, but 
the Committee recognise that no arrangements would 
be sufficiently speedy to prevent a list developing, 
and it is therefore necessary, whenever water-tight 
longitudinal bulkheads or inner skins are fitted, 
that it should be proved that the margin-line will 
not be brought under water when any space 
bounded by transverse water-tight partitions be- 
tween the outer skin and the inner skin, or longi- 
tudinal bulkhead on one side, is flooded for a length 
equal to the floodable length of the vessel in that 
region, a8 determined for transverse subdivision 
only. Longitudinal bulkheads and inner skins 
should extend to a deck above the load-line, and 
the crowns of the side compartments or spaces 
should be water-tight. The distance of an inner 
skin from the outer skin at any part should not be 
less than 2 ft., plus 2 per cent. of the moulded 
breadth of the ship. In regard to non-watertight 
longitudinal subdivision, the accident to the Em- 
press of Ireland seems to have prompted some 
observations. In some vessels there are fitted 
longitudinal coal-bunkers of considerable extent 
which are not water-tight. These bunkers are often 
cross-connected by transverse bunkers, at the 
middle line of which the free flow of water from one 
side to the other may be prevented by communicat- 
ing passage-ways, “c., fitted in the longitudinal 
direction. Further, some vessels have very long 
transverse bunkers similarly obstructed at the 
middle line. In all such cases damage from colli- 
sion in the vicinity of such bunkers might result in 
a temporary list, from which the vessel might not 
easily recover. These and similar cases should 
receive consideration, and in the two latter cases 
mentioned above, middle-line obstructions on the 
level of the double bottom which would seriously 
prevent the flow of water should be avoided. If 
this is not feasible, and in the first case mentioned 
above, the authorities should, as in the case of 
water-tight longitudinal subdivision, be satisfied 
that no serious temporary Jist will occur. 

As to the final system of subdivision—the result 
of a compromise between the British, French, and 
German systems—this is so designed as to produce 
an increasing severity as the vessel increases in 
size, and a criterion is brought in to distinguish 
between vessels which are purely passenger ships 
and those which are cargo-passenger ships —that is 
to say, where the cargo forms an important element. 
The criterion fixes the position of the vessel as 
between these two extremes. The criterion is 
based on the mean permeability of the whole 
vessel, and the relevant factor of subdivision 
is obtained by interpolation between two factorial 
curves, one, the more severe, applicable to 
purely passenger vessels, the other, less severe, 
applicable to vessels where cargo is an important 
element. The recommendation in connection 
with this matter, however, will have to be 
adopted internationally before it is applicable under 
the convention. The object of the Committee in fix- 
ing the criterion was obviously to embrace the effect 
of cargo and passengers, and for this reason they 
took into account all spaces included in the gross 
tonnage, whether above or below the margin-line. 

As regards the strength of bulkheads, a consider- 
able amount of practical experimental work was 
done. Special tests were made in the case of deep 
tanks of various ships in course of construction, as 
well as of others which had been in service for some 
time. In most of these cases vertical stiffenings 
had originally been fitted, and the hydraulic pres- 

for which they were intended in service, the increase 
in pressure only stopping short of the point where 
permanent injury to the bulkhead appeared prob- 
able. Later a large cofferdam was specially con- 
structed, so that there would not be any such 
limitation to the experiments. Much information 
was also given by the Admiralty as regards the 
construction and testing of bulkheads. Thus 
the Committee were in ion of valuable data 
on which to base their recommendations as to 
scantlings. In addition, they gleaned actual ex. 
arene regarding the reliability of water-tight 
ulkheads from various witnesses, and on this 

subject and on the question of pumping arrange- 
ments, &c., much useful evidence was got. Many 
investigations were also made in connection with 
pumping-plant. The idea of an air-tight deck, and 
the utilisation of compressed air to drive the water 
from a compartment in order to enable a damaged 
vessel to make the nearest port, has occupied a con- 
siderable amount of attention, Lord Mersey having 
requested that this subject should be remitted to 
the Committee. To the layman, and even to many 
engineers, the idea had very great attraction. We 
understand the Committee gave the matter 
very careful consideration from every point of 
view. Full details as to the size of air-pum 
required for different volumes of holds were ob- 
tained, and even the expense of installing and 
operating these was considered. What no doubt 
weighed with the Committee was that while a 
water-tight deck could be easily fitted and main- 
tained, the insurance of sufficient air-tightness was 
very difficult; and after stress of collision the 
probabilities are that efficiency from this stand- 
point would be enormously reduced. Moreover, 

unless a blow happened to be low down in the skin 
of the ship, an air-tight deck is practically of no 
greater value than a water-tight deck. Conse- 
quently the Committee came to the conclusion that 
it did not appear to be justifiable to compel ship- 
owners to have their vessels fitted with such an air- 
tight deck, useful though it might be in certain 
cases. It is therefore optional, and we hope that 
some shipowner will try the experiment, so that 
experience may be gained as to how long the air- 
tightness will last under the stress of sea service; 
or of impact due to collision. 

The report, indeed, is full of valuable sugges- 
tions, but for the present it is only possible to 
refer to one or two of the outstanding indications 
of desirable practice. It is admitted, for instance, 
that a forecastle or a poop is undoubtedly of value 
to a vessel in a bilged condition, giving protection 
to deck openings, and also giving height of plat- 
form, but at the same time not much allowance 
has been made for these, presumably in view of the 
fact that the water-lines, after different compart- 
ments are bilged forward or aft, may approach 
undesirably close to the continuous deck at the 
break of the forecastle or poop. As regards the 
variation permissible in load water-line, according 
to the assumed permeability of ’tween decks, it 
is recommended that where an entire ‘tween deck 
space, either forward or aft of the machinery 
space, or both forward and aft, is appropriated 
alternatively to cargo or ngers, two load 
water-lines may be used, the higher correspond- 
ing to a permeability of 60 per cent. in ‘tween 
decks, and the lower to a permeability of 95 per 
cent. This meets the case of vessels trading in 
one direction with a large number of passengers 
in such ’tween decks, and on the return voyage 
with cargo in the same space. It remains 
to be seen whether this recommendation will be 
accepted internationally. Great care seems to have 
been taken throughout to prevent a two-compart- 
ment ship from being reduced to a one-com 
ment ship by any of the allowances for erections, 
&c. The suggestion of the International Conven- 
tion that specific indication should be given on the 
safety certificate of a ship as to the extent of sub- 
division, if superior to the standard, is embodied 
in the Committee’s report, and they have extended 
the principle in dealing with longitudinal subdivi- 
sion and water-tight decks. The pro is of the 
Convention regarding fire-resisting bulkheads, in 
order to retard the spread of fire, are also adopted, 
and in this connection the Committee specif 

uirements as to fire-resisting material for suc 
bulkheads. They place the required standard for 
such material as the resistance to a fire of consider- 
able fierceness (with a temperature of 1500 deg. 
Fahr.) for one hour. As the fitting of 

sures applied were considerably in excess of those water-tight doors, the suggestions of the Conven- 

tion were very general, perhaps too broad; whereas 
Sir Archibald Denny’s Committee have gone into 
the question in a v clear and definite way, and 
on this point the details cannot help being of great 
service. As the vessels become more and more of 
the purely passenger type, the requirements 
become more severe. The Committee, too, have 
attached great importance to the question of open- 
ings in the ship’s sides, and have made detail 
suggestions on ss every point. As regards 
the test of bulkhead-doors and side scuttles, a very 
important pointis brought out. In such tests, the 
head of water above the bottom of the door should 
be to the margin line in way of the bulkhead to 
which the door is to be fitted, but in no case less 
than 20 ft.; and after being fitted in place on the 
bulkhead, the door should be tested by a hose in 
the same manner as the bulkhead. 

By the terms of reference the Committee had to 
deal with existing ships. This was a somewhat 
delicate, and must have been a difficult, part of 
their work. Legislation similar to that which will 
inevitably follow from the recommendations of the 
Committee has not hitherto been applied retro- 
spectively; but the International Convention 
decided that each State should deal with each 
existing ship on its merits, so as to provide in- 
creased safety where practicable and reasonable. 
Sir Archibald Denny’s Committee, working on this 
basis, reports that as regards the subdivision of 
existing ships, improvements might be adopted in 
some cases, with comparatively little difficulty, by 
carrying up existing water-tight bulkheads through 
another ’tween decks, or by converting division bulk- 
heads into water-tight bulkheads. In cases where 
the stiffnesses of the bulkheads are considerably 
below the standard of the new tables, they suggest 
that there should be reinforcements, but in other 
cases, where the bracket attachments are made effec- 
tive and the bulkhead put in good repair, no change 
seems necessary. It is impracticable to alter the 
double bottoms fitted to existing ships. Owners, 

however, should be advised to make their existing 
ships comply with the more important recommenda- 
tions of the Committee regarding openings in bulk- 
heads and in the ship’s sides. here the pumping 
arrangements are defective, these should be aug- 
mented, while the electric machinery should in all 
cases be altered, if this is necessary, to enable 
the lighting to be maintained when the engine- 
room is flooded. Consideration should be given to 
these matters when any ship is being re-surveyed for 
a passenger certificate in the ordinary course, but 
the Committee recommend a substantial time limit 
within which to make alterations. 

There are many very interesting questions 
touched upon by the Committee in their report, 
but we have already far exceeded the normal 
length of an article, and must defer consideration 

of other questions. We may, however, in some 
future issue advert to some of the different sections 
of the work done. The Committee is certainly to 
be complimented on the fine balance which has 
been maintained between practicability and the 
aim to achieve as far as possible immunity from 
disaster at sea. There is nothing sensational 
about the report. The Committee, for instance, 
have very wisely refrained from entering into 
a consideration of the many patented devices 
submitted to them. Some of these were no doubt 
useful, and some were worth adopting; but the 
business of the Committee was to lay down broad 
principles, and, where necessary in the interests of 
strength, detailed scantlings and directions for 
designers, leaving the attainment of results to the 
individual effort of the shipbuilder and the ship- 
owner. That they have attained this result we 
have clearly established, and a careful perusal 
of the report will be of immense help to all 
engaged in marine construction. One point which 
seems to emerge from a reading of every page 
is that there is no finality here or in any depart- 
ment of the practice of science, and it would be 
well if from time to time a Committee were 
engaged in the revision of the subject in order that 
developments and experience should be fully 
utili for the guidance by the Board of Trade 
of shipbuilders and shipowners. 

CAB-SIGNALLING ON RAILWAYS. 
Born in Europe and America cab-signalling and 

automatic control on railways has attracted a 
considerable amount of attention lately, owing 
to the recurrence of accidents which might have 
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been avoided had such systems been in use. 
The occurrence in a comparatively limited period 
of more than one accident arising from some psr- 
ticular cause immediately conveys to the public 
the impression that a large number of disasters 
might be avoided if steps were taken to meet 
certain contingencies, which more mature considera- 
tion shows to arise only at infrequent intervals. 
The universal adoption of the ideal form of train- 
control, acting as a check on the men on the foot- 
plate, would not, of course, cause any reduction in 
the more numerous accidents arising from irregu- 
larities in signalling, nor in the number which come 
under neither of these headings. There is, how- 
ever, a feeling abroad that something more than 
the ordinary visual track-signals are now necessary, 
although these have done extraordinarily good 
service, and have been shown to be adequate for 
very dense traffic under all reasonable conditions. 
We have become so accustomed to excellent service 
that we are no longer satisfied that reasonable con- 
ditions only should be met. The demand nowadays 
is that full provision should be made for the ab- 
normal or exceptional combination of circumstances, 
and the trend 1s, undoubtedly, towards additional 
complications, or, as they are styled by their 
advocates, ‘‘safeguards.” The feeling to which we 
have referred will probably be materially intensified 
by the disastrous accident on the Great Eastern 
Railway, at Ilford, which occurred on Friday last. 
Our Board of Trade inspectors here, and the 

Interstate Commerce Commission in America, 
are moving with the stream of public sentiment. 
Though the Board of Trade inspectors have not 
yet committed themselves definitely, they have 
foreshadowed the universal adoption of train-con- 
trol in a recent memorandum. They recently 
recommended the Board of Trade to call upon the 
companies to carry out combined experiments 
with different systems of cab-signalling and auto- 
matic control, *‘ with the view to selecting some 
such method suitable for universal adoption,” and 
they ‘‘ hold that some system of this description 
should be generally adopted in the future.” It is 
noticeable that in this statement the two distinct 
subjects of cab-signalling and automatic control are 
confused and that no suggestion is offered as to 
whether either singly or the two jointly would 
form the most desirable system. We are at pre- 
sent, in fact, suffering here from a lack of defini- 
tion, and until this obstacle to progress has been 
removed nothing but confusion can result. This 
fact has been made abundantly clear during the 
discussions held in the last six months at the 
Institution of Mechanical Engineers, to which 
we shall refer shortly. For the moment, however, 
we would point out that in America the same 
situation faces the railway companies. The demand 
there is, apparently, fairly clearly differentiated in 
favour of automatic train-control, with cab-signal- 
ling a poor substitute if control should ultimately 
prove to be unfeasible. The railways there are 
experimenting in this direction, and no less than 
fourteen systems were on trial on twelve different 
railways recently. The American Railway Asso- 
ciation has taken the subject up, and while approach- 
ing the matter somewhat guardedly, it has formu- 
lated a list of thirteen practical requirements to 
serve as guidance to designers of train-control 
systems. It nevertheless points out that the 
** block-signal or interlocking system, if properly 
installed and maintained, is so near perfect as to 
indicate that the efforts of operating officials and 
public authorities should be direc towards the 
enforcement of obedience to signals rather than to 
the installation of additional devices.” Parenthe- 
tically we may notice that this may be read by 
advocates of cab-signalling as really an argument 
in their favour, since these systems are primarily 
intended to act as mentors with a view to pre- 
venting the disregard of signals by the driver. 

Under these circumstances, the Institution of 
Mechanical Engineers was probably well justified 
in having read and disc eleven papers on this 
subject in less than six months. The papers them- 
selves have been published in full in our pages, and 
the discussions upon them have been duly reported, 
so that it is unnecessary to summarise them here. 
We may, however, express the hope that the atten- 
tion which has been drawn to the subject by the 
reading and discussion of these papers may lead to 
some authoritative action on oa gg of the railway 
companies and the Board of Trade. 

The lay mind in these matters is apt to start 
off with the impression that all so-called ‘‘ checks ” 

contribute to the public safety. The American 
Railway Association issues a warning against any 
such attitude. ‘Great care,” it says, ‘‘ must 
be exercised in working out a system of automatic 
train-control, in order to avoid the introduction of 

new elements of danger in operation which may 
offset those they are intended to overcome.”’ The 
ordinary signalling system, though nearly perfect, 
is liable at times to failure. Cab-signalling systems 
are in themselves also liable to fail, with the result 
that the latter system, superimposed on the former, 
may actually tend to increase the risk. Many of 
the requirements of the American Railway Asso- 
ciation with regard to train-control are equally 
applicable to cab-signalling, which seems to be 
receiving most attention here. We suggest that 
the time is ripe for the formulation of a series 
of requirements applicable to cab-signalling in this 
country, stating clearly the functions to be per- 
formed and the standards to be adopted. At 
present the variety of the devices is as great as 
that of the duties which these arrangements seek 
to perform. Our track-signals are practically 
standardised, and it ought to be possible to state 
definitely what a cab-signalling system should or 
should not be expected todo. Further, there are 
matters of design of which the influence must be 
recognised if widespread adoption is to be brought 
about. 
On this latter point we are at present in hopeless 

confusion. Some systems employ ramps in the 
4-ft. way, and lines employing water-troughs 
report there is no objection to this location. Others, 
again, consider their central location objectionable, 
in which case, of course, duplication of the contact 
apparatus on the locomotive is necessary. Lastly 
comes the electrical engineer, who may require a 
third rail outside the track, and a fourth rail in 
the 4-ft. way. He asserts that there is no room 
whatever for any further apparatus on the track, 
and in view of possible electrifications in the 
future of even parts of systems, that contention 
must be allowed to carry some weight. The Great 
Western system, with Te s on its lines, 
uses central ramps. The North-Eastern Rail- 
way, with experience in electrification, also em- 
ploys ramps. The Lancashire and Yorkshire 
system, which likewise has experience of 
electric working and ne objects to a 
central ramp between the rails, but is using one 
ow to one side, while by Mr. Sayers, of the 

idland Railway, also with experience of electrifi- 
cation, any track fixture like a ramp is considered 
undesirable. Here, then, all is confused. In this 
country the interchange of trains has developed to 
a high pitch, and it adds so greatly to the comfort 
and convenience of traffic that it is desirable that 
any system of cab-signalling or control should be 
applicable to *‘ foreign” locomotives working over 
any particular line. The convenience of being able 
to work engines through as well as coaches renders 
uniformity eminently Tedieite, though, of course, 
not absolutely imperative. 

If we disregard train-control, and confine our 
attention to cab-signalling, we still find confusion 
on the type of signal to be given. Here again a 
lead is wanted, for there is a distinct lack of 
agreement as to whether visual or only audible 
signals are preferable. In the past stress has 
been laid on the inexpediency of diverting in 
any way the driver's attention from the road 
ahead. It has been pointed out that, in addi- 
tion to signals, he had other things to look 
out for, such as workmen on the line, cattle, 
broken rails, &c. A visual cab-signal, it is held, 
might result in less vigilance for such chance 
occurrences, which is Seukthen true; but in view 
of the amount of night traffic safely ormed, 
although we do not use powerful head-lights, and 
nothing is visible ahead but the signals, perhaps 
a little too much stress may have been laid on 
the point. 
The real risk, to our mind, lies in the fact that 

with visual cab-signalling, emergency si by 
flagging by day, or lamps by night—might be over- 
looked. Nothing should & done, therefore, to 
lead the men on the ome a to think that their 
train can be properly handled by attending only to 
appliances in the cab. The visual signal in the cab 
presents few characteristics which cannot be equally 
well met by audible means. The one point greatly 
in their favour is that they can be adapted to give 
route indications. 
@ Here, however, we come on to other ground ; 
and before going further it must be decided ex- 

actly what are the functions which a desirable cab- 
signalling appliance is to perform. The complica- 
tion and, Bone t care is used, the unreliability 
of the system will vary with the amount of work 
to be done. If the aim be not only to reproduce, 
but to add to, the information usually given by 
track-signals, the result will probably be an intri- 
cate device. If, however, the functions are confined 
to simple warnings, such a degree of simplicity 
may be ible as would satisfy the most exacting 
locomotive man. 
We are all well aware that with coherers, de- 

tectors, coils, or relays, the electrical engineer can 
perform from a distance any tricks he likes on the 
foot-plate. That, of course, is not the point. It is 
a question rather of performing certain duties in 
the simplest way in order that there may be the 
least ible chance of disorder, at the same time 
ensuring self-detection on the part of the apparatus 
in the event of failure. We do not consider that 
the apparatus should necessarily be repairable by 
the driver. That would not be essential uulers 
track-signals were altogether superseded. At the 
same time simplicity is an advantage in that it not 
only lessens the risk of failure, but leads to quick 
repairs. Many of the devices so far produced are 
very pretty, and perform excellently in trial instal- 
lations the work for which they are designed. 
Some, however, are costly; some over delicate 
and intricate. To our mind, at first too much 
should not be attempted, and only simple audible 
signals installed. From many pomts of view the 
Great Western system is to be commended. It is 
simple, and is confined to warning signals. It is 
quite allowable to take up the attitude that this 
goes as far as is necessary for any system. If the 
driver be warned at the ‘‘distant” signal in the 
way in which the warning is given on the Great 
Western, he can hardly fail to attend to his 
duty. The audible warning with the gradual 
application of the brake can hardly ba overlooked, 
and if the man’s mind may momentarily be 
wandering, he would be brought to his senses before 
reaching the ‘‘ home” signal. Thus this system 
appearsto have the advantage of keeping the men 
up to their work, but of doing so with the least 
possible interference with normal methods of 
working. 
We have not space at present to continue the 

discussion into further detail—as, for instance, the 
question whether ramps and contact apparatus are 
sufficiently weather-proof for ex in this 
country. This has still to bedecided. At present 
the only points on which there seems to be fair 
agreement here are that, although they are being 
tried in America, train-stops aré impossible with 
high speeds ; that ramps, if used, should be fixed, 
and not mechanically operated; and that, as 
already noted, any system should give a danger 
indication in case of failure of either its moving or 
stationary components. 

CHEMISTRY AND PRACTICAL LIFE. 
Tue address on “Chemistry and Practical Life,” 

delivered to the Andersonian Chemical S ociety of 
the Royal Technical College of G'asgow, in this 
session, by Dr. G. T. Beilby, F.R.S., contained 
some very suggestive remarks. Admitting without 
question the superiority of scientific methods 
—which he himself advocated, we need not say— 
over what is commonly styled “the rule of thumb,” 
Dr. Beilby pointed out that it would be both 
unwise and unscientific to dismiss with contempt 
the vast amount of accumulated skill and experi- 
ence on which the traditional methods of domestic 
arts and craft, wing, curing and tanning of 
skins, dyeing, lime-burning, metal-reduction, &c., 
were based. The race owed its high development, 
of course, to the ‘‘inventors” or ‘‘improvers,” 
but the modern triumphs of applied science were 
connected with the remote past by a chain of in- 
numerable links, and no branch of science could 
thrive all by itself. 3 

The development of the coal-tar colour in- 
dustry in Germany had necessitated entirely new 
apparatus and chemical engineers. Long after 
the scientific development of chemical engineer- 
ing had been well under way, however, scientific 
and academic chemists in Great Britain had ignored 
the necessity of this new hybrid. If the man is 4 
good chemist, they argued, all these other things 
will be added to him later when he goes into a fac- 
tory, as if the study of anatomy, physiology, and 
pathology sufficed for the training of a medical man 
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or surgeon. Till the last quarter of the past cen- 
tury the teaching of chemistry in this country had 
mainly been carried out in the medical Faculties of 
universities and medical schools ; and prior to 1877 
the analytical work had been done by a special 
class of analysts who held together more or less 
loosely as ‘‘a profession.” Then the Institute of 
Chemistry of Great Britain and Ireland had been 
founded in 1877, to ae the profession of chemistry 
on a new basis. The Institute, Dr. Beilby tted, 
had not the weight and influence on the training of 
its professional men which the medical profession 
had through its Faculties. The influence should be 
extended by a more active co-operation between the 
Institute and the universities, and chemists hold- 
ing the B.Sc. degree should not fail to acquire the 
A.I.C., the Associateship of the Institute of 
Chemistry, which comprised, in its full curriculum 
of at least four years, such extra matter ae construc- 
tional engineering, chemical engineering, and fuel 
and combustion. Many public and official appoint- 
ments could only be held by Fellows of the 
Institute, and even for those graduates who had no 
immediate intention of applying for appointments 
of this class, it was well to be provided with this 
hall-mark of professional qualification. The works 
chemist might later be required to act as labora- 
tory chemist, laboratory research chemist, process 
manager, general works manager, or chemica] 
engineer. They all had to go through somewhat 
the same training. The work in the analytica) 
and testing laboratories was largely of a routine 
character, but it was the centre of the whole system 
of process control, and supplied an admirable dis- 
cipline for all chemists. 

What Dr. Beilby said with regard to process 
managers did not apply merely to the chemical 
industry. If he had to carry out a certain process 
with British workmen in one part of the world, and 
with German men in another part, he stated, he 
would deliberately take into account the difference of 
national characteristics in organising the process and 
in designing the apparatus for carrying it out. He 
had seen British-designed plant erected and worked 
by Germans in Germany, and German-designed 
plant erected and worked by British workmen 
over here, and the results had not in either case 
been satisfactory till the a and method 
of operation had been modified to suit the charac- 
teristics of the men. The German was accustomed 
to a strict discipline and would carry out an opera- 
tion to instructions in minute detail, though he 
might not understand the rationale of the whole 
process. The greater independence of the British 
workman called for a different kind of organisation 
and management. A manager might teach some of 
his men ; but the teaching would soon be taken 
out of his hands, and the men would develop their 
own technique and methods. The wise ma r 
would accept the situation, while using his autho- 
rity to check the men. This, we think, is good 
advice in general, and need not be restricted to 
men of two different nationalities. 
No infallible directions could be given, Dr. Beilby 

finally said, as to the route by which the higher 
prizes of the industry—the positions of manager or 
director—were to be secured. It was the man 
that counted finally, and we might from time to 
time wisely remind ourselves that ‘‘ man was not 
made for science, but science for man.” In these 
concluding words Dr. Beilby really answered the 
old controversial question which he had previousl 
discussed—whether knowledge was an end in itself, 
to be pursued for its own sake, or whether know- 
ledge was to be cultivated as an instrument for the 
control over matter and the forces of Nature for 
the attainment of human ends; whether, in other 
words, the reflective interest in the ‘‘how and 
why of things” should prevail over the active 
interest in ‘‘the doing of things.” 

NOTES. 
Patents AND THE Wak. 

Ir has often been said that the basis of a 
country’s industry is its patent applications. This 
is, to some extent, true. It is certainly true that 
the fluctuation of the patent applications is some 
measure of the change of industry ; it is, therefore, 
very interesting to com the applications filed in 
1913 and the early part of 1914 with those lodged 
during the last five months. The broken-line curve 
in the annexed figure represents the applications in 
1913, and that in full lines the applications in 1914. 

two curves Lp coincide. Afterwards the 1914 
curve stands at a higher level than that of the pre- 
ceding year until the period of the war, when it will 
be noted that a quick change takes place. in read- 
ing the curve, it should be remembered that the 
Austro-Hungarian Note to Serbia was delivered on 
July 23, and Britain declared war on Germany on 
August 4. The total number of applications in 
1913 was 30,102, and in 1914 it was 24,847. Up 
to the end of July in the former year, 17,683 
applications had been lodged, and to the same date 
last year 18,169, leaving the figures 12.429 for the 
last five months of 1913, and only 6678 for the 

war period of 1914. Although the drop in numbers 
has been general, there is to be noted, as would be 
expected, an increase in the applications dealing 
with aerial warfare, ammunition, and machine guns, 
and a decrease in aeronautics (though this depart- 
ment has revived), amusements, chemical pro- 
cesses, grinding machines, internal - combustion 
engines, motor vehicles, and wireless systems and 

apparatus. The exact decreases cannot be stated 
at present, because the Patent (ffice quarterly 
index for October to December is not yet available. 
In the ordinary way German applications account 
for about 10 per cent. of the whole, and Austrian 
about 1 per cent., while Turkish applications in 
this country are negligible. 

Tue ConpITION OF THE SHIPBUILDING TRADE. 

During the past quarter there were laid down in 
the various shipbuilding yards throughout the 
country 138 merchant vessels, of 356,856 tons, a 
great demand having arisen for new shipping, in 
view of the high freights prevailing, the absorption 
for Government service of a large number of 
merchant vessels, and the capture and laying up of 
a good many German ships. There were, however, 
launched 170 vessels, of 418,669 tons. The 
work on hand at the beginning of the year is 
96,000 tons less than that in progress at the 
beginning of October last, while, as compared with 
the figures for the beginning of 1914, the reduction 
is 329,000 tons. The situation, however, from the 
— of view of employment, is thoroughly satis- 
actory when regard is had to the building of war- 
vessels and other munitions for the Navy and 
the Army. Indeed, the difficulty experienced is 
in a shortage of workers, partly due to the number 
of the men from the shipbuilding and engineering 
establishments who have joined Lord Kitchener's 
Army and the new Territorial forces. The 
total number of vessels now in progress is 462, of 
1,627,316 tons, whereas three months agothenumber 
was 486, and the tonnage 1,723,550. The highest 
point ever reached—namely, in the spring of 1913— 
was when the tonnage amounted to 2,050,000, so 
that the drop from the maximum d of activity 
is about 423,000 tons. But, as we have said, it is 
doubtful if there was ever so much activity in the 
shipbuilding and engineering factories as at the 
present time. The Glasgow return shows the 
greatest decrease as compared with a year ago, 
the number of vessels in progress there being 96, 
of 398,626 tons, which is 11,492 tons less than 
three months ago, but about 114,000 tons less 
than a year ago. In the Greenock district, as 

1c will be seen that up to the end of February the recorded in Lloyd’s return, there are 47 vessels, 

of 194,105 tons, in progress. 
less than three months ago, and about 55,700 tons 
less than a year ago. At Newcastle, the figure 
of 62 vessels, of 267,226 tons, in p shows a 
total of over 35,000 tons less mn a year 
ago and than three months ago, the figures 
for these two latter periods being almost the 
same. At Middlesbrough, where 36 vessels, of 
72,035 tons, are in progress, the total is nearly 
3000 tons more than three months ago, but is over 
19,000 tons less than a yearago. At Sunderland 
the 51 vessels in progress make up 187,051 tons, 
and here the reduction on three months ago is 
4000 tons, and on a year ago 44,169 tons. At 
Hartlepool 16 vessels are in progress, of 71,610 
tons—a decrease of 8270 tons as compared with 
three months ago, and of 9920 tons as compared 
with a year ago. The Belfast total is nearly 8000 
tons more than a year ago, but is 22,300 tons less 
than three months ago, there being now in progress 
28 vessels, of 329,050 tons. As the Barrow district 
is almost entirely devoted to warship work the 
merchant figures carry little significance. The 
same applies in large measure to Liverpool, but 
there the merchant work in progress is 14 vessele, 
of 32,634 tons, only half the total of a year ago, 
and 2670 tons less than three months ago. At 
Hull there are 46 vessels (mostly trawlers), of 
25,437 tons, in progress. This is about 6000 tons 
less than three months ago and 13,461 tons less 
than a year ago. 

This is 9775 tons 

Tue New Year Honours. 

The list of honours usually conferred by His 
Majesty at the beginning of each new year is, on 
this occasion, naturally, a reflex of the present 
state of affairs: the honours conferred are almost 
exclusively for services rendered in connection 
with the war. This is as it should be, and in every 
case it is easy to recognise that those participating 
are worthy of the respective dignities conferred. 
Here, however, we are only concerned with those 
connected with science, engineering, and indus- 
try, and, first, we may note that amongst the 
knights is Mr. John Cowan, who is Chairman 
of Redpath, Brown and Co., Limited, construc- 
tional engineers in Edinburgh, and the founder 
of the Stirling Boiler Company in this country 
and its chairman since its inception. The 
Astronomer-Royal, Mr. Frank Watson Dyson, 
F.R.S., is also amongst the new knights. It will 
be remembered that he was chief assistant at the 
Royal Observatory, Greenwich, for ten years, and 
Astronomer-Royal for Scotland from 1905 to 1910, 
when he succeeded to the post he now fills with so 
much success. A knighthood has also been con- 
ferred upon Mr. H. A. Walker, the general 
manager of the London and South - Western 
Railway, a line upon which splendid work has 
been done in connection with the transport of 
troops. In the list of Orders of the Bath 
there is very properly included the name of 
Captain Noel Grant, R.N., who manceuvred the 
Carmania so successfully against the Cap Trafalgar, 
upon Commander James Barr, R.N.R., the Cunard 
Line captain of the ship, and Captain J. C. T. 
Glossop, R.N., whose ship, the Sydney, disposed 
ofthe Emden. These three officers have been made 
Companions of the Bath in the Mili Division. 
Among the Companions of the Bath of the Civil 
Division is Mr. J. E. Masterton Smith, Private 
Secretary to the First Lord of the Admiralty. In 
the Indian List the following have been made Com- 
manders of the Order of the Indian Empire :—Mr. 
Edward Rawson Gardiner, Indian Public Works 
Department, Chief Engineer and Secretary to the 
Government of Bihar and Orissa; Mr. George 
Thomas Barlow, Superintending Engineer, Irriga- 
tion Branch, Public Works Department, United 
Provinces; Captain Walter Lumsden, C.V.O., 
Royal Navy (Retired), Director of the Royal 
Indian Marine ; and Mr. William Peter Sangster, 
Indian Public Works Department, Executive Engi- 
neer, Malakand Division, Upper Swat River Canal, 
North-West Frontier Province. A knighthood 
has been conferred upon Mr. G. ©. Buchanan, 
C.1.E., M. Inst. C.E., Chairman and Chief Engi- 
neer of the Commissioners of the Port of Rangoon, 
Burmah, in connection with the important work 
carried out at Rangoon, illustrated in EnoinreRIne 
recently. Engineer Lieutenant-Commander E. H.T. 
Meeson, of H.M.S. Laurel, who was mentioned in 
despatches in connection with the engagement at 
Heligoland, has been made a Companion of the 
Distinguished Service Order, A large number of 
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executive officers of the Navy have received the 
same distinction, or the Distinguished Service 
Cross, while all the crew of the B11 have received 
Distinguished Service Medals for the exploit in 
the Dardanelles on December 13. Similar awards 
have been given to men in connection with the 
Naval Brigade and Royal Marine Brigade for 
operations in Antwerp. A large number of 
special promotions in the Royal Navy are 
announced. Many commanders mentioned in 
despatches have been promoted to be captains, 
several lieutenant - commanders are promoted 
to be commanders. The only engineer officer 
who has attained this distinction is Engineer- 
Lieutenant-Commander A. W. Coleman, who is 
made Engineer-Commander in recognition of his 
services in the Sydney. In our issue of Novem- 
ber 13, we referred to the absence of promotion or 
other recognition of the engineer officers mentioned 
in despatches in connection with the engagement 
off Heligoland on August 18. Engineer Commander 
Meeson, as already noted, has been made a Com- 
panion of the Distinguished Service Order, and he, 
and two of the other engineer officers who did 
distinguished service in the engagement referred 
to, are to be promoted from Engineer-Lieutenant- 
Commanders to Engineer-Commanders on their 
attaining three years seniority as Engineer-Lieu- 
tenant-Commanders. These two officers are Engi- 
neer Lieutenant-Commanders F. A. Butler and 
Alexander Hill. 

INDUSTRIAL NOTES. 
Tue annual conference of the Scottish Divisional 

Council of the Independent Labour Party was held on 
Saturday last, the 2nd inst., in the Independent 
Labour Partv Hall, 88, Canning-street, Bridgeton. 
There were 82 delegates, representing 76 out of the 
total of 120 branches of the Party in Scotland. The 
proceedings were held in private, and the results of 
the conference were, at the close, communicated to 
representatives of the Press. The president was Mr. 
James Maxton. The attitude of the Party in regard 
to the war and to recruiting was discussed; the 
agenda contained sixteen resolutions, and the de- 
cisions, we are informed, were practically unanimous. 
Mr. J. Keir Hardie, M.P., it is stated, arrived 
towards the close of the jroceedings and briefly 
addressed the meeting. 

The first resolution, to the effect that the Inde- 
pendent Labour Party delegates to the Labour Party 
Conference be instructed to call attention to the 
attitude taken by Labour Members in regard to 
the war, was adopted. The second, which was also 
approved, was an inetruction to delegates to move 
at the Labour Party Conference that the Parlis- 
mentary Labour Party, before deciding on any 
action which was to change the Party’s policy, 
should call a representative meeting to discuss the 
change. An addition to the motion was adopted, 
**condemning the fact that no conference was called 
at the outbreak of the war.” The three next reso- 
lutions dealt with armaments, calling on the Labour 
Party Members of Parliament to press for the nationali- 
sation of the manufacture of armaments, demanding 
also that the export of armaments to foreign Powers 
be forbidden, together with capital likely ke used in 
the production of armaments. These were adopted 
Four motions relating to ‘* war and secret diplomacy ” 
were approved. One was ‘‘that no war be declared 
without the consent of Parliament.” Another called 
on ‘*the Independent Labour Party Members of Par- 
liament to press for the democratic control of our 
foreign policy, so that no alliance can be formed with 
any foreign Power without the consent and delibera- 
tion of Parliament.” 

In regard to recruiting, a resolution was adopted 
regretting that members of the Parliamentary Labour 
Party had appeared on recruiting platforms with 
members of the other Parliamentary parties, and 
requesting them not to assist the Government’s re- 
cruiting campaign. 

The following resolution dealing with ‘‘Inter- 
nationalism” was also adopted :—‘‘ Since the spirit 
of natiovalism is constantly used by reactionaries to 
the injury of the best interest 0: the working classes, 
this conference calls upon the Socialist movement in 
all countries to cease emphasising national differences, 
and to insist on the unity of interest of the working 
classes of all nations.” 

This last resolution, on internationalism, coming 
immediately after the one on recruiting, affords a 
curious illustration. If the Independent Labour Party 
cannot agree with other members—really inde ent 
members, these—of the British Labour Party, how can 
they expect to agree with Labour members of other 
nationalities, whose languages they do not understand, 
whose mentality, in the case of one nationality at 
least, they should de te, and whose aspirations 
they cannot fathom? facet that internationalism is 

@ myth has been proved over and over again. There 
is not much internationalism left in the mind of the 
German workmen at the present time, not that there 
ever was much at any time, for they candidly admitted, 
when discussing with French workmen on the occasion 
of Continental congresses, that should a war occur 
between Germany and France, ‘‘they would take up 
arms against their French confréres as a matter of 
course,” 

At a recent meeting of the Staffordshire Education 
Committee, a recommendation of a sub-committee to 
the effect that Darlaston boys betweeen the ages of 
thirteen and fourteen years should be allowed to leave 
school in order to assist manufacturers in executing 
orders for the Army and Navy, was ruled out of order. 

A special meeting of the same committee was held 
on Saturday, the 2nd inst., when Mr. Landor moved : 
“‘That owing to the national emergency, it was 
necessary for the committee to have power to sus- 
pend for the period of the war the enforcement of 
the by-laws relating to school attendance of boys 
between the ages of thirteen and fourteen in urban 
and rural districts, in order that they might be 
beneficially employed on work for urgent naval 
and military purposes, which work was being de- 
layed owing to the shortage of adult and boy 
labour ; an urgent request should be made to the 
Board of Education and the Home Office for power 
to suspend the by-laws.” Mr. Landor laid stress 
upon the urgent necessity there was for the manu- 
facturers at Darlaston expeditiously to turn out 
the work they had in hand for the Army and Navy, 
and said that as the adults had made sacrifices in 
going to the Front, the boys should be allowed in this 
national emergency to assist their fathers and brothers 
in taking their part in helping to bring the war toa 
victorious conclusion as early as possible. 
The chairman spoke against the motion ; he stated 

that Birmingham and other towns were also engaged 
on Government contracts; yet Darlaston was the 
only town which had made an application for the 
employment of boy labour. It was recognised that 
the country was in an exceptional condition, but the 
first care of the State was for thechildren. He — 
that there was not unanimity of opinion in regard to 
the necessity of child labour at the present juncture, 
and he quoted a letter from Mr. John Taylor, of the 
National Amalgamated Association of Nut and Bolt- 
Makers, protesting against the proposal that boys of 
school age should A allowed to go to work, and adding 
that the children could not do the work which the men 
who had enlisted had done; if the manufacturers 
would only pay the price, sufficient labour could be 
obtained without employing children. 

An amendment was moved by Lord Charnwood to 
the effect that the War Office should be asked if there 
were any necessity to take the step proposed ; but 
the committee, by a large majority, rejected the 
amendment, and the motion was carried. 

A dispute which had arisen between the Great 
Northern Railway employees and the company has 
been settled. In view of the expiration on the 5th inst. 
of the twenty-eight days’ notice given by the Asso- 
ciated Society of Locomotive Enginemen and Fire- 
men, Mr. George Moore, the assistant secretary, who 
is also secretary of Railway Conciliation Board ‘‘ A,” 
had arranged with Mr. Charles Dent, general manager 
of the Great Northern Railway, for an interview to 
be held at Westminster on December 24. In that 
interview Mr. Dent explained that he never intended 
the six weeks’ notice to expire before commencing 
negotiations for a new conciliation scheme. Mr. Dent 
further stated that he would commence negotiations 
for a new scheme having for its basis the national 
conciliation scheme approved by the general managers 
of all the other railway systems. 

The State in Germany has taken comprehensive 
steps to reduce unemployment by finding work, more 
especially on the railways. Notwithstanding the 
heavy outlay during 1913 for maintenance, extensions, 
&c., it has been decided that wherever it is possible 
and justifiable no reduction in expenditure will take 
place, and itis calculated that some 12,000,000/., which 
otherwise would have been withheld, will now be 
applied to the furtherance of employment. It is 
reckoned that this step means work for about 150,000 
persons during six months. The intention is to benefit 
all classes of concerns and workers in this field—i.e.. 
large and small contractors, artisans, &c. The bulk of 
the money is to be paid for work carried out in con- 
nection with the permanent-way, iron construction, 
machinery, &c., but part of the sum is to be applied 
to the erection of stations and other railway buildings. 

The Board of Trade has made regulations in the 
matter of unemployment insurance and short time. 
It has enacted that an employer may make applica- 
tion to the Board of Trade for a certificate of excep- 

to modify or cancel such a certificate at any time. 
The order of exemption will not be granted until 
the Board of Trade is satisfied that the employer pro- 

to work systematic short time in accordance 
with certain conditions, and the employer is required 
to furnish to the Board information stating the actual 
hours of work during the currency of the order. 

We read in the Rivista Marittima that the three 
principal Italian shipping companies have closed with 
& loss their first financial year, from July 1, 1913, to 
June 30, 1914; all three companies are subsidised by 
the State. The Societa Italiana di Servizi Marittimi 
has a capital of 10,000,000 lire (400,0001.) ; it received 
during the year a subsidy of 6,830,361.85 lire 
(273,000/.), and made a loss of 1,508,307.05 lire 
(60,300/.). The Marittima Italiana has a capital of 
9.000,000 lire (360,000/.) ; it received 6,012,472.55 lire 
(240,0007 ) in postal subsidies and premiums, and 
close1 the year with a loss of 1,829,032.98 lire 
(73,000/.). The Sicilia Company, with a capital of 
6,000,000 lire (240,000/.), subsidised to the amount of 
4,498, 957.31 lire (179,000/.), made a loss of 444,474.11 
lire (17,700/.). The causes of such disastrous results 
are to be found, says the Hivista, in the unrest ruling 
among the navigating personnel, in the new compulsory 
signing-on contract for the men, and in the new regu- 
lations governing the crews. 

The following figures afford a most striking proof 
of the manner in which the British workpeople are 
united in the present crisis which has been sprung 
upon the whole civilised world by Germany. The 
figures, as will be seen, cover the first eleven months 
of 1914 :-— 

Number of Workpeople 
Disputes. fected. 

January 54 34,826 
February 67 31,869 
March .. 105 30,895 
April 99 28,072 
May 140 37,455 
June 118 41,117 
July 99 49,370 
August.. 15 2,004 
September 23 3,355 
October 27 9,446 
November 25 5,092 

The further figures given below, in regard to un- 
employment in 1914 and 1913, are also self-expla- 
natory :— 

Percentage Percentage Number “. ie. 
ship of t of U of 

aipict Unions pte ae employed employed 
Reporting. — in 1914. in 1913. 

January 962,242 24,548 2.6 2.2 
February 976,988 22,726 2.3 2.0 
March.. 988,164 21,426 2.2 1.9 
April .. 991,874 20,924 2.1 1.7 
May .. 990,131 22,681 2.3 1.9 
June .. 992,668 23,937 2.4 1.9 
July .. 968,946 28,013 2.8 1.9 
August --, 987,602 69,576 7.1 2.0 
September .. 995,975 55,778 5.6 2.3 
October 912,898 40,146 4.4 2.2 
November 932,576 26,771 2.9 2.0 

The following figures in regard to wages during the 
eleven months from January to November, 1914, throw 
further light on the satisfactory condition, all things 
considered, of the labour market in this country. The 
net decreases of weekly wages for the period between 
January and November have been :— 

Number of Decrease in 
Trade. Workmen Weekly 

Affected. — 

Coal-mining , 349,353 27,039 
Iron, &c., mining é 20,591 2,134 
Pig-iron manufacture .. 7 18,047 1,512 
Iron and steel manufacture .. 48,543 4,973 

35,658 

whilst the net increases of wages for the same period 
have nm :— 

Number of Increase in 
Trade. Workmen Weekly 

Affected. Wage. 
£ 

Building .. - ee ee 114,731 10,944 
Eugineering and shipbuilding 84,517 7,564 
Other metal trades... ia 23,232 1,399 
Textile trades .. - = 21,159 1,282 
Clothing trades. . as 6,566 612 
Transport trades ee 23,636 4,802 
Printing trades. . 17,523 1,400 
Glass trades . ° 9,263 946 
Other trades .. - a 22,619 2,660 
Employees of local authorities 17,791 1,541 
Quarrying ee ae 11,914 1,036 

34,186 

Personat.—Mr. E. G. Constantine, who bas been 
associated with the Stirling Boiler Company, Limited, 
for many years, has reti from active business, and 

has resigned his position as managing director, remaining, 
however, a director of the company He is succeeded in 
the ment by Mr. H_ J. S. Mackay.—Mr. Panizzi 
Preston, J.P., of 14, Pall Mall, London, and Landford 
Manor, Salisbury, h ected chairman of Messrs: 

tional unemployment, the Board being empowered | J. Stone and Co., 
as been el 

Limited, Deptford; London, 8.1. 
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DETAILS OF 1500-H.-P. ELECTRIC LOCOMOTIVE FOR THE MIDI RAILWAY. 

CONSTRUCTED BY THE SOCIETE ANONYME DES ATELIERS DE} {CONSTRUCTIONS ELECTRIQUFS DU NORD ET DE L’EST. 

Fia. 8. Two Morors on Test-Bep. 

armatures. The stators have three windings: (1) a 
series winding, consisting of a single turn per pole ; 
(2) @ compensating winding ; and (3) a commutating 
winding, housed in the same slots as the compensating 
winding. These windings may be coupled up to pro- 
duce series or repulsion motor connections, by means 
of a coupler placed above each motor. Two of the 
motors, with their couplers, are shown in Fig. 8. To 
give the series connection, the commutating and com- 
pensating windings are connected in parallel, as shown 
in Fig. 12, on page 57. The number of turns and 
sections of these windings differ, and are so propor- 
tioned that the commutating winding current is stag- 
gered on the principal current and creates a commu- 
tating field in the short-circuited turn under the 
brushes. This commutating field opposes the alter- 
nating field acting on the short-circuited turn. The 
arrangement gives satisfactory commutation over a 
very wide range. When the motor is running with 
series connections, the maximum tension applied to 
its terminals is 230 volts, and the minimum tension 
about 67 volte. 
When the locomotive is starting under a heavy load, 

or running at a low speed, the repulsion-motor con- 
nections are made as shown in Fig. 13, on page 57. 
The connections give good commutation at low 
speeds. The commutating windings are disconnected 
from the compensating windings, and the commutating 
windings of all the motors are connected in parallel. 
This gives an electric coupling between the motors, 
which enables them to be run without any coupling- 
rods or other hanical ox tion. If one of the 
motors tends to run more quickly than another, ite 
commutating winding becomes the seat of a higher 
voltage than obtains in the corresponding windings of 
the other motors. As a result, a circulating current 
is generated, which tends to increase the speed of the 
other motors at the expense of that which is rotating 
more quickly. This very simple arrangement is an 
interesting example of the supersession of coupling- 
rods by an electrical arrangement. 
When working regeneratively, the series excitation 

is replaced by an independent ¢xcitation. The motors 
work as shunt-generators at the frequency of the 
exciting current—that is, a frequency equal to that in 
the mains and in the motors, and under a tension 
determined by the regulators. The working speed, 
therefore, varies with the regulator voltage. As the 
motors work in parallel with the alternators supplying 
the railway, it is necessary that their voltage should 
have a suitable dimension and phase in respect to the 
voltage of the line. For this reason the voltage is 
controlled at the regulators, and not at the motors. 
The p on the magnetic field, which is hase —— 
supplied in the following way :—The electromotive 
force induced jn the motors by rotation is in phase 

with the excitation flux, which itself is in phase with 
the field-magnet, but out of phase by almost 90 deg. 
with respect to the tension at the terminals of the 
field-magnets. The excitation voltage of the field- 
ge should therefore be 90 deg. out of phase 
with the main supply. The voltage is accordingly 
obtained by an auxiliary winding placed on the stator 
of the compressor motors at 90 deg. to the main 
winding. As a result, a tension is obtained at the 
terminals of the motor armatures almost in phase with 
that of the low-tension side of the transformers. 

With the motors running as generators, however, 
the motor loss reactance throws the voltage of the 

A A B 

4 } 
Fig. 10 Fig.t.\ 4 
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motors out of phase with that of theline. The trans- 
former losses also affect the matter. The reactance of 
the motor losses is about three times as great as the 
resistance, and the output as a generator can only act 
under extreme out-of-phase conditions. Fig. 10 is a 
vector diagram representing the state of affairs. OA 
is the voltage induced in the motors ; A B the voltage 
of the reactance losses ; BC the voltage of the resist- 
ance losses ; O C the transformer voltage ; OI the re- 
generating current ; O D the voltage applied to the com- 
pressor motors ; and O Ethe voltage applied to the field- 
magnets of the main motors and produced by a phase 
at 90 deg. off the compressor motors. To alter the 
angle between the current and flux, it is n to 
excite the motors with a voltage more than 90 deg. 

Fic. 9. TRANSFORMER AND REGULATOR. 

compensation transformer, which deflects the phase 
of the primary voltage of the compressor motors, and 
the current can be adjusted to the phase requird. 
The diagram given in Fig. 10 is modified, and becomes 
as shown in Fig. 11. In the diagram the vectors have 
the same lettering as before, and, in addition, D F is 
the voltage given by the regenerating transformer, 
and O F the voltage produced by the regulator. It 
will be seen that the compressor motors serve as 
phase-shifting transformers, owing to the action of the 
auxiliary winding already mentioned. They are of 
the Latour type. A supplementary winding on the 
stator permits of their working at a tolerably constant 
speed. The secondary of the compensation transformer 
is in series with this winding, its primary, which is 
paralleled by a resistance, being traversed by the 
excitation current of the main motors. ‘This arrange- 
ment gives the compressor motors a power factor 
bordering on unity, both when running as motors or 
phase-transformers. 

As will be seen from Fig. 7, there are two trans- 
former secondaries in series with the main circuits of 
each compressor motor. These are (i.) the secondary 
of the compensation transformer, the primary of which 
is fed by a voltage at 90 deg. to that of the com- 
pressor motors, oat (ii.) the secondary of the regenerat- 
ing transformer, the primary of which is traversed 
by the regenerating current. The regenerating trans- 
former has three circuits :—(a) The circuit for the 
regeneration currents ; ()) the circuit traversed by the 
phase - transformer current; and (c) three distinct 
circuits, each derived from the compensation windings 
of the motors. The circuits referred to under (a) and 
(c) produce concordant ampere turns. In traversing 
the secondary of the regenerating transformer the 
current of the phase-transformers produces an induc- 
tive drop which the compensation transformers have 
to compensate for. These latter transformers each 
consist of (a) @ circuit branched at the terminals of 
the auxiliary excitation phase of a phace-trans- 
former, and (b) a circuit traversed by the current 
of the phase-transformers. They give a voltage at 
90 deg. to the voltage applied to the terminals of the 
compressor motors. The circuit of a phase-trans- 
former is supplied from the secondary of a main 
transformer and from the 110-volt tapping of the 
other main transformer. To run it as a compressor 
motor it can be supplied from the secondary of one 
main transformer only. The starting of the com- 
pressor motors is carried out by two controllers worked 
with a common handle. The first controller connects 
the motor circuits to one or other of the transformers. 
The second controller starts the motors first in series, 
and connects them as shunt motors when the speed is 
high enough. The starting is thus done by two move- 

out of phase with the Jine. This is obtained by the | mente. Each compressor motor can run indepen- 
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dently of the other, and an isolating switch is fixed in 
each driving compartment. 

The various main connections which have to be 
made for the control of the locomotive are as follow : 
(a) The coupling-up of the field-magnets and arma- 
tures with the moretios transformers for forward or 
backward running, with either series or repulsion 
motor connections ; (b) the coupling of the armatures 
with the regulating transformers and the field- 
magnets with the exciting phase-transformers for 
roe mel or forward regenerative running ; (c) the 
closing of the low.- tension main circuit by the 
switch ; (d@) increasing or oma | the speed by 
altering the transformer vol these connec- 
tions are controlled by a two-drum controller 
and a These pieces of ap tus control 
servo-motors, which operate the various regulators, 
couplers, &c., which carry the main current. The 
controller and pedal are in duplicate, as shown in 
Fig. 7, one set being fixed in each driving compart- 
ment. The compartments also contain indicating 
lamps, which show the position of the various parts 
of the gear at any time. 

The main-control apparatus consists of the couplers, 
the regulator motors and controllers, the main switch, 
the current relay, and the reverser. We have alread, 
dealt with some of these parts. The reverser, whic 
is shown at the top of Fig. 7, is used for connectin 
up the armatures in proper relation to the field- 
magnets and transformers. It consists of a drum, 
moving round a horizontal axis, and provided with 
copper segments working over fixed contacts in the 
usual way. It is operated by a servo-motor. The 
current relay consists of the elements of a motor, the 
rotor of which is not permitted to make more than 
about a quarter of a turn. In this movement it 
makes or lneshe a contact in the control-circuit of the 
regulator servo-motors. If the magnitude of the main 
current traversing the current-relay stator exceeds a 
certain value, the relay breaks the servo-motor cir- 
cuit, so that the voltage ogeet by the regulators 
cannot increase further. en the main current 
drops below the magnitude which actuates the relay, 
the latter re-establishes the servo-motor contact, 
and the regulators are thus permitted again to 
increase the main voltage. This ment 
allows starting-up to be carried out under constant 
current. If, when the relay is working, the main 
current is not large, the relay breaks the servo-motor 
circuit in the usual way, but the length of the break 
is not sufficient entirely to interrupt the current 
passing. A small are is maintained, which absorbs a 
certain voltage, and the servo-motor is supplied at 
a reduced tension equal to the difference between 110 
volts and the voltage of the arc. The servo-motors 
consequently continue to operate at a very slow speed, 
and the regulator voltage ually rises. Under 
operating conditions it has been found that the current 
relay maintains constant starting current within nearly 
1 per cent. When necessary, the relay may be 
dispensed with and the servo-motor circuit contacts 
short-circuited by a switch placed in the driver’s 
compartment. 
The servo-motors, which have been adopted for 

operating the various parts of the control-gear, are of 
the ceguiion type. Their stators have three windin 
connected in star. There are thus three termi 
one being connected to earth, and the other two so 
connected up to the controllers that running in either 
direction may be effected by oe gm over the con- 
nections. The motors are suppli th alternating 
current at 110 volts from tappings taken from the 
main transformers. The current may be taken from 
either transformer as may be desired, there _— 
change-over switch fitted for this purpose. e 
switch can be seen at the left-hand side of Fig. 7. 

The controllers, as we have already mentioned, and 
as shown in the diagram, each have two drums. The 
left-hand drum has five positions or notches marked 
00, 0, 1, Il, and ///. When the drum is on the first 
notch 00, the whole of the circuits are disconnected. 
The second notch 0 gives the minimum voltage of the 
ne transformers, and opens the main switch. 
Notch / closes the main switch, and also co 8 
to the minimum voltage of the transformers. Notch /// 
increases the transformer voltage, while notch // 
maintains the voltage obtained on notches / or ///. 
The right-hand drum rates the reverser. It has 
four positions corresponding to the four reverser posi- 
tions. There is a mechanical lock between the two 
drums, which prevents wrong combinations being 
made. To move the right-hand drum the left must be 
on notch 0, corresponding to opening of the main 
circuit. The pedal, when lowered, gives the motors 
repulsion connections, and when raised gives them 
series connections. 

It is not n that we should here trace 
through the whole of the control connections. This 
may be done from the ~— ms. We may, however, 
indicate the movements which the driver to make 
in controlling the locomotive. Before starting, the 
direction of running is determined by the reverser 
controlled by the right-hand controller. The left- 

hand controller is then successively placed at notches 
0, 1, and ///. When on /// the wansformer voltage 
gradually rises, and the locomotive starts up at a 
gradually increasing ¢ , the current being in the 
meantime limited by the current relay. Ifthe speed 
is not sufficiently high, it may be increased further by 

ing the current relay-switch, at the same 
time watching the ammeter to see that the current 
does not rise to too high a value. When the 
speed is sufficient, the left-hand controller is 
at notch //. To slow down, the contro is 
placed at notch /, and when the s is what is 

uired, it is returned to notch //. To stop, the con- 
troller is placed at notch /, and as the current falls is 
moved to notch 0, which opens the main switch. The 
locomotive is then brought up with the brakes. When 
starting on a gradient under a heavy load, or when 
slipping of the wheels is to be feared, owing to the state 
of the rails, the repulsion-motor connections are used. 
To make these connections the pedal is , and the 
locomotive is then started with the left- contreller, 
as before, the being kept down all the time. 
When a gs) of about 10 km. (64 miles) an hour has 
been , the controller is put back to notch /, 
and as soon as the main current ~~ dropped to about 
600 amperes the pedal is released, the speed increased, 
and the locomotive continues to run with series con- 
nections. If desired, the series connections rae be 
allowed to be made automatically by a centrifugal 
ap tus. 

or regenerative running the special connections for 
the excitation of the main motors are made by the 
reverser. This excitation being almost constant, the 
voltage at the terminals of the motor armatures 
increases with the speed. As the motors are in series 
with the transformers, their voltage is added to that 
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of the transformers, and the resulting voltage is 
available at the terminals of the main switch, which 
is open. A relay, called the regeneration relay, is 
actuated by this voltage. If the voltage drops to a 
fixed value (80 to 110 volts), the relay makes a contact 
which closes the circuit of the servo-motor of the 
switch, and socloses theswitch. This, however, canonl 
happen if the speed is above about 20 km. (124 miles) 
an hour, enabling the centrifugal apparatus to make 
another contact in the circuit. To establish regene- 
ration, the voltage of the regulators must be adjusted 
to that of the motors, to enable the main switch to 
close. The switch being closed, the difference in the 
vol of the motors and the line permits regenera- 
tion, if the phase of the motors is suitable. The phase | ¢, 
is obtained automatically, as explained above. 
With the switch closed, Ra me takes place 

after a few minutes, the working being at a s 
co ing to the voltage of the regulators. If it 
is desired 
sary to modify the voltage of the regulators. To 
regenerate at a pages anes the voltage of the regu- 
lators must be inc ring the few moments 
taken to increase the voltage no regeneration takes 
place, and it is even possible to accelerate as a shunt 
motor should the voltage of the regulators assume a 
certain value with regard to that of the motors. To 
diminish the regeneration s 
regulators is lowered, but this should not be done too 
rapidly, or, in addition to the energy due to gravity, 
part of the energy accumulated in the ss train 
would be converted into electrical energy. If, how- 
ever, the railway is supplied from a large system, a 
sudden movement is a matter of indifference, as the 
current relay would check the re ted power b 
preventing the regulator from cutting down the voltage 
too much. 

The regenerating relay has a voltmeter with branch 
connections to the terminals of the low-tension switch. 
When the voltage indication is below 120 volts the 
controller is placed at notch // until the relay closes 
the switch. The movements for regeneration are con- 
sequently as follow :— The right-hand controller is 
placed in the regeneration position. The tension of 
the regulators is then increased by moving the left- 
hand controller to notch ///. hen the voltmeter 
shows about 120 volts, the controller is moved to 
notch // and kept there until the regeneration relay 
operates. This relay then makes contact through the 

to modify the regenerative speed, it is neces- | Con 

the voltage of the | and 

Y | adopted 

centrifugal apparatus, and the regeneration circuit is 
established. When ion is obtained, if it is 
desired to accelerate, the controller is placed at 
notch ///. If itis desired to stop, it is placed on notch /. 
The none ~ thus the same as for ordi 
running. en the speed drops below 20 km. 
(124 miles) an hour, neration is automatically 
checked by the centrifugal apparatus, and cannot be 
ae ed until the speed is again above this 

ue, 
On the tests, the speed of the locomotive never fell 

below that given in the specification, which we have 
already quoted. On the most severe = of the trial 
track, which had a gradient of 1 in 59 for a length of 
about 5.3 km., with numerous curves, the following 
results were obtained :— 

Ourrent. | Low 
Load.| i Kilo- Line |—— — Power “ 

Speed. watts. Voltage. aus | tee . _ 
} . Tension. 

km. per : 
tons. | hour. | volte. 
280 4. 1100 10,300 120 1625 0.89 650 
100 | 61 83 1100 0.916 700 850 11,800 

These figures include the consumption of the com- 
pressors, &c, 

With a line voltage of 12,000 the speeds were 
46 km. per hour with a train of 280 tons, and 65 km. 
per hour with a train of 100 tons. Fig. 14 shows the 
results obtained during two successive starts of a 
train of 280 tons on the 1 in 59 gradient. A speed of 
34 km. per hour was obtained in two minutes. The 
low-tension current did not exceed 1200 amperes, and 
the high-tension, initially 72 amperes, increased to 
120 amperes. mney, Be very easy and the com- 
mutation was good. Running regeneratively with a 
train of 280 tons, the power returned to the line was 
400 kw. on a 1 in 56 gradient at a speed of 38 km. per 
hour. The power-factor of regeneration. was 0.83. 
With a train of 100 tons the power-factor was nearly 
unity. 

SHIP SUBDIVISION RULES ADOPTED AT 
INTERNATIONAL CONFERENCE.* 

Safety of Life at Sea. Application of Subdivision Rules 
Adopted at International Conference. 

By James Donatp, Member. 

On the invitation of the Secretary of ae Society of 
on Naval Architects and Marine neers, 

of this iy ok been undertaken, and an effort been 
made to dle it from the viewpoint of the man who 
must apply the rules to actual desigrs. As the members 
of this society already know, a preliminary committee 
was appoin by the Secretary of Commerce in May, 
1913, for the of obtaining information relative to 
structural subdivision of vessels, this information being 
for the use of the Derartment of Commerce and the 
representatives who would represent the United States 

Y | at a later date at the International Conference on Safety 
at Sea, in on. In June, 1913, a circular letter was 
sent by the Secre' of Commerce to all those interested 
in matters affecting American shipping, and in September, 
1913, a report was e to the Secretary of Commerce by 
the preliminary committee embodying the information 
received from these interested parties. Eleven Com- 
missioners were sent to London to represent the President 
of the United States of America at the International 
onference on Safety of Life at Sea, which was held from 

November 12, 1913, till J ——~ 20, 1914. 
In April, 1914, there was published by the Government 

Printing Office, Senate Document No. 463, Sixty-Third 
Second Session. It is entitled ‘ International 

on Safety of Life at Sea,” and contains 
Messages from the President of the United States trans- 
mitting an authenticated copy of the International Con- 
vention relating to Safety of Life at Sea, the detailed 
regulations thereunder, a final- protocol, and the veux 
expressed by the Conference, all si at London, January 
20, 1914; and a Report from United States Com- 
missioners to the International Conference on Safety of 
Life at Sea, giving a summary of the subjects considered 

the conclusions arrived at as embodied in the Con- 
vention, together with the Report of Andrew Furuseth 
submitted to the President after his resignation as Com- 
missioner from the United States, and a Memorial of 
the International Seamen’s Union of America. 

Hereafter in this paper, wherever the afore-mentioned 
Senate Document 1s referred to, it will simply be called 
Senate Document No. 463. In order to apply the rules 

the International Convention it is necessary 
to know what vessels are affected by the Convention. 

VessE_s AFFECTED BY THE CONVENTION, 

Trade Routes.—Referring to Senate Document No. 
463, Convention Article 2 specifies that, “‘ Except where 
otherwise provided by this Convention, the merchant 
vessels of any of the states of the High Contracting 
Parties which are mechanically pelle, which carry 
more than twelve which proceed from a 
port of one of the said States to a port situated outside 

State, or conversely, are subject to the provisions of 

* Paper read at the twen' eral meeting of ty-second 
Society of Naval Architects and 
in New York, December 10 and 11, 1914. 

the Engineers, 
held 



58 
— 

ENGINEERING. [Jan. 8, 1915. 

this Convention. Ports situated in the colonies, e 
dom, or tectorates of the High Contrac Parties 
pony h'? mere to be ports outside the States of the High 

Ogee ar tiale 8 ires that ‘‘ There are excepted vention uires 
from this Convention, aoe in the cases where the Con- 
vention otherwise provides, vessels making voyages speci- | States is therefore in the position of having safety rules 

ig.1. CURVES OF FACTORS OF ar 

OF 

fied in a schedule to be communicated by each High 
Contracting Party to the British Government at the time 
of ratifying the vention.” ‘ No schedule may include 
=e in the course of which the vessels go more than 

sea miles from the nearest coast.” 
Referring to Senate Document No. 463, page 78, line 8, 

the Chairman of the United States Commissioners reports 
to the President of the United States that, ‘‘In the case 
of the United States such oversea possessions include the 
Philippines, Alaska, Hawaii, Porto Rico, and the Canal 
Zone. Alaska, Hawaii, and Porto Rico are included 
under the coasting laws of the United States, and the 
American delegation was instructed not to commit the 
United States to coasting regulations.” Vessels tradi 
between a port on the east coast of the United States 
a port on the west coast of the United States, via the 
Panama Canal, or conversely, will be in the coasti 
trade, unless they stop ata port during the voyage. If, 
for example, one of vessels should have any trans- 
actions, passenger or freight, with the cities of Colon or 
Panama, the vessel would have to be registered for the 
foreign trade, and would be subject to the Convention 
Ss, 

ferring to Senate Document No. 463, page 78, line 35, 
the “immense trade on the Great Lakes is not brought 
under the Convention.” 

Types of Vessels. — Referring to Senate Document 
No. 463, 77, line 1, “The Convention applies to 
mechanica| Fmt goon (steam, motor, and internal com- 
bustion) merchant vessels which carry more than twelve 
nen . . » The American delegation at the outset 
avoured the preparation of a convention which should 
also apply to freight steamers. It soon became evident, 
however, that to draft the different rules required for 
freight steamers would prolong the Conference much 
beyond the time this delegation was pre to remain, 
and would also so overload the Conference that much less 
epee of conclusions as to passenger steamers could 
be reached. This difficulty was earey moped serious in 
the matter of hull construction, where the problems con- 
nected with cargo are somewhat different from those 
connected with passenger steamers. Furthermore, an 
international conference is to be held at London later 
this year to consider uniform load-lines and deck-loads, 
and Gagvess has provided for American representation 
at this conference, which will consider more particularly 

Vv pro 
The vessels affected by the Convention are divided into 

“new vessels” and “existing vessels.” According to 
Convention Article 16, ‘‘* New’ vessels are those the keel 
of which is laid after July 1, 1915. Other vessels are 
considered as ‘existing’ vessels. Existing arrangements 
on each of these vessels shall be considered by the Ad- 
ministration of the State to whish the v belongs, 
with a view to improvements providing increased safety 
where practicable and reasonable.” 
Summary.—Therefore the vessels to which the Con- 

vention Articles and Regulation Articles apply are United 
States existing or new passenger vessels which are or will 
be engaged in trades between the United States and the 
ports of any of the High Contracting Parties of the Inter- 
national Convention on Safety of Life at Sea, between the 
United States and the Philippines and between the United 
States and the Canal Zone. existing vessels actually 
affected will be a few steamers ‘tradi tween the west 
coast of the United States and the Philippines, a few in 
the Transatlantic trade, and the foreign steamers that ma 
be registered under the new Act approved on August 1 
1914. These vessels will have their existing arrangements 

considered by the Administration with a view to make| short of the Convention uirements, it would not be 
them i irements, ‘ id-| possible within the limits of such a paper to deal with 
ing eo mie eat wep none — ” | each case, even if the information were available. It 
The Convention requirements will be applied to all ‘‘new” | rests with the Administration to consider each case, so 

vessels which will be built for the foreign trade. as to ensure increased safety where practicable and 
Unfortunately there are none building. The United reasonable. . 

As regards “ new” United States vessels in the foreign 

ARRANGEMENT OF VESSEL AS BUILT. Fig.2. 

PASSENGERS 

cA 
CAuHGO LINE BOILERS 

Fig. 3. BULKHEADS SPACED TO SHOW FLOODABLE LENGTHS IN VESSEL. 

Bes sone 
i 2 ee 

c I “HURRICANE DECK bo — 
OS | 

ese eR RTE, nT E = 
tine C ae prema | ENGINES & BOILERS i LOWER DECK 1 

til TT 
' - _ 

Fig.4. WATERTIGHT BULKHEADS SPACED AFTER MULTIPLYING FLOODABLE LENGTH BY THE FACTOR OF SUB- 
DIVISION, SEE REGULATION ARTICLE Vill, INTERNATIONAL CONVENT OF SAFETY OF LIFE AT SEA,LONDONI9#4. 

r---- 
c 
' 

MAIN DECK 

ENGINES & BOILERS 

Fig. 5. BULKHEADS SPACED TO SHOW FLOODABLE LENGTHS. DIAGRAMS SHOW VESSEL FLOATING AT 
MARGIN LINE, REGULATION ARTICLE V INTERN* CONVENTION OF SAFETY OF LIFE AT SEA 
LONDON 13/4. 

paar aa 
i. 

H i= co — —— TT 7 

| — === ! ——— 
a i ee 

aaremaceeeet 
— Ot, H —————— 

. =a + a =|. 

MEE as ————— Ss 4 = 

2 ieee 
= —— ‘ + —= 

ARON saeco. }-—-——_____ > == === oT) 
| nan <uieb aa ene 3 

Fug. 6. WATERTIGHT BULKHEADS SPACED AS REQUIRED BY DEPARTMENT OF COMMERCE 
STEAMBOAT-INSPECTION SERVICE RULE I11,SECTION 24,EDITION 13 JANUARY /9/4. 

i 
PROFILE G. poo nn — + — + + : 

OESIGNED 

BOILERS 

Feg.7. WATERTIGHT BULKHEADS EXTEND TO HURRICANE DECK AND ARE SPACED SO THAT 
WHEN ANY TWO ADJACENT COMPARTMENTS ARE FLOODED THE VESSEL WILL HAVE 
SUFFICIENT FREEBOARD BELOW THE HURRICANE DECK AND WILL FLOAT ASSUMING 
THAT THE VESSEL HAS SUFFICIENT STABILITY IN THIS CONDIT: JON. 

tines pesenceemaceneneticmean canines etn nee A ED ET ’ tine 

; aw — 
KAN CLRERAGAT EET FE EEL SOS OF NS L ee 

HURRICANE DECK _ — ——— 
ry po ee I 

— fo. me fe 

wr wT 

ready at the beginning of the upbuilding of her merchant | trade it may be stated in general that the Convention 
servive in the foreign trade. requires that the spacing of watertight bulkheads in 

‘* mixed cargo and passenger ” vessels of 571-ft, in length 
and above, and in “* r” vessels of 489 ft. in length 
and above, will be such that —7 } ae odiees _— 
transverse compartments may without r 
sultant foundering of the vessel. There are special 
requirements in the larger vessels for closer spacing of 

APPLICATION OF CONVENTION RULES. 

We now come to the point in this paper where the 
effort is to be made to apply the Convention Rules to 
actual designs. As the few existing United States vessels 
in the foreign trade are all of different design, and fall 
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watertight bulkheads at the forward end. Vessels of 
less length than the above will be able to float with any 
one compartment flooded without resultant foundering. 

It therefore does not seem to be of much interest for us 
to study examples of the application of the Convention 
Rules to actual designs, as se rules only apply to 
United States vessels in wt lee c —- 
way the preceding paragra lescri e basis on whic 
the sabdiviaion of these vessels would be made. 

It seems, however, an opportune time to consider the 
conditions of vessels in the coastwise trade with special 

to in safety at sea. As the Convention 
applies only to United States vessels engaged in the 
foreign trade, and as many routes in the coastwise trade 
are as dangerous as those in the oversea trade, owing to 
rough weather, fogs, and ible collisions, it would 
appear consistent to legislate for i safety in 
vessels engaged in the coastwise trade. 
The Preliminary Committee in the circular issued by 

the Secre of Commerce in June, 1913, evidently had 
this in mind when it said, page 1, line 23: ‘“‘It will be 
noted, however, that some of the questions relate to 
vessels whose service is such as to place them beyond the 
scope of the proposed international conference. While 

CONSTRUCTION. 

Article V. Definitions.—The meaning of the principal 
technical and other expressions contained both in the 
Convention and in these regulations, under the heading of 
? ion,” is as follows :— 

1. The load water-line is the water-line used in deter- 
mining the subdivision of the vessel. 

2. The length of the vessel is the extreme length at the | the 
load water-line. 

3. The breadth of the vessel is the extreme width from 
outside of frame to outside of frame at or below the load 
water-line. 

4. The bulkhead deck is the eapesmess continuous deck 
to which all transverse watertight bulkheads are carried 

5. The margin-line is a line drawn parallel to the bulk 
head deck at side line, and 3 in. below the upper surface 
of that deck at side. 

6. The draught is the vertical distance from the top of 
keel amidships to the load water-line. 

7. The freeboard is the vertical distance from the 
load water-line to the margin line amidships. 

8. The depth of the vessel is the sum of the draught 
and freeboard as above defined. 

Fig.8. ARRANGEMENT OF VESSEL AS BUILT.__—S__ 
see {OFFICERS} a————y} 

PROFILE J» cRew ~ massencens si nanan NA? 
DESIGNED J + + ——~ ome 
40A0 LINE 1 H | 

ENGINES \BOLERS CARGO \oee One| CARGO i CARGO 

} — t 
wT. La wT. wr aT Ww 

Fig.9. WATERTIGHT BULKHEADS SPACED AS REQUIRED BY DEPARTMENT OF COMMERCE, 
STEAMBOAT INSPECTION SERVICE RULE Ill SECTION 24. EDITION 13 JAN. 1914. 

—ea aan 
PROFILE K.S pais P secempascrseazass.,”™ ae ows 
DESIGNED MH iH ease 
(OAD TIRE 7 T 

t | 
ee 

wr wT. we 
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the authority for suitable struetural subdivision of these 
vessels to ensure safety in operation is already contained 
in general terms in the provisions of statute law, the 
department desires to embrace this opportunity to obtain 
the opinions of those highly qualified to render assistance 
in such matters, with a view to improving the present 
conditions.” This is also borne _—— erence to the 
questions relating to Classes Ib, ITb, IIIb. 
In Convention Article 3, ‘‘There are excepted from 
= a save in the cases where the a 
otherwise provides, vessels making voyages speci ina 
schedule to be communicated by each High Contracting 
Party... . No schedule may include voy: in the 
course of which the vessels go more than sea-miles 
from the nearest coast.” is may mean that vessels 
in certain coastwise trade routes may be affected by the 
Convention. 
In Convention Article 66, ‘‘The High Contracting 

Parties which intend the Convention to apply to the whole 
of their colonies, possessions, and tectorates, or to one 
or to some of these countries, shall declare this intention 
either at the time of signing these presents or subse- 
quently.” This also seems to indicate that vessels in cer- 
tain coastwise trade routes may be affected by the Conven- 
tion. We may therefore proceed to apply the Convention 
requirements to some types of vessels operated in the 
Coastwise trade. Incase the members have not a copy of 
Senate Document No. 463 at hand, it has been considered 
advisable to include herewith a copy of the more impor- tons Comeuntt : ade 
. vention Rules relating to the subdivision of 

9. The sheer of the bulkhead deck at any point is the 
vertical distance between the beam at side line at that 
point and a line drawn parallel to the load water-line at 
the height of the beam at side line amidships. 

10. If block coefficient of fineness of displacement to 
load water-line is used, this coefficient shall be deter- 
mined as follows :— 

Volume of displacement to moulded lines 

Length x Breadth x Draught. 

11. The permeability of a space is the percentage of 
that space which can be occupied by water. 
The volume of a compartment which extends above 

the margin-line shall be measured only to the height of 
that line. Volumes shall be understood as volumes to 
moulded lines. a ai 

12. The machinery space is to be taken as extending in 
length between the extreme main transverse water-tight 
bulkheads bounding the spaces devoted to the main and 
auxili =| propelling machinery, including boilers when 
installed. 

Article VI. Floodable Length.—The floodable len 
at any point of the length of a vessel shall be deter- 
mined, taking into consideration form, draught, and other 
limiting characteristics of the vessel in question. This 
floodable length for a given point in a vessel with a con- 
tinuous bulkhead deck is the maximum percentage of 
the length of the vessel (having its centre at the point in 
question) which can be flooded under the definite assump- 
tions hereafter set forth in Article VII. without the 

al 

case of vessels not having a continuous bulkhead deck, 
the floodable length must be such X c uch as to secure to the 
vessel in question, for each of its length, and for 

1 conditions of trim after & measure of safety 
ab least equal in effectiveness to that laid down for the 
vessel with continuous bulkhead deck. 

Article VII. Permeability.—The definite onrpeations 
referred to in Article VI. relate to the permeabilities of 

spaces in question below the in-line. In 
determining the floodable length a uniform average 
permeability shall be used throughout the whole length 
of each of the three following portions of the vessel :— 

1. The machinery space. 
2. The portion forward of the machinery space. 
3. The portion abaft the machinery space. 
For steam vessels the permeability of the machi 

space, including the double bottom in wake thereof, shall 
be taken as80 per cent. For vessels fitted with internal- 
combustion engines the corre ing permeability shall 
be taken as 85 per cent., unless it is proved by actual 
calculation that a lower figure may be adopted, provided 
that in no case shall that re be less than 80 per cent. 
The ilities for spaces forward and aft of the 
machinery space shall be as follow :— 

(a) Sixty per cent. in cargo spaces, bunkers (permanent 
or reserve), store-rooms, baggage mail-rooms, chain- 
lockers, water-tight shaft or pipe tunnels, and fresh-water 
— gn double —— Tt —- _ that 

e spaces just enumera are practicable for x 

wy intended, and that they are in fact to be so ia 
@ same permeability shall not be assigned to any other 

space without the approval of the administration. 
(b) Ninety-five per cent. in passenger and crew 

—_— — - tanks exclusively so ane 
ttoms, other spaces not Be von I. appro- 

priated to one of the purposes indicated in the foregoing 
section (a). If in a tween deck inclosed by com- 
plete transverse permanent steel bulkheads any portion 
thereof is appropriated to passengers, the whole of that 
space shall be regarded as passenger > ; and, similarly, 

iated for me carriage of 
regarded as passenger 

8 Ls = = before Sie & machinery 
space below the margin-line consist y of spaces men- 
tioned in section (a) and partly SP ae 
section (6), the average tage of permeability shall 
be determined se y for each end by the formula 
95—35r, where r is the ratio between the volume of the 
8 mentioned in section (a) and the total volume of 
the space in the portion of the ship under consideration. 

Article VIII. Permissible Length of Compartments.— 
1. The maximum permissible length of one compart- 

ment having its centre at any point in the vessel’s ee 
VI.) by 

ouble 

is obtained from the floodable length (Article 
multiplying that length by an appropriate factor, 
the factor of subdivision. 

2. This factor of subdivision depends on the of 
the vessel, and, for a given length, varies according to 
the nature of the service for which the vessel is in ied. 
This factor decreases in a and continuous manner 
BD Go of vessel increases; and (b) as, for a 
given length, vessel departs from the type of vessel 

ixed and and appreeabas to the type of vessel primarily engaged ta te approaches to - ty 
trans tion of passengers. 
a ‘or each of ape 3 hy: vessels 1 ee — in 

© previous paragraph, variation 0! ‘actor 
of subdivision may be expressed by a curve, of which the 
co-ordinates represent the len of the vessel and the 
value of the factor. The following table gives certain 
points on two curves, the higher of which corresponds to 
the minimum requirements for the ‘* mixed” Pe, and 
the lower to the minimum requirements for ** pas- 
senger” type. 

A. B. 
Fe. 
295 
374 
404 
489 
571 
699 
899 

Column A gives the maximum permissible values of 
the factor of subdivision for the length of vessels given 
in columns B — —- B is applicable to x, ~ 4 
engaged in a mixed cargo and passenger service. umn 
Cc - = to vessels primarily engaged in the trans- 
portation of passengers. 

4. For a given length, the value of the factor of sub- 
division ee iate to a vessel between the two extreme 
limits will tween the values of the factors deter- 
mined by the two curves before mentioned, and will be 
automatically fixed by a “criterion of service” which is 
to form the subject of further study. 

Article 1X.—1. When the factor of subdivision is equal 
to or less than 0.5, it may be doubled, in order to give at 
any point of the vessel's length the total length of two 
adjacent compartments ; but, in that case, the length of 
the shorter compartment of any pair shall not be less 
than one-quarter of the total length so obtained. If one 
of the two adjacent compartments is situated inside the 

C. 
Ft. 

eeearee 228888 

gth | machinery space, and the second is situated outside the 
8 , and the average permeability of 

thn povtin the ship in which the second is situated 
differs from 80 cent., the length of the pair of com- 
partments be adjusted to the proper value by 
applying a suitable correction. 

2. In no case whatever shall the length of any water- 
tight compartment exceed 92 ft. 

machinery 

vessel being submerged beyond the margin-line. In the 
3. When the of subdivision applicable to any 

vessel is leas than 0.84, but more than 0.5; the combined 
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length of the two foremost compartments shall not exceed | __ Floodable Length.—Referring to Regulation Article VI., | forming to curve B, and for her length of 420 ft. we 
the floodable ten at the extreme forward end, pro-| Floodable :—The floodable length at any point | obtain a factor of subdivision of 0.8. Multiplying the 
vided alse that length of the second compartment is 
not greater than that permissible by Article VIII., above, 
and not less than 10 ft. y 

4. When the length of the vessel is more than 699 ft., 
but less than 823 ft., the floodable length at the forward 
end of the vessel shall be at least 20 per cent. of the 
vessel’s length ; and the vessel, forward of a bulkhead 
placed either at the distance of the actual floodable length 
abaft the stem, or not nearer to the stem than 20 per cent. 
of the vessel’s length, shall be divided into at least three 
compartments. ; 

5. When the length of the vessel is equal to or ter 
than 823 ft. the same method shall be adopted ; but the 
floodable length shall be at least 28 per cent., and the 
number of compartments at least four. : 

6. A bulkhead may be recessed transversely, provided 
the sides of the recess are at a sufficient distance from the 
sides of the vessel. : i 

Vertical steps are inadmissible in the main transverse 
water-tight heads of vessels to which the subdivision 
rules of Article VIII. apply where the factor of sub- 
division is greater than 0.5, unless such arrangements 
are made by additional subdivision as shall maintain the 
same measure of safety as that secured by bulkheads 
without steps. The total length of the steps in “ bulk- 
pny = not exceed 2 per cent. of the vessel’s length, 
plus 10 ft. F 

7. ‘The existence of recesses or steps in a bulkhead shall 
in no case affect the permissible volumes of the compart- 
ments adjacent to such bulkhead, as determined by this 
and the preceding article. 

Article XI. Peak and Machinery Space Bulkheads.— 
Vessels shall be fitted with a forepeak bulkhead to exten 
to the bulkhead deck, and to the weather deck in vessels 
having continuous superstructures. This bulkhead shall 
be placed at a distance of not less than 5 per cent. of the 
vessel’s length from the stem at the load water-line. An 
ao “— -e and oo dividing ery we yd 
space from cargo ani e nger spaces shall 
be fitted and carried up to the bulkhead deck. The after- 
ee bulkhead may, however, be stopped below the bulk- 
ead deck, provided that it shall at least be carried to 

the first deck above the load water-line, and that such deck 
forms a water-tight flat from the after-peak bulkhead to 
the stern, and provided that the degree of safety 
of the vessel as regards subdivision is not thereby 
diminished. 

Article XXI. Double Bottoms.—1. In vessels 200 ft. 
and under 249 ft. in length a double bottom shall be 
fitted at least from the machinery space to the fore-peak 

, or as near thereto as practicable. 
2. In vessels 249 ft. and under 300 ft. in length, a 

double bottom shall be fitted at least outside of the 
yn! space, and shall extend to the fore and after- 
peak —_ heads respectively, or as near thereto as prac- 
tica! 

3. In vessels 300 ft. and over in » & double 
bottom shall be fitted amidships, and shall extend to the 
fore and after-peak bulkheads respectively, or as near 
thereto as practicable. 

4. In vessels over 300 ft. in length, the inner bottom 
shall be continued out to the vessel’s side in such manner 
as to protect the bilges. 

5. In vessels over 699 ft. in — the double bottom, 
for at least half the vessel’s length amidships and forward 
to the fore-peak bulkhead, shal! extend up the vessel’s 
sides to a height above the top of the keel not less than 
10 per cent. of the vessel’s moulded breadth. 

6. Wells constructed in the double bottom in connec- 
tion with the i arrangements shall not extend 
downwards from the inner bottom more than half the 
depth of the double bottom at that point. A well extend- 
ing to the outer skin is, however, permitted at the after 
end of the shaft-tunnels of screw-vessels. 
Remarks on Construction.—Referring to the above Con- 

vention Rules, it may be interesting to know how they 
would affect coastwise vessels if these rules were applied 
to such Your attention is therefore called to the 
rules mentioned herewith and to the remarks appended 

revo. 
Load Line.—Referring to Regulation V., Paragraph 1. 

—**The load water-line is the water-line used in ow 
mining the subdivision of the vessel.” As there is no 
statutory load-line or freeboard in the Navigation Laws 
of the United States, and as there is no reference in 
Senate Document No. 463, in the Convention Articles, 
the Regulation Articles, nor in the Report of the Com- 
missioners of the United States of America to the 
President of the United States as regards any statutory 
load-line or freeboard, it seems absolutely necessary that 
the United States should adopt some load-line regulation 
before enforcing the new subdivision of vessels. It may 
be intended to pass load-line legislation for United States 
vessels, as ments are made for an International 
Load-Line ce (see Senate Document No. 
page, 68, Recommendation 12):—‘‘The Internati 

-Line Conference, whieh the British Government 
to convene as soon as the preliminar 

ae is completed, should deal, if possible, with deck 
cargoes of timber and wood.” And the Report of the 
Commissioners of the United States of America to the 
President of the United States, Chapter II., which says: 
‘*Furthermore, an International Conference is to be held 

and deck-loads, and has provided for American 
representation at this conference which will consider 
more cularly cargo- vessel e 
would be possible to submit the location of the load-line 
with the application for the safety certificate required 
in Article LII., and have this load-line 

on the vessel. 

blems.” Of course, it | th 

of the of a vessel shall be determined by taking 
into consideration form, draught, and other limiting 
characteristics of the vessel in question. This floodable 
length for a given point in a vessel . . . is the maximum 
percentage of the length of the vessel (having its centre 
at the point in question) which can be flooded under the 
—— —— ee set a bey ae — VIL, 
without the vessel being submerged n- 
line.” These two phs call for a + deal of 
calculation, and if they are to be followed, should have a 
set of curves added to them so that a department could 
use . It means a series of ions and curves 
for eaeh type of steamer, varied to suit the block co- 
efficient, the ratio of draught to depth of np tg 
tion of machinery, and to sheer of bulkhead It 
would be ible to construct a series of curves of flood- 
able leasth tee a few standard types and calculate sepa- 
rately for unusual types as occasion required. _ 

Permissible Length of Compartments.—In Fig. 1, 
58, will be found two curves conforming to the table in 

lation Article VIII. As mentioned in this article, 
in tion 4, these curves will fixed by a “‘criterion 
of toe which is to form the subject of further 
study. 

Double Bottoms.—It will be noticed in Regulation 
Article X XI. that all passenger vessels above 200 ft. in 
length will have a double bottom. If this is applied to 
the a trade, it will affect a very large number of 
vesse 

Openings, Doors, &c., in Water-Tight Bulkheads.— 
There are regulations relating to fire-proof bulkheads, 
exits from water-tight compartments, testing of bulk- 
heads, openings in bulkheads and in vessel’s sides, &c. It 
is not considered necessary to refer to these, as they do 
not affect the general design of the vessel, except as men- 
tioned later as regards doors in bulkheads and openings 
in vessel’s sides. 

APPLICATION OF CONVENTION REQUIREMENTS TO 
COASTWISE VESSELS. 

In order to show how the Convention requirements 
would affect a vessel in the coastwise trade, a typical 
passenger and freight steamer as used on the east coast 
of the United States is herewith taken. Fig. 2 shows the 
vessel as built. In Fig. 3 the main deck is taken as the 
bulkhead deck, and the floodable lengths have been 
shown, spacing them off, firstly, from the machinery 
8 . and a 6. — ends “= a. é curve 
ts) le is given. Fig. 5 gives diagrams 
showing the vessel floating at the in-line. The 
water-tight bulkheads are located as in Fig. 3, and form 
the boundaries of the floodable lengths. 
By referring to Fig. 1, curves of factors of subdivision, 

and allowing that the vessel under consideration is half 
way between types B and OC, for the vessel’s length, 
which is 385 ft., we obtain a factor of subdivision of 0.76. 
Multiplying the floodable lengths, shown in Fig. 3, by 
this factor of 0.76 we obtain the spacing of the water-tight 
bulkheads, as shown in Fig. 4. In Fig. 6 the water-tight 
bulkheads have been spaced as required by the De 
ment of Commerce, Steamboat Inspection Service, Rule 
III., Section 24, Edition January 13, 1914. Comparing 
Fig. 2, as built, with Fig. 4, as required by the Convention, 
this vessel, if affected by the Convention, will require 
two more bulkheads fitted forward, unless the machinery 
space is placed further forward or other arrangements 
made. This vessel will also require two water-tight bulk- 
heads in the after hold and be fitted with a double 
bottom all fore and aft, whereas at present this vessel 
has only a double bottom under the engine-room. If this 
vessel were built to conform to the Convention require- 
ments, it will be seen from this example how some of the 
coast-wise passenger and freight steamers would require 
more bulkheads in the hold and ’tween decks, the vessels 
would require more depth, so as to allow of a double 
bottom being fitted, and to allow of the arrangement of 
the doors in water-tight bulkheads and through the 
vessel’s side to be above the load water-line. 

It should be noted that this vessel, as arranged in Fig. 4, 
will founder if she has any two adjoining compartments 
flooded. The same remark applies to Fig. 6, where the 
water-tight bulkheads are arranged according to the 
Steamboat Inspection Rules. In Fig. 7 the bulkhead- 
deck has been taken at the hurricane-deck, and, with the 
spacing of water-tight bulkheads shown, the vessel will 
oat with any two adjoining compartments flooded, 

assuming that the vessel has sufficient stability in this 
condition. 

Particular attention should be made to the following 
requirements :—In Senate Document No. 463, Regulation 
Article X V., Section 2 :— 

** No doors, sluice-valves, manholes, or access openi 
=, eg (6) in water-tight transverse 
ivi ing @ cargo s from an adjoining cargo 

or from a reserve er, except as provided in para- 

ORE Wed ean ht di f specially h d “6. Hin water-tight doors o! ially heavy design 
may be fitted above the load water-line in bu 
between cargo ’tween-deck spaces. They be closed 
before the voyage commences, and kept closed while at 
sea by efficient closing gear.” In Regulation Article 
XVI, Openings in Veseel’s Side :—‘‘ 9. In no case shall 
gangway, Carg0, and coaling ports be fitted below the load 
water- b. ” 

To show at the raga Yr A} Convention — 
ments a typical passenger ight steamer as on 

Fig. S. page 00, shows the vesssl as built. In Wig. 10 ; , Shows the v as t. lb 
the floodatle lengths have been shown, and a curve of 
floodable lengths given. Referring to Fig. 1, curves 
of factors of subdivision, this vessel is as con- 

floodable lengths shown in Fig. 10 by 0.8 we obtain the 
of the water-tight bulkheads shown in Fig. 11. 

s this disposition of water-tight bulkheads dees not 
suit the length of the machinery s & re-arrangement 
is necessary, which is shown in Fig. 12. By arranging 
the engines and boilers in two separate water-tight com- 
partments we obtain a better arrangement of bulkheads 
in the cargo holds. In Fig. 9 the water-tight bulkheads 
have been spaced as required by the Department of Com- 
merce, Steamboat Inspection Service, Rule ITI., Section 
24, Edition January 13, 1914. tape J Fig. 8, vessel 
as built, with Fig. 12, as required by the Convention, 
this vessel, if affected by the Convention, will require 
one more water-tight bulkhead. It should in be 
noted that this vessel as arranged in Fig. 12 will founder 
if she has any two adjoining compartments flooded. The 
same remark applies to Fig. 9, where the water-tight 
bulkheads are arranged according to the Steamboat 
I on Rules. 

usion.—Referring to Senate Document No. 463, 
the International Conference ised the great amount 
of work to be done in studying the construction of vessels 
so as to ensure increased safety, and on pages 84, 85, and 
86, a list of subjects is given which shows the extent of 
the work of the Committee on ction. It is not 
intended in this paper to make any criticism of the results 
of the labours of the Convention. An endeavour is made 
to place before you the types of United States vessels 
that are or should be affected by the Convention. In 
order to improve the conditions of safety of life in United 
States vessels it is suggested that the question of increased 
safety in coastwise vessels should be considered by the 
Department of Commerce on the basis«f the Convention, 
pd even on a basis insuring greater safety than contained 

erein. 
In order to assist in the application of the Convention 

requirements, the following suggestions are made :—(1 
That statutory load-line or free- legislation shoul 
be enacted. (2) That curves of floodable lengths should 
be constructed and issued by the ent of Com- 
merce for standard types of United States vessels. (3) 
That a detailed definition of the ‘‘criterion of service” 
in tion Article VIII. be given after this has 
fo the subject of further study as suggested by the 
Convention. 

Our Coat ABRoap.—The past year witnessed a con- 
siderable contraction in our coal exports in consequence 
of the cessation of deliveries to Germany, Austria, Hun- 
gary, and Turkey, by reason of the war. When the 
comparison is extended to 1912, the falling off, however, 
is not very appreciable. The aggregate external demand 
for last year may be estimated at 60,000,000 tons to 
61,000,000 tons in round figures. 

Tur GeRMAN PrrroteumM Company.—This company 
states that the war has not caused any decrease in the 
qeeduation of the company’s German undertakings ; in 
act, the output of raw oil in Alsaceand Hanover has been 
continued with all possible energy, as has also the work of 
the refineries. As re s the affiliated undertakings in 
Austria, most of which are situated in Galicia, work has 
only been carried on at a reduced rate, on account of the 
war. Their sales are principally confined to the stocks in 
hand at the commencement of the war. Damage to the 
installations has so far not taken place in the districts 
occupied by the enemy. The Roumanian concerns con- 
trolled by the German Petroleum Company have suffered 
by war, as the transport by sea is stopped, and transport 
by land, merge, Bog Austria-Hungary and Germany, 
is vi difficult. e company of Jate years has endea- 
vo to extend and push as much as ible the 
undertakings within Germany, more especially those in 

will appear from the following table of profits Alsace, as 
for the last few years :— 

ino. | 191. | 1912 1913. 

marks marks marks marks 
Alsatian concerns ..| 2,132,000 2,409,000 3,641,000 4,756,000 
Boring, &c., concerns; 507,000 65,L00 
Uni North German 

Petroleum Works ..| 102,000 | 213,000 —_ me 
Part interests .. 431,000 1,656,000 — _ 
Other German con- 

cerns, also commer- 
cial interests... ..| — _ 5,338,000") 1,810,000 

Austrian undertakings — -- 622,000 | 624,000 
Roumanian undertak-| 

ings .. “e oa — _ 287,000 | 751,000 

* Ineluding 2,882,770 marks emanating from certain shares 
Space | being sold. 

It appears from the above that the ts from the 
—? 1 in Alsace have more than 
dou d the last three years. During the war 
the bulk of ‘ma ~¢ work will fall upon the 
Alsatian concerns. ey are depended upon for the 
extension of the home p a Se as the Hano- 
verian production may reg: as having 
its climax. The various concerns of the German Petro- 
leum Company differ widely in the matter of remunerative 
capacity. unde in which yielded 
= of over 4,700,000 marks in 1913, figure in the 

as of a value of only 6,700,000 marks ; whilst the 
Austrian undertakings are valued in the balance-sheet at 
8,100,000 marks, but yield only 624,000 marks, the figures 
for the Roumanian concerns being respectively 7,010,000 
marks and 761,000 marks. 
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GRINDING-MACHINES.—No. I. 

By Josep Horner. 

Many-sIvEp are the aspects which machine-shop 

practice presents to-day, and one of the most 

remarkable is that of grinding. The last four or 

five years have seen the development of much that 

witnessed great extensions in the previous practice. 

Much of this development is a direct result of the 

vast growth of motor work, which offers for solution 
many problems peculiarly its own. A large pro- 

portion, however, has arisen in consequence of the 

new views relating to the economies of grinding 

which have grown up in the wider field of general 
machine-shop practice, and this also wears many 

aspects. To each of these it is proposed to invite 
attention in a few articles to follow. The great 
importance of the subject seems to justify a critical 
study of the latest phases of the practice of grind- 
ing. In this preliminary article we will endeavour 
to trace in outline the principal aspects which the 
subject wears, and in subsequent ones to illustrate 
the practice in some detail. ; 

Certain facts stand out in particular prominence 
in this survey. They are these :—(1) The per- 
formance by grinding-machines of the finest preci- 
sion work, much of which was formerly produced 
with vastly greater labour and expense in other 
machines. (2) The introduction of wheels of new 
materials, with a more judicious selection of indi- 
vidual grades of wheels for the precise duties 
required of them; in a word, a high degree of 
specialisation applied to wheels. (3) The evolution 
of new machines, and of greatly modified forms of 

old designs, in order to satisfy the requirements 
demanded by the extensions of grinding practice 
both in the general shops and in the later highly 
specialised departments of the machine-shops. 

With regard to (1), the transference to grinding- 
machines of work requiring precision finish is one 
of the principal facts in this recentchange. In the 
best-organised shops the practice of imparting fine 
finish in the lathe or planer or shaper is defunct, 
provided the character of the work is such that the 
help of the grinder is practicable. The finish 
effected by cutting-teols costs much more to pro- 
duce, and is not nearly so accurate as that effected 
by grinding. And though grinding often entails 
setting work in two machines, this involves no real 
objection to it when articles are centred in lathes 
and cylindrical grinders, or in self-centring chucks 
in both, nor when repetitive work on planer or 
shaper or milling-machines are concerned, where 

the jig and fixture system is in full operation. 
Moreover, very rough tooling isa better prepara- 
tion for grinding than is a finely-finished surface. 
The wheel removes material with greater facility, 
and with less risk of rise of temperature, when 
attacking a rough surface than when working on a 
smooth one. Hence, fine-turned or planed-finish 
is not only wasted, but entails positive loss on 
surfaces which have to be subsequently ground. 
_ The growth of the practice of grinding is invad- 
ing the province of the lathe more than that 
of any other machine-tool. It does, and will 
continue to do, so not only because it renders 
practicable higher refinements in dimensions and 
in approximations to a truly circular shape, but 
also by reason of the fact that any preliminary 
refinement in lathe finish is absolutely thrown away 
if it has to be followed by grinding. No finish is 
wanted, and no accuracy beyond that of leaving 
enough to be ground off. This change is nothing 
short of revolutionary. The lathe hand has been so 
long accustomed to turn by the test of the light 
contact of calipers, or of a gauge, that he is some- 
what startled when ordered to take a very rough 
cut only, and to send his work away with coarse 
tool marks on it, and ,), in., or several thousandths 
over size. This is too much like the ‘‘near- 
enough ” style to satisfy the traditions of his trade. 
Obviously the result will follow that the fine turner 
will now be less wanted, and the man who will 
take his place will be a mere satellite of the 
grinder, a comparatively unskilled hand. To turn 
finely when the grinding-machine obliterates the 
result in a traverse or two is a waste of money. 
For all ground work therefore it is inevitable that 
the tooling will be regarded from the grinder’s | sho 
point of view, and not from that of the turner. 
Just so much time will be occupied by the latter as 
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will increase, in o 

almost close 

been develo 
grinding and that of the disc- 
to its more 
changing of wheels. 

sheet can 

traverse ma 
four. 

finishing-tool. 

is chea 

Inevitably, too, ee of stamping forgings 
er to avoid the necessity of 

performing any preliminary rough turning at 
The above is true of articles th 

It is more especially true when the proportion of 
length to diameter increases. Slender pieces are 
difficult of treatment in the lathe, because they 
spring and bend, notwithstanding the help afforded 

is entirely new in this department, and have also by steadies, fixed and travelling. The grinding- 
machine is particularly suitable for such pieces. 
Its long array of gently-supporting steadies, located 

together, and the fine feeding of the 
wheel, correct slight crookedness in shafts, and 
ensure equal truth and equal sizing from the centre 
to the ends. If, however, the crookedness is 
serious, shafts must be straightened before they 
go to the grinder. 

The lathes of the future will include a large pro- 
portion built for high-speed roughing purposes 
only. Fine feeds will not be used in these, but 
feeds of six or twelve per inch. Two roughing cuts 
will not be taken when one will suffice, and finish- 
ing tools will not be employed at all. 

For some time past the distinction has been made 
in certain classes of grinding between wheels for 
roughing and for finishing. This refinement has 

in two classes of work : that of roll- 
inders. The obstacle 

meral adoption is the trouble of 
But, in grinding-rolls which 

are long, and of large diameter, the objection does 
not weigh, and in the double-disc grindeis one emery 

be coarse, the other fine. With stan- 
dardised and repetitive work, whatever the machine 
used, scores or hundreds of pieces can usually be 
roughed all in one batch, and afterwards be all 
finished with a different wheel. 
tage of this is that the pieces have time to season 
between the taking of the roughing and the finish- 
ing cuts. 

The time gained by using coarse wheels for 
roughing may, in some cases, be 

often be taken instead of three or 
Less heat is generated with a coarse, open- 

grained wheel than with a fine, close-grained one. 
A good general rule is to use the coarsest wheel 
which experience shows can be adopted, reserving 
the finer wheel to remove the scratches left by the 
first. The tendency is also towards the employ- 
ment of coarser wheels for finishing. 

The grinding-wheel has not achieved the same 
success a8 a roughing-tool as it has attained as a 

Although advances have been made 
in this direction, the fact remaina that when con- 
siderable amounts of metal have to be removed, it 

r to divide the work between two classes 
of machines than to confine it to the grinders. 
Nevertheless, had it not been for the advent of 
the high-speed-steel tools, more rough grinding 
would be done at present than actually ig. Rough 
and finish grinding is most economically performed 
by reducing the quantity to be removed as low as 
practicable, and this end is attained by the adoption 
of plate and machine-moulding for castings, and die- 
stamping for forgings. In these systems small allow- 
ances are readily made uniform over any number of 
similar pieces, and wholly irrespective of those intri- 
cacies of outline which trouble the hand-moulder 
and the smith working at the anvil. They suffice for 
a rough and a finish grinding. An incidental, but a 
real, advantage also is that the liability to distortion 
which is caused by the removal of the skin is less 
with accurate castings and forgin 
larger amounts of metal have to 

e or planer. 

at are fairly rigid. 

A further advan- 

very great. 

than when 
e cut away in 

These facts are excellently illus- 
trated in the modern manufacture of multiple- 
throw crank-shafts and cam-shafts of automobiles, 
and of Diesel and other internal-combustion en- 
gines. When these cranks first came into use, 
special lathes were designed to deal with them, 
or else attachments were made to existing lathes, 
the plan followed being just a conservative con- 
tinuation of the existing practice of dealing with 
the steam-engine cranks. Automobile crank and 
cam-shafts are now commonly 
preliminary rough turning. 
dies, and a special machine, or, alternatively, an 
equipment provided for an ordinary cylindrical 
machine, is used for grinding them. Among auto- 
mobile castings, pistons, piston-rings, and in some 

cylinders, are ground. In these a rough cut 
in the lathe precedes the grinding. 

’ A growth which has led to extensions in grinding 
18 necessary to remove surplus metal, leaving only | practice has been the extended use of hardened 

und without any 
ey are stam in 

steels. These developments are most remarkable, 
particularly the latter. Many scores of alloy steels 
are now in common use, especially in automobile 
work, and the adoption and rapid extension of 
these materials has influenced the practice of 
machine-tool builders and of general engineers, 
who now employ these steels largely for gears and 
shafts. Only by grinding can these alloys be dealt 
with economically and satisfactorily, and con- 
sequently grinding has made great advances in 
connection with them. The old machines are used 
more, but modified or new machines are increasing. 

No single development in engineering practice 
stands alone. It is productive of advances in other 
directions, and these react on the primal growth. 
New industries create new demands. These, being 
met, produce inevitable further developments in 
the original spheres of manufacture. ey also 
reach out into others, and the firms who lay them- 
selves out to cater for the new requirements sur- 
pass their earlier manufactures. The result is a 
stream of novel developments, extensions, new 
ideas, and remarkable results. All these are being 
witnessed now in the growing practice of grinding. 

2. The introduction of grinding-wheels of new 
materials, together with specialisation in the selec- 
tion of grades and qualities, is one of these later 
developments. The products of the electric furnace 
supplement natural emery and corundum. Wheels 
of corundum and alundum provide a more precise 
specialisation in character than the emery wheels 
do, and a better selection can therefore be made for 
special duties. The operator is now better i. 
vided than formerly with a selection of wheels that 
are precisely adapted to deal with the particular 
kind of metal or alloy which is under treatment, 
wheels manufactured in a very large range of 
coarseness or finenass, and of softer or harder 
qualities. There is no shadow of reason or excuse 
now for using wheels even slightly unsuitable for 
their duties. If any uncertainty of this kind arises, 
the wheel-makers may be trusted to give reliable 
counsel, 

3. The growth of new machines and of modified 
forms of old designs is no less remarkable than the 
increase of specialisation in the grades of grinding- 
wheels. This is most apparent in two main direc- 
tions : in a vast growth in their dimensions and in 
that of higher specialisation of function, each being 
of an equally striking character. The first is con- 
sequent on the substitution of grinding for turning 
or planing, the second on the rise of special manu- 
factures and industries. 

The increase in dimensions is mainly a con- 
sequence of the growing practice of grinding large 
shafts and pistons, thus affecting work taken from 
the lathes and now done on cylindrical machines. 
In another direction, vertical surface-grinding is 
used for finishing large areas, such as the facings 
of bed-plates, the faces of covers, valves, &., 
formerly invariably finished by planing or by 
milling. Light, thin articles that are held on 
magnetic chucks also furnish a large volume of 
the later work done on these machines. The 
dimensions of machines have increased rapidly to 
keep pace with the increasing sizes of the pieces to 
be treated. 

Increase in specialisation is responsible for the 
introduction of several machines of unique char- 
acter. Automobile and now aeroplane work bulks 
large here ; so does that connected with steam- 
turbines and the construction of modern machine- 
tools. Very much work has consequently been 
taken away from the universal machines which are 
capable of doing external and intevnal and face- 
chuck work fairly well, and is now being put on 
other machines which deal with one kind of work 
only, with results that are measured both in degrees 
of accuracy and in economies of time. 

One aspect of ialisation in grinding-machines 
is that the firms who build the leading machines 
either confine their labours to these s!>ne, or else 
they have a large department whica is wholly 
engaged in this class of manufacture. Hence we 
find a few names associated chiefly with the uni- 
versal cylindrical grinders, a few others with the 
hole and face-grinders, some with the disc design, 
and a good many with cutter-grinders. The hall- 
mark of each manufacturer is easily recognised. 
Although several firms may construct machines of 
the same class, no two products are exactly alike. 
Each works out its own details as ~—e by 
the lessons of experience, Accuracy, facility of 
handling, rapid production, are ends which are 

the necessary margin for the grinder to take off. parts of machines and mechanisms, and of the alloy borne in mind in each, and the results achieved are 
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truly remarkable. And besides these standardised 
machines there are others often built with modifica- 
tions to suit the requirements of customers, as is 
done in every other type of machine-tool. The 
standardised outlines are retained, but some minor 
alterations are made to adapt the machines better 
to certain classes of repetitive articles that are 
handled by a firm. 
How the work of grinding is complicated by the 

influence of many variable conditions may be under- 
stood by the following observations. Eight vari- 
ables in grinding practice are enumerated ‘by Mr. 
Spence, of the Norton Grinding Company :—(a) 
The quality of the substance that is to be cut, 
which varies with hardness, toughness, softness, 

&c. (b) The rigidity of the work expressed in the 
proportion of cross-section to length, which intro- 
duces the effect of steady rests. (c) The grain 
depth of cut. (d) The material of which the wheel 
is composed and the size of its cutting particles. 
(e) The amount and kind of cooling or lubricating 
compound that flows on the wheel and work. (/) 
The duration of the cut, or the time during which 
the face of the wheel must continue to give satis- 
factory results without re-truing. (g) The changes 
of work-speeds and wheel-speeds and the work- 
traverses possible on the machine. (h) The pulling 
and feeding power of the machine. 

Each of these conditions is complicated by the 
fact of the high precision and uniformity of results, 
and the extreme rapidity demanded, which are 
paralleled in no other machine-tool operation what- 
ever. Results are further affected by the wide 
variability in the qualities of materials which, 
though nominally the same, are subject, in greater 
or less degrees, to peculiar internal strains, con- 
sequent on the processes of manufacture they have 
passed through, as, for instance, those employed in 
producing bars, tubes, and forgings. Outside of 
the foregoing also there are influences into which 
idiosyncracies and personal elements enter, as the 
hehaviour of the machine itself, the ability of the 
operator, and the attitude of the employer. The 
condition in which the work is brought to the 
machine, and the facilities that are provided for 
handling it, naturally influence the results. The 
method of centring the pieces is of importance, as 
bearing on true running, as also are methods of 
chucking. The fixing of pieces for grinding is sub- 
ject te peculiar difficulties therefore, in face of 
the numerous variables which interfere with and 
control the ultimate results. The correct basis for 
standardising an operation is to obtain a large 
number of pieces ground by a man of ability and 
experience, and having obtained these as the stan- 
dard basis, to make allowances for any exceptional 
circumstances that may be peculiar to future lots. 

It is convenient to regard this subject as it 
appears in the two broad aspects of the wheels 
used and of the machines. These cannot be re- 
garded as wholly separate and distinct, since the 
speeds of wheels must greatly influence the con- 
struction of the machines. The leading problems 
which arise and have to be solved are those which 
are concerned with the wear of the wheels, the 
speeds of the wheels and work, the generation of 
heat, the protection from grit, and the rapid rever- 
sals of work-tables. Some observations may be 
offered respecting these. 

The wear of wheels is a highly important matter. 
If a wheel wears too rapidly, the grinding done on 
a long piece will not be parallel. The amount of 
wear can be measured in machines fitted with a 
feed index-wheel, by which reductions in diameter 
can be set in thousandths of an inch. If, when the 
grinding is finished and sparking ceases, the work 
when measured is found to be over size, that indi- 
cates a too rapid wear of the wheel. Generally 
speaking, a wheel should not lose more than 
0.001 in. in diameter per traverse, though that 
amount would vary with length. This question of 
wear is one of the problems which an operator has 
to determine when treating repetitive pieces. 
Bearing directly on this practice, Messrs. 
Churchill name four variables which cause an 
undue amount of wear of wheels. These are: too 
heavy a feed, a work-speed too high, a wheel- 
apeed too low, and the selection of a wheel of too 
softa grade. And, as in cutting-tools also, these 
variables are complicated by the nature of the 
work being done, by the character of the material 
being ground, and even by differences in size and 
in shape ; and as these also may operate singly or 
in combination, it is clear that experiment alone 
fan determive whieh one Smoeng the sumereus 

variables requires to be changed. And in order to 
ascertain this, only one factor should be altered at 
at a time, never two, such as the work-speed and 
the wheel-speed together. 

One lesson which experience enforces is that no 
such thing as a ‘‘ near enough” s will secure 
the best results from a grinding-wheel. Although 
average speeds are given by manufacturing firms for 
wheels, this does not mean that all wheels can be 
run at any speeds within the extremes given. The 
variables control the proper speed for any wheel 
within narrow limits when doing certain work, 
which speed can only be ascertained by the 
operator. Only with this reservation is it true 
that suitable surface speeds for wheels may range 
from 5000 ft. to 7000 ft. per minute. When grind- 
ing a piece of work having different diameters, the 
difference in the behaviour of the wheel is apparent. 
The speeds of wheels and of the work are related 
so closely that the two must be frequently varied 
in order to ascertain which combination gives the 
best possible results. The surface speed of the 
work may range from 30 ft. to 60 ft. per minute. 
Adopting too high a speed tends to glazing of the 
wheel. A wheelalso which tends to become glazed 
will often work better at a reduced speed. 

The microscopic study of chips is brought into 
service to assist the grinder to ascertain the suit- 
ability of a wheel to its work. Curling chips, 
which under the microscope appear nearly like 
lathe-cuttings, indicate a cool-working wheel, but 
chips in the form of globules reveal the generation 
of too much heat. The explanation is, that before 
globules can form, the metal detached must have 
been molten, and thus a predominance of globules 
reveals a higher temperature than does that of 
curly chips. 

Different materials throw off sparks with charac- 
teristic differences. Sparks are due to the com- 
bination of the oxygen of the air with the particles 
of metal thrown off at high temperatures. Carbon 
is the principal combining element, and therefore 
carbon steel throws off the largest quantities of 
sparks. As the carbon content lessens, the 
sparks diminish, until in wrought iron they are 
scarcely star-like, but appear mostly in straight 
lines. Moreover, the sparks from high-carbon 
steels do not travel so far as do those from mild 
steels and from wrought iron, since the carbon 
combines rapidly with the oxygen. They are also 
nearly white, while those from mild steels are of a 
straw colour. The sparks from high-speed tool 
steels indicate the predominance of chromium, 
tungsten, or other elements over the carbon, 
masking the latter, so that the carbon sparks are 
nearly absent. The sparks appear as straight lines, 
are much less luminous, and of a chrome-yellow 
colour. 

One highly important requirement in the work 
of grinding is that of affording freedom for the 
escape of chips. The difference is most marked in 
this respect between working with the edge of a 
wheel and its face, hetween the action of the cylin- 
drical grinders and that of the face and disc- 
grinders and cup-wheels. In the first, the field of 
action is small, not much more than a line in fact, 
unless the grinding done is very coarse. The chips 
get away readily, and their presence does not 
cause trouble. But in the second case the chips 
are confined between broader faces, and satisfactory 
results are not obtained unless at a sacrifice of 
output. The cuts must be shallow and small chips 
be made, the speed rapid, and the wheels coarse. 
But since large, flat faces are now being ground in 
ever-increasing quantities on disc and cup-grinders, 
room for the escape of chips is best secured by a 
return to the old practice of using chipping or 
facing-strips, instead of broad, solid faces. Hence 
the practice has arisen, and is being much devel- 
oped, of redesigning castings in order to render them 
economically suitable for treatment on the disc- 
grinders. This is icularly desirable—indeed, 
it is often essential—if work is to be done at all 

C. | on these grinders, because they work dry, and heat 
is so soon generated that this cause alone sets early 
limitations to the areas of the surfaces which can 
be ground. By observing these precautions, how- 
ever, large quantities of work are being constantly 
removed from milling - machines, planers, and 
shapers, and performed on disc-grinders. This 
aspect alone opens up a very extensive field, be- 
cause it renders practicable the grinding on the 
disc-grinder of an immense number of articles 
which could, not be dealt with thus except by the 
reduction of the surfacag, with the resulting more | Bearings 

satisfactory clearance for the chips, and naturally 
with less generation of heat. The firms who con- 
struct disc-grinders give, therefore, much attention, 
from self-interest, to this particular aspect of 
economy, and in consequence are able to facilitate 
the extension of the utilities of this class of grind- 
ing. Akin to it, of course, is the work of the 
vertical-spindle disc-grinders. 

Wider wheels are now generally adopted on 
cylindrical grinders than formerly, with the object 
of increasing the economy of production. With 
the employment of wheels having wider faces 
than those which were formerly used, the number 
of grains in operation per revolution is increased. 
This practice is being also generally adopted when 
grinding short lengths without any traverse. 
Automobile crank-shafts are ground thus with 
wheels of the exact width of the crank-pins, and 
having the corner radii on the wheels. Lengths 
up to 5 in. are finished thus without traverse. No 
time being lost in reversals of the table, the time 
occupied is less by one-half or one-third than 
when a narrow wheel is employed, the exact 
economy depending on the relative widths of the 
wheels used in each case. It is more necessary to 
maintain the truth of the wheel when it is not 
traversed than when it is, and therefore such a 
machine is frequently now provided with its own 
diamond mounted permanently in position. Gene- 
rally a softer wheel will be used when no traverse 
is made than when it is. The growing practice of 
grinding from the rough, without preliminary 
turning, has been favourable to the increase in 
wheel face. Automobile cranks with four or six 
throws offer peculiar difficulties when their tooling 
has to be divided between lathe and grinder. 
With the general adoption of the practice of stamp- 
ing these cranks, the necessity for rough turning 
no longer exists, as it did with hand forgings, in 
which metal was necessarily lumped or skimped 
in places. Cranks are stamped with regular allow- 
ances of about +; in. for grinding. But in this. 
asin other work which involves the employment 
of broad-faced wheels, the machines must be built 
heavily. The economical advantages of the wide 
wheel are so valuable that it is being used for 
traversing as well as non-traversing duty. But 
with increase in width of wheels the rate of the 
work traverse is increased, and the inertia of the 
moving mass also increases ; hence, in the large 
machines, cushioning arrangements are introduced 
to absorb the shock of reversals. Machines there- 
fore are becoming more sharply divided into light 
and heavy. Massive work and wide wheels cannot 
be associated with light machines ; but neither is 
it economical to put light work on heavy machines, 
because it is then loaded with increased charges. 
The diameter of the wider wheel is retained for a 
longer period than that of a narrow one; but its 
parallelism with the table must be perfect, and the 
shock of reversala must be cushioned. A slight 
pause or ‘‘ dwell” is provided for in some cases, 
just preliminary to the reversal of the table. This 
dwell is also frequently utilised for grinding against 
a shoulder. 

The generation of heat may be viewed in two 
aspects : that which is eoncerned with the distor- 
tion of the work ground, and that of the character 
of the machine fittings. The first is a matter for 
the operator, the second is one for the manu- 
facturer of the machine. In both aspects marked 
improvements have been made in later practice. 

With regard to the distortion of the work by 
heat, this is lessened, or wholly prevented, by em- 
ploying larger volumes of water to carry off the heat 
generated, by a more liberal employment of steadies 
in cylindrical work, where such can be utilised, by 
a more judicious selection of wheels, the tendency 
being towards the adoption of softer grades, and 
by employing fine feeds for finishing. Suitable 
speed combinations of work and wheel also are 
variables which influence the generation of heat. 
Though grinding is mostly done cold, an exception 
occurs in some practice where the bores of motor 
cylinders are ground under steam heat at a tempe- 

rature of over 100 deg. Fahr. This approximates 
to the conditions of actual service. 

With regard to the prevention of the effects of 
heat generation in the machine fittings, these are 
now more elaborated than they formerly were. 
Tests of the work-head spindle are made at 4 
temperature of about 100 deg. Fahr., which repre- 
sents running conditions. Poppets have spring; 

controlled pressure to allow them to yield endwise, 
and journals are made very long, 4” 
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self-lubricating arrangements of anti-friction com- 
binations and ball-bearings are inserted where 
suitable. Protection from grit is most essential. 
Caps are provided on spindles to prevent its 
ingress, and guards are fitted on slides. These are 
details which will be illustrated in later articles 

Behind all the variables which control the results 
to be achieved is the general design of the machine. 
3earing on this we propose to illustrate later the 
directions in which big recent advances have been 
made. It is the old problem again—that of in- 
crease in dimensions and in weight, accompanied 
with stability and freedom from vibration, which 
is also being witnessed in the lathes and in the 
milling-machines. Machines of dimensions hardly 
dreamed of half-a.dozen years ago are now coming 
into the shops. Probably the largest at present: is 
one of 44 tons in weight, for grinding rolls. But 
others approach it, while also machines of small 
capacity are built more heavily and designed more 
rationally than formerly. 

LiTERATURE, 
> ———— 

Commercial Paints and Painting: A Hand-Bovrk for 
Architects, Engineers, Property-Owners, Painters and 

Decorators, &c. By A. Szyvmour Jennines. London: 
Constable and Co., Limited. [Price 6s. net. ] 

THERE are certain technical processes whose accom- 
plishment is apparently so simple that amateurs 
are tempted to compete with professionals, under 
the impression that training can teach little when 
the operation is easily effected. The house-painter 
and decorator have frequently to meet this compe- 
tition—one that is likely to increase, since many 
manufacturers, by glowing advertisements, would 
persuade the ambitious neophyte of the ease with 
which beautiful and permanent effects may be 
produced at a small cost and with little labour. 
The result is not always so successful as the proud 
performer fondly believes, when considered either 
as am adornment or as a preservative. We imagine 
the author of this treatise would have little sym- 
pathy with the well-meant, but occasionally mis 
taken efforts, of those who embark on this inviting 
enterprise. For the main object of the book is to 
show how the truest economy can be secured under 
all the varying conditions under which paint has 
to be applied. From the first he insists on good 
materials and trained workmanship as essential 
in securing that durability on which economy rests. 
He divides the cost of materials and labour by the 
number of years the work will last, and asks the 
owner to fix his attention on the probable yearly 
outlay under different systems. The author’s posi- 
tion might be made even stronger than he repre- 
sents it, for not only does the paint that is well 
selected and well applied require less frequent 
renewals, but the painted material, be it wood or 
iron, inside or outside work, is more efficiently 
preserved, since the better the paint film the more 
effective is its resistauce to the action of air and 
water. Decayed wood and rusty iron require costly 
attention before they can be repainted. 

The author addresses himself more particularly 
to architects and engineers and that larger class of 
property-owners, who are indifferent about those 
details of paint manufacture that more nearly con- 
cern the paint and varnish maker, but want to be 
assured that they are getting the best results for 
the money expended. In the case of special work, 
such as electric installations, or putting in a series 
of lifts, the architect invites the assistance of the 
expert, and in the same way, it is argued, there 
ought to be closer relations between the archi- 
tect and the paint manufacturer in the interests of 
the client. The simplicity of the operation of paint- 
ing is misleading, and on that account does not 
receive the attention its importance deserves. To 
order, asa matter of routine, ‘‘ four coats of lead and 
oil,” as is frequently done, is an unsatisfactory way of 
carrying out what should be a well-considered ope- 
ration. Mr. Jennings has, however, had in view the 
requirements of the decorator, otherwise we should 
not have had a chapter on Brushes, Strainers, 
and other tools used in the trade, for the actual 
application of the paint concerns the operator, and 
not the architect. The volume under notice is, in 
fact, a book that should be welcomed by the clerk 
of works, for there are many practical hints that 
would be of value to one in that capacity. 

_ Treating paint as composed mainly of four ingre- 
dients—yigment, oil, volatile spirit, and driers 
the author deseribes the composition of each in 

turn, with a few remarks on the method of pre- 
paration and use, and on the function of each in the 
mixed paint. We notice that a good word is said 
for antimony white paint, that is apparently coming 
more into vogue. It is claimed on its behalf that 
it can withstand the action of water, is as opaque 
as white lead, and is neither acted upon by sul- 
phurous fumes nor sulphuretted hydrogen. It is 
very durable for outside paint, and is asserted 
to be non-poisonous. It more opacity 
than zinc white, covers better, and is cheaper. 

The contents of this section are not confined 
to oil-paints. The washable wall-finishers that 
resemble flat enamel, of which Duresco is the 
most popular, are noticed. These water-paints, it 
is stated, may be used successfully as undercoats 
for all paint, being both cheap and durable, and 
that they are extremely serviceable in preventing 
blistering. Here we have the opinion of the 
practical expert, but there is always a difficulty in 
getting a decisive test under accurately known 
conditions. In the United States a large amount 
of experimental work has been effected, and some 
curious and unexpected results have been an- 
nounced. But there are many chemical problems, 
depending upon the material painted, which cannot 
be said to be solved. Experimental results that 
cannot be explained from a laboratory point of 
view may, however, be of great value to the 
practical man, safely guiding him over trying 
places. As an example of the difficulty of arriving 
ata complete solution, we may quote an experiment 
carried out in New York City to test the value of 
barytes in giving wearing quality to paint. A 
wall was painted with a mixture of one-third 
carbonate of lead, one-third barytes, and one-third 
zinc oxide. After twenty years it is stated that the 
surface was in as good a state of preservation as one 
painted only five years previously with pure Dutch 
rocess white lead. We feel that there are many 
actors of which more information would be desir- 
able, but on the evidence it is contended that the 
inert filler added much to the life of the paint which 
contained it. It is generally conceded that barytes 
confers longevity, but such an experiment can hardly 
be regarded as crucial. Thickness of film, ease of 
working, and spreading capacity are other qualities 
which have to be considered in estimating the 
economic value. Concerning opacity, it is well to 
note that Mr. Jennings states that he has had 
barytes ground in oil, and with it painted as many 
as ten coats on a wooden board without hiding the 
grain and the knots. Barytes, however, has so many 
excellent qualities that it seems to he the duty of 
the industrial chemist to find a way of treating the 
sulphate of barium that would add to its opacity 
without sacrificing its good qualities. 

Other important sections refer to tests for 
painters’ materials, and the paint most suitable for 
application to particular substances, as stucco, iron, 
or other metal. The teste are perhaps more ready 
of application than strictly scientific in character. 
When discussing the different kinds of material 
to be painted, not only is the nature of the 
material considered, but also the particular object 
which may call for peculiar treatment, as ships, 
gasometers, workshops, chemical works, &c. Also 
the causes of defects and the methods of removing 
them are pointed out in a thoroughly practical 
manner. Mechanical painting by dipping and 
spraying—methods that the author evidently 
thinks are too much neglected in this country—is 
treated somewhat fully. In spraying, the covering 
material, whether paint, varnish, enamel, or dis- 
temper, is forced on to the surface by means of 
compressed air supplied by a tube or hose; the 
— being supplied through a second hose and 
roken up into minute particles by the compressed 

air at the point of emerging from the nozzle. A 
skilful hand will spray 100 square yards in an hour : 
with brush-work twenty hours would be required 
to cover the samearea. We do not, perhaps, always 
consider how much time is practically lost by the 
most industrious workman in dipping his brush, 
removing the superfluous paint against the side, 
and returning it to the surface. Also it is claimed 
that spraying saves paint, notwithstanding that 
it is eminently desirable to give two thin coats 
rather than a single heavier one. It seems prob- 
able that in dealing with irregular and orna- 
mented surfaces the sprayed paint will reach 
portions of the work that the brush cannot, 
or only with difficulty. This advantage is cer- 
tainly recognisable in dipping articles into large 
paint-vate, » proeess much used in agricultural 

implements. In a wagon that is ‘‘ dipped,” the 
paint finds its way into joints which are always 
more or less open, and this is likely to have a pre- 
servative effect. Of the economy of labour when 
using the dipping process the following proof is 
given. At the Royal Woolwich Arsenal Carriage 

Department 200 painters were employed before 
the dipping plant was introduced. With the 
dipping arrangement, not more than 41 are re- 
quired to do the same amount of work, or even 
more. Such facts show that in the simplest opera- 
tions great economy of time can be effected, when 
careful examination is made of every detail that 
has to be continually repeated. 
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THE BALANCING OF HIGH-SPEED 
MACHINERY. 

By H. D. Wueeer, B.Sc.,andR. V.Sournwett, M.A. 

Tae object of this article is to deal briefly with 
the theory of the balance of rotating bodies, and to 
describe an optical apparatus by means of which 
rotors may be quickly and accurately corrected for 
any want of balance in their assemblage, The 
writers’ experience has been mainly in connection 
with direct-current turbo-generators, and the 
apparatus was designed primarily for balancing 
armatures of the usual type ; it could, however, 
easily be adapted for use in connection with other 
forms of high-speed machinery. 

It is found that, with the high speeds which 
obtain in modern practice, an unbalanced mass of 
only 3 oz. at 1 ft. radius, on an armature weighing 

tion, tend to set up vibration at the bearings, have 
to be eliminated by balancing. 

The resultant force-effect on the bearings of any 
number of isolated masses may be determined in 
this way, by treating each mass separately and 
compounding the several effects ; further, we can 
ensure complete balance (absence of rotational 
force on the bearings) by adding two masses on 

(3879. 8.) 

Fig. 6. 

1 ton, is sufficient to cause an amount of vibration 
which renders perfect commutation quite impos- 
sible. Thus it is obvious that the problem of 
balancing to a high degree of accuracy is one of 
very great importance. Its theoretical aspect 
may be studied by considering the case of a 
shaft (Fig. 1) supported by bearings at its ends, 
and perfectly balanced except for the existence 
at one section of a single eccentric mass of M 
pounds. If r be the eccentricity of this mass 
in feet, and a and b have the significance shown 
in the figure, it is clear that when the shaft is 
rotating with angular velocity w forces will be 
brought into play at the bearings A and B, as 

M o* r b M or 
. and ‘ 

g a+b 

pounds weight respectively. These forces, 

shown, of magnitude 

a 

a+b 
which, owing to the rapid reversal of their direc- 

any[specified sections (chosen from considerations 
of practical convenience), and the magnitudes and 
positions of the masses required are easily cal- 
culable ; but an exact knowledge of the magnitude 
and position of every eccentric mass in the system 
under consideration is necessarily presupposed. 
In designing reciprocating engines, where the 
masses and their eccentricities are considerable and 
the speed of rotation fairly low, we can obtain 
sufficiently exact data, and the problem of 
balancing is easily solved by familiar methods.* 
But in problems of the kind to be discussed in 
this article the conditions are very different. In 
the shaft and rotor of a turbo-generator, for 
example, we have a rotating mass designed so as to 
possess, under ideal conditions of uniform material 
and accurate workmanship, perfect balance; but 

* Cf, eg. Professor Dalby’s text-book on “The 
Balancing of Engines,” 

it is run at so high a speed that large forces 
are brought into existence by reason of small 
inaccuracies, unavoidable in practice; and these 
being quite impossible to predict, we have no data 
from which to calculate the balance-weights re- 
quired. In the latter class of problems, then, we 
have, by adding weights in certain specified planes,* 
to balance a system of eccéntric masses of whose 

ft m 

& sa 

(3879.c) a= 
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position and magnitude we are ignorant ; and it is 
clear that we shall have to aim at a solution of the 
problem by experimental methods. 

An obvious but crude method, still apparently 
employed in some works,t consists in a continuous 
process of trial and error. It is evident that without 
some guiding principle much time may be wasted 
before a satisfactory arrangement of the balancing 
masses is thus devised. 

The required result may be more rapidly achieved 
if we make use of the phenomenon of resonance in 
order to discriminate between a want of (1) ‘‘ static” 
and (2) ‘‘dynamic balance.” These terms may be 
explained by a reference to Figs. 1 and 2. It is 
clear that the shaft depicted in Fig. 1 will tend, if 
unconstrained, to come to rest in a position in 

which the mass M is vertically beneath its axis. It 
will not remain at rest in every position ; in other 
words, it does not possess ‘‘ static balance.” The 
shaft shown in Fig. 2, where there are two masses 
in one plane with the axis and on opposite sides of 
it, at distances which are inversely proportional to 
their magnitudes (M,r, = M,r.), will obviously 
remain at rest in all positions, and has therefore 
static balance ; but since pulsating forces will be 
called into play at the bearings when the shaft 
rotates, it is said not to possess ‘‘ dynamic 
balance.” From what has been said it will be 
clear that the possession of dynamic balance implies 
static balance, but that the converse is not true. 

In general, an armature as delivered from the 
works does not possess either static or dynamic 
balance, and both faults have to be rectified before 
it is put to work. A fairly close approximation to 
perfect static balance may be obtained by mounting 
the shaft in ball-bearings and adding weights until 
it has no tendency to come to rest in any definite 
position. This should be done, where possible, 

* A usual arrangement in practice consists of dove- 
tailed grooves turned out at some convenient part of the 
armature, into which weights can be slipped and secured 
in any desired ition by a grub-screw. It is essential 
that there shed be at least two such grooves provided, 
one near each end of the armature ; and it is very con- 
venient if a third can be arranged near the middle, 
+ Cf. W. E. Dalby, op, cit,, page 20, 
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throughout the assemblage of the armature, each 
winding drum, for instance, being mounted sepa- 

rately upon the shaft and balanced, and the 
required masses being permanently fixed in the 

right position. If the plane of each unbalanced 

mass were accurately known, we could so arrange 
the added weights as also to ensure perfect dy- 

namic balance ; but, this not being the case, the 

method at best gives but crude results, and when 

the armature is completely assembled its further 

application would, as likely as not, only make 

matters worse by aggravating the dynamic un- 

balance. As we have already remarked, dynamic 
unbalance is only shown when the armature rotates, 

and indications of its magnitude and sense must 

be sought from observations of the armature’s 

behaviour when rotating in bearings which can 

undergo sensible displacement in the horizontal 

lane. 
. The most satisfactory arrangement for practical 
purposes is shown in Figs. 3 to 6.* The armature is 
mounted in horizontal bearings, resting on ball- 
races and constrained in a central position by 
springs at each end. It is driven by means of a 
light belt round its periphery, and jockey pulleys 

-— 

first one and then the other type, so that each can 
be observed and dealt with separately. 

The mechanics of the system formed by the rotor, 
sliding bearings and springs, especially when the 
effect of solid friction at the sliding bearings is 
taken into account, is so complex that it is impos- 
sible to treat the problem fully in this paper ; 
but it is necessary for our purpose to emphasise 
the important fact that the point which ‘‘ throws 
out” most—i.e., which shows the greatest departure 
from the central position of the axis-—at any section 
of the vibrating shaft is not necessarily, and, in 
fact, is practically never, in the same axial plane 
with the resultant unbalanced mass. Let us, for 
example, consider the type of vibration illustrated 
by Fig. 7, in a system of which the centre of mass 
is midway between the bearings, and assume that 

a, the instantaneous displacement of the shaft from 
its central position, is expressible by the simple 
harmonic function :— 

a=Asinwt. . (1) 

The restoring force of the springs on the bearings 
is proportional to a, and is opposed in direction to 
this displacement ; moreover, as a increases, a 

frictional resistance. The ratio (x) of the force to 
the displacement decreases steadily as the velocity 
of rotation approaches the limit 

cae, (4) 
2M? 

which is the ‘‘speed of resonance ;” and at this 

speed the angle of lead is in the neighbourhood of 
90 deg. At higher speeds the angle of lead is 
increased. 

In thinking of the practical problem it is more 
natural to regard , the speed of rotation, and the 
plane of the resultant unbalanced mass as data, 
and to call «, the angle by which the displacement 
lags with respect to the datum plane, the ‘‘ angle 
of lag.” The disturbing effect is, as we have seen, 
proportional to w*, and hence A, the amplitude of 
vibration, is proportional in absolute magnitude 

2 
to”, or to 

x 

@r = 

w - 

JA-M wt? + 22 

Exactly similar expressions may be obtained for 
the type of vibration illustrated in Fig. 8, and the 

7 
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are arranged beneath it, so that the belt leaves the 
armature in a vertical direction. Unless this is 
done, inequalities in the belt may affect the motion 
of the armature in the horizontal plane. Fig. 6 
shows an armature by Messrs. Laurence, Scott and 
Co., rigged up ready for balancing. 
When the armature is rotating, vibration will 

occur (unless its balance is almost perfect), and 
will be especially noticeable at certain speeds, owing 
to ‘“‘resonance”’ of the constraining springs. In 
general, two ‘‘resonating speeds” will be ob- 
served, corresponding to the two types of vibration 
shown diagrammatically in Figs. 7 and 8. When 
the system is vibrating as in Fig. 7, the whole mass 
is moved through the complete range of vibration, 
and the free period depends entirely upon the stiff- 
ness of the springs and the total mass of the arma- 
ture and bearingst ; when it vibrates as shown in 
Fig. 8 only part of the mass is moved through the 
complete range, and the frequency will be higher 
than in the former case, the ratio of the free 
periods depending upon the distribution of the 
inass Of the armature. If the armature be driven 
at speeds corresponding to these free periods, the 
vibration due to want of balance is greatly exagger- 
ated by reason of ‘* resonance,” and a very sensitive 
test for balance is thus obtained. 

The two speeds are in general quite distinct. At 
the lower speed the exaggerated component of 
vibration is one of pure translation (Fig. 7) and 
due to ‘‘ static unbalance ;” at the higher speed the 
exaggerated component is angular (Fig. 8) and due 
to ‘dynamic unbalance.” Of course, at all speeds 
there will be vibration caused both by static and by 
dynamic unbalance; but the resonance of the 
springs plays the very useful part of accentuating 

= Cf. E. Arnold, ** Die Gleichstr< hine,” vol. ii., 
mse 835 ; K, Rosenberg, ‘On the Parallel Operation of 
\'ternators,” Journal of the Institution of Electrical Engineers, vol. xlii., page 155. 
i These remarks are strictly true only of a shaft in 
Nene centre of mass is midway between the 

aa 

certain amount of resistance is caused by air fric- 
tion, which may be regarded as proportional to the 
velocity of displacement.* In other words, we 
have resultant forces on the system, of magnitude 

-Asinwtand - ~»Awcoswt 

eo where A and » are positive constants. 
f we neglect the effects of solid friction, the only 

other force is the resultant effect produced by the 
rotation of the unbalanced masses ; and since the ac- 
celeration of the mass of the system is — A sin wt, 
this force must be given by the expression :- 

A[(\ — M @) sinw t + ww cos wt] (2) 

where M is the total mass of the moving parts. 
Now the last expression may be put into the form 

kA sin (wt + €), (3) 

where 
xk? = (A—M w?)? +p? w? 

and 
pw 

A- Mw?’ 

and hence we see that the required force will be 
produced, when the shaft is rotating in the bearings 
with angular velocity #, by the unbalanced masses, 
provided that the plane of their resultant leads 
upon that of the maximum displacement (in the 
direction of rotation) by an angle («) which depends 
upon the speed, and is only zero when there is no 

tane= 

* Cf. Rayleigh, ‘‘ Theory of Sound,” vol. i. (1st Edition), 

two types compounded to represent the general 
case. But it must not be forgotten that the fore- 
going discussion, besides being of somewhat doubt- 
ful accuracy in regard to its treatment of air friction, 
neglects entirely the effect of solid friction. This 
effect is probably considerable, and cannot be repre- 
sented by harmonic functions—a fact which makes 
it equally impossible to treat the problem accurately 
by vector diagrams. We must therefore regard 
the angle of lag as a quantity which we are unable 
to calculate; its value may be determined in practice 
by driving the shaft at the same speed in vo err 
directions, and ascertaining in each case which side 
is throwing out. The heavy part is obviously mid- 
way between these two places. 
A usual plan of determining which part of the 

armature is throwing out is by marking it with 
chalk. This method does not admit of any great 
degree of accuracy in itself, and has the additional 
disadvantage that since, as indicated above, the 
phase relationship between the displacement and 
the heavy part is apt to vary considerably at dif- 
ferent speeds, unless great care is taken to work 
always at exactly the same speed the marks for one 
direction of rotation may have a different lag from 
that for the other rotation, and considerable error 
may be introduced. 

In the apparatus illustrated in Fig. 9 the vibra- 
tions of the armature are completely represented 
by the movement of a spot of light on a ground- 
glass screen, so that it is possible to observe 
continuously the precise manner in which the arma- 
ture is vibrating. An aluminium disc (Fig. 10), 
which has itself been accurately balanced, and in 
which an involute slot is cut, is attached to one end 
of the armature-shaft. Immediately behind this 
disc, and underneath the shaft, a straight filament 
lamp is mounted in a box which has a vertical slot 
cut down the front. Direct rays from the lamp are 
completely masked, except where the involute slot 
in the disc crosses in front of the vertical slot in 
the box. The rays which pass through the inter- 
section of these slots are reflected from the fixed 

page 37. mirror A and the pivoted mirror B, pass through 
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the lens P, and, after being reflected from a third 
mirror ©, are focussed as a bright spot on the 
screen F. The mirror B is pivoted at G, and is 
connected to the bearing of the armature in such 
a way that any lateral movement of the bearing 
causes an angular movement of the mirror. As 
the armature revolves, the point of intersection of 
the involute and the vertical slots moves up or 
down vertically, and the spot of light focussed on 
the screen moves up or down to correspond, any 
position of the spot on the screen corresponding to 
some definite position of the armature. At the 
same time any lateral movement of the bearing 
will cause the mirror B to swing and give a side- 
ways displacement of the spot of light on the 
screen. 

The motion of the spot is therefore a combina- 
tion of an up-and-down movement, corresponding 
to the rotation of the armature, and of a sideways 
motion, corresponding to any lateral movement of 
the bearing. When the armature is running and 
vibrating steadily, the spot will trace out an 
approximately sinusoidal curve about the centre- 
line of the screen, the extreme positions to right 
and left indicating the maximum displacements of 
the armature in each direction, and the — of 
these extreme positions on the screen showing 
what part of the armature is throwing out. The 
screen may be conveniently marked to corre- 
spond with definite parts of the armature, by 
marking the latter at four quadrants and by 
barring it round and drawing lines across the 
screen to mark the height of the spot correspond. 
ing to each quadrant. It should be noted that 
the displacement of the armature occurs in the 
horizontal plane, and each line on the screen should 
be lettered to correspond to the radius which is 
horizontal when the line is marked. 

By choosing a suitable lens and arrangement 
of mirrors, the lateral movement of the bearing 
may be exaggerated to any desired amount on the 
screen. If the mirror B is connected to the bear- 
ing from a point at 1 in. radius, che optical leverage 
is given by the ratio 

2Lh .4 
ly + ly . 

where 

L = length, in inches, of reflected ray from lens to screen. 
i = ” ”” ” ” mirror B to disc. 
= mirror B to lens. ” ” ” ” 

The amplitude of vibration of the armature when 
badly out of balance will be of the order of ,4 in., 
and when nearly right will be only 1 or 2 mils. 
The oscillating mirror B should therefore be so 
connected to the moving bearing as to allow a 
considerable variation in leverage, in order that the 
amplitude of the curve traced out on the screen 
may be kept within practicable limits throughout 
the whole operation. 

A simple and convenient method of connecting 
up the mirror is shown diagrammatically in Fig. 11, 
the necessary variation in leverage being effected 
by slackening or tightening the sagging wire a by 
means of the nuts b. An optical leverage of about 
100/1 in conjunction with this variable connection 
gives the most suitable magnification. 

On running up the armature, the motion of the 
spot of light will be practically straight up and 
down the middle of the screen until the first speed 
of resonance is approached. When this occurs the 
spot will begin to trace out a sinusoidal curve, the 
amplitude of which wi!l increase to a maximum at 
resonance, and then decrease again as the speed of 
the armature is further increased. Similar results 
occur as the second resonating speed is approached, 
though in this case the range of maximum vibra- 
tions is not so sharply defined. 

It may be noted that when the speed is approach- 
ing that of resonance, the part of the armature which 
is throwing out varies rapidly, receding—i.e., the 
lag of the displacement behind the heavy part 
becoming more—by as much as 90 deg. as the speed 
changes from just below to just above resonance. 
This phenomenon is more especially noticeable at 
the first resonating speed; but it also occurs, 
though to a less extent, at the second. It accounts 
for the difficulty, already mentioned, of obtaining 
consistent results by the ‘‘ Chalk-Mark ” method. 

With the optical apparatus the method of pro- 
cedure is as follows :—The armature is run up to a 
speed somewhat higher than that at which the 
second resonance occurs. The power is then shut 
off, and the armature allowed to come slowly to 
rest, the focussing-screen being closely watched all 

the time, and the positions of the maximum dis- 
placements of the spot noted at both resonating 
8 s. This operation is performed for each 
direction of rotation in turn. 

Typical observations on the screen are shown in 
Figs. 12 and 13, and 17 and 18, and in this case 
we see that at the speed of static resonance the 
maximum displacement to the right on the screen 
—i.e., movement of the bearing outward from its 
mid-position—occurs, at the near end of the arma- 
ture, between D and A and between C and D, for 
the two directions of rotation, indicating a heavy 
place at B. At the speed of dynamic resonance the 
maximum displacement occurs at A, and between C 
and D, for the two directions of rotation, indicating 
either a heavy place near B at the near end, ora 
heavy place near D at the far end, or both. From 
these results we deduce that the unbalanced masses 
in the armature are distributed as indicated diagram- 
matically in Figs. 16 and 21. 

Correction may be made for the dynamic un- 
balance by putting weights at either end of the 

FIRST SPEED OF RESONANCE - STATIC UNBALANCE. 
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armature, or at both; but weights put at the far 
end would, in this case, aggravate the static 
unbalance. The weights should accordingly be 
placed at the near end, in the quadrant DA, as 
shown in Fig. 22. 

It is convenient to correct for the static and for 
the dynamic unbalance jointly, as indicated above, 
for the first few attempts, and then, when the 
armature is nearly balanced, to finish off the dynamic 
alone, and afterwards correct what static unbalance 
there may be left by adding weights in the middle 
groove. In most cases the plane of this groove will 
be so near the mass-centre of the armature that 
weights placed in it will not affect the dynamic 
balance. If there is no provision for adding weights 
in the middle of the armature, they must be put 
in the end grooves, care being taken to add the 
weights evenly at each end, so that the dynamic 
balance is not disturbed. 

It will be found that as the armature becomes 
more nearly balanced, the angle of lag, which at 
first was approximately 90 deg., increases towards 
&@ maximum of 180 deg.; hence it is absolutely 
essential to drive the armature in both directions 
of rotation for each fresh attempt. 

As previously stated, the speeds of resonance 
depend upon the mass of the armature and sliding 
bearings and the stiffness of the springs, and the 
latter should be chosen so that the static resonance 

occurs at about 300 revolutions per minute. The 
dynamic resonance will then probably occur at about 
500 to 800 revolutions per minute. There is no 
occasion to work at higher speeds than these, and if 
the bearings are well mounted on good ball-races 
balancing may be successfully performed at speeds 
considerably lower. 

With the apparatus described, which has been 
successfully employed on armatures ranging in 
weight from 1 cwt. to 5 tons, it is possible to 
balance within the limits of } oz. at 1 ft. radius 
per ton weight of armature. The amplitude of 
vibration (supposed unchecked) which would be 
caused by such an unbalanced force is approximately 
x90 in., and, in bearings with the meal dananeen 
this amount is absorbed by the elasticity of the oil 
film round the journals, without causing any appre- 
ciable vibration of the bearings and foundations. 

In conclusion, the authors desire to thank 
Messrs. Laurence, Scott and Co. for permission 
to publish particulars and illustrations of the 
apparatus described. 

Minerats In Turkey.—Although the present dis- 
turbed conditions for the time — have put a stop to 
further industrial developments in Turkey, no doubt her 
rich resources ere long will call for exploitation. The 
Germans, as a matter of fact, already mirror to them- 
selves the time when they, the war well over, will 
obtain the sole control of railway construction, irrigation 
undertakings, petroleum areas, &c. The latter are 
found almost all over Asia Minor, especially in the 
provinces of Mossul and , in which two dis- 
tricts alone there are a couple of hundred areas. There 
are also petroleum springs at the Wan lake and at 
Puek, in Terdschan, to the west of Erzerum. The largest 
iron-ore deposits are located in the mountainous country 
north of Satium, where the annual production is about 
300,000 tons, whilst some 30,000 tons perannum are 
broken at Ayasmand. The mostimportant coal deposits 
are those at Ergli, on the Black Sea; the quality of the 
coal varies, but resembles on the whole Newcastle coal. 
About ten —ae are working in that district, a 
French concern heading the list with an output of 500,000 
tons a year. The Duysa mine has an annual produc- 
tion of 110,000 tons, the Kurdschi Mining Company one 
of 85,000 tons, and the Zaridscha Brothers Company, of 
60,000 tons yearly. Some smaller companies produce an 
annual aggregate of 50,000 tons. 

Maximum Prices ron Merats in GERMANY.—At the 
instance of the Legislature, the following maximum 
prices have been fixed for copper and other metals, the 
—- in oo to be in force from January 2. 
he price per kilogrammes must not exceed :— 

Marks. 
For rolled copper wire .. ‘ Je as ee 208 
Untinned, drawn, round copper wire, with a dia- 

meter of not less than 1.4mm. .. - - 225 
Round copper bars with a diameter of not less 
thanl13mm. .. oe ee oe ee ee 235 

Copper plates of not less than 1.4 mm. in ordi- 
nary dimensions, not more than 1 m. broad .. 240 

Drawn, untinned copper tubes, with an interior 
diameter of 20 mm. to 100 mm., and a thickness 
of not less than 3 mm., in customary lengths... 260 

Brass bars, ordinary kind, with less than 60 per 
cent. copper, and a diameter not less than 
13 mm. .. ae “a ms ee oe o4 175 

Brass plates, ordinary kind, with less than 64 per 
cent. copper, at least 1 mm. thick and 1 m. 
broad .. - ne eo ee on ae 190 

Bright drawn, untinned brass tubes, with less 
than 64 per cent. copper, an outer diameter of 
20 mm. to 100 mm., and at least 3 mm. thick. . 235 

Round aluminium bars with a diameter of not less 
than 13mm. .. oe oe oe oe . 370 

Aluminium wire not less than 1.4 mm. diameter. . 370 
Aluminium plates not less than I mm. thick .. 385 
Aluminium plates not less than 0.5 mm. thick .. 400 

(100 kg. = 220.4 Ib. ; 20 marks = 11.) 

GerMaN Iron InpDustry.—The Bismarckhiitte has 
declared a dividend of 9 per cent. for the past year. 
Employment is stated to have been satisfactory, and, 
unless unforeseen events occur, a good dividend may 
be expected for the current year. The Rombacher Iron 
Works have declared a dividend of 5 per cent. The 
report states that the first disturbances of the war were 
comparatively quickly got over, and in the course of a 
few weeks work wasresumed. At the present time some 
of the blast-furnaces, the steel works, and rolling-mills 
are in operation. Work will be extended when more 
hands are available ; regular railway traffic is of great 
importance for extension of work, and hopes are expressed 
that the promised reduction in railway freight for coke 
and coal tee the Lorraine works will soon come into force. 
In the course of the past year the management of the 
Concordia Mining Company, Oberhausen, was taken over 
by the company, with satisfactory results. Ata recent 
meeting of the Pig-Iron Union it was stated that the sale 
of pig-iron continued to — oe Most consumers of 
pig-iron are still busily employed with army contracts. 
‘The quantity despatched during November amounted to 
54.41 per cent. of the allotment, against 49.09 per cent. 
for October. December was expected to be about the same 
as November. The demand for the first quarter of 1915, 
which has now commenced, promises to be fairly lively ; 
a number of concerns have already covered their require- 
ments for that Also from neutral countries there 
is more deman 
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RE-FUELING WARSHIPS AT SEA.* 
By Spencer Miiirr, Member. 

In 1883, Vice-Admiral R. 8S. Lowry, R.N. (then a 
lieutenant), read an essay on ‘‘Coaling Shi or 
Squadrons in the Open Sea” before the Royal United 
Service Institution of London. To show the necessity 
for improved apparatus for coaling warships at sea he 
said :—‘‘I think I am within the mark in stating that 
during the blockade of Charleston by the Federal Fleet, 
nearly one-quarter of that force were always absent from 
before the fort employed in filling their coal bunkers.” 
The efficiency of the blockade before Charleston was, 
therefore, about 75 per cent. 

The year 1914 witnesses three im t blockades :— 
The British in the North Sea, the British-French in the 
Adriatic Sea, and the Japanese at Kiao Chau Bay. The 
Japanese maintained their blockade for ten weeks and 
were successful. At the present writing the blockades 
in the North Sea and in the Adriatic Sea have been 
maintained for fourteen weeks, and in that period each 
ship must have replenished its bunkers many times. 
Blockades are not = obsolete, although the method of 
blockading has undergone a change since 1883. We can 
only conjecture as to their efficiency. 
Vice-Admiral Lowry added :—‘‘ During the same war 

(U. 8. Civil War) Federal cruisers, while searching for 
the Alabama, were constantly obliged to quit that por- 
tion of the sea allotted to them in order to fill their 

on Lieutenant Bell’s plan, Captain Fi ld, R.N., 
said: “‘It would fail absolutely,” and added, “as to 
blockade, I think it is a thing of the past absolutely. 
You could not blockade in these days of torpedoes any- 
where near the enemy’s port.” 
Answering this Rear-Admiral P. H. Colomb, R.N., 

said :—‘‘I sincerely believe that we are going to watch 
our enemy wherever they are, in spite of torpedoes or 
whatever it may be. Therefore, from my point of view, 
the question is of vast importance.” 
What Admiral Colomb said in 1887 might be said with 

equal force to-day, for the English are watching their 
enemy ‘‘in spite of torpedoes” and the ‘‘question (of 
— at sea) is of vast importance.” Rear-Admiral 
Colomb at the same time pointed to the advantages of 
oil fuel and the simplicity by which it could be trans- 
— at sea. Within the last few months Admiral Von 

irpitz, Minister of the German Marine, pointed to the 
great advantage of using liquid fuel and the ease with 
which warships can be supplied in a seaway. Rear- 
Admiral Reginald G. O. Tupper, R.N. (then a lieu- 
tenant), agreeing with Lieutenant Bell that the ‘‘bow to 
stern” method was correct, si ted a continuous 
moving endless rope between collier and battleship, 
having bags of coal attached, transporting the same in a 
continuous stream to the battleship. o-day the two 
surviving systems for coaling warships at sea are develop- 
ments of Lieutenant Bell’s _ for a reciprocating cable- 
way apparatus—viz., the Li gerwood-Miller marine cable- 

Fic. 1. Tae Russtan Batriesmir ** Retvizan” (Now THE Japanese Barr esurpy ‘* Hizen”’) 
TAKING COAL FROM THE CRUISER ‘‘ Asta” IN THE Ba.tic Sea. 

bunkers, after one or two useless chases after suspicious- 
looking vessels.” 

Since August 1 ten German cruisers have played the 
part of the Alabama. They have captured or sunk 
nearly 100 merchant ships. These German cruisers are 
the Emden, 3600 tons, speed 244 knots (sunk November 
9); Karlsruhe, 4900 tons, speed 28 knots; Nurnburg, 
3450 tons, >> 234 knots; Dresden, 3600 tons, speed 
244 knots; Leipzig and Bremen, 3250 tons, speed 23 
knots; Scharnhorst and Gneisenau, 11,600 tons, speed 
20.5 knots; Geier, 1630 tons (interned at Honolulu) ; 
Koenigsburg, 3348 tons, speed 234 knots (bottled up at 
Mafia Island). These ships are reported to have fre- 
quently coaled at sea. , 
Many British and French cruisers have been protecting 

commerce and chasing the German cruisers, viz.:— 
Bristol, Glasgow, and Newcastle, 4800 tons, speed 25 
knots ; Suffolk, Lancaster, and Cumberland, 9800 tons, 
speed 24 knots ; Good Hope, 14,100 tons, speed 23 knots | d 
(sunk by Germans); Monmouth, 9800 tons, speed 24 
knots (sunk by Germans); Highflyer, 5600 tons, speed 
20 knots ; Swittsure, 11,800 tons, speed 19 knots. In fact 
the British Admiralty announced that some 70 ships | b 
ef the Allies were searching for the German cruisers. 
The Good Hope and Monmouth allowed their — 
to be known to the by entering a harbour for 
coal. They were sunk later by the Germans. 
, In 1887, Lieutenant C. E. — R.N., ae —— 
nstitution, read a entit! “Tat ips of War 

at Sea.” Lieutenant: Bell said :—‘‘I feel sure that all 
officers will agree with me that coaling from the broad- 
side at sea is impossible except in very calm weather ;” 
and, after deneihiag many practical experiences said :— 
“The only way by which the various difficulties of coal- 
ing at sea can be overcome is by coaling from bow to 
stern.” Lieutenant Bell’s plan showed an incomplete 
reciprocating cableway like a breeches-buoy apparatus. 
No compensating apparatus was shown. Commenting 

* Paper read at the twenty-second meeting of 
the Seciety of Naval “architene and ¥ anonym neon 4 in 
New York, December 10 and 11, 1914. 

way, and Lieutenant Tupper’s plan for a continuous 
rope apparatus—viz., the Adam (German) endless rope 
coaling-at-sea gear. 

Blockade of Santiago.—In 1898 our fleet blockaded the 
Spanish at Santiago de Cuba, and who does not remember 
Commodore Schley’s telegram to Rear-Admiral Sampson, | coal 
dated May 24, 1898:—*‘Coaling off Cienfuegos is very 
uncertain. Having ascertained that the Spanish fleet is 
not here I will move eastward to-morrow, ee 
with you from Nicholas Mole ; on account of short 
supply in ships cannot blockade them if in Santiago. I 
shall p to-morrow, 25th, for Santi being 
embarrassed, however, by ‘Texas short coal supply and our 
inability to coal in the open sea.” Commenting on the 
blockade in 1900, Captain 8S. Eardley-Wilmot, R.N., in 
“Our Fleet To-day,” said:—‘‘The method employed in 
this operation is the most noticeable feature of the war. 
Exponents (mostly civilians) of naval warfare have 
odnead that steam and torpedo boats will render the 

blockade in modern warfare egw and submarine 
attack would deter the blockading force from being 
effective. Sampson demonstrated that steam had made 
lockade more certain, and the torpedo attack must be 

dealt with otherwise than by running away from it.” Ft 
is also a matter of record that while our fleet was 
blockading Santiago, frequently one-fourth of our ships 
were absent for recoaling, and when the Spanish came 
out three of our ships (one the battleship Massachusetts, 
which cost the a over 6,000,000 dols. ) 
were 45 miles away, coaling at Guantanamo, utterly 
useless for as 

Ji Blockade, 1904.—In 1904, Admiral a toge effi 
e blockaded Port Arthur, while the attempt to bl 

the Russians in Vladivostok failed. The author has the 
word of a Japanese naval officer on the Japanese 
blockading ships before Vladivostok, that the only 
reason they failed to bottle up the Russian cruisers was 
because they were unable to coal their ships in a 
seaway. 
éomionant Dewar’s Gold-Medal Prize Essay.—Lieu- 

tenant A. C. Dewar, R.N., in his Gold M Prize 
Essay before the Royal United Service Institution in 

1903, dwelt exhaustively upon the subject of blockades. 
He pointed to the doubtful value of attempting a 
blockade should the base of supply be too remote. He 

ve two —s —— of blockading the port of 
oulon with 12 Implacables. In the first instance, the 

ships of the fleet were to be recoaled at Malta, 550 miles 
distant; in the second at Pollenza Bay, 154 miles 
distant. 
When coaling at Malta, 550 miles distant :— 

Each of the 12 Im bles woul 
remain on blockade... ne ... 10.5 days. 

Each ship would be absen for ocoal- 
ing nis -” ae - ... 6.8 days. 

The efficiency of such a blockade 
would be about + es ~- Cpe 

When coaling at Pollenza Bay, 154 miles distant :— 

Each ship would remain on blockade 15.5 days. 
Each ship would be absent ... .. 38.1 days. 
The efficiency of the blockade be- 

comes ... 83 p.c. 

In the best example 12 Implacables are assigned for 
blockade duty, while only 10 ships remain continuously 
on blockade. Two extra Implacables, costing 10,000,000 
dols., must be aasi because of the inability of the 
10 ships to refill their coal-bunkers at sea. No navy in 
the world can better afford such extravagance than the 
British with their 635 ships. 

British North Sea Blockade, 1914.—To-day we find the 
British Navy containing the Fleet in the North 
Sea. This blockade has been effectively maintained for 
more than fourteen weeks at the present writing. Although 
there is no definite knowledge either as to the composition 
or the numbers of the ‘‘ Grand Fleet” or of the work of 
the ships, it may be surmised here for the purposes of 
argument that the submarines and destroyers are 
stationed where they ought to be. Scout and other light 
cruisers are distribu to form a support for the de- 
stroyers and connecti’ links with the battle fleet. 
Armoured cruisers are doubtless distributed in accord- 
ance with their speed and fighting power. The battle 
fleet may or may not be atsea. Great Britain was said 
to have 110 cruisers in the North Sea. Five have been 
destroyed by submarines. Many new cruisers will doubt- 
less be sendy within a few months. Great Britain is 
reported to own 232 destroyers and 20 are building. 
She also has 75submarines. Perhaps half of the destroyers 
are employed on duty in the North Sea. 

All the ships are either fueling at sea or leaving 
the blockade for the smooth waters of British harbours 
for re-fueling. Every time a cruiser retires from the 
patrolling line of the blockade to a shore base for 
re-fueling, the blockade is materially weakened, for 
the absent ship is temporarily useless for fighting pur- 
poses, to say nothing of the danger of destruction by 
submarines, lying in wait on the route to and from the 
coaling base. England has an abundant supply of 
cruisers at present, and can afford to allow 15 per cent. 
or 20 per cent. of these ships to be absent from the 
bl e sory A their bunkers; nevertheless, the effi- 
ciency of that blockade is materially weakened whenever 
the cruisers are withdrawn for re-fueling. So far as des- 
troyers and submarines are concerned, if these must be 
frequently relieved from blockade = to refresh the 
personnel, the time consumed in re-fueling need not be 
time lost. 

Coaliny Warships in the North Sea.—By way of 
example, suppose the British employ 100 cruisers for 
blockade duty in the North Sea, costing an average of 
2,000,000 dols. each. This would re t a total 
investment of 200,000,000 dols. Practically all burn coal. 

idering the distance to shore coaling ports, it is 
difficult to believe that more than 85 per cent. of these 
cruisers are maintained on blockade duty unless they 
re-fuel at sea. Fifteen per cent. of these ships absent 

ing at a shore base represent a temporary weakening 
of the blockading fleet of 15 ships, worth in money alone 
about 30,000,000 dols. i 
cruisers could be maintained close to 100 per cent. effi- 
ciency if served by colliers equipped to deliver coal to 
them under all reasonable conditions of the sea. Does 
not this illustration serve to indicate the value of master- 
—- Ag art of re-fueling warships in a seaway’ Thirty 

ion dollars would purchase 25 big colliers like the 
U.8.8. Jason and Orion. These huge 19,000-ton colliers, 
with their modern, high-speed, broadside coaling gear, 
actually coal three ships in a day when the sea is smooth. 
When the sea is moderate, and not unreasonably rough, 
each collier, equi with marine cableways, could 
deliver to a cruiser tons of coal in the daylight hours, 
steaming at 10 to 12 knots while doing so. en sub- 
marines are present ships must keep moving at a speed of 
10 knots at least. With 100 ships on blockade duty 
burning 50 tons per day each, each should be recoaled 
about once in 10 days, and 10 ships would be coaling 
every day. It is true that on the infrequent days of 
violent storms, when the sea —ae rough, 
these cruisers could not receive coal an. , and 
the colliers would be temporarily id u 
sea conditions every collier could deliver coal every day 
and thus be working to its highest capacity and 

ciency. 
Big UVolliers Increase the Efficiency of Coaling.—The 
igger the collier and the better the broadside coaling 

gear the oftener it can be used for broadside coaling 
under headway in smooth seas. Furthermore, the bigger 
the collier the steadier it is for handling coal along the 
decks when delivering coal in a heavy seaway. It must 
be understood, however, that any collier can equipped 
ne — cableway for —s in @ seaway. : 
ri miralty experimen or a long period o 

years in the endeavour to find or develop a suitable sea- 

This blockading fleet of 100 . 
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coaling apparatus to be wholly carried by their battle- 
ships and cruisers. None appreciate the value of refuel- 
ing warships in a seaway more than the British 
Admiralty. They have mastered the art of oil-bunkering 
at sea, but the spe .ratus is carried on their own oil- 
tank shipe. The British Admiralty have never built a 

Coaling British Commerce-Protecting Cruisers. — An 
extraordinary demonstration of sea power is exhibited b 
Great Britain placing fast cruisers to protect English 
shipping on the Atlantic Ocean. Several British 
cruisers are protecting the lanes of travel between Great 

| Britain and the United States. These cruisers could coal 

Fie. 6. 

| 
| 

Havui-Down Brock anp Loap CarriacGr TakinG Loap From Deck or CoLiien. 

Fie. 7. 

fleet of naval colliers. Colliers carrying coal to British 
warships are privately owned, and are ch » as 
needed, by the Admiralty. The author has never heard 
of any privately-owned collier being equipped with coal- 
ing-at-sea apparatus, except experimentally. [+ is for 
these reasons that the author believes that the cruisers in 
the North Sea are coaling either at shore bases or at sea 
when sea conditions permit, 

U.S.S. ‘‘Sourm Carotina” Coattne rrom U.S. Cottier *‘ Cycrops.” 

on the British Coast, at Halifax, and at Bermuda. 
Halifax is about 200 miles distant from the popular trans- 

| atlantic routes, and Bermuda nearly 600 miles. It is 
always important that bunkers be kept as full of coal as 

ible. Weknow many of these ships coaled at Hali- 
ets The moment one of these cruisers leaves the line of 
travel it becomes temporarily useless for the purpose for 

return, would consume the better part of three days, and 
is time lost. The trip half-way across the Atlantic and 
back at economical s would be about nine days. 
Assuming that three days out of twelve be lost in coal- 
ing, the efficiency of such a ship would be abovt 75 per 
cent. Generally speaking, therefore, it would appear 
that the efficiency of such a fleet of ox ce-protecting 
cruisers could be greatly enhanced if served by colliers 
capable of delivering coal in a seaway. 

The Influence of the Submarine on the Coaling Problem. 
—The year 1914 witnesses the triumph of the submarine 
and the automobile torpedo. It has already been demon- 
strated in English manceuvres that the submarine finds 
its victims by lying in wait in the vicinity of the known 
coaling ports of the enemy. The author believes that 
when all the circumstances connected with the sinking of 
the British ships in the North Sea come to light, it will 
be found that these vessels were sunk either on their way 
to or from their coaling base. The triumph of the sub- 
marine therefore seems to indicate that the safe place for 
re-fueling is on the high seas. ere submarines are 
present it will be necessary for warship and collier to 
steam ahead continuously at not less than 10 knots. This 
adds enormously to the difficulties of coaling broadside 
atsea. It makes it impossible to coal from small boats 
at sea. Recognised defence against submarines is not 
only speed but a continuous change in direction. This, 
agaio, adds to the difficulties of broadside coaling, for 
even though a sea might permit two ships to steam along- 
side at 10 knots, if steaming head-on into a sea, they 
might not do so in the trough of the sea. All of this is 
permissible in connection with any practicable cableway 
system of coaling at sea. 

Sir Percy Scott regards battleships as obsolete because of 
the perfection of the submarine and the automobile tor- 
pedo. No navy has ceased to build battleships. Naval 
constructors everywhere are endeavouring to determine 
the most practicable way of constructing a battleship 
with defensive qualities against the torpedo. The ordi- 
nary double bottom jis no longer sufficient protection 
against the torpedo. The plan which ap tly presents 
the most practicable advances is complete under-water 
+ 3 Tt = pe ty matter for a battleship to 
carry the weight of the necessary extra armour un 
the bunker capacity of the battleship is largely cur- 
tailed. To curtail largely the bunker capacity of a 
battleship is a matter of serious moment unless the art 
of re-fueling at sea is ; 

Coaling at Sea by Germany.—The German Admiralty 
have always shuwn the keenest interest in the problem 
of coaling their cruisers on the high seas, Kaiser 
Wilhelm II. showing great personal interest in the prob- 
lem. Perhaps the first paper read before a scientific 

in Germany on this subject was that written by 
William H. Beehler, Commander U.8.N., Naval Attaché 
at Berlin. This was read before the Shipbuilding Society 
in 1902. It described the author’s first marine cableway, 
which in 1899 transported coal at sea from the collier 
Marcellus to | es nape es 
newspapers descri the apparatus at , and ap- 
pealed to German engineers to solve the problem. One 
such article (Die Zeit Wien, Vienna, October 1, 1903) 
closed as follows :—‘‘In case of an introduction of appa- 
ratus of their own construction, the Navy would 
become independent of foreign countries, and, at the 
same time, enrich home industry, being material profit, 
for the Spencer Miller contrivance costs per ship about 
64,000 marks. As it is probable that all line vessels and 
large cruisers would be equi with it, there would be 
(in case this question were solved by German engineers) 
a large sum of money to be saved for the German indus- 
try, which would otherwise go to foreign lands.” This 
appeal, which doubtless emanated from the German 
Admiralty, was responded to by several devices, two of 
which were thoroughly tested at sea. The financial 
backers of each device claimed to have expended between 
175,000 dols. and 200,000 dols. in ing forward the 
development of their coaling-at-sea appliances. 

The first was set aside. The Adam apparatus was 
adopted. The German Admiralty demented an appa- 
ratus that could transport 50 tons of coal per hour in a 
moderate sea, the entire apparatus to be suitable for 
carrying on a cruiser or battleship. an 
Admiralty have also insisted that any apparatus for 
transhipping coal at sea must take from captured 
merchantmen or colliers. The cruiser Roon, tons, 
was equipped with the Adam apparatus, and succeeded 
in delivering an average of 62 tons per hour over a period 
of 10 hours. The apparatus was tested under severe sea 
ye — p. e collier and cruiser — Sa 

eg. C) am apparatus was manufactu 
Felton and Guilleaume-Lahmevyerwerke ‘Action. Gesell. 
schaft, Frankfort. It involves the employment of a con- 
tinuously-travelling endless rope — around a series 
of fixed pulleys on both warship and collier. A movable 
pulley on the warship is connected an automatic 
tension winch for taking up and paying out the cable as 
demanded by the motion of the ships. The company 
manufacturing the Adam apparatus was bound by secrecy 
not to divulge the number of coaling-at-sea apparatus 
sold, nor the ships which were equipped with the ap- 
paratus, and for this reason the author cannot give any 
information respecting the equipment of the German 
cruisers with the Adam apparatus. 

Coaling German Oruisers.—The authorities in charge 
of supplying coal to German cruisers have done their 
work ecuahly and efficiently. During the period of 
fourteen weeks, each of these cruisers must bave been 
re-coaled at least seven times. The cruisers 
Emden, Karleruhe, and Dresden, and the converted 
German liner Kronprinz Wilhelm, are said to have taken 
coal from captured colliers. Other German cruisers are 

with 

which it was assigned. To steam 200 miles, coal, and known to have received coal from ships sent out from 
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New York, Philadelphia, San Francisco, Havana, and 
Manila. We know that the wireless was brought into 
play between shore stations and the cruisers, 
also between the colliers and the cruisers. We know 
that several of these German cruisers coaled alongside in 
the sheltered waters of islands. The British Admiralty 
iseued a statement early in October, prompted by the 
destructive work of the cruisers eden 
Karlsruhe, as follows :—** The vast expanses of seas and 
oceans and many thousands of islands, offer almost in- 
finite choice of movement to the enemy’s — In spite 
of every effort to cut off their coal supply, it hitherto 
been maintained by one means or an In the face 
of increasing difficulty, the discovery and destruction of 
these two enemy cruisers, therefore, is largely a matter 
of time, patience, and good luck.” ; 

Coaling from Captured Colliers.—The British steamer 
Indian Prince was a by the converted German 
liner Kronprinz Wilhelm off the Brazilian Coast on Sep- 
tember 4. The commander of the Kronprinz Wilhelm 
made the Indian Prince steam for five days, when sea 
conditions permitted the man cruiser to come along- 
side. They made fast, put aboard a gangplank, and 
transferred about 130 tons of coal, stores, and provisions. 
Coaling began on the afternoon of September 8. The 
crew worked all night until 10 o’clock on September 9, 
when she cast loose and sank the British ship. 
The British steamer Holmwood was captured by the 

German cruiser Dresden. The rescued sailors say :— 
** The commander of the Dresden first ordered the crew 
of the Holmwood aboard the cruiser, then took coal from 
the steamship and sank her by firing twenty shells.” The 
Emden was coaled from the German steamer Marko- 
mannia in the smooth waters off Sumatra Island, and 
from the captured British ship Exford, which was finally 
sunk. As the Emden’s field of operations was in the 
Iadian Ocean, south of which hundreds of islands exist, 
doubtless she never coaled otherwise than broadside in 
smooth waters. 

The German cruiser Karlsruhe was caught ing coal 
from the Kronprinz Wilhelm in mid-ocean. The was 
being passed in small boats from ship to ship. When the 
British cruiser appeared both - steamed waeg, anns 
their small boats in the sea. The Karlsruhe claimed to 
have ames 15 ships since August 31, from which it 
had replenished its coal bunkers “and kept its larder 
well stocked. 

The collier Mazatlan cleared from San Francisco for 
Guaymas, Mexico, August 13, under 20,000 dols. bond to 
deliver her coal as consigned. North of oggane Bay 
the Mazatlan picked up the German cruiser Leipzig and 
transferred mail and stores to her. Her coal, however, 
was carried to Guaymas, where it was transferred to the 
German steamer Marie, which later coaled the Leipzig. 

The Danger of Coaling in Port.—The North German 
Gazette (N.Y. Sun, October 30), gives the following story 

der Grosse and the British cruiser Highflyer :—‘‘On 
August 26 the cruiser Kaiser Wilhelm der Grosse lay in 
the Spanish harbour of Rio del Oro, with two coaling 
steamers alongside, while a third German steamer lay at 
anchor about 500 metres further out. The entire crew 
had been busy coaling for two days. The bunkers were 
not yet half filled, when toward noon a ship came in sight 
which turned out to be the English armed cruiser High- 
flyer. The following searchlight signals were then ex- 
changed by the two ships :— 

“ Highflyer: Surrender ! 
**Kaiser Wilhelm der Grosse: (No answer). 
“*Highflyer: I call on you to surrender. 
“Kaiser Wilhelm der Grosse: German warships do 

not surrender. I demand of you to observe the Spanish 
neutrality. 

**Highflyer: You are coaling for the second time in 
this port. I call on you to surrender. If notI will fire on 
you at once, 

“*Kaiser Wilhelm der Grosse: I am coaling here for 
the first time, Besides, that is a Spanish affair. 

‘*Highflyer : Surrender at once. 
**Kaiser Wilhelm der Grosse : I have nothing more to 

say.” 

The above despatch is valuable. It supplies some ap 
SS data indicating that the Kaiser Wilhelm der 
rosse was being coaled at the rate of 500 tons per day 

per collier. The marine cableway alone could deliver 500 
tons per day on the high seas, where the cruiser would 
= able to make her escape had she been dis- 
covered. 

The High Seas a Safe Pluce to Hide.—The German 
peoas Margretha played hide-and-seek with hostile 
battleships for 35 days, and finally landed safely in the 
Azores. The German full-rigged schooner Indra was on 
the high seas continuously from the time the war broke 
out until she landed in New York early in November. 
The German steamer Brandenburg ssiled from Phila- 
delphia on Au 22, clearing for Norway with a cargo 
of 8000 tons of coal and ship supplies. Ample 
notice was given of the ship’s intentions. Outside 
Delaware Breakwater she transferred, coal to a German 
cruiser, and succeeded in elading English cruisers all the 
— across the Atlantic, and landed safely in a port in 

orway. 
Japanese Battleship *‘ Hizen” at Honolulu.—On October 

22 a cable despatch from Honolulu stated that the 
Japanese battleship Hizen (formerly the Russian battle- 
ship Retvizan) a in the roads awaiting the exit 
of the German cruiser Geier, and said :—“ Hizen 
appeared off the harbour late to-day fully coaled and 

visioned, 14 days out of Yokosuka, a naval dép6t near 
okohama.” 
This is of interest, for the hattleship Retvizan carried 

8 marine cableway operated by special electric winches, 

the installation and trials of which were fully described 
in the author’s paper read before this Society in 1904. 
The test of this marine 
eect age agg Sea, 

cableway (Fig. 1, page 67), took 
August 30, 1902, near Cronstadt, 

ussia, under the direction of a Board of Inspectors, 
whom were Admiral Nikonof, I.R.N., Chief of am 

the Test Squadron, and 
and | Chief of Bureau of Navi 

Asia served as collier. 
com: 

Rear “—-T . LR.N., 
tion. e old auxiliary cruiser 

tain Stchensnovitch, I.R.N., 
manding the Retvizan (now the Hizen), in a letter to 

the author, said :—‘‘ Witnessing this last success I am 
sure that your system of coaling at sea will be adopted 
by all navies of the world.” He also stated that the trial 
board reached the conclusion ‘* that the marine cableway 
works entirely satisfactorily, and is well worth adoption 
for general use on 
apparatus are well worked out, practical, and ex 

author believes that Japan has mastered 
coaling — at sea. 

or An A Coaling Efficiency 
Niblack, USN. (then a lieutenant), in 1 

war vessels. All details of the 
ient.” 

e art of 

.—Ca) pe pee P, 
& pal Coaling before this Society entitled ‘‘Coal-Bunkers and 

Ships.” Captain iblack w that rapid coaling was a 
factor in efficiency, and said :—‘‘ The efficiency in ship 
and crew must be supplemented by the best mechanical 
arrangements 
somewhere an 

ticable, and a ship must be able to go 
stay there. Coal supply and rapid coal- 

ing are very important factors in efficiency, not only in 
an but in time of 
coaling ship time wasted.” 
for improved coaling gear, larger bunkers, and 
plified arrangements to reduce the time for stowi 
showed that few of our ships averaged better than 

for time spent in 
tain Niblack “> 

or sim- 
. He 
tons 

per hour in coaling. Enormous has been made 
since this paper was read. The United States Navy leads 
in colliers and collier equipment for broadside conlng 
smooth seas, as well as in cableway equipment for i 
from collier to warship in tow in a seaway. Both have 
to do with increased coaling efficiency. 

Wyo ming coaled at Guantanamo 

cy 
Coaling the U.S.8. “ Wyoming” in 1914.—The U.S.S. 

Bay in the spring o: f 
1914 from the U.S. collier Jason on one side and the U.S. 
collier Nereus on the other. Both colliers are equipped 
with the two most recent types of coal-disc a) 

with clamshell ret io The ratus. Both dischar, 
Jason is —— wi 

man (see 
ereus is equip 

s: eI ~ se each a 
igs. 2 an . e 

with 12 i A: tes each 
operated by two winchmen. th colliers rigged out 
eight booms over the deck of the Wyoming. e Jason 
used he r eight booms continuously, dropping coal at eight 
different points along the deck and through the chutes of 
the Wyoming. The Nereus used six to eight booms, in- 
termittently, on account 

All was made read 

ason). — 
stopped at eight o’clock 
at 8.30. The Jason cast 
cast off at 9.30 o’clock. The 
Wyomin 
delivered to the 
hour. 
working hours, an av 
Nereus 
hours, an average of 292 
tons of coal were heaped 
and it required from nine o’clock in the morni 
in the afternoon to clear up and stow the 
board. 
2060 tons of coal 

at 5.30 in the morning. 

@ maximum of 465 tons 

of 
for test the night before—time to 

30 get ready not given (usuall 
of the fight hetween the auxiliary cruiser Kaiser Wilhelm | J 

20 to 30 minutes ee the 

for breakfast. Ooaling resum: 
off at nine o’clock. The Nereus 

Jason delivered to the 
hour. The Nereus 

Wyoming a maximum of 433 tons per 
The Jason delivered a total of 1040 tons in three 

of 346 tons per hour. The 
delivered a total of 1020 tons in 34 worki 

tons per hour. From 550 to 
on board when the colliers left, 

to 4.30 
left on 

The whole operation of taking on and stowing 
was accomplished in 94 hours, an aver- 

age of 217 tons per hour. Both the Jason and the Nereus 
coaling gears are able easily to discharge 100 tons of coal 

r hatch per hour. 
ason, 1374 tons of coal 

hour with one operator. 
Admiral Badger ex 

In the official trial of the collier 
were actually discharged in one 

At the poe Bee mes of the trial 
the opinion that the Wyoming 

could at any time take on 2100 tons of coal in five hours 
from two colliers in smooth waters, stowing the surplus 
left on deck at leisure. 
from one collier the taki 
of coal would 

From the above it ap that 
ng on and stowing of 2100 tons 

_ require qognenigaely 10 ho 
ave oO! tone per hour. 
therefor 

urs, an 
The coaling rate in 1914 is 

ore seven times faster than in 1893. 
So far = — and “—e 

cerned, their development outstri 
facilities on battleships. In the author's 
Warships from Colliers 
Society in 1910, he pointed to the record of di 

the etc ios stowing 
“*Coaling 8 

rs,” before this in Harbou 

with the marine transfer, 190 tons of coal from one batch 
of the collier Hector in one hour with two operators. He 
also stated that in future marine transfers capacity was 
to be sacrificed in the interest of economy of maintenance 
and operation, the new winches to be more rugged, as 

ified so that fool-proof as possible, and the control simpl 
each marine transfer could by one winch- 
man. Ib is gratifying to note that on the colliers Nep- 
tune, Orion, and Jason, all the conditions set forth at 

the | that time have materialised. It is unnecessary to have a 
discharging apparatus with a capacity greater than 100 
tons an hour per hatch. 
more winchmen 

It is wasteful of money to use 
are necessary. 

Marine Cableway on U.S. Collier ‘‘ Cyclops.”—The 
marine cableway on the U.S. collier Cyclops comprises 
the following elements :—(1) A main trackway cable 1 in. 
diameter, 900 ft. long, spannin 
collier to portable s 

from mainmast of 
on quarter-deck of battleship. (2) 

An automutic tension engine with two 13-in. by 13-in. 
cylinders for taking u 
Oya meas practically 

and pa ing out suspended cable, 
rs fa md tension of 18,000 Ib. 

3) A load-carriage running on the main cable adapted to 
carry 4000-lb. lodds. (4 
an inhaul-rope } in. by 

) A conve rope in two 
—_ 

875 fo. po an outhaul-rope 4 in. | W. 

by 1625 ft., ome end of each being attached to the load- 
carriage, (5) Two high- automatic-tension engines, 
each with two 10-in. by 10-in. cylinders, for hauling the 
load-carriage at a speed of 2000 ft. per minute, and auto- 
matically maintaining the tension in the conveying lines 
w @ carriage is standing still at either terminal. 
(6) Hauling down apparatus on the collier whereby the 
cable and load-carriage are lowered for receiving the load. 
(7) ——— apparatus on board the battleship whereby 
the cable and load-carriage are lowered for delivering the 
load and receiving the empty bags. 
The automatic-tension engine (Fig. 5, page 68) in con- 

nection with the marine cableway entirely sup- 
planted the sea anchor. It maintains the supporting 
cable at the requisite tension and deflection, indepen- 
dently of the speed of the ships. After the cableway is 
set up and the engine adjusted for the uired tension, 
it needs no further attention, other than oiling, through- 
out coaling operations. Fig. 4, shows one of 
the two 10-in. by 10-in. automatic-tension engines for 
operating the conveying-ropes and the load-carriage. 
One engine operates the inhaul-rope, the other the out- 
haul-rope. th engines pull on their respective ropes, 
and, therefore, in opposition to each other. When the 
load-carriage stands still at either terminal, the auto- 
matic control compensates for the lengthening and 
+ cagroe J of the lines, dae to the relative motion of the 
ships, and performs the functions of the main automatic- 
tension engine. 

When the load is to be hauled toward the warship, the 
steam pressure is increased on the outhaul engine and 
ae mec ng on “or ine. — - done by moving 
@ single lever. © operating gear 0 engine is inter- 
connected and coumallied by this single lever. The lever 

ed toward the warship causes the load to be 
uled toward the warship. The lever pulled from the 

warship causes the carriage to reverse its direction. 
When the lever stands in a vertical position the carriage 
stands still. Thus the mind, the hand, and the load move 
in the same direction. The art can be acquired with a 
few minutes’ drill. Nothing can be simpler to learn. 
The haul-down block and the load-carriage are shown 

in Fig. 6, page 69. A load of bag coal is being hooked 
on to the load-carriage. This is accomplished in one or 
two seconds. Immediately after the load is hooked on, 
the haul-down block is slackened, the automatic-tension 
engine takes in about 16 ft. of suspended cable, and the 
load rises free of the deck of the collier. The operator 
of the two conveying engines pushes his lever toward the 
warship as soon as the bags are free from the deck. The 
haul-down block continues to rise, and the automatic- 
tension engine continues to take up the main cable. 
_ In Fig. 7, page i with its load of bags 69, the carriage 

crossing the bow of the battleship South Carolina. is seen 
At this point the end of the main cable and its connect- 
oe | idle are rapidly lowered by winchmen to the 
deck of the warship. The carriage, continuing its travel, 
collides with the dump block, and the bags are auto- 
matically detached and fall to the platform. The cable- 
way operator on the collier immediately pulls his operat- 
ing lever, reversing the direction of the load-carriage, 
which returns to the collier for another load. © 
sailors on the battleship then have one minute in which 
to take the bags from the platform and deliver them to 
trucks on deck. Empty bags are returned to the collier 
in bundles every sixth or eighth trip. 

{To be continued.) 

Tue AMBULANCE ConsTRUCTION ComMISSION.—This is 
the first great war in which field motor ambulances have 
been extensively used. It was inevitable that defects 
should be found in existing types, and in various quarters 
experts asked whether something covld not be done 
to standardise the patterns and to improve them. At 
the instance of Mr. Henry S. Wellcome, the founder of 
the Wellcome Bureau of Scientific , a Commis- 
sion has been formed, and the names of members show 
at once that the matter is regarded as of first importance 

those most intimately connected with the welfare of 
wounded soldier. ir Frederick Treves has con- 

sented to be thechairman. The Admiralty is represented 
wy. the Director-General of the Medical ment, 

N., while the Quarter-Master-General to the Forces 
and the Acting Director-General, Army Medical Ser- 
vice, re it the War Office. British Red Cross 
Society is represented by Sir Frederick Treves, and the 
St. John Ambulance Association by Sir Claude 
Macdonald and Sir John Furley. The remaining mem- 
bers are all experts. This Commission will act asa judg- 
ing committee for the award of prizes of the value of 
20001. provided by the Wellcome Bureau of Scientific 
Research. These prizes are offered for the best designs 
of an ambulance y which shall fit a standard pattern 
motor-chassis for field motor-ambulances. The last | 
for the receipt of competing designs is June 30,1915. It 
is hoped that the competition will bring in a number of 
ingenious designs, from which the ideal field ambulance 
body willbe evolved. It may be asked why the competi- 
tion is restricted yes fora body, and not for the com- 
plete ambulance, including a chassis. The reason is that 
a chassis takes much longer to build than a body, and that, 
when war breaks out, it is impossible to get at short 
notice anything lixe a sufficient number of any one type 
of chassis. On theother hand, a standardised bcdy to fit 
any chassis of approved dimensions can be constructed 
in numbers at comparatively short notice ; and a per- 
fected body is badly wanted to ensure complete comfort 
for the wounded. details of conditions may be obtained 
from the Secretary, the Ambulance Construction Com- 
mission, 10, Henrietta-street, epemnegeeats London, 

The competition is open to citizens of all nations. 

7 
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CLAY FOUNDATIONS. 

The Lateral Presswre and Resistance of Clay, and the 
Supporting Power of Clay Foundations.* 

By ArgTuur LanerTry Brut, B.A., B.E., M. Inst. C.E. 

THIS paper opens with a reference to the difficulty to be 
anticipated in attempting to estimate the lateral pressures 
and resistances of clay, its constitution and properties 
being obscure. It is pointed out that the engineer is not 
interested in the complex problems which attract the 
attention of the physicist, but would be content with a 
practical, simple, and sufficiently correct method of esti- 
mating the pressures and resistances exerted by clay, so 
far as these affect the design and stability of structures. 

Published information is unfortunately insufficient to 
aid an engineer when confronted in practice with prob- 
lems calling for a precise knowledge of the matter. He 
cannot hope to build a safe structure at the least cost 
unless he can make some reasonably accurate estimate of 
the forces with which he has to deal. Owing to reasons 
which appear later in the paper, the accepted theories of 
earth-pressure do not afford him much assistance. 
There are two theories of earth-pressure ordinarily used 

in English practice—Ooulomb’sand Rankine’s. Both these 
theories apply to ‘‘a loose ular mass,” a definition 
which cannot possibly include undisturbed clay. Both 
also presuppose a knowledge of the angle of repose. The 
text bodies in current use give angles of repose for clay 
varying from 1 deg. to 45 deg., and observation of the 
material itself is of little value when selecting the angle 
to be used for calculations. Widely different results will 
be obtained according to the angles chosen. The results 
of calculations by these methods are also found to be at 
variance with o! ved facts. 

In the author’s view, the lack of ment is due not 
so much to error in the existing theories as to a mis- 
apprehension as to the extent of their applicability. It 
is the pur of this paper to bring before the members 
of the Institution an extension or modification of 
Rankine’s theory, which, when applied to clay, yields 
results more closely in accordance with fact and obser- 
vation. 
A short description is given of the monolith foundation 

work at Rosyth Dockyard,} as it was in connection with 
this work that the investigation which forms the subject 
of this paper was made. As the work of founding the 
monoliths proceeded, Rankine’s formule were duly 
applied to the different cases which arose, but in view of 
the doubt as to the applicability of the formule to clay, 
and as to the correctness of the assumed angles of repose, 
the results were regarded rather as aids to practical judg- 
ment than as actual and reliable solutions of the problem 
of stability. A search through all available records did 
not yield much information of value or furnish a theory 
of clay-pressure. Practical experience with tunnels and 
embankments appeared to indicate that the pressures 
exerted by clay resembled those due to a heavy fluid. 
This view is supported by a quotation which is made 
from a previous contribution by the late Sir George H. 
Darwin. The search revealed a high percentage of 
failures in work constructed in clay. 
The broad conclusions to which the investigation led 

intensity of active 
depthaA .. 

Pr 

Pn representing the intensity of normal pressure on the 
plane of shear, and q the intensity of resistance to 
on the same plane. 4, the ‘specific constant,” is equal 
to tan ¢, ¢ being the angle of repose. If it could be 
shown that clay failed to comply with this primary con- 
dition, then it seemed clear that formule deduced from 
this condition were inapplicable to clay. 
To carry out the desired tests aatien apparatus was 

made, apes pe be yy of a vertical cylinder 3 in. in 
diameter and about 10 in. high. Fitting into the upper 
end was a plunger which could be weighted on top, so as 
to compress the clay placed within the cylinder below 
it. Arrangements were made whereby the clay (while 
under yo in a vertical direction) could be sheared 
through horizontally. The vertical load upon the clay 
and the pull required to shear through the clay being 
both known and capable of variation at will, it is possible 
with this apparatus, by making successive tests with 
different specimens of the same clay placed under vary- 
ing degrees of compressive stress, to determine the law 
which governs the relation between the ultimate shearii 
7 tances and the normal pressures on the planes o 
shear. 

Experiments made with sand gave results closely in 
accordance with Rankine’s law, as stated above. It was 
found that no kind of clay complied with this law. 
According to Rankine’s law, where there is no pressure 
there is no resistance to shear, but in all cases clay was 
found to resist shear where the pressure was zero. The 
rate of increase of shearing resistance with advancing 
pressure was found not to be so t as would be 
inferred from Rankine’s law, adopting the angles of 
— ordinarily current in practice. 

t was found that when plotted in diagram form (with 
equal horizontal and vertical scales) the results with clay 
could be represented, with reasonable accuracy, by 
straight lines. These lines did not, however, pass 
through the origin (as would be the case in material com- 
plying with Rankine’s law). In all cases they cut the 
vertical axis which passes through the origin at a distance 
k from the origin, and with advancing pressure the 
resistance to shear increased in proportion to an angle a ; 
a being the inclination of the straight line to the hori- 
zontal axis. 

Stated symbolically, the law to which clay conformed, 
so far as its shearing properties were concerned, was 
found to be 

q =k + patana, 

q representing the intensity of resistance toshear, pn the 
intensity of normal pressure upon the plane of shear, and 
k the intensity of resistance to shear under zero pressure. 
The law stated above becomes identical with Rankine’s if 
k be taken as zero and a as the angle of repoee. 

To make clear the state of stress and of resistance 
within a body subjected to external pressure, curves are 
shown illustrating the intensities of stress and resistance 
in sand and in clay. From these diagrams, and by a 
simple mathematical proof, it is shown where the plane 
of rupture occurs both in sand and in clay. The position 
of the plane of rupture ascertained in this manner is 

Rankine. 

pressure on back of wall at any { wa(t - sing 
o* - o* o* o- 1 + sip 3) 

found (in the case of sand) to be identical with that 
| deduced in a different way by Coulomb. 

The Author. 

7 a 
a + aloth whtan (; ) 2ktan (- 4) 

G r; = maximum intensity of horizontal resistance of ma- 1+ 8in ‘ a 
terial infront ofa wallatanydepthd .... { wa (ens) wa tant (= + 3) shuals + 3) 

p2 = minimum permissible intensity of downward pres- 3(™ 7 
sure on foundation at heel of wall (depth HD 35 wH w H tant (7 7 5) ~ 2k tan’ (z r 

sure on foundation at tce of wall (depth D 
r2 i issible intensi d - in o\; ra = maximum permissible intensity of ‘ana De {wo(} teng\ eitheden (z 

were that there was no available theory of earth-pressure 
which, when applied to clay, would command the general 
confidence of engineers. ere were no fixed rules of 
practice, and there were grave differences of opinion as to 
what intensities of pressure could safely be placed upon 
clay foundations. 

Kxperiments were undertaken with a view to throwing 
further light upon the question. The first experiments 
described were made in a small testing-cylinder, 8 in. in 
diameter, fitted with gauges at the ends and sides. The 
results are given of a few tests with this apparatus, but 
the author does not regard them as having much value. 
Up to this point, following established custom, it had 
been thought that, however difficult it might be to find 
the true angle of repose for clay, it might be possible by 
experiment, or as the result of experience, to hit upon an 
angle which, when introduced into oe recog- 
nised formule, would give correct ts. Suspicions 
were now felt that the root of the difficulty lay deeper, 
and that the true reason why Rankine’s and Coulomb's 
theories were not applicable to clay was because clay did | 
not conform to the law of resistance to shear which forms 
the initial basis of both those theories. 

Rankine expresses the primary law u which his 
theory is Sool in the following words : —‘‘ The resistance 
to duplocement by sliding along a given plane in a loose 
= r mass is equal to the normal pressure exerted 

tween the parts of the mass on either side of that plane 
multiplied by a specific constant.” The symbolical ex- 
Pression of this law is 

r. qd = Pub = Pa tan ¢, 

* Abstract of a paper read before the Institution of 
Civil En ineers on ay, January 12, 1915. 

re GINEERING, vol. xciii., page 69. 

1- 

2 4 

B + (F 2 +3)+ 2ktan (7+ +vktan zt ) 
Having determined the position of the plane of rupture 

in clay, the author next proceeds, by considerin the 
equilibrium of minute masses of clay in contact with the 
wall, to deduce formule for the pressure and resistance 
of clay. The deduced formule are compared with 
Rankine’s in the annexed table. 
These formulas suffice for the design of retaining-walls 

in clay, the surfaces being assumed horizontal : the paper 
is limited to the consideration of this case only. If k be 
taken as zero and a equal to ¢, the new formule (with 
one exception) become identical with Rankine’s. The excey - 
| tion referred to (namely, the minimum permissible inten- 
| sity upon # foundation) is then disc and reasons are 
| given for adopting the newer formula. It is also pointed 
| out that there is another essentially practical reason for 
the final abandonment of the value w H—namely, that, 

| by what appears to be the general consent of engineers, 
| it has, in fact, been already abandoned. Ib is question- 
‘able whether any large retaining-wall has been built in 

ce with it. " 
It was thought desirable to supplement the theoretical 

work by making direct observations of pressure within a 
large mass of clay. The four diaphragm gauges used in the 
previous cylinder tests were built into side of wne of 

sind 

s)-sm G3 
enter 

| 

the monoliths, being arran in twopairs. The gauges of 
| the lower pair were fixed side by side at a height of 10 ft. 
above the cutting edge of the monolith while 
directly above them, and 12 ft. 8 in. higher up, were the 
two remaining gauges. By adopting this t it 
was intended that each ge 2 i 
check upon the reading of that beside it, while the readings 
of the lower pair at any depth would be at a later 
date by those of the upper pair when the latter reached 
the same point. s 

| he actual uncorrected readings of all four gauges, 

i arrangemen 
uge-reading should constitute a | d 

taken from time to time as opportunities offered during 
sinking, are shown by d together with a section 
- fae — through — ich the monolith = sunk. 

nfortunately, one pair of gauges was spoiled by leakage, 
and owing to damage by Finstne the records obtained 
from the other pair were insufficient to confirm com- 
aa the theoretical conclusions previously obtained. 
utso far as the records went they appeared to be in 

reasonable conformity with the theoretical position dis- 
cussed in the paper. 
The laying of too much stress upon the few readings 

obtained is deprecated, and the practicability of making 
effective use of the new formule is discussed. It is 
pointed out that it is not easy when desi are in pro- 
gress to obtain clay in its virgin state, from consider- 
able depths below the surf for the purpose of making 
tests; and in certain methods of construction—the 
sinking of monoliths, for example—the strata are often 
never seen in their normal condition, even when 
the works are in progress. Further, the building of a 
new work may have, in the course of years, the effect of 
altering the condition of the strata which press upon the 
structure. What the extent of these ch will be, 
and whether they will be beneficial to stability or other- 
wise, will never be determinable by purely mathematical 
methods. If reasonably correct results are to be obtained, 
some measure of judgment must lend its aid towards the 
solution of the real problems of earth-pressure which 
occur in practice, as distinguished from the simplified 
and somewhat unreal problems with which theorists 
necessarily 
The paper concludes with the usual formal acknow- 

ledgments, and a tabular statement of average values of 
k and a, so far as paw experience goes. The Appen- 
dices include an independent Vina ne f Professor Maurice F. 
Fitzgerald yielding results identical with those obtained 
by the author by different methods. 

Tae Reaping Corporation Water Works.—An in- 
teresting article is published by the Reading Observer 
concerning the Corporation Water Works. It deals with 
the work carried out during the past year, and states 
that the Royal Sanitary Institute have, after six months 
of close investigation, conferred their highest award, the 
silver medal, upon the Candy Filter Company, who are 
the patentees of the filtration system adopted at the 
works. Owing to the mobilisation of troops in August 
last, additional water supply works were laid in the dis- 
trict to meet the men’s requirements. 

PgRsonaL. — The directors of the British Engine, 
Boiler, and Electrical Insurance pany, imited, 
have appointed Mr. Harry M. Longridge, B.A. (Cantab.), 
to be manager of the company. new manager has 
been in the service of the company for 104 years, and 
during that period has become thoroughly conversan 
with the business in all its numerous phases. Mr. H. M. 
Longridge is a son of Mr. R. Charles Longridge, the 
present ing director of the company, and a cousin 
of Mr. Michael Lonaridge. the chief engineer.— Messrs. 
Preece, Cardew and Snell, of 8, Queen Anne’s Gate, 
Westminster, 8.W., announce that they are taking into 
partnership Mr. Jobn Hall Rider (who will join them in 
April), on his retirement from the position of consulting 
electrical and mechanical engineer to the Central Mining 
and Investment Corporation, Limited, and Rand Mines, 
Limited, Johannesburg. Mr. Rider was, previous to his 
going to South Africa in 1910, electrical engineer to the 
London County Council ota © for nine years. The 

rtuers will A. H. Preece, M. Inst. C.E., &c. ; Sir 
Ls Snell, M. Inst. O.B., M.I.E.E., &c.; Llewellyn 
Preece. M. Inst. C.E., &.; J. H. Rider, M. Inst. 
C.E., &c.; J. H. Woodward, A.M. Inst. 0.E., &c., and 
8S. 8S. Moore Ede, A.M. Inst. C.E. The designation of 
the firm after March will be Preece, Cardew, Snell and 
= and the offices will be, as heretofore, at the above 

dress. 

Tue Late Mr. Ricnarp Sou.ny OLpHAaM.— We regret 
to have to record the death, which ocourred on the 
7th inst. at Buenos Aires, of Mr. Richard Sou'by Oldham. 
Mr. Oldham was the third son of the late Mr. Richard 
Oldham, of Sale, and was born in May, 1869. He 
received his scientific training at Owens College, Man- 
chester, from 1886 to 1889. He then served his appren- 
ticeship, from 1888 to 1891, under Sir Edwerd Leader 
Williams. From the latter date down to 1894 he was an 
assistant on the Manchester Ship Canal, Warrington 
Division, under Mr. O. G. Brooke. and later under Mr. 
W. Burch. From 1894 to 1901 he acted as assistant 
engineer to the Swansea Harbour Trustees, under Mr. 
A. O. Schenk. During this period, apart from the 
routine work of the department, new works were 
designed and carried out, notably the following :—An 
extension of the Prince of Wales Dock. 
to the North Dock 

oe hee ti f the tract drawi ng in ion oO con wings an 
a iniaten a aap engaged on three Parliamentary 
Bills. In 1901 the Harbour Trustees promoted a Bill in 
Parliament for the construction of a new dock. Mr. 
Oldham was engaged u this work as chief assistant to 
the engineers, Messrs. P. W. Meik and A. O. Schenk, in 
the preparation of the whole of the Parliamentary draw- 
ings and estimates, and on the su uent contract 
rawings, specifications, and estimates. . Oldham was 

appointed, in 1903, resident caginees to the new King’s 
Dock, which position he still held when he was ap- 
pointed a member of the Institution of Civil Engineers. 
At the time of his death Mr. Oldham was engineer of the 
works of the new harbour at Buenos Aires. 
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TANK LOCOMOTIVE FOR THE GREAT 
CENTRAL RAILWAY. 

We give this week, on Plate VI., on the present 
and opposite pages, and on page 76, vings of a 
new type of tank locomotive, of which the first 
onual has recently been constructed at the Gorton 
Works of the Great Central oe Company. The 
engine, which has been built from the designs of Mr. 
John G. Robinson, the chief mechanical engineer of the 
company, is of the 2-6-4 type, and is specially intended 
for dealing with the very heavy coal traffic between 
the colliery district of North Nottingham and the 
docks of the Great Central Railwa, nme | at 
Grimsby and Immingham ; but it is adapted for 
use in connection with heavy local or excursion pas- 
senger traffic if required. 

As will be seen from the longitudinal section and 
plan, Figs. 1 and 2, given on Plate VI., the engine has 
inside cylinders, these being 21 in. in diameter, with 
a 26-in. stroke. As the coupled wheels are 5 ft. 1 in. 
in diameter, the tractive force which the engine is 

9 
a 26 — 188 Ib. for each 

pound of effective pressure per square inch on the 
istons. The cylinders are placed at an angle of 

Pin 94, and are provided with piston-valves 10 in. in 
diameter, placed on the top, as shown in Fig. 1, these 
valves, which have inside admission, being driven, 
through a rocking shaft, by valve-gear of the ordinary 
Stephenson type. The cylinders are placed at 
2 ft. 0} in. centres, and the pair are cast in one piece. 
‘The arrangement of the steam and exhaust passages 
is clearly shown in Fig. 1, already referred to, and 
7 4 and 5, on the opposite 

he engine, which measures 

capable of exerting is 

page. ‘ 
46 ft. 4§ in. long over 

buffers, has a wheel-base of 37 ft. 6 in., the wheel- 
base of the coupled wheels being 17 ft. At the lead- 
ing end it is carried on a two-wheeled Bissell truck, 
and at the rear end by a four-wheeled bogie, with 7 ft. 
8 in. wheel-base. Of both these trucks we shall give 
particulars further on. The truck-wheels are all 
3 ft. in diameter. 

The engine-frames, which are 1, in. thick, are of 
unusual depth, and are well connécted by the buffer- 
plates, the cylinders, the steel casting supporting the 
guide-bars, by a substantial stay formed of vertical 
and a horizontal plate just in front of the fire-box, and 
by the structural details at the rear of the fire-box in 
connection with the engine-driver’s platform, coal- 
bunker, and bolster for the rear bogie. The section 
through the cab given in Fig. 3, on the present page, 
affords a good idea of the cross-bracing at the rear end 
of the engine, and also shows the timber-floored plat- 
form provided for the driver, this platform being at 
» high level, with steps on each side. 

As will be seen from the plan, Fig. 2, the width of 
the engine foot-plate for a Seaman of about 15 ft. at 
the middle of the length of the engine is increased 
to 9 ft. 2 in., this giving good space for the wing- 
tanks, which, for this portion of their length, have 
an outside width of 9 ft. 1 in. In front of this 
wide central portion the width of the platform 
is reduced to 8 ft., and in the rear to 8 ft. 4 in., 
and the width over the rear portion of the wing- 
tanks is similarly reduced, as will be seen from the 
lower half of the plan, Fig. 2. These rear extensions 
of the main tanks are quite shallow, only about 15 in. 
in height, so that they do not project above the 
level of the driver's platform. In addizion to the 
main wing-tanks there are other wing-tanks on 
each side of the coal-bunker space, and it is with these 
rear tanks that the water- pick-up arrangement 
directly communicates, As will be seen from Fig. 1, 
the pick-up apparatus is provided with duplicate 
scoops arranged for forward and backward running 
respectively, the rising pipe from these scoops being 
connected by two 6-in. pipes with the rear wing tanks 
just mentioned. The connection between the front 
and rear tanks is effected by a chamber formed beneath 
the foot-plate on each side. One of these chambers 
can be seen clearly behind the footstep in the repro- 
duction of a photograph of the engine given in Fig. 10, 
on 76. 

e boiler is similar to that used by Mr. Robinson 
in his ‘‘ Director” class of the 4-4-0 type. The barrel, 
which is 12 ft. 73 in. long between the tube-plates, is 
made in three rings, having outside diameters of 
5 ft. 3in,, 5 ft. 12 in., and 5 ft. 04 in. respectively, the 
plates being @ in. thick. It contains 157 tubes 1j iv. 
in diameter, and 24 tubes for the superheater, 5} in. in 
diameter. The fire-box casing, which is of the Belpaire 
type, is 8 ft. 6 in. ay ing e fire-grate is inclined, 
as will be seen from Fig. 1. The heating surface of 
the fire-box is 157 sq. ft., and of the tubes 1386 aq. ft., 
making a total of 1543 sq. ft. In addition, the super- 
heater, which is of the Robinson pattern,* gives an 
internal heating surface of 304 sq. ft. The fire-grate 

* The Robinson superheater, which has given excellent 
results, was illustrated and described by us fully in 
ENGINEERING of October 18, 1912, page 535. 

TANK LOCOMOTIVE ; GREAT CENTRAL RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF MR. JOHN G. ROBINSON. 
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area is 26 sq. ft., and the working pressure, 180 lb. 
per eq. in. 

The fittings on the boiler include connections for the 
steam heating of trains when the engine is engaged on 
paesenger service. The arrangement of the fittin 
on the back of the fire-box is very neat, as will 
seen from Fig. 3, on the present It will be 
noticed that the regulator is fitted with a two-branch 
handle, one branch projecting upwards for ordinary 
use when running, and the other extending downwards, 
so that it can be operated by the driver when stand- 
ing on the lower level at the sides of the platform, as 
— convenient during shunting. 

e intend in a subsequent issue to give additional 
illustrations of details, and we shall then deal further 
with the features of this interesting type of engine. 

(To be continued.) 

Tue “‘Exvecrric Venicie.”—The first number of the 
Electric Vehicle, the official organ of the Electric Vehicle 
Committee of the Incorporated Munici) Electrical 
Association, has a; . _This number we under- 
stand, been edi Mr. F. Ayton, the hon. secretary 
of the Sa. t in future the hon. editorshi 
will be held by Mr. A. H. Seabrook. The loommal, 
which is published at the price of 3d., contains various 
short articles dealing with the experiences of users of 
battery vehicles, and in addition contains matter refer- 

to the work of the Electric Vehicle Committee. A 
seful feature is alist of towns with the prices of electri- 

city for ing ineach, and information in reference to 
facilities. standard charging-plug and standard 

which we have dealt with in the past, are illustrated. 
»new journal should be of assistance in the electric 

vehicle campaign. 

| mining machi 

Footsteps en 
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Mininc Macuinery.—While there was an improved 
|demand from sundry European countries for British 

last year, the outlook was unsatisfac- 
— practically all other directions. The shipments 
to European countries amounted for the twelve months 
to 2604 tons. as compared with 1702 tons in 1913 and 1471 
tons in 1912. The shipments to South America declined 
last year to 1308 tons, as compared with 1667 tons and 
1254 tons in 1912 and 1913 respectively. 

BritisH Rai Exports.—There was a sharp drop in the 
export of rails from the United Kingdom in December, 
the total for the month heing only 15,315 tons, as com- 
pared with 40,744 tons in December, 1913, and 29,799 tons 
in December, 1912. The shipments for the whole of last 
year were, accordingly, somewhat curtailed ; a 
amounted, however, to 455,440 tons, as compared wi 
500,117 tons in 1913, and 407,175 tons in 1912. The ship- 
ments to Argentina declined last year to 27,135 tons, as 
compared with 54,591 tons and 52,323 tons; this is, of 
course, explained by the check sustained by Argentina 
in connection with railways and general business. The 
exports of British rails to the Colonies were as follows 
during the last three years :— 

Colonial Group. 1914. 1913. 1912. 
Tons. Tons. Tons. 

British South Africa. . 48,275 66,573 55,117 
British India .. “ 150,334 128,197 108,212 
Australia on 131,107 134,945 104,614 
New Zealand .. 17,418 18,175 27,621 
Canada .. 122 422 737 

In 1913, and during the;first half of 1914, the exports 
made considerable progress; everything, however, 
changed for the worse jn, August, when a season of de- 
pression set in in uence of the outbreak of the 
—_ European war. value of the rails exported 

year was 2,709,563/., as compared with 3,457,814/. in 
1913 and 2,461,6582. in 1912, 
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THE PHYSICAL SOCIETY OF LONDON. 
Art the meeting of the Physical Society of London, held 

on December 18, 1914, at the Imperial College of Science, 
De. A. — Vice President, in the at _ 
hibition scription of Some Apparatus for - 
Work in Practical Physics” was given by Dr. G. F.C. 
Searle, F.R.S. The following experiments were shown :— 

1. Harmonic motion of a rigid body suspended by a 
torsion wire. 

2. Determination of gravity by a rigid pendulum. 
3. Determination of Poisson’s Behn india-rubber. 
4. Two methods of measuring the surface tension 

spherical soap films. 
5. A simple viscometer for ne | viscous liquids. 
6. Experiments with a prism of small angle. 
7. Revolving-table method of determining the curva- 

ture of spherical surfaces. 
8. Experiments illustrating flure-spots in photography. 
9, Determination of the effective aperture of a photo- 

graphic lens. 
10. The comparison of nearly equal electrical resist- 

ances. 
Discussion. 

Mr. Duddell complimented Dr. Searle on the simpli- 
city and ingenuity of the arrangements. Some apparatus 
of the older style was so complicated that students took 
longer to understand the ap tus than to understand 
the principles it was intended to illustrate. 

Principal Skinner mentioned that he had once deter- 
mined Poisson’s ratio for cork in a simple manner with 
an old champagne cork. From the markings of the cork 
the length and diameter of the compressed portion could 
be found. The cork was then boiled to restore it to its 
ori shape, and from its change in dimensions one 
could determine Poisson’s ratio poceniy. 

Mr. F. E. Smith associated himself with Dr. Searle’s 
remark that small corrections constituted the fun of 
physics, in addition to being very often of fundamental 
importance. He hoped that when Dr. Searle had finished 
his other press work he would turn his attention to a 
book on practical Ene. 

Mr. 8. D. Chalmers thought the experiment shown 
with the small prism brought out very clearly the con- 
nection between a prism and a lens. in practice, when 
measuring the aperture of a nga ey = ens it was not 
convenient to use a large hule, as done by Dr. Searle, as 
the mount cut off some of the sloping rays, and one had to 
do the best possible with a small hole. 

Dr. Russell said that perscnally he was much indebted 
to Dr. Searle, who had given him valuable assistance 
many times in the past. 

Dr. Searle thanked the various speakers for their re- 
marks. 
A paper entitled ‘‘ 4 Vacuum Guard-Ring, and its 

Application to the Determination of the Thermal Conduc- 
tsvity of Mercury,” by Mr. H. R. Nettleton, B.Sc., 
= taken as read, on account of the lateness of the 
our. 
A specially-constructed vacuum vessel, heated at the top 

by steam, and cooled at the bottom by flowing water, is 
used to find the thermal conductivity of mercury. The 
vacuum acts asa guard-ring, which is at the same time 
not open to the well-known objection of communicating 
to the calorimeter a quantity of heat difficult to estimate. 
So efficient is the vacuum that the temperature gradient, 
as measured by a single thermo-junction carried by a 
cathetometer, is probably not in error to the extent of 
1 part in 590. 
The calorimetry is effected by the continuous-flow 

method on the lines suggested by Searle in his well-known 
laboratory a tus for finding the thermal conductivity 
of copper. rate of supply of heat, however, is onl 
about 1 calorie per second, and the space in which it is 
desirable to collect it is necessarily somewhat limited. I» 
is thus only after considerable trouble that the conditions 
have been obtained which yield a consistency of about 
1 per cent. between experiments performed on different 
days or on the same day under varying rates of flow. 
The reliance to be placed on the calorimetry is greatly 
confirmed by « series of tests made with a specially- 
designed electric heater. The mean value obtained for 
the thermal eo of mercury in a set of twenty- 
four experiments is 0.01960 c.g.s. units over the range 
35 deg. Cent. to 45 deg. Cent. The remarkable linear 
nature of the temperature gradient obtained within the 
Fey the a of ne very uniform - 
the larger range of temperature eg. b. to 65 deg. 
Cent., would indicate at least that there is no diminution 
of thermal conductivity with rise of temperature. All 
temperature measurements were made with iron con- 
stantan thermo-couples, special care being taken to elimi- 
nate local thermo-electric effects. A simple arrangement 
is described for keeping a “‘cold-junction” constant 
daring the time of an experiment to 0.01 deg. Cent. at 
temperatures above the room. 
The author has communicated the following reply to 

points raised by various Fellows with whom he dis- 
cussed the apparatus after the sy bee: geceral, 
thermo-couples made of wires taken off the same reel do 
not agree closely in th tromotive forces. But 
junctions made of = charcoal, iron wire, and con- 
stantan taken off the same reels, the junctions bein, 
welded and all other joints being twisted with _ 
immediately painted, with remarkable closeness if 
the usual precsutions taken to quell local thermo- 
electric effects. I have tested at least six such couples, 
including the two pairs used in the research. which 
agree i, at the worst, tol part in 650. Av Dr. Griffiths’ 
suggestion I calibrated, prior to the meeting, two more 
such couples between fixed points, obtaining to the nearest 
microvolt 1427 and 1428 microvolts between 0 
32.383 deg. Cent., the transition point of sodium oulfibate, 

Y | countries amounted to 5, 

and 4424 and 4426 microvolts mepeniives between 0 deg. 
Cent. and 99.64 deg. Cent. 1 Griff ths and others 
witnessed the definiteness of the balances on the Cam- 
bridge thermo-electric potentiometer. I have — dis- 
covered that Palmer (Physical Review, XXI., 1905) 
records similar agreement. Unfortunately, constantan 
is @ very uncertain material, being known under various 
names, such as ‘‘advance,” “‘climax,” “‘ eureka,” the small 
change in percentage comp sition causing large effects in 
the thermo-electric properties; a previous specimen I 
tested gave 50 microvolts per degree Centigrade. I — 
I can form no estimate of the small quantity of heat lost 

While of | per second from the sides of the vacuum vessel. 
the experiments on water greatly confirm the efficacy of 
the guard-ring, no concrete conclusion can be drawn from 
these, for it is impossible to say how much of the slight 
fall in temperature gradient is due to emissivity, and how 
much due to the rise of thermal conductivity of water 
with fall of temperature. 

Tue Roap Boarp: Grants To Highway AUTHORI- 
T1es.—During the months of October, November and 
December, 1914, the Road Board indicated additional 
advances to ged authorities, amounting in the aggre- 
gate to 170,935/., of which 132,843/. was by way of grant, 
and 38,092/. by way of loan. The advances made and 
indicated up to December 31, 1914, less indications can- 
celled, amount to 5,954,304. Of this total, 4,508,585/. is 
by way of grant, and 1,445,719/. by way of loan. The 
formal grants completed, with the approval of the 
Treasury, during the last quarter, amounting to 337,989/., 
were applied as follows :— 

£ 
Road crust improvements .. ve re ae 219,774 
Road widenings and improvements of curves 
and corners. . ee ee es ee eo 80,994 

Road diversions ‘ en ea “as v6 6,134 
Reconstruction and improvement of bridges .. 4,620 
New roadsand bridges... sis - os 467 

ENGINEERING IN GERMANY.—The Augsburg-Niirnberg 
engine-works has declared a dividend of 8 per cent. for 
1914, as against 16 per cent. for the preceding year. It 
was stated at the recent meeting that the increase 
of capital from 18,000,000 marks to 27,000,000 marks 
(900,0002. to 1,350,000/.), decided upon at the beginning 
of 1914, had been effected. The diffieulties in the engi- 
neering industry, which had commenced last year, had 
since inc . There was an increasing falling-off in the 
foreign trade; in Germany, aiso, buyers were reticent, in 
spite of cheaper money. Representatives in hostile 
countries had entirely broken off their connection with 
the company ; those in oversea countries had also ceased 
work toa greatextent. War contracts had in some measure 
afforded a compensation, and the shops were fully em- 
ployed, but with a reduced number of hands, caused by 
the war. No discharge of hands had taken place ; on the 
contrary, a slight additional number had been taken on. 
Out of 15,321 employees, 4500 were away, serving in the 
ranks, and their families were being looked after at a con- 
siderable expense to the company. A high percentage of 
the men calied to the front had been killed and wounded. 
As the firm had dealings in all parts of the world, a large 
number of its ym were prisoners of war, especially 
in Russia. All foreign orders were stopped immediately 
war was declared, and many home orders had been sus- 

ded. This suspension of activity on home orders 
or heavy machinery meant heavy losses, and improve- 
ment could only be expected to take place by degrees. 
Of the orders in hand, those for ny amounted to 
21,400,000 marks (1,070,000/.), whilst those for neutral 

000,000 marks (250,000/.), and 
those for the hostile countries to 4,200,000 marks 
(210,000/.). The company was at present without debts. 

ALMANACKS AND CALENDARS.—In addition to alma- 
nacks and calendars already acknowledged, we have re- 
ceived a very neat little leather-bound ket calendar 
and diary from the Nottingham Society of ineers. The 
diary is arranged four days to a page, while additional 

are given for cash accounts, engagements, &c. The 
k contains a list of the mem of the Society, and 

various tables of general information likely to be useful. 
Additional wall calendars have come from Messrs. Ash- 
well and Nesbit, Limited, of Barkby-lane, Leicester ; 
Messrs. E. G. Wrigley and Co., Limited, of Foundry- 
lane Works, Soho, Birmingham; Messrs. R. Y. Picker- 
ing and Co., Limited, of Wishaw, near Glasgow ; and 
Messrs. W. H. Willcox and Co., Limited, of 38, South- 
wark-street, London, 8.E. The two former calendars 
have day-by-day pull-off sheets, and the two latter, 
monthly pull-off sheets. From Messrs. Bruce, Peebles 
and Co., Limited, of Edinburgh, we have received a well- 
desi **desk companion,” consisting of a combined 
calendar, blotting-pad, and ye mn D latter con- 
taining a diary for 1915 arranged three days to a page. 
Tnoluded in the book are specifications of the numerous 

NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
| rey market opened with a firm tone, but dealing was 

ited to 500 tons of Cleveland warrants at 55s. 6d. 
three months, with sellers over at that and at 
54s. 84d. cash and 54s. 114d. one month. In the after- 
noon business was at a standstill, and although buyers’ 
quotations for Cleveland warrants were a trifle down, 
sellers were nominally unchanged. On Friday morning 
the market was steady, and 1500 tons of Cleveland war- 
rants were done at 54s. 9d. and 54s. 8d. cash, and at 
55s. tg: three months. At the close the quotations were 
54s. 84d. cash, 54s. 114d. one month, and 55s. 54d. three 
monthssellers. In the afternoon there was little change, 
and Cleveland warrants amouniing to 2500 tons were dealt 
in at 55s. one month and 55s. 54d. three months, and closing 
sellers quoted 543. 9d. cash, 553. one month, and 55s. 6d. 
three months. A stronger tone prevailed on Monday morn- 
ing, but the dealings were confined to 1000 tons of Cleve- 
land warrants at 55s. 14d. and 55s. ld. one month. The 
close marked an advanceof 14d. insellers’ pricesat 54s. 104d. 
cash, 55s. 14d. one month, and 55s. 7$d. three months. 
There was a little more doing in the afternoon, when _ 
Cleveland warrants maintained their strength. The 
turnover was 3000 tons at 55s. twenty-one days, 55s. 1d. 
one month, and 55s. 7d. three months, and closing sellers 
were u the morning. On Tuesday morn- 
ing a steady tone prevailed, and 1000 tons of Cleveland 
warrants were done at 55s. 7d. three months, and at the 
close sellers named 54s. 104d. cash, 553. 14d. one month, 
and 55s. 74d. three months. In the afternoon the market 
was firm and prices were the turn better. The business 
consisted of 2000 tons of Cleveland warrants at 55s. ten 
days, and from 55s. 74d. to 55s. 8d. three months, with 
closing sellers quoting 54s. 11d. cash, 55s. 2d. one month, 
and 55s. 8d. three months. When the market opened 
to-day (Wednesday) the tone was quietly steady, and the 
total turnover only amoun to 1000 tons of Cleveland 
warrants at 54s. 104d. cash and 56s. 8d. three months. The 
forward quotations closed a shade up with sellers naming 
54s. 1ld. cash, 55s. 3d. one month, and 55s. 9d. three 
months. In the afternoon the market was steady, and 
2000 tons of Cleveland warrants changed hands at 
54s. 11d. cash and 55s. sixteen days, and the closing quo- 
tations were 54s. 1ld. cash, 55s. 24d. one month, and 
55s. 84d. three months sell rs. 

Sulphate of Ammonia.—The demand for sulphate of 
ammonia continues on a good scale for forward as well as 
for prompt lots, and prices have a tendency to rise still 
higher. The current quotation for immediate delivery is 
111. 17s. 6d. per ton Glasgow, and from 11/. 17s. 6d. to 
121. per ton Leith, while for forward delivery the figure is 
about 1/. per ton nigher, May-June. 

Scotch Steel T’rade.—Now that work has been resumed 
in the Scotch steel industry active conditions are very 
general, and order-books ensure a steady run for several 
months at least. In anticipation of higher prices, buyers 
recently fixed up a quantity of material, and all 
that is wanted now by producers is that delivery 
instructions will come along with some regularity. 
The demand for immediate lots of almost all classes 
of material is exceptionally brisk, and as many consumers 
allowed their stocks to run very low towards the end of 
the year, there is now a big rush to replenish these. Of 
course, the Government orders are responsible for a large 
share of the present demand, and every endeavour 
is being made to expedite matters ; but, with depleted 
staffs, the various managements are having an anxious 
time to meet the pressure for delivery for some of their 
material. Export business is again opening out, and 
with the turn of the year, a marked increase has been 
made in the demand, structural material especially being 
in much request. Prices have advanced, and for home 
delivery the following may be taken as the current quota- 
tions :—Ship-plates, 7/. 15s. to 7. 17s. 6d. per ton; 
boiler-plates, 8/. 2s. 6a. to 8/. 5s. or 8/. 7s. 6d. per ton ; 
and angles, from 7/. 15s. to 7/. 17s. 6d. or 8/. per ton—all 
less 5 per cent. Export prices are :—Angles, 7/. 7s. 6d. 
to 7/. 103. per ton ; ship-plates, 7/. 12s. 6d. to 7/. 15s. per 
ton ; and boiler-plates, 8/. to 8/. 5s. per ton, less 24 per 
cent., f.0.b., G Ww. 

Malleable-Iron Trade.—There is a fair amount of work 
being put through by the West of Scotland ble-iron 
makers, but deliveries of raw material are not as regular 
as in normal times and are causing some difficulty. The 
steel-bar departments are doing very well, but for iron 
bars the demand is not so pressing. Prices for ‘‘ crown” 
bars are called 7/. 17s. 6d. per ton, less 5 per cent. de- 
livered locally, and 7/. 7s. 6d. per ton net, f.o.b., for 
export lots. 

Scotch Pig-Iron Trade,—During the past week business 
has been fairly good in the Scotch pig-iron trade, as there 
has been quite a healthy demand on home account. 
Prices, which have been v firm of late, have now 
advanced, and the cause may be largely attributed to the 
incr rates for ore coming in, and to the higher 
prices of fuel. Export orders are still slow, but give 

t of ——- induction motors, t current 
Specs motors, polyphase alternators, and motor- 
converters manufactured . the firm, these specifications 
being accompanied by a series of useful tables of parti- 
culars. The reference-book also includes a calendar for 
the year 1916.—The Submarine Si Company, Friars 
House, New Broad-street, E.C., have sent us a neat 
hanging cslendar.—From the Edison and Swan United 
Electric Light Company, Limited, we have received an 
unusually neat brass desk-calendar, with movable sli 
for setting the months and days; while a f monthly 
pull-off wall-calendar has come from the Selson Engi- 
neering Company, Limited, of 85, Victoria-street, E.C. 

promise of opening out in the near future. Hematite 
continues s , and is quoted from 82s. 6d. to 85s. per 
ton. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 71s. 6d.; Calder and 
os Molesso) Belin and a, 7 6d. (all 

ip at w) ; nem, > an lengarnock, 
72s. (both at Ardrossan) ; Shotts, 72s., and Carron, 74s. 
(both at Leith). 

Wetsu Coat Propuctrioy.—The production of coal in 
Wales in 1913 amounted to 44,961,868 tons. The value 
of the year’s output was computed at 26,457,396/. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Collieries have been so 
busy trying to bring contract deliveries up to date that 
they have had very little output to place on the open 
market. In household sorts and the better grades of 
manufacturing fuel further advances ranging from 3d. 
to 9d. have been made. Those railway companies that 
failed to complete ments for the ensuing year’s 
supply when a basis of 6d. below last year’s figures was 
arrived at a week or so ago, now find this price advan 
removed, the market having hardened considerably in 
consequence of the stronger demand for home manufac- 
turing purposes. Signs of expansion are also evident in 
the shipping section. Much bi tonnages are being sent 
both to the Coast and Mersey a 
still in brisk demand from local and on buyers, but 
owing to continued railway congestion and decreased 
output, supplies are not reaching consumers as quickly 
as ouavel. Gas fuels are going away freely on contract 
account and a substantial business is being done in outside 
sales. The slack market has und such a marked 
improvement, owing to decreased output and the greatly 
strengthened demand from the hire cotton mills, 
that some difficulty isexperienced locally in obtaining full 
supplies. The demand for coke is moderate. Prices are 
a fietle firmer. Blast-furnace coke is offered at about 
10s. 6d. at the pits, and steel coke at 26s. delivered at 
works. Quotations :—Best branch hand-picked, 17s. to 
18s. ; Barnsley best Silkstone, 14s. 6d. to 15s. 6d.; Derby- 
shire best brights, 14s. to 15s.; Derbyshire house, 11s. 6d. 
to 12s. 6d.; — large nuts, Ils. 6d. to 12s. 6d.; small 
nuts, 93. 6d. to 10s. 6d.; Yorkshire hards, 10s. to 11s.; 
Derbyshire hards, 9s. to 10s. 6d.; best slacks, 7s. to &:. ; 
seconds, 5s. to 6s. ; and smalls, 2s. 6d. to 3s. 6d. 

Iron and Steel.—The effect of the pane! difficulty 
is nowhere more severely felt than in South Yorkshire, 
heavy tonnages of hematite being required daily for 
armament-making in the big engineering works. For 
several weeks past prices have been on an up grade, and 
this week they have made a still further advance. East 
Coast hematite has moved in a fortnight from 75s. to 78s. 
A further 1s. 6d. is asked for three months delivery. In 
other brands the advance has more gradual, but 
makers anticipate that in every case a still higher level 
will be reached. A steadier tone prevails in 
hematite, which is still quoted round about 80s. to 81s. 
The consumption of common irons, more particularly of 
forge, is on a large scale, and makers are asking from 1s. 
to 2s. more for prompt delivery, ey ranging in 
the case of foundry from 57s. 6d. to 58s. +, and 
of forge from 54s. to 57s. 6d. The new year has 
opened quietly in the finished-iron trades, and heavier 
ex is likely to result in higher quotations. The 
raling price for South Yorkshire crown bars is 8/. 5s. 
A more general state of activity prevails in the steel 
trade than before the Christmas stoppage. The per- 
centage of firms who are not deriving any benefit from 
the influx of Government orders is small. Many of the 
minor concerns are finding full employment in assisting 
the big armament houses in one way or another to keep 
pace with the heavy demands made upon them. One of 
the most satisfactory features is the increase in the output 
of basic steel. Rapid progress is being made with 
numerous extensions to engineering works. Several new 
—_ on a large scale are in hand. One of these is at 

essrs. Vickers, Limited, who have this week obtained | 97 to 
permission, through the Sheffield Corporation, to demolish 
the houses in # street, and attach the whole of the area to 
their Brightside premises. A steady improvement is noted 
in the crucible-steel trade. Special-steel makers have a 
large amount of work on hand for engineers in shipbuilding 
centres, and are also sending a considerable proportion 
of their output abroad, notably, at the moment, to South 
Africa and Russia, though trade with the latter countr: 
for ordinary contmercial purposes is difficult. Agricul- 
tural-implement makers report a ay better inquiry. 
Since the outbreak of war many firms have taken up 
branches of industry with which tee ovieedly had no 
direct connection, and are doing big business on War Office 
account. An illustration of this is to be found in the 
wide variety of concerns for the first time in 
the manufacture of saws. e demand for twist-drills 
and engineers’ tools is one of the largest on record. 
The Sheffield Corporation to-day sanctioned the placin 
of a contract valued at 10187. with Messrs. T. Smit 
and Sons, of Leeds, for the supply, delivery, and erec- | be 
tion of a steam-crane and grab for use in connection 
with the storage of coal at the Neepsend Electric Power- 
Station, and a ~-ay 4 —— a Pie PP may y - 
and Iron Com or the sup; livery at the 
Kelham Island Electric Power Biasion of cast-iron 
feed-water pi for connecting up to new feed-pumps 
and tanks. The pressure on steel billets continues, 
and makers of acid qualities have advanced Siemens 
5s. to 91., and Bessemer 5s. to 82. 10s. 

THe Worip’s Perrotevua.—The production of petro- 
leum throughout the world in 1913 was 381,508,916 barrels, 
of which the United States yielded 248,440,230 barrels, 
and Russia 60,935,482 barrels. Other producers were :— 
Moxico, 25,696,291 barrels ; Roumania, 13,554,768 barrels; 
the Dutch Indies, 11,966,857 barrels; Galicia, 7,818,130 
Hy rrels; India, 7,500,000 barrels; Japan, 1,942,000 barrels; 

eru, 1,857,255 

produced 65.12 per cent. of the whole 
world’s output in 1913; Russia, 15.97 per cent.; Mexico, 
6.74 per cent.; Roumania, 3.53 per cent.; and the Dutch 
Indies, 3.14 per cent. 

ex 
tage | have next to 

est Coast | the 

pnyes he Sh cage poor essential for 
;| the I of railway rolling-stock. 

NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business in pig-iron is 

ot, and is almost ye end —— to bese mage for 
ome consumption, shipments being practi: at a 

standstill, demand from abroad ion ’ 
. The principal topic just now is the inadequate 

supply of foreign ore, owing to the poet difficulty 
in securing steamers. any consumers 
no stock, and unless substantial deliveries 

are made almost immediately, several hematite blast- 
furnaces will have to be t out of operation. 
Already Mess:s. Whitwell Co, are blowing out a 
furnace at their Thornaby works. The imports of foreign 
ore to the Tees to date this month are officially given at 
29,800 tons. Not only are there complaints of inadequate 
supplies of foreign ore, but the quantity of Cleveland 
ironstone coming to hand is insufficient. The out- 
put of the latter has been much reduced through 
shortage of labour, due to so many miners having 
joined the colours. The number furnaces blow- 
ing on the North-East Coast has this week been re- 
duced from 73 to 72, of which 36 are ing Cleveland 
pig-iron, 25 are producing hematite, and 11 are manu- 

turing special kinds of iron. No. 3 g.m.b. Cleveland 
pig-iron is 55s. That is the general market quotation, 
and it is difficult to buy at less, though, as a matter of 
fact, small odd lots have been ~ rchased from second- 
hands ata trifle below. No. 1 Cleveland is 57s.; No. 4 
foundry, 54s. 6d.; No. 4 forge. b4s,; and mottled and 
white iron, each 53s. 6d.; Nos. i, 2, and 3 East Ovast 
hematite Pig are fully 80s., and some makers are inclined 
to hold out for a higher figure. Values of foreign ore can 
hardly be fixed. Dealers as a rule will not See at all 

they have a steamer arranged for. ominally 
market rates are on 27s. ex-ship Tees for Rubio 
of 50 per cent. quality. Freights Bilbao-Middles- 
brough are high, as much as 13s. ae been — 
Coke is a little easier, owing to prospects of smaller local 
needs by the blowing-out of blast-furnaces. Average 
blast-furnace Durham bee-hive is 17s. 6d. to 17s. 9d 
delivered at Tees-side works. 

Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 111,600 tons. Since 

inning of the month the stock has been increased 
by 3084 tons. Shipments of pig-iron from the Tees to 
date this month average 403 tons j 3 working day, the 
total despatches being returned at 4837 tons, all of which 
have gone from Middlesbrough. To the same date Jast 
month the loadings were given at 11,250 tons, or a daily 
average of 937 tons, and for the corresponding part of 
January @ year the clearances reached 34,072 tons, 
or an average of tons per working day. 

Manufactured Iron and Steel. — Very satisfactory 
accounts are given of the finished-iron and steel indus- 
tries. In nearly all departments manufacturers are very 
busily ongiey and have _— order-books. The North- 
Eastern Railway Com parts of a la: 
order for rails with .- 

” 

ve 
the. North- astern Steel Company 

and the Cargo Fleet Iron Company. Other substantial 
contracts are in the market. Quotations for several 
descriptions have been advanced. Principal market 
uotations stand :—Common iron bars, 8/.; best bars, 
7s. 6d. ; best best bars, 8/. 15s. ; packing-iron, 61. 10s. ; 

iron ship-plates, 8/.; iron ship-angles, 8/.; iron ship-rivets, 
91. 5s.; a er tes, 8/.; steel bars (basic), 

71. 15s.; steel bars (Siemens), 7/. 15s.; steel rn. 
81.; steel ship-angles, 7/. 15s.; steel boiler-plates, 8/. 15s. ; 
steel strip, 7. 10s.; steel hoops, 8/. 5s.; steel joists, 
7l. 17s. 6d. to 8l.; cast-iron columns, 7/. 7s. 6d.; cast- 
iron railway chairs, 4/. 5s.; light iron rails, 7/. 15s.; 
heavy steel rails, 6/. 10s.; s' railway sleepers, 7/.— 
railway material net at works, and all other descriptions 
less 24 per cent. discount ; — corrugated ts, 
24 gauge, in bundles, 11/. 10s. to 12. f.0.b., leas 4 per 
cent. 

ENGINEERS AND THE Wak.—The Secretary of the War 
Office announces that, owing to the very great number 
of offers of assistance and applications for employment 
received from civil and mechanical engineers, tects, 

it has been found impossible to acknow- and survey 
ledge letters individually. Should an opportunity arise 
for utilising thoasrvieaet any of the a teante, they will 

communicated with, but the number of applications 
received far exceeds the probable requirements. 

BritisH STaNDARD Rouuep Szcrions.—The Engineer- 
i tandards Committee have recently issued revised 

itish Standard Sections for structural 
Data relating to equal and unequal angles, 

Bulb angles, bulb tees, Ib , zed bars, 
beams, and tee bars are included in these lists. Four | the then 

ib 
been added to the revised lists; all these sections being 
primarily in demand for shipbuilding work. Certain 
reductions have also been made in the minimum web 
thicknesses of bulb angles and channels with the object 
of producing more economical sections. It has only 
been found practicable to remove one standard section 
from the lists, as the sizes not now required for ship- 

idi bridge -work, or for 
The revised 

‘or the Committee by Messrs. 
and Son, 7, Stationers’ Hall-court, E.C., and 

Broadway, Westminster, 8.W., and they ma 
through any bookseller, or direct from ‘ 

of the Committee, at 28, Victoria-street, Westminster, 
8.W. ; the price is 2s. net. 

all but disap- | sel 

NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has been quiet, and 

there has not been much alteration in the general con- 
ditions vai _ The supply of to still presents 
difficulties, and freight rates are still advancing. Coal 
quotations have been ly maintained, but some 

lers have, at the same time, been willing to make some 
little a House —— a = i, = 

wo y no e it miralty 6 
steam coal has been quoted at 20s. 6d. to 2is. ton; 
best secondary qualities have made 19s. 3d. to 19s. 9d. ; 
other secondary descriptions have brought 18s. 3d. to 
18s. 9d.; best bunker smalls, 13s. to 13s. 6d.; and ca 
smalls, 10s. 6d. to 11s. 6d. per tom. The bes» household 
coal has been quoted at sho s- 
made 17s. to 183.; No. 2 Rh 

. to 15s. 6d. ; 
per ton. le 

ton. Special foundry coke has been quoted at 27s. to 
1s.; good foundry coke at 20s. to 26s. ; and furnace coke 

at 17s. 6d. - perton. As regards iron ore, Rubie 
has realised 21s. to 23s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

Welsh Colliery Accidents.—The number of lives lost in 
fatal colliery accidents in South Wales in 1913 was 782, 
as compared with 306 in 1912. There were 1251 separate 
fatal accidents in the mines of the United Kingdom in 
1913 ; 1785 lives being lost. 

Welsh Coal for France.— Arrangements have been made 
for the supply of 50,000 tons of ordinary large steam and 
Monmou coal to the French State ae and 
for 100,000 to 150,000 tons of smalls, to be delivered 
during the next three months. The large has been taken 
at between 17s. 6d. and 18s. 6d. per ton, free on board, 
and the smalls at from 10s. to 13s. ton, according to 
quality. Negotiations are still ing for the mee of 
patent fuel for the French State lines. 

Bristol and Australia.—Mr. E. Manning Lewis has 
reported to the docks committee of the ‘Bristol City 
Council upon a recent commercial tour in Australasia. 
He states that the steamship services between England 
and Western Australia are regulated by the Western 
Australian Conference, the members of which load 
steamers in turn. The steamers load ia Bristol approxi- 
mately once a month, and call at London to complete 
their cargoes. There is no lar service homewards to 
Bristol from Western Australia. In the Eastern Austra- 
lian States steamship services are practically all con- 
trolled by the Australian Conference; all rates, both 
inwards and outwards, are fixed by it, The service with 
Bristol is ran by the Federal and Shire Companies. The 
steamers load at Bristol nominally every twenty-eight 
days; but, asa matter of fact, there are frequent inter- 
mediate sailings. A similar service is maintained home- 
wards—viz., a twenty-eight days’ service, with inter- 
mediate sailings. There is a ximately a monthly ser- 
vice both ways between New and and Bristol. Mr. 
Lewis considers that every effort should be made to induce 
the Federal and Shire — to provide such services as 
are necessary to meet the present uirements of 
Antipodean commerce ; and he adds that if Bristol is to 
receive her share of the products of Australia, it is abso- 
lutely necessary that Australian steamers should come 
direct to the port, and that the service should be at least 
a fortnightly one. 

Tae Royat Sanitary Instirvts. — The Institute 
announces their fifty-ninth course of lectures and demon- 
strations for sanitary officers, which is to take 
from February to April next, and their twenty-sixth 
course of tical training for meat inspectors, to be 
held from Sebreeey to May next. Further information 
on both courses can be obtained from the Secretary, Mr. 
: oO hae Wallis, 90, Buckingham Palace-road, 

German Meta Inpustry.—The United Metal Goods 
Company, Altona-Ottensen, has reduced its dividend 
from 11 per cent. to5 percent. The report says that the 
war, in & way, cast its shadow before it, for already, 
towards the end of July, the troubled political situa- 
tion caused a number of orders to be cancelled. The 
day of mobilisation put a stop to all chance of busin 
but the initial successes of the German army cau 
some revival of cancelled orders at home and in the 
neutral countries, and some fresh orders were also received 
on & limited scale; but as to prospects for the future, nu 

was possible. 

PortaBLe OnemicaL Fire - Extinevisuers. — The 
British Fire-Prevention Committee, after an extensive 
series of investigations, en = sy Mh meet 

n increasing danger \dly-made liquid chemical 
fire-extinguishers—the defects in which had resulted in 
fatalities—by creating a ‘d pressure test for 
these appliances —namely, a 5-minute test at 350 lb., 
and later in the year a provisional constructional specifi- 
cation was issued. be sang ¢ improvements have 
been suggested regarding the mittee’s visional 
specification from time to ti and Serther experi- 
ments have been carried out. result is that the 
Committee is now able to issue its completed specifica- 
tion, which has come into force as from January 1, 
1915, and covers all the general points as to size, 
ey ey ye my bursting, directions for 
use, hey BOF. importance in such 

ft the i oul the Oc ienen 8, Ws Soe rom r ol mmittee, ater! ST = 
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would be less frequent, but it is obviously impos- 
sible that judges of the ra Court shall be experts 
in all departments of industry. To some extent 
this difficulty might be overcome by the appoint- 
ment ad hoc of assessors to assist the judge, and 
—— this tice may be extended in the 
uture, though it must be admitted that important 
cases in which the judges’ ignorance of technology 
has given rise to wrong decisions, though not un- 
known, are few and far between. 

It has accordingly frequently been suggested 
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the Court, and not by the parties to the suit. 
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thoroughly master the matter in hand. An expert 
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suffer in consequence. For example, when the 
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commence at 8 p.m., except where otherwise stated.) 
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Cunningham Oraig, B.A., F.G.8. The chair will be taken by the 
President, Sir Boverton Redwood, Bart., D.Sc., F.R.S.E. 
THe PuysicaL Socisry or Losvon.—Friday, January, 22, at 

5 p.m., at the Imperial College of Science, Imperial Institute- 
road, South Kensington. Agenda :—(1) *‘ Practical Harmo.ic 
Analysis,” by Dr. A. Russell, M.A. (2) ‘‘ Measuring the Focal 
Length of a Photographic Lens,” by Mr. T. Smith, B.A. 
Tus Roya. Ixstirvrion or GREatT Barrrain.—Friday, January 22, 

at 9 p.m., a discourse will be delivered by Professor Sir James 
Dewar, M.A., LL.D., D.Sc., F.R.S , M.R.1. The subject is ‘‘ Prob- 
lems of Hydrogen and the Rare Gases.” Afternoon lectures next 
week at 3 p.m. On Tuesday, January 19, Professor Charles 8. 
Sherrington, M.D., LL.D., D.Sc., F.R.8., Fullerian Professor of 
Physiology, R.I., on ‘‘Muscie in the Service of Nerve” on 
turel.). On Thursday, January 21, Mr. Heary G. Plimmer, F.R.S., 
M.R.C.S., M.R.L, on ‘‘Modern Theories and Methods in Medi- 
cine” (Lecture 1L.). On Saturday, January 23, Mr. Richard T. 
Glazebrook, C.B., M.A., D.Sc., F.K.S., M.R.I., on “ Aerial Navi- 
gation : Scientific Principles” (Lecture L.). 
Tae INstiruTION OF MECHANICAL Enoinegrs. —Friday, January 22, 

at 8 p.m , “Standardisation of Pipe Flanges and Flanged Fittings,” 
by John Dewrance, Member, of London. 
Tue AssociaTION OF Mintne ELecrricaL Enoinesrs.—Saturday, 

liery Managers will be held in the Royal Technical Coll 
gow, at 4.30 p.m., when a r will be read by Mr. John 
on “‘ Electricity at the C 
Visual Signal Indicators will be exhibited. 
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EXPERT EVIDENCE. 

rally. 

not always without some basis in fact. 

opponent’s case rather than his own. 

barrister, no matter how well ve 
and scientific matters, cannot possibl 
the detailed knowledge as to the act 
at issue possessed by the 
and unless well coached 

TYPE, FOR THE GREAT CENTRAL RAILWAY. 

January 23, at 4.30 p.m., a joint meeting of the Association of 
Mining Electrical Engineers and the National Association sah vod 

e, 
pay wman 
pat Face.” After the meeting several 

Tue popular opinion as to expert evidence is 
exemplified by the well-known division of falsifiers 
of fact into three degrees of comparison, of which 
the expert witness forms the superlative. Of course, 
this crude classification is much more humorous 
than just, and without the aid of the expert witness 
it would be impossible for our Courts to deal equit- 
ably with patent cases and technical matters gene- 

It cannot, however, be considered that the 

procedure is wholly satisfactory, and the fact is 
on record of certain prominent experts, at the 
conclusion of their evidence, being told by the 
Bench that they had not assisted the Court, an 
observation which shows that the popular joke is 

As matters stand, the experts are engaged by the 
parties to the suit, and thus enter the Court largely 
as advocates. In cases of fundamental importance 
this fact hardly affects the issue, as equally able 
witnesses will probably be brought forward by both 
sides. In minor cas¢s, however, there may be great 
differences in this f€gard between the two litigants, 
and as it is very certain that yery much depends 
upon the manner in which the case is presented, the 
better case may easily fail to triumph. We have 
heard one very successful litigant declare after an 
award in his favour that he would have had less 
trouble in securing the verdict had he had his 

In fact, the 
average barrister, or, indeed, an exceptionally good 

in technical 
have 

points 
inci to the suit, 

oy 7 latter, which 
is a matter not devoid of difficulty in view of the 
peculiar etiquette of the British Bar, essential facts 
and data may fail to be embodied in the evidence. 
With an expert bench miscarriages thus arising 

transformer was first introduced by Gaulard and 
Gibbs, the technical aspect of the device was put 
forward in such a way as would undoubtedly have 
afforded a scientific referee reason for believing 
that its inventor was a charlatan, making claims 
involving a violation of the principle of the conser- 
vation of energy. As a matter of fact, some eminent 
electrical technologists were at the outset deterred 
by this unfortunate method of presentation from 

ving the system the consideration it undoubtedly 
eserved. Had they at that time being appointed 

referees by a Court dealing with the inventors’ 
claims, the latter would have run much risk of 
getting but scant justice. 

One of the great difficulties met with in 
English practice is that expert witnesses are 
required to have actually made with their own hands 
any experiments brought forward as evidence. 
As Mr. Swinburne pointed out some years ago, 
a@ question may arise as to the analysis of 
a certain body, but if this is made by a firm of 
analysts, it is the assistant who did the actual 
routine work, and not his chief, who should put 
in the results. Again, scientific papers are not 
regarded as testimony. Facts well established by 
experiments in America, say, have to be re-estab- 
lished here by the expert witness before his testi- 
mony as to their results and bearing can be accepted. 
This difficulty originates apparently in the estab- 
lished legal maxim that in ordinary non-technieal 
cases a witness has to give evidence merely as to 
facts, and it is contended that the evidence of 
expert witnesses should also be confined to the 
establishment of facts, and that they should be 
prohibited from tendering as evidence their 
opinions as to the bearing of the facts. His- 
torically, we believe, this view of the function of 
the expert witness is incorrect. The type origi- 
nated with Smeaton, who, in 1782, was allowed 
by Lord Mansfield to give as evidence his opinions 
on a very important technical case. The prece- 
dent thus established has never entirely lapsed, 
though many judges and barristers still complain 
of the irregularity of the method. In their view 
the experts should establish the facts, and the con- 
clusions to be drawn from these facts should be 
set forth by counsel, and not by the witnesses. 
An attempt to comply with this ideal has probably 
been responsible for the major portion of such 
miscarriages of justice as have occurred in technical 
cases. Indeed, in strictness, the aspiration of the 
lawyers who object to “‘ opinion” witnesses is an 
impossible one. From a given set of observations 
a competent engineer may draw an entirely 
different opinion than would an unlearned lay- 
man, a view which may be illustrated perhaps by 
the fact that from observed celestial phenomena 
the savage concludes that the sun moves round the 
earth, whilst the astronomer infers that the earth 
rotates on its axis. Should this matter ever form 
the subject of an action, it is difficult to believe 
that any sensible judge would preclude the 
astropomer from tendering his opinion from the 
witness-box. 

At the same time much depends on the kind of 
expert testimony which is tendered. An expert 
witness may be called upon merely to give the 
results of, say, certain tests of the tensile strength 
of a material, and he may be a thoroughly com- 
petent and honest experimenter, whose word as to 
the matter immediately involved may be worthy 
of all credence, whilst his opinions on the distribu- 
tion of stress in an actual engineering structure 
may be worthless. A case of this kind occurred 
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some years ago in an English court, where a 
witness, called to testify to the strength of the 
material used in a defective pipe, was further 
examined as to what the safe working stress in 
that pipe should have been, given the material 
in question. Not being a mathematician, he 
estimated this on the basis that the stress in the 

, where © pipe was equal to zo in place of £ 

denotes the circumference and D the diameter 
of the pipe. 

There are other cases in which an opinion volun- 
teered by an ‘‘ expert” of this character has led to 
a miscarriage of justice, the method of manufacture 
of a material, of which the expert knew nothing, 
being inferred by him from an examination of 
test-pieces of which he had been commissioned 
to determine the tensile strength. On the other 
hand, it would have been absurd not to obtain 
in the witness - box the opinion of, say, Sir 
Benjamin Baker as to the cause of the fall of 
the Charing Cross Station, and although the in- 
quiries held by the Board of Trade into boiler 
explosions are not quite comparable with the a. 
ceedings in a High Court of Justice, yet, should a 
law case arise out of one of these explosions, it is 
difficult to see how the Court could avoid following 
the precedent of the Board of Trade, and base their 
verdict upon the opinions of expert witnesses. 

This practice, however, appears to be unknown 
in certain Continental countries. In a discussion 
before the American Institute of Consulting En- 
gineers, in 1912, Mr. Clemens Herschel observed 
that in Continental countries in which Roman law 
revails ‘‘opinion” witnesses are not recognised. 
n Germany, for example, the Court experts were, he 

said, men selected to act in that capacity, just as a 
justice of the peace may be in England or America, 
different men being appointed for the different 
branches of the arts and sciences. In technical 
cases the Court selected suitable experts, to whom a 
set of questions embodying the purely technical 
aspects of the matter were submitted for reply. 

Mr. Herschel advocated the establishment of a 
corresponding procedure in America, but Mr. 
Gustav Lindenthal declared that experience had 
roved expert testimony in Germany to be as 

Saeed and partizan as it was anywhere else. Oae 
difficulty met with was, he said, that though 
the Courts had the right to call upon engineers 
of standing for assistance, the established scale 
of fees for such services was of nominal value, 
so that the higher class of engineers did their 
best to avoid service. This, in fact, is one of 
the great difficulties of establishing any system in 
which the experts are appointed by the Court. In 
cases of national importance eminent men may 
agree to serve as assessors for a very inadequate 
remuneration, but most technical cases involve 
rivate interests only. It is one thing for a 

fitigant to employ of his own free will an ex- 
pensive expert witness, and another to be com- 
pelled to pay the costs of an equally expensive 
assessor of = fhe impartiality and competence he 
may be far from satisfied. Moreover, such a system, 
if adequately worked out, would much enhance 
the already excessive delays of the law. As matters 
stand, the expert witness enters the Court having 
thoroughly studied the case on which his testimony 
is desired, An assessor or — appointed by the 
Court would have to acquire this information subse- 
quently. : 

Some American States have passed special laws 
introducing serious restrictions on expert testi- 
mony. Thus in Michigan a law was passed in 
1905 limiting the fees or indirect rewards of 
expert witnesses to ordinary witness fees, save 
by order of the Court, The law is said to have 
originated in consequence of the bad odour into 
which certain medical witnesses, called in compensa- 
tion cases, had brought the whole subject of expert 
testimony. Unless the saving clause is reasonably 
construed by the Court, such an Act agpeems likely 
to still further lower the standing of the expert 
witness, as only the less competent could afford to 
appear on such terms. 

RIVETING, 
In a paper read before the Japanese Institute of 

Naval Architects, Mr. Yasushi Taji, Assistant Con- 
structor to the Imperial Japanese Navy, describes 
a number of comparative experiments on rivets of 
ordi mild steel and of high-tensile steel. 
The mild steel used was uf Japanese manufacture 

containing about 0.21 carbon, 0.02 Si, 0.46 Mn, 
0.011 P, and 0.039 S, with a tensile strength of 
25 tons per sq. in., and an elongation of 31 per 
cent. The high-tensile steel tested was in part of 
British make, analysing approximately 0.41 C, 0 Si, 
0.51 Mn, 0.022 P, and 0.039 S, with a tensile 
strength of 40.2 tons, and an elongation of about 
20 per cent. The remainder was of Japanese make, 
containing about 0.36 C, 0.145 Si, 0.89 Mn, 0.009 P, 
and 0.0308 8, its tensile strength being 35.8 tons, 
with an elongation of nearly 30 per cent. Amongst 
the matters investigated was the best temperatures 
for the heating and finishing of the rivets, since 
it was thought possible that high-tension steels 
might be peculiarly susceptible to the influence of 
an improper heat-treatment. 

The rivets used were specially made for the 
purpose, with a view to obtaining an accurate 
record of the temperature at which the material 
entered and left the rivet-making machine. To 
secure uniformity in this regard, the rivet-bars were 
cut in halves, and not more than six rivets were 
made from one piece. The rivets, after reheating 
to different temperatures, were closed either by 
hand, pneumatic or hydraulic power, in a special 
jig designed to permit of the closed and finished 
rivets being easily removed for examination test, &c. 
The rivets in this series of experiments were 1} in. 
in diameter and about 3 in. long over all. Tensile 
test-pieces were cut from them 14 in. long and 
ys in. in diameter, whilst shear test specimens 
were # in. square and 3in. long 

The shearing strength of the finished rivets 
proved to be almost invariably greater than that of 
the raw material, even when the former had been 
somewhat overheated. The tensile strength of the 
mild-steel specimens seemed to be little affected by 
the finishing temperature, but about 650 deg. Cent. 
appeared to be on the whole the best. Tne elonga- 
tion, on the other hand, varied considerably, the 
loss being a maximum when the finishing tempera- 
ture was about 750 deg. Cent., and least at about 
650 deg. Cent. Very little variation was found 
in the yield-point. ith the high-tensile steels 
higher temperatures gave better results, the loss of 
elongation being least when the rivets were finished 
at 750 deg. Cent., and the yield-point was also 
affected by the temperature, being higher the 
lower the finishing temperature. A finishing tem- 
perature as high as 750 deg. Cent. is, Mr. Taji 
states, difficult to secure in the case of rivets closed 
by hand or by pneumatic riveters, and hence when 
high-tensile steel rivets are used, he suggests that 
they should always be closed by an hydraulic 
machine. Moreover, with the latter satisfactory 
work can be secured with rivets less highly heated 
ab initio, An initial temperature of 900 deg. to 
950 deg. Cent. is therefore recommended for high- 
tensile steel rivets driven hydraulically, whilst mild- 
steel rivets similarly closed may be heated 50 deg. 
higher. Where, however, hand or pneumatic rivet- 
ing is employed, mild-steel rivets must be heated 
to nearly 1100 deg. Cent., and high-tensile steel 
rivets to about 1050 deg. Cent. 

Some further experiments were made to deter- 
mine whether the high-tensile steel rivets would be 
particularly liable to be snapped off by the shock of 
an explosion. Comparative tests of high-tensile and 
mild-steel rivets stressed by exploding powder in a 
closed chamber showed, however, the superiority of 
the former material, while they also made evident 
the advisability of finishing rivets, which may be 
exposed to such shocks, with heads rather thicker 
than ordinary practice. 

Further experiments were made to determine the 
distortion of the rivet during the operation of 
closing it, a special machine being arranged for the 
pespese. The experiments were made on cylin- 
rical pieces of rivet-bars, which were upset in 

various ways, and the position and diameter of the 
stoutest section determined at different periods 
during the operation. When upset by hand- 
riveting hammers, the stoutest section was always 
close to the hammer, from which the conclusion is 
drawn that hand-riveting is particularly well 
adapted for filling up countersunk holes. When 
the upsetting was effected by pneumatic hammers, 
the swelling was test at some point nearer the 
mid-length of the specimen, the distance of which 
ranged in different cases from 15 mm. to 28 mm. 
from the top. The swelled section being, as stated, 
near the middle of the rivet, holes are better filled 
than with hand-riveting. From the observations 
made in this series of experiments, Mr. Taji con- 
cludes that in pneumatic riveting the hammer used 

should be capable of closing rivets } in. larger than 
those for which it is used. With hydraulic riveting 
the holes are still better filled, since the rapid 
cooling of the ends in contact with the heads of the 
riveting-machine causes the swelling to be concen- 
trated in the shank of the rivet. 

The superiority of the hydraulically-closed rivets 
was further shown in experiments carried out on the 
tightness of joints shen with 1-in. to 1}-in. rivets 
connecting three thicknesses of 1-in. plate. With 
both ends of the rivet countersunk, the order of merit 
was ee hand, and pneumatic ; but itis stated 
that the latter would have equalled the hand method 
had the available air pressure being higher. When, 
however, neither end of the rivet was countersunk, 
band-riveting proved much inferior to either of its 
rivals. With but two thicknesses of plate in the 
joint, instead of three, the relative inferiority of 
the hand-driven rivets was comparatively slight. 

In certain cases the use of long rivets cannot be 
avoided, and it is then difficult to ensure that the 
holes shall be properly filled. Mr. Taji has, how- 
ever, got excellent results in such cases by reaming 
the holes to a hyperbolic contour. 

THUNDERSTORMS. 
Tue origin of atmospheric electricity and of 

thunderstorms is one of the many problems which 
the popular belief in the astounding advance of 
science has long since considered as solved, but as 
to which physicists do not by any means feel 
certain. Everybody knows, of course, that Franklin, 
about 1749, proved lightning to be a huge electric 
— Physicists have known for a long time 

that there is always, and all over the globe, 
a difference in electric potential between the earth 
and the atmosphere, which difference increases as 
the elevation above the earth increases. But this 
normal atmospheric electricity and thunderstorms 
are not supposed to be connected ; it is not clearly 
understood, or not generally agreed at any rate, 
how thunderstorms arise, why they are relatively 
infrequent in our latitudes and hardly observed 
within the polar regions, why there are rarely 
thunderstorms without hail and heavy rains, but 
often heavy rains without thunderstorms, and why 
lightning selects its victims among buildings, trees, 
and living beings with such a capricious disregard 
of the path it ought to follow in deference to text- 
book wisdom. 

Varied attempts have been made to account for 
the thunderstorm phenomena ; in all of these the 
rainfall plays a prominent part. We published an 
article on the general phenomena about twenty 
years ago, and we will not offer a historical review 
on the present occasion. Among recent investi- 
vee two men stand out prominently, Professor 
enard, of Bonn, at one time known as the dis- 

coverer of the Lenard rays, and Dr. George C. 
Simpson, who has since 1907 been connected with 
the Meteorological Service of India. As Simpson’s 
researches were later and carried further than 
those of Lenard, we will speak chiefly of the 
former’s work. At. Simla, at an elevation of 
7000 ft. above sea-level, and subsequently in other 
parts of India, as well as on his way to the Antarctic 
on the Terra Nova, Simpson continued his former 
studies of atmospheric electricity (in England, 
Finland, &c.) with special regard to rain. He found 
that the rain brought down an electric charge which 
was mostly positive (3.2 times as much positive as 
negative rain), whilst the previous observations of 
Elster and Geitel, Gerdien and others, had mostly 
indicated a negative charge. A. Badit subsequently 
likewise observed decided predominancy of the posi- 
tive charge in France. But the charge might be 
negative too, Simpson found, and the sign of the 
charge of the rain was independent of the sign 
of the atmospheric op eee gradient. Light rain 
carried comparatively heavier electric charges than 
heavier rain ; but the  egeg memes of the positive 
charge was more striking in heavier rain. Snow 
was also positively charged in most cases, and 
3.6 times more positive than negative snow was 
altogether observed. In seven rainstorms the 
positive charge exceeded 7.6 electrostatic units per 
centimetre. 

Dr. Simpson also conducted laboratory experi- 
ments. He let drops of water fall in a tube agai 
an upward current of air, and introduced jets of 
water into that current. Lenard had already 
observed that water-splashes become positively 
charged, and the air surrounding re ; that 
water-drops would be broken up w falling if 
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greater than 5.56 mm. in diameter, and that they 
would not attain more than a velocity of 8 metres per 
second during their fall in still air. Drops smaller 
than 5.5mm. were carried upward by upward currents 
of 8 metres; bigger drops were broken up. Simpson 
confirmed this, and he found that the separation of 
the two electricities took Re. during the saaanall 
up of the big drops, not (as Lenard had supposed 
en the was Gaek the metallic obstacle of 
the apparatus. Each drop, on breaking up, gave 
the water a positive charge of 5.2.10-* electrostatic 
units. Now, Simpson argued, upward vertical air- 
currents of 8 metres per second and more are 
common in tornadoes and hailstorms, both of 
which are accompanied by electric display, and they 
will probably be so in thunderstorm clouds. On 
the top of such a rising air-column water would 
accumulate in the shape of drops, which would 
be going through the stages of growing larger and 
breaking up, and each breaking-up would give rine 
to a separation of the electricities ; the drops being 
broken up many times before they fell, the water 
would carry a strong positive charge, while the air 
and cloud particles would absorb the negative ions, 
until a strong field was created, in which the drops 
would coalesce, finally to fall, now as negative rain. 
A rough quantitative calculation convinced . Dr. 
Simpson* that the electric phenomena of thunder- 
storms could be explained on these grounds. 

The reason of our referring to the problem to- 
day is that Professor W. J. Humphreys, of the 
United States Weather Bureau, has worked out a 
meteorology of thunderstorms, based on these re- 
searches of Simpson, in two articles on ‘‘The 
Thunderstorm. and its Phenomena,” which he pub- 
lishes in the November and December numbers of 
the Journal of the Franklin Institute. 

If these arguments be correct, Humphreys points 
out, strong upward currents should be met with in 
the giant cumulus clouds, which are themselves 
built up by such vertical air-currents and seem to 
be characteristic of thunderstorms. Balloonists, 
caught by thunderstorms, have indeed experienced 
vertical upward currents and violent turbulence 
in cumulus clouds, and not in other clouds. 
W. von Bezold first showed that the turbulent 
motions in the clouds could be produced by sudden 
condensation from a state of super-saturation and 
congelation of undercooled cloud droplets, because 
sufficient latent heat would be liberated to cause 
considerable expansion of the air. But Bezold did 
not see how to account for the sudden condensation 
throughout big clouds and for the existence of 
super-saturation in spaces already filled with cloud 
particles. Humphreys finds the cause in the differ- 
ence between the adiabatic temperature gradient of 
the saturated air of the cloud and the actual tem- 

rature gradient of the surrounding atmosphere. 
™ the lower atmosphere, to a height of a kilometre 
or more, accidental surface features disturb the 
circulation too much to let the vertical currents 
become conspicuous. But assume a warm summer 
day, with a temperature of 30 deg. Cent. and a 
dew-point of 15 deg. ; the adiabatic temperature 
fall of non-saturated air being about 1 deg. Cent. 
per 100 metres rise in elevation, strong condensa- 
tion should set in at 15 x 100 m. = 1.5 km., and 
that should be the base level of the forming 
cumulus cloud. The condensation would form 
water-drops, liberate latent heat, and create a 
decided upward current, which would first carry 
the drops with it. But the drops grow bigger, until 
too heavy to be buoyed up any further ; the rate of 
condensation decreases, moreover, as there is less 
moisture left, and thus the difference in tempera- 
ture between the air in the cloud and outside the 
cloud diminishes after having attained a maximum, 
which need not exceed a degree or two, and the 
upward current stops. 

Vertical convection would be set up in the first 
instance by local sucface heating, by the overrun- 
ning of warm air by cold air (common with ocean 
thunderstorms), or by the underrunning of cold 
air by warm air cushions (more frequent on land). 
These various conditions will have their various 
geographical distribution, and daily and seasonal 
periods. On land, hot upward currents will occur 
principally in the afternoon ; on sea the tempera- 
ture of the water will fiuctuate little, that of the 
air much more, and thunderstorms are most likely 
soon after midnight, and more in winter than in 
summer. In the tropics thunderstorms will be 

* Phil hical Tr tions, A, vol. ccix., page 379, ? 

common all the year round, in higher latitudes in 
June or later ; in the highest latitudes they should 
be very rare, and they are rare. Wet years are, on 
the whole, warm on land, and dry years cold, and 
thunderstorm years are wet; the yearly rainfall 
curve and the thunderstorm frequency curves of the 
United States are strikingly parallel. As regards 
the general relations of temperature and pressure 
distribution, Humphreys shows from the weather 
charts of the United States that thunderstorms 

areas of high temperature and uniform pressure 
(local heatstorms, never travelling far, most 
common in the tropics); in cyclonic areas (due to 
cross-currents); in disturbed Y¥-branches of isobars 
in which opposing winds mix; in the low-pres- 
sure valleys between regions of high pressures 
(anti-cyclonic) ; and in boundaries between warm 
and cold-air waves. 

The general phenomena are the following :—As 
long as the cumulus cloud is slowly advancing, 
without rain, there is little wind and no striking 
change in the meteorological features. The baro- 
meter drops a little—perhaps 1 mm. or 2 mm. in the 
course of an hour or two—and the temperature 
rises; but the ascending warm currents, which 
enter the front of the cumulus cloud in curved 
streams, are hardly noticed, because the cold 
return currents from above are not concentrated, 
but oe widely in the rear of the cloud. Then 
a violent gust of wind sets in, quickly calmin 
down again; the barometer rises with ua. 
suddenness, recovering more than the 2 mm. it had 
fallen before, but sinking again rapidly to the height 
it was a couple of hours before the storm ; heavy 
rain pours down, and the thermometer falls rapidly. 
The rain chills the air largely owing to the rapid 
evaporation from the drops on their way down, and 
this concentrated rush downward of cold air helps 
to maintain the warm ascending current imme- 
diately in front of it. When the main rainfall 
has ceased, a secondary rain trickles down gently, 
the brisk circulation being no longer maintained. 
The rapid evaporation of the falling drops is a well- 
established fact ; in semi-arid regions in particular 
heavy clouds are seen to discharge rain, but no 
water actually reaches the earth. 

The first heavy atmospheric precipitation of a 
thunderstorm almost always comes down as hail. 
The formation of hail has sometimes been likened 
to the rushing up and down of pith balls between 
two oppositely-electrified plates, which would attract 
a ball and repel it again when it has assumed the 
charge of the plate. That analogue will hardly 
hold. But the upper portion of a cumulus cloud, 
say, above the 4-km. level, will generally be cold 
enough to contain snow and undercooled drops. 
Ascending air-currents will carry rain-drops into 
those regions, where they congeal and sink, to be 
carried up again by other currents, so that they 
become covered with concentric layers of ice or 
snow. The explanation hardly suffices to account 
for the very — and irregular lumps of hail 
occasionally observed, though upward currents of 
10 metres per second would probably sustain 
them, but it will do in general. The exact expla- 
nation of the small, though decided, rise of the baro- 
meter, which always seems to mark the onset of a 
thunderstorm, is also a matter of some difficulty. 
Humphreys ascribes importance to the friction of 
the thunderstorm gust on the surface of the earth ; 
his curves of pressure, temperature, &c., are not 
sufficiently detailed, however, to study these 
features in the same way as can be done with the 
delicate instruments of the Meteorological Office, 
for instance. That the lightning discharge is not 
oscillatory, as is often stated, but direct, seems to 
be demonstrated by the recent oscillograph studies 
of de Blois and by various other facts. Light- 
ning has been known to reverse the polarity of 
dynamo — and to operate telegraph instru- 
ments umphreys, moreover, points out that 
oscillations in an electric discharge circuit are im- 
possible whenever the CR? is greater than 4 L (self- 
induction), and he tries to prove by quantitative 
estimates, which are necessarily very uncertain, 
that this would be so for the lightning streak. 
On the other hand, the lightning discharge is cer- 
tainly multiple; several streaks follow one an- 
other along practically the same path, as Hum- 
hreys shows with the aid of the photographs 

tebes by a rotary camera) of Walter and 
of Larsen; each of these subsequent or simul- 
taneous discharges is instantaneous, but because 

1909, &e. 

may occur under various conditions in extended | th 

intervals, people may be quite right when th 
yang flashes that seemed to last almost a secon 

me hitherto unpublished photographs of Walter, 
which Humphreys reproduces, also show how the 
discharge—oscillatory, it is true—of a Leiden-jar 
spark-gap seems to send out feelers from both 
sides before the spark finally crosses the whole gap. 

When dealing with the fact that gun-discharges 
are heard over much mee distances than thunder, 
Humphreys overlooks the important influence of 

e earth resonance in the case of a cannon. We 
do not regard his explanation of the circumstance, 
that very heavy rains not accompanied by storms 
often fail to cool the air, as satisfactory. e fact 
is that thunderstorms may ——_ fail in this 
respect, and that the main electric force of a 
thunderstorm may be spent before a drop of rain 
has fallen. we also emphasises that 
there is little relation between atmospheric elec- 
tricity and thunderstorms in the sense of cause and 
effect. That may be. We are inclined to remind 
of the possibly analogous case of the underground 
water and a flood due to continued rains; the 
soaking into the ground of the rain is partly pre- 
vented by the underground water ; hence the flood. 
Simpson noticed in his experiments that the 
presence of an original charge on his drops did 
not alter the effect; the final charge appeared 
increased or decreased in such cases. . Knoche, 
engaged in studies of atmospheric electricity, 
received a severe shock in the Andes Mountains, 
16,000 ft. above sea-level, while brushing a vicuna- 
hide during a thunderstorm ; and he was informed 
that garments of this wool, very common in Bolivia, 
were dreaded during thunderstorms. Thus the 
normal at heric electricity may help to account 
for the electric violence of a thunderstorm. But 
we cannot account for the ordinary negative charge 
of the earth itself. Simpson wrote in Nature two 
years ago :—‘‘ A flow of negative electricity takes 
place from the surface of the whole globe into the 
atmosphere above it, and this necessitates a return 
current of more than 1000 amperes ; yet not the 
slightest indication of such a current has so far 
been found, and no satisfactory explanation for its 
absence has been given.” 

NOTES. 
Tue Trinmap Om-Fre.ps. 

ALTHOUGH the output of the Trinidad oil-fields is 
still but moderate, the development of this industry 
is of considerable importance, not only to the 
colony, but also to the Empire, in view of our 
present endeavours to supply all our wants within 
our own borders. An interesting paper on this 
subject was read recently before the Institution of 
Petroleum Technologists, by Dr: J. Cadman, 
M. Inst. C.E., from which it appears that the 
resence of oil- bearing strata in Trinidad was 
nown in 1809, though only within the last twelve 

years has any serious attempt at their develop- 
ment been undertaken. e work even then 
appears to have been carried on in a some- 
_ haphazard way, with little regard to geological 
indications, and even with less regard for those 
hygienic conditions which now contribute to the 
success of so many enterprises in tropical countries 
covered with rank os perma About ten years agoa 
systematic geological survey of the island was taken 
in hand, and oil-bearing strata have been located. 
The principal are the La Brea sands, which give rise 
to the famous pitch-lake deposit ; the Rio Blanco 
sands, about 1400 ft. below the La Brea sands; 
and, at a further depth of 3600 ft. to 4000 ft., the 
Galeota petroliferous group. The output last 
year has amounted to over 224 million gallons, 
forty-one wells being at work. The industry 
has shown slow, but well-marked, expansion, 
and the future is promising. It is not without 
considerable troubles, however. The difficulties 
of transporting machinery through the dense 
forests, and the unhealthy location of many of the 
wells, handicap profitable working. In addition, 
difficulties arise in boring through the soft tertiary 
clays and sands. Oaving constantly occurs, and 
sand in large ae is brought up with the oil. 
As much as to 30 per cent. of sand may come 
up with the oil for the first few days, after which 
the amount will fall to about 10 to 15 per cent., at 
which rate it will issue from the well for two or 
three months. Subsequently, however, the well 
will settle down and produce oil practically free 
from sand. The presence of gas under high 

several discharges succeed one another at rapid pressure is also a source of great trouble. High- 
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essure 1s mt in various parts of the| reported from Meuden, Westphalia, towards the 
foland, and drilling with mud, as described in a re-| end of 1913; butso far no te am seems actually THE LATE MR. WILLIAM WILKINSON 
cent issue of Encineerine, has to be resorted to 
in order to overcome these difficulties. The mud- 
pumps have, in some cases, had to work at from 
200 lb. to 300 1b. per sq. in. pressure with thick 
mud, in order to continue the work to a successful 
issue. In cases in which the usual methods of 
drilling have been retained, the collapse and buck- 
ling of the casing has resulted from these high gas- 
ressures. The quality of the oils varies widely, 
rom oil with an asphaltic base of sp. gr. 0.975, con- 
taining 4 per cent. petroleum spirit, to oil of asp. gr. 
of 0.810, containing 40 per cent. of petroleum spirit. 

Piatinum Merais 1n 1913 

Within recent years the — of platinum has 
kept ata fairly steady height, about 71. 10s. per 
ounce troy of the crude metal, whilst the produc- 
tion has slightly been decreasing, not because less 
latinum is wanted, but because people are becom- 

ing more economical in its use. Some interesting 
information is given in a publication of the United 
States Geological Survey, Paper I : 16, of 1913, on 
‘*The Production of Platinum and Allied Metals,” 
by D. T. Day. This fy -~ also reproduces some 
figures com ited by E. de Hautpick for the Mining 
Journal, of London, on the Russian platinum in- 
dustry. The Russian platinum output of 1913 
amounted to 157,508 troy ounces, against 177,375 
and 185,381 ounces in the two preceding years ; 
the production of the decade 1904 to 1913 was 
estimated at 1,705,868 oz., that of 1894 to 1904 
at 1,788,257 oz. Other estimates for the year 
1913 bring the total up to 250,000 fine ounces. 
The two principal centres of the production are 
Blagodat, on the Asiatic slope of the Ural (chiefly 
gold-platinum placer deposits) and Nishui Tagilsk 
(on the European slope); the latter is the more 
important source, and gives a richer ore, contain- 

ing 89 per cent. of platinum, 1.3 of palladium, 4.4 of 
rhodium, 10.8 of iron, and only 0.11 of osmiridium. 
Dredgers are coming into moregeneral use, especially 
at Vagransk, in the Nikolaie-Pavadinsk district, in 
the Northern Ural, where platinum has recently 
been discovered. As a platinum-producing country 
Colombia ranks next to Russia, and Colombia is 
attracting more and more attention, though the 
production in Russia is not declining so quickly 
as is sometimes assumed. The chief region in 
Colombia is the Choco district ; the work is done 
by natives by primitive methods, and dangerous 
freshets on the river and extremely insanitary 
conditions have so far prevented the introduction 
of improvements. The United States Consular 
Agent at Quidbo estimates the exports of 1913 at 
6509 oz. only ; a much larger portion was probably 
exported from “Colombia via Buenaventura. The 
production of the United States amounted in 1913 
to not more than 482.87 crude ounces, valued at 
18,447 dols.; 460 oz. of this came from California, 
being dredged in the Butte, Yuba, Sacramento, 
Calaveras counties, the rest from Oregon. Both 
these States, and also the State of Washington, could 
supply more platinum if the demand should rise. 
The » Herat used are, according to D. T. Day, 
not perfect ; some excavate well and concentrate 
badly, some saffer from the opposite defect, but a 
good combination has not yet been adopted in the 
mines. In addition to the mined platinum metals 
there is the refined platinum from jewellery scrap ; 
further, some 650 fine ounces were in 1913 derived 
from gold and copper bullion from domestic mines, 
and 48,942 ounces of crude platinum were imported 
into the United States in 1913. Platinum further 
occurs in lode deposits, associated with iron and 
copper sulphides, and partly as sperrylite Pt A 8, ; 
this latter mineral is found in the nickel mines 
near Sudbury, Ontario (Canada), and in other 
countries. In the United States it occurs in the 
Rambler Mine, Wyoming, and in August, 1914, 
other platinum lode deposits were discovered at 
Goodsprings, Nevada, the silicieus ore containing 
65 ounces of gold and 1 ounce of platinum per ton. 
The iridosmine of the United States is frequently 
classed as iridium, which has a higher value than 
platinum ; but the crude metal contains from 
30 to 50 per cent. of osmium, which has a much 
lower value, and finds a limited application for 
hardening pen-points, for oxidation of organic silk 
dyes, and for medicinal purposes. Of the other 
platinum metals, palladium is most in demand as a 
catalyst ; it is recovered from gold and silver, from 
the slimes of Canadian matte, and from Australian 
base bullion. A find of platinum metals was 

to have been produced there. 

Norway’s Suppty or Evecrriciry. 

Ata meeting of Norwegian engineers, held last 
autumn, in Christiania, Mr. J. Prebensen Nissen 
gave a very interesting lecture on Norway’s supply 
of electricity, and the ition of the State and 
the municipalities in this connection. It may 
now be taken for granted that Norway possesses 
6,000,000 horse-power of water-power, which can be 
easily rendered commercially available. Judging 
by the development which had taken place during 
the years 1907-13, the 6,000,000 horse-power 
would, the speaker said, be totally exploited in 
the year 1970, by which time, according to this 
calculation, the electro-chemical industry would 
absorb 3,600,000 horse-power, the handling of 
timber and other industries would require an 
aggregate. of 1,000,000 horse-power, the general 
supply of electricity 1,000,000 horse-power, and 
the railways 400,000 horse-power. e supply 
of electricity for general purposes would thus in 
the future absorb only one-sixth of the water-power, 
provided development continued on the same lines 
as hitherto, and there seemed no reason to expect 
that the general consumption of electricity would 
increase at an accelerated rate. The speaker there- 
fore agreed with the Premier’s statement in the 
Norwegian Parliament to the effect that there was a 
sufficiency of water-power, and no reason for appre- 
hension in regard to the general public requirements 
of electric current being satisfied. It had been shown 
that municipalities could work an electric power- 
station as cheaply as a private company, and the 
opinion was expressed that the working by muni- 
cipalities of all the electric power-stations in the 
towns was only a question of time. The same 
could, no doubt, be said of the rural districts, 
where electric energy had to be sold and distri- 
buted over a large area. Of late there had been 
several instances of municipalities having jointly 
erected power-stations with markedly advantageous 
results. As to the position of the State in the 
matter of electricity supply, the original idea was to 
electrify the railways, and this had prompted the 
State to buy waterfalls. Later, views were voiced 
to the effect that the State should only exercise 
a regulating and controlling influence in the matter 
of the utilisation of the country’s water-power. In 
the matter of the Nore falls, it was said that, 
although their utilisation was bound to come about, 
the State would not be able to supply electric cur- 
rent on better conditions than it was already being | P® 
supplied by municipal and private electric power- 
stations. It might therefore be assumed that the 
proper work for the State in this connection should 
solely be to turn to account the Nore falls and, if 
necessary, other power-stations also, mains being 
laid to the railways and to those districts which, 
for some reason or other, were debarred from receiv- 
ing a supply of electric energy. The suggestion, 
which had been put forward in some quarters, to 
the effect that the State on some future occasion 
should take over the entire electric supply of the 
country had proved detrimental. There was no 
reason for recent proposals according to which the 
State should have the option of taking over the 
hydro-electric power-stations which were now being 
built, since more than three-fourths of these power- 
stations had nothing to do with the general supply 
of electric current ; they were destined to supply 
different industrial undertakings, and if the State 
took over the power-stations it would also have to 
take over the industries with which they were con- 
nected. Laws and regulations in this connection 
would only tend to impose new restrictions and 
difficulties upon industry without bringing about 
the slightest advantage for the development of the 
country’s supply of electricity generally. The 
meeting endorsed the opinion, set forth by the 
speaker, and expressed the opinion that it was most 
undesirable for the State to interfere in the develop- 
ment of the country’s supply of electricity. All 
— concerned would best served by this 
evelopment continuing freely and in a natural 

way, without any restriction. 

Tue Optica Society.—The Thomas Young Oration 
of the — Society will be delivered on Wednesday 
evening, January 20, by Sir James Crichton Browne, 
M.D., LL.D., F.R.S., at the Institution of Electrical 
Engineers, Victoria Embankment (near Waterloo Bridge). 
Visitors’ tickets may be obtained of Mr. T. Smith, hon. 
secretary, 39, Victoria-street, Westminster. 

SQUIRE. 
WE t to have to record the death, which 

occurred on the 7th inst., at his residence, 15, Eaton- 
crescent, Clifton, of Mr. William Wilkinson Squire, 
M. Inst. C.E., engineer to the Bristol Docks, in which 
capacity and in earlier appointments he designed and 
supervised the making of many important dock works 
at home and abroad. 

Mr. Squire was the eldest son of the late Mr. 
William Squire, M.D, F.R.C.P., and was born on 
August 11, 1854, in Bombay. From March, 1874, to 
March, 1877, he was articled to Mr. G. F. Lyster, 
engineer-in-chief of the Mersey Docks and Harbour 

rd, and continued until March, 1879, as assistant 
engineer at the Liverpool Docks. During these five 
years he was employed on the construction of 
docks, under the Act of 1873, which authorised 
an expenditure of 4,000,000. The works included 
iae Alexandra, Langton, Hornby, Herculaneum, 
Harrington, Toxteth, and other docks, besides four 
graving-docks. He was engaged also on landing- 
stage reconstruction—the Wallasey stage and pier, 
and on the Birkenhead low-water basin conver- 
sion. He also had charge of the preliminary plans of 
the high-level railway, ot sluicing experiments, surveys, 
&c. From March, 1879, to October, 1880, Mr. Squire 
was assistant engineer of the Hull Docks, under Mr. 
R. A. Marillier. He was employed in the design 
and construction of the Sir William Wright Dock, and 
on graving-dock work, hydraulic pumping-stations, 
corn warehouses, cattle lairage and dépéts, on the 
subway under the North-Eastern Railway, on Parli- 
mentary work on the Hull and Barnsley Railway and 
Dock, and on general maintenance work on the Hull 
Docks. From March to June, 1881, he was engaged, 
under Mr. J. Garde, on plans for the Copethineen 
Docks, and with Mr. E. F. Griffith on draining work 
at Christchurch, Mon. 

It was in June, 1881, that he went to Bombay, 
where he remained for seventeen years. He was at 
the outset chief assistant to the engineer of the Bombay 
Port Trust, Mr. G. E. Ormiston. He was in charge, 
as acting engineer, from February to May, 1882, and 
May to November, 1885, and was Examiner in Mecha- 
nical Engineering at the Bombay University in 1884. 
He was appointed in October, 1888, by the Bombay 
Government a member of the Committee to consider 
the lighting of the coast, when he had charge of the 
Sun Rock Lighthouse, the Victoria Dock, workshops, 
warehouses, roads, drains, sea-walls, &. In 1892, 
Mr. Squire was, with the approval of the Government, 

rmanently appointed Chief Engineer to the Port of 
mbay. For the next six years he was sole engi- 

neering adviser to the Port ‘l'rustees, and on several 
occasions was specially thanked for his services. 
During his connection with the port of Bombay im- 

rtant schemes were designed and carried out. These 
included a dock of over 24 acres, for the accommoda- 
tion of the largest class of shipping, and also a graving 
dock. Mr. Squire had in these and other operations 
a large experience, and won the hearty eulogiums of 
successive chairmen to the Trustees by the ability he 
displayed in his work. This appreciation was also 

ised by resolutions passed by the Trustees, the 
closing one mi the tollowing terms :—‘‘ On the 
retirement of Mr. W. W. Squire, M. Inst. C.E., engi- 
neer to the Port Trust, the Trustees desire to place 
on record their entire appreciation of the valuable 
services rendered by Mr. Squire during a period of 
seventeen years, in which many important works 
were designed and completed, which materially 
assisted in the development of the Port Trust pro- 
perties. The Trustees wish Mr. Squire every success 
in his future career.” This was passed in 1898, when 
Mr. Squire resigned his Bombay appointment and 
returned to England. 

He was afterwards engaged on dock and harbour 
work by Sir John Wolfe Barry, and then came his 
appointment by the Bristol Docks Committee as their 
engineer. Mr. Squire was engineer to the Royal 

ward Dock scheme, at Avonmouth, Bristol, and at 
the opening of the dock, in July, 1908, he was one of 
those presented to His Majesty King Edward. We 
gave at the time (see ENGINEERING, vols. Ixxxv., 
pege 857, and Ixxxvi., page 5) a complete illustrated 
escription of this dock. In our concluding remarks, 

we stated that ‘‘ foresight and care had been combined 
with skill and experience, the result being that the 
works were representative of the best modern dock 
engineering practice ; they were carried to completion 
with expedition and economy and without untoward 
event.” The credit for this, we added, belonged to 
Mr. Squire. Other e schemes have marked his 
period of office at Bristol, but since the breakdown of 
his health, a couple of years ago, the practical n- 
sibility has rested upon the deputy-engineer, Mr. 
Pearce. 

Besides acting, as above stated, as Examiner in 
Mechanical Engineering Subjects at the University of 
Bombay, Mr. Squire was Examiner in Engineering 
Subjects at the Victoria Jubilee Technical Institute, 
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Bombay ; he was also a member of the Engineering 
Standards Committee on Portland Cement; he was 
appointed by the Board of Trade to hold an inquiry 
as to the Cork Harbour improvements in 1906 ; he 
was further a member of the Liverpool Engineering 
Society; a member of the Smeatonian Society of 
Civil Engineers, past-president of the Bristol Associa- 
tion of Engineering, and president of the Bristol, 
West of England, and South Wales Association of 
Students of the Institution of Civil Engineers. He 
was the author of a memoir on iron and wooden 
lock-gates, read at the Diisseldorf International 
Navigation Congrees ; of a lecture on harbour works 
and dock construction, delivered at the School of 
Military Engineering, Chatham ; of a note on dock 
equipment, contributed to the Engineering Conference, 
1907, and of various popere read at the Liverpool 
Eagineering Society, the Bristol Association of Engi- 
neers, and the Bristol Scientific Club. 

CUTTING-OFF MACHINE FOR HEAVY BARS. 
Ar the Machinery Exhibition held at Olympia in 

1912, Messrs. Charles Taylor (Birmingham), Limited, 
of Bartholomew-street, Birmingham, exhibited a new 
type of rotary cutting-off machine for dealing with 
bars, tubes, sections, &c., up to an over-all diameter 
of 3in. The arrangement consisted, briefly, of a vice 
in which the work was held, and a headstock carrying 
a large-diameter hollow rotating spindle. The cutters, 
of which there were two, were carried by a face-plate 
at the vice end of the spindle, and the end of the work 
which was being cut off projected into the hollow 
spindle. A full description, with illustrations, of the 
machine will be found on page 51 of our ninety-fifth 
volume. The success of this machine has been such 
that Messrs. Taylor have now manufactured one of 
similar type to deal with work up to 8 in. in diameter. 
We had an opportunity of inspecting the first machine 
of this type last week, and were much impressed with 
its powers. We may say that, although the machine is 
the first of its class, it has been in fairly regular use 
since last April, and has consequently had ample 
opportunity ot demonstrating that it can deal with the 
work it was designed for. 

At the time we inspected the tool it was cutting off 
lengths for round rolled 5 per cent. nickel-steel bars, 
67 in. in diameter. The output, including shifting 
after each cut and setting up the bars in the machine, 
was at the rate of ten pieces cut off per hour. Actual 
times taken for the cut only on various materials are 
given below :— 

Diameter. Time. 
in. min. sec, 

Jonas and Colver S.S.G. (ver 
hard chrome nickel) ... are 8 8 0 

Mild steel ... ee wen 8 2 15 
> “ihe i 6 1 5 

Kayser Ellison, 805 6 1 40 
Best cast steel... 7 5 0 
H.S. steel annealed 6 8 0 

It is found that the time taken to cut off square bars 
works out in practice the same as that required for 
round bars equal in diameter to the squares over the 
corners. The machine is fitted with a 15-horse-power 
motor, but the average power required is —_ 9 horse- 

wer. At the time we saw it, cutting off 6? in. in 
iameter nickel steel, it was taking only about 6 horse- 

power. 
It is very natural to compare this machine and 

others of its class with power-driven hack-saws. As 
far as output per machine goes, we think no hack- 
saw pone approach the work done by this Taylor 
rotary machine. It may, however, be objected that 
the rotary type of tool makes a wider cut, and so 
wastes mvre material, which, in some cases, may be 
an important consideration. With the machine under 
discussion, the cut is ;°; in. wide. There is another 
aspect of this matter, however. ‘The Taylor machine 
produces a true face on the end of the work, and a 
finish which for some purposes would require no 
further attention. The Enich in any case naturally 
depends on the rate of cut, the feed, and the state 
of the cutters. If for work requiring a true face it 
is necessary to machine the ends of the pieces pro- 
duce by a hack-saw, which, in some cases, would 
certainly be necessary, it is clear that any objection 
to the rotary machine on the score of wasting more 
material would disappear. A further point is that as 
an offset to the lower production of the hack-saw its 
capital cost is lower. The relative advantages of the 
two types will, in practical cases, depend on local 
conditions and the work to be done. We have no 
doubt that both will survive. 

The most interesting feature of the new machine is 
certainly that relating to the form, mounting, and 
feeding of the cutters. There are three cutters, as 
compared with two in the earlier 3-in. machine, and 
the old side-cutting system has been abandoned. 
The three cutters each cut on both sides. One of 
them has a round lathe-tool point, and the other two 
are square, but of different widths on the cutting- 
faces. The round tool leads and takes out a groove ; this 

is followed by the wider of the two square tools, which 
takes out the upper 
by the round tool ; the narrower square tool then re- 
moves the lower part of the groove, leaving a narrow 
square channel, at the bottom of which the returning 
round tool then carves another groove. The wider 
of the two square tools is the full ;°; in. width of the 
finished cut on the working edge. As all the cutters 
cut equally on both sides, there is no side thrust on 
the main spindle, and the thrust-bearings, which are 
fitted to the 3-in. machine, are not necessary in the 
8-in. machine. 

The cutters are self-adjusting, so that the work is 
distributed equally between them. This is brought 
about by connecting the slides which hold them 
to @ common floating-ring. Any extra work on one 
cutter causes it to rise away from the work and 
lifc the ring, so bringing the other two cutters 
closer in. The cutters are fed forward by feed-screws, 
which are rotated by worm and worm-wheel combina- 
tions fixed near the outer edge of the cutter face-plate. 
In order to allow of the freedom of movement in and 
out, which is necessitated by the floating-ring arrange- 
ment, the worm-wheels are made with straight teeth. 
This allows them to slide up and down within limits 
over the worms. The straight-tooth worm-wheels 
are said to be found to wear well in practice. 
The worms giving the feed are operated in a very 
— way by an epicyclic gear fixed on the 
ack of the face-plate. The first member of the gear 

is a large spur-wheel which fits round and rotates on 
the main spindle. This is driven by a Renold chain 
from the feed gear-box. By driving this wheel a 
little quicker than the main spindle is rotating, the 
cutters are fed forward. The cut is usually taken to 
such a point that the cutters do not break through 
to the centre, a small boss of metal being leit 
which can easily be broken when the cut-off piece 
has travelled through the spindle to the back end of 
the machine. At the termination of the cut the 
knock-off trip on the face-plate disconnects the feed- 
ear. The spur-wheel is then held in position by a 
and-brake, and the result of the rotation of the 

machine is then rapidly to withdraw the cutters ready 
for the next piece of work. 

The machine is driven by a constant-speed motor, 
and has a change-speed box giving six different spindle 
speeds for different materials and diameters. The 
feed-box gives three feed speeds, any of which may be 
used with any of the spindle speeds. It is clear that, 
theoretically, a machine of this class should have a 
continuously variable spindle speed, changing in terms 
of the diameter on which the cutters are working. 
In practice, however, it is quite unnecessary to submit 
to the complication which this would mean. To obtain 
some of the advantages of this effect without suffering 
the disadvantages which it would entail in its ex- 
treme form, the machine is arranged so that the 
man handling it can, without moving his position, 
increase the speed by manipulating one of the 
—- at a certain point in the travel of the cutters. 
y this means time is not lost when working in the 

small diameter of the cut near the end. An adjust- 
able dial, indicating the depth of cut, is fixed on the 
side of the machine under the workman’s eye, and 
shows him at what point he should make the speed 
change for the best effect. 

THE UNDERCOOLING OF STEAM IN 
NOZZLES. 

SINCE we last dwelt on the problem of undercooled 
steam, in our issue of May 16, 1913, two important 
memoirs have been published by Professor A. Stedola, 
of Ziirich, whose name is intimately connected with 
these probleme. The first, more theoretical, memoir 
appeared in November and December last in the 
Zeitachrift Vereines Deutscher Ingenieure. The secopd 
paper, a critical account of further experiments, was 
ublished in the Schweizerische Bauzeitung of Octo- 
r 10- some interesting novel conclusions are drawn, 

and as the completion of this experimental research 
has been interrupted by the war, we will abstract 
these later experiments and indicate the discussion of 
the result before dealing more fully with the general 
aspect of the problem on another occasion. 

For the determination of the undercooling of steam 
passing through a nozzle of cross-section f at the point 
in question, the weight of steam-flow per second G, 
the rate of fl»w w, and the absolute pressure p must 
be known. When the cross-section is at the end of 
the nozzle, the steam velocity is best determined 
by the jet reaction, which Stodola and Turovetz 
do by a modification of the apvaratus of Frederic, 
Kembel, and Christlein. There might, however, 
be an excess of pressure at the end of the nozzle, 
whilst the problem is to take the measurements in 
that state when the discharged steam is expanded 
exactly to the pressure of the surrounding atm »sphere. 
For this purpose a hole, 1 mm. in diameter, was 
drilled into the nozzle, 3mm. from its end, and from the 
pressure observed at that spot the pressure at the end 
could be deduced. The nozzles used were conical, and 
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were rounded at the throat to a radius equal to the 
rts of the metal left at each side | diameter of the minimum cross-section, e results 

obtained are summarised in the three tables below :— 

Taste I.—Summary of Results. 

—— Nozzle I. Nozzle II. 

Minimum diameter of cross-section mm. ~~ 42.07 12.07 
Knd diameter of cross-section. . os 18.00 26.12 
Length between these two sections ..__,, 150 150 
Iuitial pressure, p; absolute .. kg./om.2 8.15 11.15 

»  vemperature od deg. U. 174 197 5 
>» temp e, absolute .. » 447 470.5 

Fiual pressure of expansion, po absolut 
kg./em.2 1,082 0.571 

Expansion ratio p)/po ot - 7.68 19.52 
Specific initial voiume v, os m."/kg. 0.2440 0. 1572 

eight of steam flow per second,G .. kg. 0.1351 0.188 
Di ‘ge ffi X as in formula G = 

nid od ae el OO | ee 
ps 

Jetreaction P .. .. se -- ky. 10.85 17.60 

ser | steam velocity w at end of nozzle 
— . | 

we e 9 ee oe ee oe m./sec. 787.8 054.5 

Initial heat contents 4, .. - -» Cal. 665.9 675.5 
Initial entropy 3; as ee - -- 1.6046 1 5929 

Tasisll. — final Condition with Normal Expansion 
and theoretical Conden:ution. 

Nozzle L. | Nozzle ll 

Absolute pressure po ‘ ee ky./om.2 1,082 | 0.571 
Adiabatic heat contents iy we -- Cal. 682.6 | 660,72 

oe specific weight uf ste - -. 0.2030 | 0.8615 
» heatdropHo.. .. .. cal.| 8328 | 1188 

Effective heat drop He = A w%, » o 74.08 | 1089 
Loss .. of aft - -- Ppercen. 11.05 | 8.00 
Heat contents of effective final conditiun 

with th tical di tioné .. cal. 591.8 | 566.5 
Corresponding specific weight of steam 09101 | 0.8782 

9 9» volume v m. 3/kg. 1,458 2.653 
Area of end cross-section calculated by | 

the continuity equation f= Gv/n.. cm.2 2.498 | 4842 
Area of actual end cross-section (cold) / _,, 4.645 | 4.056 

Difference f—/ in per cent. of f we -.| 1,84 2.28 

Tasixe IIIl.—Final Condition under Assumption of 
U0 ing. 

— Nozzle I. | Nozzle II. 

oe kg./om.2 1.082 0.671 
temperature ¢, 

deg ©) 101.3 84.2 
Assumed temperature of undercooling tx 

eat “ deg. oO 90.0 75.0 
Coi g saturation pressure kg./cm. 0.715 0,392 
Diameter of drops in thermal equilibrium 

with capillary forces .. - -- m/1.79.10—9/ 2.13.10—9 
Specific weight of steam for adiabatic expan- 

sion without friction, but with under- 

Specific volume 

Absolute pressure 
Corresponding sat et 

0.9018 0.8658 
gs arid ‘m.3/kg.| 1.396 2.451 

Effective specific volume wd on 1.416 2 618 
Area of end cross-section according to the 
continuity equation = Gv/w .. cm.2 2.428 4.776 

Difference f - fin percent.off  .. | &£@ 3.63 

It had been explained in the previous memoir that 
the equation of continuity would yield smaller values 
for the actual cross-sectiund of the steam-jet as the 
undercooling increased. But it resulted that even 
under the assumption of complete condensation, the 
available cross-section was not entirely taken up by 
the steam—that is to say, that there was a deficiency 
of 1.8 per cent. in nozzle L., and of 2.3 per cent. in 
nozzle LI. (compare Table II.). This deficiency had 
to be explained. The deticiency could hardly be 
attributed merely to errors of obs rvation, It might 
have been assumed that the steam itself was satu- 
rated, but that the drops of water were really super- 
heated, so that the temperature at the end cross-section 
was not homogeneous ; but it will be seen that the 
temperature drop should have been negative to satisf, 
the equation of continuity. The deficiency woul 
have greater still if the steam were supposed to 
be under-cooled even to a very slight degree only. 
Another mode of explanation seemed to be required, 
and Professor Stodola suggests the following con- 
siderations :— 

Technically, average conditions are assumed to 
prevail in the cross-section of a nozzle. In reality 

pressure alone is fairly homogeneous, even with 
stream-line flow, whilst the velocity decreases as 
we pass from the middle of the nozzle to the wall, 
and the specific volume increases, owing to the greater 
friction near the wall; the slightest deviation from 
the condition of homogeneity would materially iuflu- 
ence the equation of continuity. For his deductions 
Professor Stodola makes use of the following symbols : 

p = the distance of a point from the axis of the 
nozzle ; 

w = the steam velocity at that point ; 
= the density at that point ; ; 
= the external radius of the cross-section ; 

the mean velocity ; 

the mean square velocity ; 
the weight of steam flowing per second. 

; 
» 
w! 
G 
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These symbols are further defined by the following 
equations :— 

o={ 
0 

aw | 
0 

There is further a constant n, defined by the 

e\" \ , where 1) is the velocity 

r 

2Qrpdpyw; Gw -{ 2Qrpdpyw; 
0 

22 pdpyw. 

equation w = wo { 1 - 

along the axis, and the velocity at the wall is zero. 
Professor Stodola then shows that, with two dimen- 

sional streaming, the linear mean velocity w does not 
agree with the mean square velocity w*. The jet 
reaction yields the w, but the kinetic energy depends 
upon the w; the two differ rarely by more than | per 
cent., but the point has so far n overlooked, 
according to Stodola. The result derived from some 
elaborate computations is that, at the end of the 
nozzle, the condensation does not attain the theoretical 
value, but that the undercooling is unimportant, and 
that it will be the smaller the lower the ex ion is 
carried. In the case of nozzle I., an undercooling, i.¢.,a 
difference between the saturation temperature and the 
true steam temperature of 8 deg. Cent. is observed for 
7.5-fold expansion and n = 22; in the case of nozzle IL., 
a difference of 3 deg. Cent. only for 20-fold expansion 
and n = 25. The losses due to incomplete condensa- 
tion are consequently much smaller than they would 
be with complete undercooling ; the losses may be 
estimated for nozzle I. (small heat dient) at 24 per 
cent., and for nozzle II. (larger gradient) at # per cent. 
Further experiments and computations had not been 
made for the reason above stated ; but the investiga- 
tions, Stodola considers, confirm the view that, with 
the expansions arising in steam-turbines, and even 
with greater expansions, the initial undercooling will 
finally vanish again. 

In the third part of his paper Professor Stodola 
discusses these experiments and the molecular pro- 
cesses ocourring during condensation with reg to 
the recent researches of Marcelin and of Knudsen. 
R. Marcelin (7'héses présentées & la Faculté des Sciences, 
Paris, 1914) determines the rate at which a superheated 
liquid evaporates or a solid sublimates. Stodola does 
not quite accept the interpretation which Marcelin 
puts on his (Marcelin’s) experiments ; and as regards 
the evaporation from drops floating in vapour or 
steam, and the ener; exchange between them, he 
goes back to M. Knudsen (Annal. Physik, vol. xxxiv., 

ge 608). A molecule of gas or vapour hitting 
Soaee surface (in our case the drop) with a velocit 
depending upon the vapour temperature, bounds bac 
from the surface, not with the full velocity which 
would correspond to the temperature of the surface, 
but with a smaller velocity. The formula contains a 
certain coefficient, always smaller than 1, which 
Knudsen calls the ‘‘ accommodation coefficient,” and 
which depends u the ratio of two temperature 
differences. Knudsen’s experiments concerned various 
gases and surfaces of different materials, and Stodola 
applies those arguments to his theory of condensation, 
modifying it to a certain extent. Some of the steam 
molecules striking a drop of water will rebound, some 
will enter and penetrate into the drop, and an equal 
amount of molecules will be ejected by the drop. The 
mathematical solution offered is not exhaustive, and 
the experimental data available would hardly permit 
of any exhaustive treatment of the subject, we think. 
But Stodola concludes that the ratio of the number of 
entering molecules to the total number of striking 
molecules can hardly sink below ;, (Marcelin had a 
minimum value of ;); that would mean that the 
equalisation of the temperature at the drop would 
really proceed (as he had previously assumed) at an 
extraordinarily rapid rate compared with the rate of 
the expansion of the steam. 

In this connection Stodola accentuates the neces- 
sity of distinguishing between ordinary and molecular 
heat conduction ; the latter comes into play, he says, 
when the size of the —— is small compared to the 
mean free path of the molecules. As his experiments, 
even with low degrees of undercooling, lead to dro 
radii of the order of 10-* or 10-* metre, the molecular 
conduction would have to be considered, whilst with 
ordinary size drops the laws of the ordinary heat 
conduction would hold. This latter conduction would 
be infinitely slower than the former, especially because 
the freshly-created steam of evapora would form 
an oe shell round the drop. At a pressure of 
one atmosphere the evaporation of a water-layer of 
1 mm. thickness would produce a steam-layer of 1.7 
metres thickness above the water-level. That would 
explain how cold drops can continue to exist in super- 
heated steam in spite of active mechanical stirring, 
as Knoblauch and Jakob observed in their determina- 
tion of the specific heat of steam. 

Finally, Stodola points out, the new experiments 
admit of estimating the number of drops in steam. 
There would be one drop for every 30,000 molecules of 

dry steam. If every one of these drops were to require 
a solid nucleus, 1 cub. cm. of dry steam should, at 
atmospheric pressure, contain more than 10" solid 
nuclei—which could scarcely be conceded. In this 
respect also the recent experiments would confirm 
previous conclusions of Stodola. 

WATER-SOFTENING BY THE LASSEN- 
HJORT AND THE PERMUTIT PROCESSES. 
On Tuesday last the United Water - Softeners, 

Limited, of Imperial House, Kingsway, W.C., te 
a demonstration of two of their processes which have 
decidedlv come to the front in recent years. The 
Lassen-Hjort process is familiar to our readers, 
and what we have to say about this established 
process will be found at the end of this article. The 
permutit process is comparatively novel and quite 
original ; it stands apart from all softening processes, 
inasmuch as there is no precipitation, but only a 
filtering through a peculiar material, which apparently 
can pass through reversible changes for years without 
losing its efficiency. We will begin our article with 
the permutit process. As the firm mentioned has now 
had a large number of plants working for years, the 
permutit process is attracting much attention. 
We first noticed this process, which Dr. R. Gans, of 

the Berlin Geological Institute, originated, and which 
was taken up and developed in this kingdom by the 
United Water-Softeners, where they now control it, in 
connection with the International Congress of Applied 
Chemistry, held in London in 1909.* We have referred 
to it on several subsequent occasions, notably in 1911, 
1912, and 1914.+ The last-quoted communication 
concerned a very instructive account of two years’ 
trials, conducted by A. Bahrdt, in the Government 
Laboratories of Moscow ; the references in the foot- 
note allude also to correspondence on the problem. 
It will be remembered that ge is an artificial 
zeolite—that is to say, one of those complex silicates 
which readily exchange their bases, even when in the 
natural state, in which they form beautiful crystals. 
The permutit, as artificially prepared, is also known 
as sodium-permutit, and is a sodium-aluminium sili- 
cate of the formula 2Si0,.Al,0,.Na,0.6H,O. When 
hard water containing calcium and magnesium salts 
is filtered through a ~—— of permutit, which is used 
in grains (or, rather, cubical lamps) 2 mm. or 3 mm. in 
diameter, the sodium is washed out and passes into 
the filtrate, whilst the calcium and magnesium take 
the place of the sodium in the permutit, which thus 
becomes a calcium - magnesium permutit. In the 
demonstration this filtering did not take more than a 
minute. London water of 163 deg. of hardness} was 

through a column of permutit about 15 in. 
in height ; the filtrate was so free from all calcium 
and magnesium salts that the addition of as little 
soap solution as would have indicated 4 deg. of 
hardness at once produced the permanent lather 
characteristic of completely softened water. Thus 
the permutit is able to exchange Na against Ca and 
Mg, as long, of course, only as there is Na left in it ; 
hence very hard water requires more permutit for 
softening than a moderately hard water. When the 
Na is exhausted, the permutit is for the moment in- 
effective; but it can easily be restored to its efficiency 
by passing a solution of common salt through it. Then 
the Na again replaces the Ca and Mg, and the per- 
mutit is ready for use once more. This is the re- 
generation. It is remarkable that in actual plants 
permutit has stood four years’ practice and more 
without becoming impoverished. The regeneration is 
receded by an agitation, which is effected by revers- 

ing the flow of water through the permutit, so as to 
loosen the material. In softening, the water passes 
downward; during regeneration the ralt solution flows 
upward. The regeneration is followed by a cleansing 
operation for about 20 minutes, during which the 
raw water is sent upward through the permutit again, 
to wash out the excess of salt. 

In ordinary > the apparatus are run for 
filtering during day-time, and are regenerated during 
the night ; where shifts of 8 hours are worked, the 
apparatus are given the same periodic shifts. In 
house installations, which are in the form of cylin- 

P| ders about 6 ft. high and 1 ft. in diameter, all these 
operations are effected with the aid of one control- 
tap, a five-way cock, details of which are given in 
Figs. 1, 2, 3. The diagram, Fig. 1, marks the four 
positions: ‘‘shut,” ‘‘regenerating,” ‘‘ working,” and 
**cleansing.” When the indicator is on ‘‘ working,” 
the hard water enters through the inlet and spreads 
on the top of the — filter (compare Fig. 4). The 
next stop, for the valve ‘‘ agitating,” is not visible in 
the diagram ; further turned, the indicator comes to 

* See ENGINEERING, vol. Ixxxvii., page 780. 
+ Ibid., vol. xci., pages 253. 277, and 311; vol. xciv., 

page 407 ; vol. —ie 565, 632. 670, and 706. 
t By 1 deg. of ness the United Water-Softeners 

understand 1 grain of calcium carbonate per gallon of 
—_ various definitions of hardness are in use, unfor- 
unately 

rest on ‘‘ ting,” and then on “ shut ;” finally, 
the ta is turned to ‘‘ cleansing” before ‘‘ working ” 

|is to in again. In Fig. 2 we notice that the 
| plug and body are tight-fitting, to prevent creep- 
ing of the water from port to port; Fig. 3 shows 
the balls of the bearing. In i’ lants several 
taps or valves have to be worked. igs. 4 to 6 
illustrate an outfit now being installed in connection 
with an engine of the National Gas Engine ae > 
at Hull. The covling water has to be absolutely 
ure, as the use of hard water may lead to serious 
eposits in the cylinder-jackets, and even to cracking 

of the — and the permutit plant is able to 
secure that purity. The apparatus can soften 800 
gallons of water per hour of the hardness of London 
water ; the Hull water being harder, the capacity is 
about 600 gallons per hour. The cylindrical apparatus 
is built up of boiler-plate. On the top of the 
cylinder is the salt-tank, which is charged with 
common salt and with the water to be purified 
serving as solvent; the salt solution used is of 10 
per cent. In the cylinder we notice first, near the 
top, a bed of gravel, from 1 ft. to 14 ft. in thick- 
ness, in apparatus of different capacities ; this gravel 
rests on a series of perforated or slotted plates, made 
of Muntz metal or iron, and is to keep back any 

ded impurities in the water. Thespace between 
this gravel and the permutit layer, which has a thick- 
ness ranging from 3 ft. to 5 ft., is filled with the raw 
water to be treated ; this water is under some hydro- 
static pressure, the degree of which affects the rate of 
filtration, but not the ane. The ey a 
rests on & lower layer of gravel, again pea- gravel, 
supported by perforated plates. The manipulation of 
the valves will easily be understood from the diagram, 
in which the dimensions of the particular apparatus 
are marked. A water-meter is inserted in the outlet 
tap. 
The ~ nage of the system are the perfect 

purification ised, the small floor-space wanted, 
and the simple and easy manipulation. The cylin- 
drical apparatus are made in diameters from 8 in. 
up to 9 ft., and of varying heights ; as a rule, several 
apparatus in parallel will be A gee many to one very 
large apparatus. The softened water contains some 
alkali; that is likewise the case with all water that 
has passed through a soda-lime softener. That the 
water remains palatable and wholesome is proved by 
the fact that many installations are already put up in 
country houses all over the kingdom. The manufac- 
turers think that the absence of calcium and magne- 
sium salts from water for drinking and for washing 
would prove a boon by preventing gout, skin diseases, 
&c. That may be so. The absence of salts certainly 
would facilitate cooking and laundry work, and the 
alkalinity in permuted water is not greater than the 
alkalinity of many popular table waters, as Dr. John 
C. Thresh establis ed in 1912. For textile works, 
dyers, and wool-combers, the perfect absence of hard- 
ness is very ae gen and often indispensable. The 
wool-combers of Bradford were hence among the first 
who gave permutit a trial in this country. 
A very important point is, further, the complete 

removal of iron from water, particularly from water 
which is wanted in the manufacture of explosives. 
In the first plant in which permutit was tried, at 
Glogau, in Silesia, the water treated was ferruginous, 
and Bahrdt mentioned that traces of rust would be 
stopped in the top layer of the permutit, from which 
they could be washed out again, without impair- 
ing the permutit reactions. But the United Water- 
Sabvenens have recently prepared in their research 
works at Brentford a manganese permutit which is 
said to stop all iron and manganese salts. This 
particular permutit is obtained by treating rodium 
permatit with manganous chloride, and by oxidising 
the product with the aid of potassium permanganate ; 
the grains of permutit then become surrounded with 
@ laver of manganese peroxide, and this layer and 
the manganese-permutit are said to oxidise and to 
arrest any soluble iron or manganese salt like ferrous 
carbonate, which would paes an ordinary filter. The 
manganere permutit is in uve in various water works 
at Birkenhead, and in other parts of the penin- 
sula of Wirral. We should mention that the firm does 
not now make its permutit by fusing feldspar, kaolin, 
and soda together and lixiviating the product, but by 
a chemical precipitation process, about which no 
information was given. 

The permutit process is not suited for very hard 
water, nor for water rich in free carbon dioxide, both 
of which can best, or most economically at any 
rate, be treated, or be treated in the first instance, 
by the soda-lime method. But the company advo- 
cates a combination of the two processes, which 
Bahrdt did not recommend. Combined Lassen-Hjort 
and permutit plants are at work, for instance, 
in the Longford Mills, of Minchinhampton, near 
Stroud, of Messrs. W. Playne and Co., woollen manu- 
facturers, who want thoroughly to purify their water 
of 15 deg. or 16 deg. of hardness. The Lamson Tijert 
plant reduces this hardnees to 4 deg. or 5 deg., and 
the subsequent permutit treatment eliminates the 
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PLANT FOR THE PERMUTIT PROCESS OF 
CONSTRUCTED BY THE UNITED WATER SOFTENERS, LIMITED, ENGINEERS, LONDON. 
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remaining 5 deg. of hardness entirely. We have seen 
the original log-sheets for December and January, 
1914-15, which substantiate this claim ; the water is 
tested three times daily at these works. 
Another combined plant has been installed in the 

works of Messrs. Woolcombers, Limited, of Bradford. 
There 7000 gallons of water of 30 deg. of hardness are 
treated her hour; the Lassen-Hjort process reduces 
the hardness to 7 deg. (and would reduce it further, if 
that were desired), after which the permutit treat- 
ment removes all hard salts. That thousands of 
pounds can be literally saved when the water in such 
works is absolutely soft will be understood ; such a 
saving would justify a somewhat expensive plant, and 
& combined plant is necessarily not inexpensive. We 
have not so far spoken of feed-water softening in 
particular. Generally speaking, a good soda-lime 
softener will be able to achieve what is required, at 
smaller cost than a permutit plant ; but when perfect 
softness is needed, a permutit plant will answer. 
We pass to the Lassen-Hjort process. That process 

has several times been illustrated in our columns, as, 
for instance, in our — of the excellent paper on 
‘* Water-Softening,” which Messrs. C. E. Stromeyer 
and W. B. Baron read before the Institution of 
Mechanical Engineers in December, 1903.* We 
should refer our readers to this r as to the general 
problems of water-softening and the best apparatus in 
use. The latest improvements of the Lassen-Hjort 
softeners, which are well known, were illustrated on 
page 784 of our issue of June 6, 1913, when those 
improvements were shown at the Mining Machinery 
Exhibition held at the Agricultural Hall, Islington. 
The modification concerned the adjustable positive 
chemical valve and the locking gear which prevents 
the oscillator from tipping before it contains the 
predetermined quantity of water. These two = 
are placed next to one another on the of the 
tank or cylinder, from the bottom of which the 

* See ENGINEERING, vol. Ixxvi., page 876. 
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heavy sludge should be removed once every day 
through the sludge-cocks, which have only to be 
o for about a minute or two for this purpose. 
The filtering material, the wood-wool, can serve for 
four or six weeks ; it is then removed and washed, 
and may hold out fora year. Sometimes an additional 
filter is placed on the top of the softener. The curves 
of Fig. 7 exemplify what the Lassen-Hjort softener 
will accomplish. The diagram concerns the water- 
softeners of the locomotive works of the Great Western 
Railway Company at Swindon. The plant can deal 
with 20,000 gallons of water per hour ; the usual hard- 
ness is 17 5 deg.; but the water comes from various 
sources, and the diagram shows how steadily and 
quickly the softener adapts itself to changes in the 
hardness. On the whole, the hardness was reduced 
to 2 deg. ; but when raw water of 20 deg. was bein, 
supplied, the remaining hardness rose to 3deg. Wi 
that the works were eatisfied ; otherwise a permutit 
plant might have been added, the two systems very 
well supplementing one another. 

Land SgTreeMENT IN AUSTRALIA.—According to a 
communication which has been sent us by the Hi ° 
missioner, Australia is well able to increase area 
under cultivation in order to produce larger quantities 
of com ities for which, as the result of the war, there 
is bound to bea great demand. Only a comparatively 
small area of the Commonwealth has so far been brought 
under cultivation, and by State assistance an attempt is 
now being made to augment very substantially the yields 
of various products. This means more workers and in- 
creased trade generally. One of the most promising sources 
of production, however, is probably connected with the 
irrigation schemes. Here from a limited area, with proper 
f — and an —— supply of ae it will = 
possible to w vy cro is good, the 
water pat and A is 9 doubt about the market. 
Many people with capital—and some without, but with 
experience—are successfully settling on the irrigated 
areas of both New South Wales and Victoria. Experts 
are at present visiting England to give full information 
concerning the o tion of these schemes and the oppor- 
tunities they afford. In connection with one scheme, 

705 farms had been granted up to April of last year, 
622 of which had y occupied ; 98 town- 
ship blocks had ted; 205 miles of road con- 
structed ; 260 miles of reticulation channels and 147 miles 
of drains cut; 500 acres were planted for stone fruit, 200 
acres for vines and citrus, acres for lucerne, 8000 
acres for other fodder crops, and 200 acres for vegetables. 

Scorcn Pic-Inon Returns ror 1914.—The annual 
returns issued by the Scottish Iron-Masters for 1914 
—given below—show a general shrin both in produc- 
tion and consumption, and rather a heavy increase in 
stocks. The latter amounts to 42,839 tons. 

De- 
1914. 19138. orease. 

Production : Tons. Tone. Tons. 
As per makers’returns 1,140,354 1,877,747 237,898 

Consumption : 
In foundries .. ee 168,684 196,401 82,817 
In malleable iron and 

steel works .. - 735,156 842,987 107,781 

a 898,740 1,039,338 140,698 

oe ee 70,740 107,175 y 
Coastwise oe 120,670 152,198 $1,623 
Rail to England 7,365 8,716 1,851 

198,775 084 69,309 
Total consumptionand re ~~ 

exports .. .. 1,007,615 1,307,422 209,90 
Stocks as on December 31: 

De- In- 1914, at ae 
In Connal’s stores 1,000 1,020 20 _ 
In makers’ yards 230,815 187,956 _ 42,859 

231,816 188,976 — 42,8389 

Furnaces : 1914. 1918. 
Number of furnaces in blast on 
Decem . ee se Se 73 67 

Average number of furnaces in blast 
for year .. ee ee os 86,429 

Summary. 
Total stock at December 31, 1918 188,976 
Add production for 1914 .. dé 1,140,854 

1,329,330 
Deduct total deliveries for 1914 .. 1,007,515 

Total stock at December 31 1914 231,815 
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INDUSTRIAL NOTES. 
Tux price of No. 3 Cleveland pig-iron for the months 

of October, November, and December was certified on 
the 7th inst. to have been 50s. 9.53d. per ton, as com- 
pared with 51s. 4.13d. per ton in the previous three 
months. 

This means a reduction in the blastfurnacemen’s 
wages of three-quarters of 1 per cent., which will 
bring the wages down from 24 per cent. above the 
standard to 23.25 per cent. above the standard. In 
the previous quarter there was an increase in wages 
of 0.25 per cent. 

A meeting of the Great Northern railwaymen of 
Doncaster was hell last Sunday evening, in the 
Co-operative Hall, with a view to consider the Con- 
ciliation Board question. Mr. William Pentney, vice- 
chairman of No. 2 Branch, presided. After the gather- 
ing had been addressed by Mr. James Holmes, organ- 
ising secretary of the National Union of Rsilwaymen, 
a resolution was adopted requesting the general secre- 
tary to convene a special meeting of the Executive 
Committee for the purpose of (1) terminating the 
truce with the railway companies ; (2) taking such 
steps to secure the completion of the conciliation 
machinery and its applicst’on to all railways at pre- 
sent standing out ; and (3) making arrangements for an 
early submission of the national programme to the 
com panies. 

In the report dated the 8th inst., issued by the 
Steam-Engine Makers’ S wiety, the following figures 
are given :—Membership, 17,400; branches, 170 ; 
capital, 140,000/ , equal to 8/, per member, Expended in 
benefits, 840,000/. Dnenptered, ten, «qual to 0.06 per 
cent. The report adds that ‘‘ the eight-hour day made 
good and sound progress during the past year, shap- 
ing itself on business-like and thoughtfu lines ; it 
was thoroughly discussed on its merits by a repre- 
sentative body of all the allied trades with the Engi- 
neering Employers’ Federation, the present disastrous 
war alone putting a stop to further action. We look 
forward eagerly to the time for —_ taking up this 
permanent retorm in workshop conditions.” 

According to Steel and Iron, Pittsburg, the United 
States’ steel industry, as a whole, was running at 35 
to 40 per cent. of the maximum capacity on Decem- 
ber 15, and increased this rate of operations materially 
during the week before Christmas, with the double 
purpose of finishing up orders and giving the men as 
substantial a Christmas pay as possible. The resump- 
tion immediately after January 1 promised to be on 
the basis of about 50 per cent. of the maximum 
a 

he same journal states that Mr. Gary, Chairman 
of the United States Steel Corporation, on Decem- 
ber 22, authorised the following announcement as to 
the Corporation’s wage policy at the opening of the 
New Year :—‘‘ After giving careful consideration to 
the subject, it has been decided to make no general 
reduction in the wages of the employees of the United 
States Steel Corporation at this time. There will 
robably be some readjustments in the amounts paid 
or skilled labour or piece-work, depending upon 

special conditions. In view of the general depression 
in business, which has been experienced for some 
time, decreases in the general wage scale have seemed 
inevitable and imminent, but it has been determined 
to continue the existing scale for the present at least, 
with the hope that improvement in business will be 
revliised. Already there are some evidences of a 
change for the better.” 

A conference of trade-unionists from all over the 
country, convened by the Parliamentary Committee 
of the Trades Union Congress and the Labour Party, 
was held at the Memorial Hall, London, a week ago, 
the object being to consider what action trade unions 
generally should take with regard to the financial 
assistance of the journal the Daily Citizen. 

The official resolution placed before the meeting 
stated:—‘:That this conference, representing the 
Trades Union Congress and the Labour Party, 
that in order to guarantee the continuation of the 
Daily Citizen as an asset of the Labour movement, the 
payment of a sum equivalent to 6d. per member per 
year towards its support should be made a condition 
of affiliation of trade-union and Socialist societies 
to both the national organisation: for at least three 
years.” 

The resolution, we understand, was defeated by an 
overwhelming majority. 

It may be that the war is responsible for the fact 
that the Daity Citizen requires financial assistance. 
It certainly is responsible for the unemployment 
which now prevails in general printing, bill-printing, 
and bill-posting. We find it stated in the Yorkshire 
Post that of the 1200 members of the Leeds Typo- 
pag Association, 95 have joined the colours, but 

or 90 are out of employment. These figures do 

not measure the amount of distress, as the remainder 
of the employees are for the most part earning small 
wages. In October there were 22,367 hours of short 
time. This number was reduced in November to 12,861. 
Although these figures point to a considerable improve- 
ment, the outlook is not altogether promising. Leeds, 
though an important centre of the printing trade, is 
not what is called a ‘‘ book” town, but a ‘‘commercial” 
rinting town, and it is that important branch of the 

industry which is very largely affected. A great 
amount of catalogue work has been held up by such 
firms as wholesale chemists, owing to the tremendous 
fluctuations in prices. Then the motor manufacturers, 
who have relied largely upon the very best class of 
catalogue for advertising, no longer issue catalogues, 
and are devoting their attention mainly to Govern- 
ment contracts; the same observation applies more 
or less to other engineering firms. Ona the other hand, 
firms doing business in Canada, India and South 
Africa have restarted issuing their catalogues. 

There is some hope that at least a portion of the 
trade hitherto done by Bavaria in Christmas and 
birthday cards, toy-books, and other specialised colour 
work of the kind may be captured by British firms; but 
the latter are cautious in expending capital in this direc- 
tion, since, while for the present the public may refrain 
from purchasing the German-made article, many manu- 
facturers hold that after the war is over it will soon 
once more be a case of ‘‘ value for money,” and that 
the Germans will continue to hold the market if they 
can continue to do work equal in quality to that of 
their English competitors and at a luwer price. The 
consideration is, however, a substantial one. There 
are hundreds of thousands of pounds’ worth of work 
drawn on stone and plates in Germany for reprint 
ordera. The reprints being not now available for the 
English printers, a striking opportunity is presented 
to Knglish printers to get in, and stay in. 

According to the estimate of a member of a well- 
known Leeds printing tirm, most printers consider 
themselves lucky if they are doing 75 per cent. of 
their ordinary business, and many are doing far less 
than that proportion. 

A somewhat more cheerful note than the above was 
struck at a meeting of the council of the Walsall and 
District Chamber of Commerce, which was held early 
last week, when the president, Mr. A. Ennals, in refer- 
ring to the trade outlook for the New Year, said it 
was to the lasting credit of the Government that the | pe' 
great problems of finance and commerce had been so 
successfully dealt with. Manufacturers must, how- 
ever, recollect that this country was fighting a rival 
whose annual export had been of the value of some- 
thing like 500 millions, and that the countries she had 
hitherto supplied would not wait for her, so that it 
was evident there was a big business to be done by some 
country. He suggested the Government might adopt 
a still more progressive policy by appointing a Minister 
of Commerce, and another desirable reform was that 
British interests in foreign countries shuuld be looked 
after by British subjecte. 

It was reported that correspondence had taken 
place with the War Office with regard to complaints 
of delay in the inspection of, and — for, stores 
supplied to that department by Wales | manufacturers. 
The War Office, in their reply, said the general 
allegation had been inquired into, and it could not be 
traced that any foundation existed for such state- 
ments. On the contrary, every effort had been made 
to om these transactions. If any particulars of 
specific instances of delay could be furnished, the 
matter would be fully and promptly investigated. 

A meeting between the representatives of the Cleve- 
land Ironstone Mineowners and the Cleveland Miners’ 
Association was held at Middlesbrough on Monday, 
the 11th inst., with a view to consider the wages to 
be paid to the miners during the ensuing quarter. 
Sir Hugh Bell, Bart., ocoupied the chair. 

It was agreed that a reduction of 0 75 per cent. in 
wages should take effect from Monday, the 25th inst. 

A meeting of the Executive Committee of the 
Waterways Association was held on Tuesday last at 
the Guildhall, London, Mr. Neville Chamberlain, Bir- 
mingham, occupying the chair. 

The report, whic: was read by the secretary, Mr. 
Frank Impey, stated that as unemployment was ex- 
pected immediately to follow hostilities, a suggestion 
was submitted to the Government by the Association 
to the effect that employment might be found on 
works which would yield remunerative investment 
for the nation, and that the Government should 
advance two million pounds for canal development. 
The proposal was favourably received, but the need 
for providing employment fortunately disappeared. 
It was suggested that the Board of Trade should 
be urged tw introduce in this session a general Bill 
enabling local authorities to contribute to the cost of 
or to promote canal development, but without becomi 
carriers. The year’s work had demonstrated that the 

country was ripe for the adoption of the recommenda- 
tions of the Royal Commission on Canals when the 
Government deemed it expedient to give the lead. 
The present serious congestion of traffic on our prin- 
cipal railway systems, with the consequent delay even 
to material urgently required for war p , served 
strongly to emphasise the absolute necessity for some 
alternative method of transport. 

The chairman, in moving the adoption of the report, 
said it showed that the principle of local contributions 
to the development of our waterways in the early part 
of the war received additional encou ment, & 
number of local authorities having expressed their 
approval. 

t was resolved that the Board of Trade should be 
approached again, and urged to bring in as soon as 
possible a Bill giving general powers to local authorities 
to contribute to the cost of canal development. 

The report was adopted. 

We referred on e 751 of our last volume to the 
dispute which had arisen in the West Yorkshire coal 
trade. We may here recall that the men applied to 
the chairman of the West Yorkshire District Board 
for an advance in the minimum wage psid to those of 
their number who fail to earn the wage under their 
contract. Judge Amphlett, the chairman of the Dis- 
trict Board, ted an advance of 4d. per day on the 
wage. The West Yorkshire colliery owners paid this 
advance, but immediately withdrew the payment of 
the three 5 percent. advances which had been granted 
by the Conciliation Board since the Minimum Wage 
Act was passed, and which were equal to 74d. per day, 
the owners claiming that Judge Amphlett’s award 
was in substitution of the three advances in question. 
The result was a loss to the men of 33d. per day. 
The men who fail to earn the minimum wage under 
their contract form only a small proportion of the 
total number of workmen employed, but the workmen 
thus affected vary from week to week. 

The Council of the Yorkshire Miners’ Association 
met at Barnsley, on Monday last, the 11th inst., when 
the following resolution was passed :—‘‘ That a ballot 
be taken in West Yorkshire in accordance with the 
resolution of the Miners’ Federation of January 7, 
1914, and this Council meeting recommends all the 
members i — in favour of tendering fourteen pw 8° 
notice unless the employers are prepared to w 
Amphlett’s recent omasa and the Conciliation Board 

reentages.” 
Mr. J. Wadsworth, M.P., the General Secretary, 

stated that the passing of this resolution meant that 
if the ballot secu & two-thirds majority of the 
West Yorkshire members of the Yorkshire Miners’ 
Association, notices would be tendered, and the men 
ateach West Yorkshire pit where the owners refused 
to pay the three 5 percentages would be brought out 
to enforce what had been secured from other coal- 
owners by conciliatory means through the Coal Con- 
ciliation Board. ‘‘We think it is a great pity,” he 
added, ‘‘that we should have to go into a matter of 
this kind, especially at the time of the present 
national crisis. We hope that the West Yorkshire 
coalowners will look at it from a different point fo 
view from what they have been taking, and pay the 
percentages and the back money the men are entitled 
to from the time Judge Amphlett made the award. 

‘*The pits where this is paid will be allowed to 
work. Iam of opinion myself that not many of the 
West Yorkshire coalowners will refuse to pay.” 

PropvucTION OF GRAPHITE IN THE UNITED StTaTEs.— 
In Paper II. : 14 of the United States aay ond Survey, 
Mr. ES. Bastin reviews the production of graphite in 
1913, giving information about all the graphite-mines in 
the United States, their mode of working, ies of 
the product, its uses, &c. The paper summarises what 
has been reported in previous years, and forms an accept- 
able monograpby on graphite in the United States, with 
some notes on the graphite industry of other countries. 
The domestic graphite industry of the United States is 
not in a satisfactory state, =, to the i” of the 
Ceylon graphite, the low cest of labour in Ceylon, and to 
the fact that in America the crystalline flakes of grapbite 
are disseminated throughout the schists, and difficult to 
separate from the mica in them. Hence there are more 
abandoned than prosperous graphite-mines in the United 
States, and only one firm, the Joseph Dixon Crucible 
Company, is said to be financially successful in separation, 
and in the manufacture of graphite paints, grease, &c. 
In 1913 the production of graphite in the United States 
amounted to 4775 short tons, valued at 293,756 dols., and 
6817 short tons of ean, valued at 973,397 dols., were 
manufactured, whilst 28,879 short tons, valued at 2,109,791 

were imported. The physical character of the 
ite is commercially of highimportance. The manu- 

factured graphite of the International Acheson Graphite 
Company, of Niagara Falls, is made in the eleotric furnace 
from apthracite coal or ind —_—, mixed 
with tar. According to A , the conversion requires 
the of certain impurities, silica, alumina, or iron 
em je, which form ge that are subsequently, at ew | 
ii temperatures, decomposed into graphite 
eae an but it is now believed that the nature 
of the original carbon is equally important. 
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EXPERIMENTAL PELTON WHEEL FOR THE REGENT-STREET POLYTECHNIC. 

CONSTRUCTED BY MR. PERCY PITMAN, ENGINEER, ACTON. 

7 
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THE experimental Pelton wheel illustrated on this 

3, Wellcote-road, Acton, for the Regent-Street Poly- 
technic, London, and is used in the engineering labora- 
tory for carrying out tests on the efficiency of Pelton 
wheels. One special feature is the adjustable pitch of the 
buckets, Fig. 1, which enables the students quickly to 
alter the pitch or to put on buckets of other shapes 
or sizes. ‘his wheel is furnished with an improved 
adjustable needle-regulator, Fig. 2, ring-oiling bear- 
ings, water-cooled brake-drum, and plate-glass win- 
dows on each side to enable the action of the water 
on the buckets to be observed. The bed-plate is in 
tank form, with a central outlet for the exhaust water. 
An illustration of the weir tank is also shown in 
Fig. 3. If desired, the needle can be closed, and the 
small valve opened, thereby letting the water pass 
without disturbing the flow or interfering with tests 
being made on other turbines. A pressure-gauge is 
fitted showing the head in feet, and the equivalent 
pounds pressure per square inch, Fig. 4; also a tacho- 
meter showing the revolutions obtained with any 
particular nozzle- ing when the buckets are set at 

‘ any particular itch. A plant of this description is of 
the greatest value, as it enables tests to be made which 
show clearly the best shape and size of buckets to use, 
and the exact number to give the highest efficiency. 

GERMAN AND Bonemian Coat.—The State coal-mines 
at Zabrze, in Upper Silesia, have raised their prices for 
coal with the beginning of the new year. e quota- 
tions for Bohemian lignite and coal have been 
1 kr. to 1.20 kr. (10d. to 1s.) per ton, the rise having taken 
effect on January 1. 

Fi. 

page has been constructed by Mr. Percy Pitman, of | 

_e Genio contains an article on gun-firing, which was 
| written both to demonstrate the advantage there is in 

of various experts in regard to the manufacture of 

| ammonium nitrate explosives, and, in general, all the 

4 

GUN-PRIMERS AND DETONATORS. 
A RECENT issue of the Italian Rivista di Artiglieria 

the use of black powder, instead of smokeless powder, 
for charging primers, and to put on record the work 

primers—an item which has acquired special import- 
ance since the adoption of smokeless powders. 

The explosives which deflagrate when they are 
lighted by a match in the open in small quantities, 
such, for example, as dynamite, nitrocellulose, the 

nitrated explosives, whether pure or mixed, require 
the use of a primer to develop their power. The 
explosives, on the other hand, which explode in con- 
tact with a flame, such as fulminate of mercury, nitride 
of lead, black powder, Berthollet powder (a potassium 
chlorate powder), only require a —_ firing medium, 
such as & quick-match, a slow-match, a friction-tube, 
or a metallic cap containing a substance which can be 
set alight by shock or by an electric spark. 

Priming at first resolved itself into the placing of 
powder in the pan ; this powder was set alight by the 
flint, and it fired the charge. The present-day primer, 
due to the uss of smokeless powders, has a different 
function, and may be considered as a device for 
governing the intensity of the initial shock and as o 
means to secure the complete explosion or detona- 
tion of the powder charge. There is therefore an 
intimate connection between modern explosives, the 
primers, and the substances contained in the latter. 

ae = 

with a mixture capable of being ignited by a shock, 
and of a priming charge ; this may be black powder 
or smokeless powder, and it causes the gun-charge to 
explode. According as black powder or smokeless 
powder is selected tor the priming charge, the func- 
tion of the cap varies, since black powder behaves 
quite differently from smokeless powder. The experi- 
ments carried out by Roux and Sarrau showed that 
most explosives, nitroglycerine, nitrocellulose, picric 
acid, &c., explode or detonate according to the 
method in which they have been treated, and 
that black powder, which is commonly granulated, 
always explodes, both under the action of a match 
or under that of acap of fulminate of peg A it 
can be made to detonate only with a primer of fulmi- 
nate and nitroglycerine, and by detonating its effects 
are considerably increased. 

At this point, the author of the article, Mr. Guido 
Finzi, Chief Chemist of the Italian Corps of Artillery 
and Engineers, explains the meaning of the terms 
‘* deflagration,” ‘‘ explosion,” and ‘‘detonation.” A de- 
a is a sharp reaction accompanied by a flame 
and @ strong concussion ; it is produced when a small 
amount of explosive, such as gun-cotton, ballistite, 
&c., is fired in the open by a flame. An explosion is 
violent reaction accompanied by a flame, and a sharp 
noise ; it occurs when black powders, or when smoke- 
less powders, are placed in a closed receptacle, or 
between partitions which can give way, and are 
lighted by a slow-match, a quick-match, or a flame. 
A detonation is the most violent explosion which 
can be obtained with a given explosive; it occurs 
when adding to the lighting medium—flame or electric 
spark—a suitable primer. Some experts, he adds, call 
a detonation an explosion of the first degree, and an 
explosion one of the second degree. 

hen using black powder for charging the primer, 
for exploding which « flame is sufficient, the function 
of the ey cap is reduced to that of a simple 
igniting agent. if, on the other hand, the priming 
charge consists of smokeless wder, for which a 
simple igniting agent is not sufficient, the function of 
the cap is that of a real primer, which has to cause the 
explosion of the priming charge, which latter, in this 
instance, transmits and multiplies the effects produced 
by the cap. The quality and the quantity of the 
fulminating mixture in the cap are of great import- 
ance when the charge in the primer is smokeless 
powder, since, if the fulminating composition is too 
weak, it will only promote the deflagration of the 
charge in the primer ; if too violent, it will promote 
ite detonation, and it has to be so regulated as to 
promote the entire explosion of the charge, # condition 
which is difficult to obtain in practice. 

The explosion of the gun-charge is produced by the 
shock and the pressure which the products dovelaped 
by the decomposition of the priming charge exert 
against it. The shock is due to the dynamic energy, 
or vis viva, which animates the new products formed, 
and is represented by the well-known formula, 4 m v*, 
whére m is the mass of the new products, and v their 
velocity. The ages is a static phenomenon due to 
the volume of the gases developed and to the great 
rise in temperature. In his étude on explosives, pub- 
lished in the Moniteur Scientifique for November, 
1906, Bickel demonstrated that the effects produced 
hy an explosion—i.c., the shock and pressure above 
referred to—do not act at one and the same time, 
there being between the two phases of the phenomenon 
an interval of ;$, second ; the shock effect acte first, fol- 
lowed by the pressure effect. The charge iv the primer 
being small, and the space in the powder-chamber 
of the gun being comparatively large, the effects of the 

Gun-primers consist of a copper or brass cap filled primer due to the pressure, which has a tendency to 
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decrease by loss of heat through the gases coming in 
contact with cold surfaces, may be considered very 
limited, if not nil, and the explosion of the gun- 
charge is due solely to the shock effects. The decom- 

ition of the charge in the primer gives rise to new 
Bodies of varied specific gravity, which transmit to 
the gun-charge shocks of more or less intensity, the 
component shock being the one represented by the 
above formula. 

The smokeless powders are transformed into gases 
and vapours, whilst black powder is transformed into 
gas and solid bodies. The solid bodies formed on the 
explosion of black powder— potassium carbonate, 
potassium monosulphide, and potassium sulphate— 
amount to 57 per cent. of the products of the decom- 
position, and have a specific gravity much above that 
of the gases and vapours formed on the explosion of 
smokeless powders. With primers charged with black 
powder there is therefore obtained (a) a more uniform 
firing of the gun-charge, and the avoidance, at the 
same time, of the risk of causing it to detonate or to 
explode incompletely ; (/)) the shock for exploding the 
gun-charge gives rise to much lower pressures and tem- 
peratures, and the risk of deforming the primer-case 
is decreased, thus eliminating the difficulty of un- 
screwing it after the round is fired, a difficulty which 
is encountered with most of the primers when primed 
with a smokeless powder ; and (c) the possibility of re- 
ducing to 8 minimum the strength of the fulminating 
mixture in the cap, this acting as a simple igniting 
device. 

Detonators are the very powerful primers used for 
firing the charge of bursting shells, mines, &c. 
quite recently, fulminate of mercury has been used 
exclusively for priming. This substance, whatever 
means be taken to promote its decomposition, deto- 
nates, both in a closed space or in the open, with such 
violence that, presumably, it decom before the 
new products formed, a B pe of which have a high 
specific gravity, have had time to dilate. By deto- 
nating, it produces a shock capable of causing the 
explosion or detonation, not only of gun-cotton, dyna- 
mite, &c., but also of bodies which, although they had 
been known for a long time, had hitherto been con- 
sidered inert substances, such, for example, as trinitro- 
pheno!, one of the most potent explosives of modern 
times. The maximum charge in detonators does not 
exceed 2 grammes. When this charge is not sufficient 
to obtain the required result, such, for example, as 
with large explosive shells, it is necessary to add to 
the detonators an intensifying medium, which is pro- 

rtioned to the quantity of explosive to be detonated. 
his medium consisted, at first, of dry cotton-powder, 

which, later on, was replaced by picric acid, as this is 
practically insensible to shocks ; picric acid is being, 
in its turn, replaced by trinitrotoluol, also called 
trotyle, trilite, and tolite, because this substance, 
while it has the quality of picric acid, also has the 
advantage of not giving rise to the formation of com- 

unds of a similar nature to picrates, which are 
angerous, owing to their great sensibility to shocks. 

The velocity of detonation of fulminate of mercury 
and of trotyle varies, according to different experi- 
mentalists, between 6500 and 7200 metres per second. 
The velocity of decomposition of ordinary explosives 
is much lower; it does not exceed generally 3000 
metres. That of gelatine, for example, is of about 
2000 metres per second. 

Fulminate of mercury is now being replaced for 
priming detonators by a new substance, a derivative 
of hydronitric acid (HN,), improperly called nitride of 
lead, the chemical formula of which is PbN,. Its sensi- 
bility to shocks may be considered equal to that of 
fulminate of mercury. On exploding it gives out an 
amount of gases less than does fulminate of mercury, 
but has a velocity of decomposition greater than the 
velocity of decomposition of fulminate. Its feature 
is that it detonates even when damp. Germany is 
studying the application of this substance for use in 
land warfare ; detonators charged with nitride of lead 
are available in France and Germany for mines. 

DesTROYERS FOR THE Unirep States Navy.—We 
read in International Marine Engineering, New York, 
that when the bids for the six new destroyers authorised 
ty the last Congress were opened on November 10, at the 

avy Department, it was found that an estimate sub- 
— the Mare Island Navy Yard, California, was 
about 200,000 dols. (41,000/.) less for each destro than 
the bids submitted by private :hipbuilding all If 
this could be considered as a strictly competitive bid, it 
would, of course, be most attractive; but past ex- 
perience with naval construction in Government Navy 
yards, adds our contemporary, has given —_ f 
that it is practically impossible for a navy to Build 
a warship as cheaply as a private chipyard ean build i, 
and, furthermore, the cost of repairs on Government- 
built vessels invariably amounts to a larger sum than the 
cost of repairs to a contract-built ship. Moreover, when 
a Government yard fails to complete the construction of 
a vessel within the appropriation made for it, it is pos- 
sible to obtain additional appropriations from 
to cover the extra ex ; while if euch aloss occurs in 
& private contract, contractor must suffer the loss. 

Until | 
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SOME EXPERIMENTS WITH MODELS 
HAVING RADICAL VARIATIONS OF 
AFTER SECTIONS.* 

By Naval Constructor D. W. Taytor, U.S.N., Vice- 
President. 

WHEN we determine the form of a ship, there are two 
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| free hand, however, when it comes to the shapes of the 
| sections, particularly towards the extremities. There 
| are, of course, matters to be considered im connection 
with these shapes other than the question of resistance, 
such as seaworthiness, carrying capacity, &c.; but it 
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things which must be done in connection with every 
station or section. We must, by some fix the 

determine then ¢ » the form or shape to be given 4 
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. CURVES OF TOTAL RESISTANCE AND ESTIMATED FRICTIONAL RESISTANCE FOR 
Fig.7. 51% MODELS HAVING DIFFERENT STERNS WITH SAME SECTIONAL AREA CURVE 

AND SAME BOW FOR ALL STERNS. 
should be understood that in this Bo. questions of 
resistance only are taken up. 1 king, as 
regard the shape of sections, the acce practice is to 
approach the U-type forward and the V-type aft. From 
our experience at the United States Model Basin this 
practi i would appear fully ice, as regards resistance, L 
‘justified as to the how, the U-type of section being 
| nearly always desirable forward. Moreover, the resist- 



JAN. 15, 1915. ] ENGINEERING. 87 
ance seems to be more affected by changes forward than showing of stern F. Of course, this was ly due to 

ut it in another way, to | small wetted surface, but stern F shows Som by the changes aft; or, to 
depend more upon the forward form than upon the after 
form. 

Systematic variations of form of entrance generally 
result in systematically varying resistance, and allow 
definite conclusions to be drawn. When it comes to the 
run, however, we find it much harder to draw definite 
conclusions. Changes in the form of the after sections 
appear to affect the resistance less than do changes for- 
ward, and c of resistance for systematic changes | 
of after form are not always systematic. So, while we | 
feel that the standard practice is probably right, and 
that V-sections aft are desirable from the point of view 
of resistance, we do not feel that here we are upon such | 
firm ground as with regard to the U-sections forward. | 

In view of the difficulty of obtaining definite charac- | 
teristic results from comparatively small changes of 
shape aft, we have recently made some experiments with 
after forms of radically different shapes, and it is the 
object of this paper to put before the Society the results 

Fig. 8. CURVES OF RESIDUARY RESISTANCE FOR SIX MODELS HAVING DIFFERENT 
STERNS WITH SAME SECTIONAL AREA CURVE AND SAME BOW FOR ALL STERNS. 25 
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with the same fore body and all having the same curve of 
sectional areas. All models were 20 ft. long, in accord- 
ance with the standard practice at the United States 
Model Basin. The beam was 1.828 ft. ; draught, 1.179 ft. ; 
displacement, 2500 1b. in fresh water; midship section 
coefficient, 0.98; longitudinal coefficient, 0.6122 ; block 
coefficient, 0.60. 

Fig. 1 shows the original lines, including stern A and 
the curve of sectional areas for all models. This was 
one of the models tested last year, the results being in- 
cluded in my paper of last year on “‘ Relative Resistances 
of Some Mo els with Block Coefficient Constant and 
other Coefficients.”* Sterns B, C, D, E, and F are shown 
in Figs. 2, 3, 4, 5, and 6. Fig. 7 shows the curves of 
total*resistance and the estimated wetted surface resist- 
ances, and Fig. 8 shows the residuary resistances. D 

The underlying idea of stern B was a shape which 
would start the water up more quickly than in the stan- 
dard type. The idea of stern é was to carry right aft 
sections derived from the mid-ship section (98 per cent. 
coefficient), beam only being decreased ; in other words, 
to make a wall-sided model. Stern D was stern O dis- 
— horizontally instead of vertically. The beam was 
ept constant, and draught only was changed as we went 

aft, the sections having 98 per cent. coefficient ; in other 
words, stern D was an exaggeration of the flat-stern type. 
Stern E was a combination of sterns C and D, theattempt 
being made to combine them half and half as it were, and 
coax the water up along a bi diagonal. In stern F 
not only was the coefficient 0.98 retained for all sections, 
but they were made metrically similar to the mid- 
ship section, beam and draught both being decreased as 
necessary to obtain the required area. For sterns O, D, 
and F the sectional coefficient is constant—0. 98, as already 
stated. Fig. 9 shows how this constant sectional coefficient 
contrasts with the curves of sectional coefficient of A, B, 
and E. It is typical of V-sections that the sectional 
coefficients are below 0.5, but when we consider that in 
the conventional type the after sections include actual 
or virtual dead wood, it is evident that the numerical 
value of s, sectional coefficient aft has small significance as 
ee the nature of the form with which the water 
as ls 
The outstanding result of the experiments was the good 

* See ENGINEERING, vol. xcvii., page 66. 
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obtained. Six after bodies were tested for resistance, all | 

well in 
the curves of residuary resistance, indica that even 
with a conventional ead wood added need still be 
somewhat the best. 

Stern D, the exaggerated flat stern, undoubtedly makes 
the worst showing in Figs. 7 and 8, which is at first sight 
surprising in view of the fact that the wide flat stern is 
used with success on many fast boats. But the wide flat 
stern, as used, is usually of type somewhere between D 
and F, and Figs.7 and 8 do not up to torpedo-boat 
speed. For 20-ft. models, unelloents speeds corre- 
spond to 8 knots or more, and it is quite possible that at 
8 knots stern D would show the least resistance. The 
models used were not of high-speed type, having four or 
five times as much displacement for a given length as « 
high-s torpedo-boat model, and hence were not tested 
to high speeds. It is interesting to note that the exces- 
sive resistance of stern D at speeds a little below 5 knots 
is really due to a characteristic favourable to high speed. 
The virtual or effective length of model D is greater than 
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that of the others, and when the curves of the others are 
past the 44-knot hump and drop down into the succeed- 
ing hollow curve, D is still on the hump. 

Other conclusions might be drawn from the curves, but 
it would not be safe to spare from a few results. 
Bearing in mind that a ship of the displacement-length 
coefficient involved would not be powered in practice for 
speeds above 4 knots, the results ap to indicate that 
gain could be made at practical by departing from 
the conventional type of after-body, but that they would 
be comparatively small after all. They would be of the 
5 per cent. order—not 15 or 20 per cent. 

A TELEGRAPH AMALGAMATION.—An @ mation has 
been concluded between the Great North-Western Tele- 

ph Company and the Canadian Northern a 
Congens- The amalgamation took effect as from Janu- 
ary 1, 1915. The a ted undertaking is to be 
known as the Great North-Western T: aph Company. 
The lines and offices of the Western Union Telegra 
Company in the maritime provinces will be conducted 
the t a mpany, which will have the 
largest telegraph system in a, its wires covering 
the country — the Atlantic to the Pacific. The new 
company will have 1700 offices in Canada, and direct 
communication with 22,000 offices of the Western Union 
Telegraph Company in the United States, as well as with 
eight trans-Atlantic cables, six of which have landing 

HARDENING WITH AND WITHOUT 
MARTENSITIZATION.* 

By Professor Henry M. Hows, Columbia University, 
New York. 

I wouLpD emphasiseo ne specific way of hardening stee 
which differs from all but one of the others in lacking 
martensitization. These ways of hardewing are: (1) That 
of carbon steel by rapid “ae 3; (2) thato' vey hee an 
in late proportion of manganese or nic! y air or 
other moderately-slow cooling; (3) that of Maurer’s 
austenitic manganese steel by cautious reheating; (4) that 
of 25 per cent. nickel steel by liquid-air cooling. In 
addition (5) cold deformation of any ductile metal hardens 
it. This way of hardening in the case of manganiferous 
aud nickeliferous austenite (Hadfield’s manganese steel 
and 25 per cent. nickel steel) is accompanied by the 
acquisition of ferro-magnetism. The non-martensitizing 
way of hardening (6), which I emphasise, is holding man- 
ganiferous austenite shortly ow the transformation 
range, whether the cooling thence be fast or slow. Of 
these, all but (6) can be explained by the amorphous 
theory ; it is not yet clear that (6) can. 
The amorphous theory of the hardening of steel by 

rapid cooling refers it to the presence of a very greab 
proportion of iron made amorphous by the formation of 
inoumerable slip-bands,+ caused by the sudden expan- 
sion due to the | of the y-a transformation at in- 
numerable nuclei, and its arrest by the pressure thus 
caused. The surface of each of the innumerable particles 
which do transform must needs move relatively to the 
surface of its minute abutting neighbours, which, less 
prompt to start transforming, are prevented from starting 
thereafter by the pressure caused by the transformation, 
and hence expansion of their prompter neighbours, 
pressure always tending to prevent any transforma- 
tion accompanied by expansion. Only the prompter 
particles can capaleeen ; the tardiness of the tardy 
sauses their transformation to be blocked by the prior 
expansion of the prompt. This relative movement 
causes slip, and the innumerableness of the nuclei, and 
hence the intimacy of the mixture of the more prompt 
and transforming with the less prompt and untrans- 
forming particles, cause an enormous total quantity of 
slip, ond @ corresponding enormous total quantity of 
amorphous iron, and hence, in fine, very great hard- 
ness.[ The hardness exceeds that developed in the usual 
cold deformation of any metallic mass by wire-drawing, 
&c., because slip in this latter occurs along a relatively 
small number of internal surfaces, and rupture occurs, 
and prevents further deformation as soon as the suppiy 
of crystalline metal fails along some one internal surface 
unfavourably disposed towards the stresses from without. 
This explaias why it has thus far been impossible to 
increase the hardness of Hadfield’s manganese steel 
beyond 550 deg. by cold deformation.§ The extent of 
the internal surfaces along which amorphisation can be 
induced by mechanical cold deformation is much less than 
that of those along which it is caused in quenching. The 
great proportion of iron thus decrystallised in quenching 
remains amorphous because the temperature at which the 
de-crystallising occurs is too low to permit re-crystallisa- 
tion, or to permit it rapidly. 
The essential conditions here are: (1) The innumer- 

ableness of the nuclei where transformation starts, in- 
numerable because of the undercooling due to the rapid 
cooling ; (2) the low temperature of the transformation, 
preventing recrystallisation. — 
The amorphous iron explains the hardness ; the a state 

of the prompter particles which have transformed ex- 
plains the fe-ro-magnetism ; the presence of untransformed 

explains the increase of electric resistance ; the inti- 
mate interlocking of the maguetic a with the inert 
explains the retentivity. The martensitization tallies 
with the conception of the minuteness of the heterogene- 
ousness. This theory explains more or less readily 
cases (2), (3), and (4), because in each of these the trans- 
formation occurs at a temperature low enough to explain 

* Remarks contributed to the general discussion on 
‘*The Hardening of Metals,” at the Faraday Society, 
November 23, 1914. 
+ More probably slip-bands than twins. Twinning, as 

such, need not harden, because the two halves of every 
twin should dovetail perfectly, with no ungeometrical gus- 
sets incapable of being filled by the necessarily geometri- 
cally-shaped crystalline particles. During slip the slipping 
particles must be de-crystallised ; during twinning they 
need not Witness the unlessened brightness of the 
twinned face of Baumhauer’s artificially-twinned calcite 

t The objection raised that the movement, or strain, is 
too slight—e.g., in the hardening of a needle—to explain 
the creation of enough amorphous iron to account for the 
hardening, breaks down on examination. It is true thatin 
cold-working a metallic block a mane Saasee of strain is 
needed to generate a large degree of ness, and hence, 
a a large proportion of hous iron, and 

tin a needle no such quantity of strain can exist, the 
total distances available being too small. ? 

But this is fallacious. In cold-working a metallic block 
the direction of the strain is constant throughout the mass, 
so that the strains are additive, and result in a great 

of outer dimensions ; oy have a great resultant. 
But strains in the postulated slips in the hardening 
by ways (1) to (4) are not im constant, but in opposite, 
directions along different internal micro-surfaces, and 

ore offset each other, and yield no great 
resultant deformation of the mass as a whole. 
§ Hadfield and Hopkinson, Journal of the Iron and 

Steel Institute, 1914, No. 1, page 114; Encinegnine, 
stations in Canada. vol. xevii., page 756. 
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why the metal made amorphous by the internal slip does 
not recrystallise, Moreover, the martensitization which 
occurs in each of these cases tallies with the conception 
of innumerable a This theory, of course, explains 
in Beilby’s way the strengthening and_ embrittlement 
caused by mechanical cold deformation. It also explains 
the martensitization, the embrittlement, and the 
netisation of austenitic steels by cold deformation. This 
causes local tension at many internal surfaces, and this 
tension, by inciting the expansion which accompanies the 
transformation, causes the transformation to occur at 
these innumerable surfaces. Hence the a iron and the 
magnetism. The tension, further, causes slip, and this, 
in turn, decrystallises the abutting metal, and thereby 
hardens, embrittles, and martensitizes it. (6) But if 
Hadfield’s manganere steel is held long at temperatures 
below the transformation range—e.g., at 550 deg.—it is 
found to be hard after cooling, and its hardness is 
independent of the rate of cooling, as shown in 
Table I. Moreover, it is not martensitic.* I do not thus 

Tasux I.—Influcnce of the Rate of Cooling on the Hard- 
ness of Hadfield’s Manganese Steel after a Sojourn at 
Various High Temperatures. 
Specimens from 3 to 23 inclusive were held at 1100 deg. and 

quenched before the treatment here recorded. 

{ Brinell 
Treatment. | flardness. 

Ne. vis a ; aa Structure. 

268 8s Cooling. =a E é o 
Sef a= EoSs| & 

ig. C. |b vur 
1190.0 Austenite + As received (cast + sand-cooled) | 

-| ductile. If such a solution of 

— 23 deg. = 700 deg., as in quenched 0.90 per cent. 
carbon steel ; while austenite itself, as we know it in rich 

and nickel steels, undercooled by, say, 650 deg. | range 
— 23 deg. = 627 deg.,* is so extremely ductile? Second, 
Hadfield’s quench: ese Stee i 
20 to 25 per cent. of cementite in iron and is extremely 

lass-brittle cementite in 
ductile + iron is so ductile when thus undercooled by 
nearly 700 deg., why should the alleged y-a solution in 
quenched 0.90 carbon steel, undercooled by practically 
the same temperature interval, be perfectly brittle and 
lass-hard, seeing that it is a solution of very ductile a in 

Soctile 7? Both are solutions in y iron. Hadfield’s is 
very ductile, though the solute is the glass-brittle 
cementite ; quenched carbon steel is glass-brittle and 
hard, though the alleged solute is the ductileairon. Here 
changing from a solute of glass-brittleness to one of great 
ductility changes the solution from great ductility to 
glass-brittleness, the solution in each case having pro- 
perties the opposite of the alleged solute. This certainly 
is not a theory which I should like to administer to my 
students. : 

The f-iron theory refers the hardness and brittleness of 
the state intermediate between 7 and a to the presence 
of an alleged third allotropic modification, comparable 
and —- with the Reg a = ak In — 
cooling this state is passed through or skip) over, an 
the ra be reached. In the pe cooling of carbon steel 
mors or less iron is trapped in this intermediate f state, 
though the promptest particles transform as far as the a 
state, and the least prompt remain as +. : 

In the slow cooling of rich manganese and nickel steel, 
unless it is extremely slow, very little, if any, transforma- 
tion, even as far as 8, occurs, use of the sluggishness 
which the nickel or manganese induces. But the trans- 
formation can be started by a ong enon h holding at a 

ich, ti | | cementite temperature, say 550 deg., wh ough below Ae), and 
2|1100| 2 |Quenched (in aati ~ 1170.0 FR a ony therefore creating a tendency to transform towards a, is 
3| 800] 2 |) h | 265 \| also high enough to give the mobility needed to enable 
4} 800) 2 /f Quenched {335 } 245.0 Austenite. the transformation to P , a8 before, bringing the 

| | | | Austenite | promptest particles to the a state, and the intermediate 
° aoe | 2 | Furnace cooled pe | 302.0 Be ones to the § state, while leaving the least prompt in the 

ieee ” "| -y state. ni 

rao) 0 | memos |= oro, |7 Ee dng of ore es ting | ? + pro- 1 
s| 550| 2 eee { ase | 44.0 eu tectold nickel, or the equivalent, has a like intermediate effect, 
9; 550) 2 | | ‘ion ] “| ) cémentite| bringing much iron to the 8 state, and some to thea 

101 6so| 2 | | 870 | (needles. | state, and leaving some ¥. ; 
nu} ol 3 } Furnace cooled {3-2 372.5| Ditto. The martensitic markings goo not those of Bt on, but 
12| 550} 42 | 444 represent strains caused by the stresses of the 7-8 expan- 
13 | 560 | 42 | J Quenched (aaa p A440 sion. Because all plastic deformation hardens by decrys- 
4 660 | 43 } \ ee a6 444.0 ae the —- pte me the a —_ “4 

bu) 43 ? should contribute to the ening in all case3 in whic 
- = | { pa ) there is martensitization, as in cases (1) to (4) above. 
1s| 400| @ Quenched |} 998 [ 235.0 Austenite. In the rapid cooling of carbon steel on the § theory the 
19 400) 2° | 298 J taost prompt particles transform as far as a; the least 

21 | 400| 2 || ‘fer | Cokad Wowie dee tnnsummiios tense dieah te 2 2 77 me f. 
22) 400) 2 | eceeciecnn ti i] woes pees ways (2), (3), (4), and (5) above. The § iron, reinforced 
28 | 400 ¥ 241 by the plastic deformation, explains the hardness and 

far see how the amorphous theory can explain this 
hardening, because at this high temperature any iron 
made amorphous ought to be able to re-crystallise, unless, 
indeed, it should be true that manganese includes under 
its general sluggardising effect sluggishness to re-crystal- 
lise even at 550 deg., or that this hardening is due to the 
precipitation of pro-eutectoid cementite during the stay 
at 550 deg. Iam about to test this last point by treat- 
ing carbon-free manganese steel. 

The y theory, that the martensite stage caused in ways 
(1) to (4), intermediate between y and a, is hard and 
brittle, because it is an undercooled solution of + in a, is 
based on Tammann’s observation} that the undercooling 
of liquids causes an increase of viscosity. It has been 
inferred that the curve of this increase, if exterpolated, 
would result in glass hardness at the room temperature. 
This theory meets with two obstacles. First, I do not 
see that Tammann shows that this increase of viscosity 
with undercooling is truer of solutions than of pure 
liquids. If it is not, then why should the undercooled 
7-2 solution, of which quenched carbon steel is alleged to 
consist, be glass-brittle when undercooled by 723 deg.t 

* The structure of such manganese steels after these 
hardening holdi below the transformation range has 
been reported to martensitic, but this, I believe, is 
an error. Such steels often contain needles, which indeed 
suggest martensite, but these needles blacken with 
sodium picrate, and therefore are of manganiferous 
cementite, and not of martensite. Moreover, in many 
fields these needles are replaced almost completely by a 
thick network separating the meshes and closely like the 
pre-eutectoid cementite network in other hyper-eutectoid 
steels. In a specimen of this steel quenched from 1100 deg. 
and then held for two hours at 575 deg. and quenched in 
water, the pro-eutectoid cementite is massed in the grain 
boundaries much as in any common byper-eutectoid 
carbon steel, though, of course, the pearlite which would 
— in such a steel is not resoluble in this manganese 
steel. 

+ Tammann, Arystallisieren und Schmelzen, 1903, p. 180. 
t The author, *‘Ae,, the Equilibrium Temperature for 

A, in Carbon Steel,” Transactions of the American In- 
stitution of as Engineers, to appear, Bulletin, June, 
1913, page 1067. here proposed the symbols Ae,, Aes, 
&o., to represent the tem ture at which the A, or the 
A; transformation would occur in the a of all 
hysteresis ; that is, under conditions of true equilibrium ; 
and I inferred from an analysis of the existing data that 
Ae, was about 723 deg. 23 deg. in this equation given 
above is taken roughly as the room temperature, that at 
which the glass-brittleness is commonly observed. 

brittleness, the a iron the ferro-magnetism ; its inter- 
locking with both § and + explains the retentivity ; the 
8 and + jointly explain the greater electric resistance. 
The y-8 transformation explains the marked retardation 
at about 760 deg. in steels as distinguished from pure 
iron. 
The objections to the § theory are, first, that the 

thermal} curves and those of dilatation§ and electric con- 

* Hadfield and ee Journal of the Iron and 
Steel Institute, 1914, No, 1, page 114. Here manganese 
evidently lowers the equilibrium temperature, Ae,, which 
is about 723 deg. in carbon steel, but at least as low as 
650 deg. in Hadtield’s manganese steel according to these 
investigators, who find that the a-y change begins heating 
at least as low as 650 deg. Hysteresis might make Ac,, 
which, they observed, occur above Ae,, but nothing can 
make it occur below Ae,. Hence Ae, is at least as low 
as 650 deg. in this steel, or about 75 deg. below that of 
carbon steel, with a fall of some 75 + 13.4 = 5.6 deg. for 
each per cent. of manganese on an average. This agrees 
roughly with the inference drawn by the author—‘ that 
manganese probably lowers Ae, and Ae;, but by a degree 
so small as often to be masked by its increasing the lag” 
(‘* Discussion of the Existing Data as to the Position of 
Ae;,” Bulletin of the American Institute of Mining Engi- 
neers, June, 1913, page 1134. Transactions, to appear.) 

+ With — A assistant, Mr. A. G. Levy, I find that hot 
etching nearly pure iron with hydrochloric acid in the 
8 range of temperature causes no martensitic markings, 
as foreshadowed by Baykoff (Revue de Metallurgie, 1909, 
vol. vi., page 829, and Metal/uryie, 1909, vol. vi., 
743). An objection to Baykoff’s evidence is that his steel 
contained 0.81 per cent. of carbon, and therefore has no 
range A» to As, in which § iron is alleged to exist. It 
therefore does not show that in this alleged § range the 
structure is not martensitic, but austenitic. Baykoff 
gives the carbon content of this steel as 0.5 to 0.8 per 
cent. carbon, but this seems to be a misprint for No. 3, 
0.81 per cent. carbon. 

In our tests steel of 0.02 per cent. carbon, kindly given 
by the American Rolling-Mill Company, and called by it 
“ingot iron,” was heated in hyd to 1000 deg. for 
14 hours to coarsen its structure, cooled in the hydr 
to 150 deg., held at 850 deg. for 15 minutes, then etched 
with hydrochloric acid for 10 seconds, held another hour 
still at this temperature, 850 deg., and then cooled in the 
furnace in a stream of hydrogen. 
+ Burgess and Crowe, Transactions of the American 

Institution of ae (to appear) ; Bulletin, 
October, 1913, page a 

§ Benedicks, Journal of the Iron and Steel Institute, 
1914, No. 1, 407. 

manganese steel is a solution of some | i 

ductivity* of very pure iron, which are just the curves 
which should disclose the alleged § state, show in the 8 

of temperature no break so marked as would natu- 
rally be ex to accompany a transformation of such 
importance as that from the ductile y to the alleged 
brittle 8 ; and, second, that such break as there is shows 
far less hysteresis than other transformations in solids do. 

Balance of Probabilities.—Each of these three theories 
has its difficulties. The + theory has difficulty in explain- 
ing either the hardness and brittleness of steel hardened 
in any of the six ways, or the considerable discontinuity 
at A, in the presence of carbon and other impurities. 
The 8 theory is forced to explain the slightness of the 
discontinuity in the dilatation and like curves by assum- 
ing that, in the absence of carbon and other impurities, 
the §8-a transformation is of a surprising me or of con- 
tinuity, somewhat after Benedicks’s Type IV.t The 
amorphous theory will have difficulty in explaining hard- 
ening No. 6 if this same hardening takes place in the 
absence of carbon. If it does not, then, so far as I see, 
this theory explains all the facts easily, except the 760 
deg. or A, retardation in the presence of carbon. If 
hardening No. 6 does take place in the absence of 
carbon, then at present the § theory would seem to me 
more credible than the amorphous, and both of them 
decidedly more credible than the + theory. é 

I acknowledge with great gratitude the very intelligent 
and zealous work of my assistant, Mr. Arthur G. Levy, 
B.Sc., F.1.C., in carrying out the experimental work on 
which the new evidence here offered 1s a 

Note to Table I.—The material treated was manganese 
steel kindly given by Mr. Knox Taylor, President of the 
Taylor-Wharton Iron and Steel Company. It contained 
about 12.50 per cent. of manganese and 1.25 per cenb. of 
carbon, and was closely like the steel used by Professor 
Sauveur for his paper, ‘‘ Manganese Steel and the Allo- 
tropic Theory ” (Bulletin of the American Institution of 
Mining Engineers, September, 1914, page 2439). Ib 
was in the form of cast bars about 12 in. long, 1 in. wide, 
by 4 in. thick. Each hardness determination was made 
on @ separate specimen. The surface was ground away 
before making the hardness determinations. It was found 
that the omission of this precaution lessened the apparent 
hardness. All such results were therefore rejected, 
though they were often concordant among themselves. 
The results agree in oo with those reached by Had- 
field, Hopkinson and Sauveur, and, in addition, show 
that after a long stay at 550 deg., or a short one at 400 deg., 
the hardness is independent of the rate of cooling. 

Specific results of interest are (1) that a bare heating to 
600 deg. increased the hardness only slightly, and left 
the structure austenitic, without visible pro-eutectoid 
cementite, showing the slugglishness of this steel ; (2) that 
after an 800 deg. sojourn, slow cooling gave greater hard- 
ness than quenching, which may be referred to the oppor- 
tunity for the formation of f iron or for the precipitation 
of pro-eutectoid cementite during the slow cooling. On 
the other hand, a 2 hours’ sojourn at 550 deg., followed 
4 furnace cooling, gave less hardness than quenching. 

his I cannot explain. It may represent the hetero- 
geneousness of the cast material, which was not only 
extremely dendritic, but also contained many cavities. 
The bar from which the specimens were cut, which showed 
this abnormally small hardness on furnace cooling, gave 
in general less concordant results than the others. The 
time allowed for preparing this paper for this meeting 
has not sufficed for investigating this anomaly. 

Tue CampseLt Gas-EnoiInE Company, Limirrp.—This 
company has issued a leaflet enumerating the employees 
of its Halifax works who have joined His Majesty’s Forces 
since the outbreak of the war. The leaflet contains 74 
names of men. the majority of whom are serving in the 
West Riding Regiment. 

Tue INsTITUOTION OF WaTER ENGINEERS.—Mr. F. W. 
M’Cullough, M. Inst. C.E., J.P., was unanimously 
elected President of the Institution of Water Engineers 
for the year 1915-16, at the winter meeting held in the 
Geological Society’s Rooms, Piccadilly, London, on 
Friday, the 11th ult. For the past eighteen yeass he 
has been the chief water-works engineer of the City of 
Belfast, and is now engaged in the preparation of the 
contract plans and specifications for the immediate 
construction of the extensive Silent Valley storage 
reservoir, to hold 3000 million gallons, in the Mourne 
Mountains, some 45 miles due south of the city. 

AMERICAN RAILROADS. — Amalgamation has become 
the order of the day with the American railroad interest. 
The latest ‘‘ consolidation,” as the Americans call it, is 
that of the New York Central and Hudson River and 
the Lake Shore and Michigan Southern. The two 
companies have united for good and all as from January 1, 
1915, under the title of the New York Central Railroad 
Company, which will have a system under one manage- 
ment extending from New York to Chicago. The Louis- 
ville and Nashville Railroad Company has reduced its 
latest common stock distribution from 7 per cent. per 
annum to 5 per cent. per annum. The Southern has 
decided to pay a half-yearly dividend of 2 per cent. in 
five-year-interest-bearing scrip upon its preferred stock, 
which for some time past has receiving regular 
half-yearly 24 per cent. cash dividends. The European 
War is telling upon American business; hence American 
railroad men are strictly enforcing what they term a 
** conservative ” policy. 

* Burgess and Kellberg, Journal of the Washington 
Aeademy of Sciences, 1914, vol. iv., No. 15 (September 19). 
+ Journal of the Iron and Steel Institute, 1912, No. 2, 

page 244 



JAN. 15, 1915. ] ENGINEERING. 89 

NEW UNITED STATES NAVAL SHIPS. 
In the annual report of the Chief of the Bureau of 

Construction and Repair of the United States Navy 
(Mr. R. M. Watt, Chief Constructor), much interesting 
information is detailed regarding the progress of the 
warships and auxiliaries building for the United States 
Navy. Chief interest attaches to the F reen g of 
design of the new battleships California, Mississippi, and 
Tdaho, authorised last July. The first isto be builtat the 
Government works, and the others by contract. e 
general dimensions and features of these vessels are as 
follow :— 

Length on designed water-line ... 600 ft. 
Length over all -_ jee’ kes 624 ,, 
Breadth, extreme, to outside of ; 

plating ae ~ beet i eay 97 ft. 24 in. 
Breadth, extreme, to outside of 
armour ee int ae i en ee 

Mean trialdisplacement ... = 32,000 tons 
Mean draught to bottom of keel 

at trial displacement (about) ... 30 ft. 
Full supply of fuel oil ite ee 2200 tons 
Maximum stowage of fuel oil 3271 ,, 
Fuel oil carried on tri a 1467 ,, 
Feed-water carried on trial 209 ,, 
Speed on trial, not less than 21 knots 

Armament :— 

Main battery: Twelve 14-in. 50-calibre breech-load- 
ing guns ; four submerged torpedo-tubes. ’ 

Secondary battery : Twenty-two 5-in. 51-calibre rapid- 
fire guns; four 3-pounder saluting guns; two 1- 
pounder guns for boats; one 3-in. field-piece ; two 
0.30-calibre machine-guns. 

Bids for the construction of two of these vessels to be 
built by contract were opened at the Department, 
October 6, 1914. 

Proposals Received for the Construction of Two Battleships 
of Group Nos. 40-42, ‘* California,” ‘* Mississippi,” and 
** Idaho.” 

(Class I. : Hull and turbine propelling machinery in accordance 
with the Department’s plans. Class II. : Hull and equipment 
in accordance with the Department’s plans ; machinery, bidder's 
design.) 

oo 

| s3\- ‘| 
5 o 8!$8s)| Type of Propel- Bidder. | Class 1. wee EMEE ioe tenchieney. 

| |= 7) | 

| dols. dols. | | 
Fore River} — 7,440,000 36 | 21 |Curtis turbines 
Shipbuilding | | and reduction 
Corporation | | | gears with cast- 

steel drums ; four 
H shafts 

Ditto | _ | 7,540,000 36 | 21 |Same, with forged- 
| | steel drums. 

New York! 7,250,000* a 36 | 21 (Department's 
Shipbuilding | } | plans of turbine- 
Company | | propelling machi- 

nery and boilers ; 
| four shafts. 

Ditto | -- 7,350,000 | 36 | 21 |Curtis turbines 
with geared cruis- 
ing turbines; four 

| shafts. 
Ditto _ 7,175,000 | 36 | 21 | Parsons all-geared 

| | | turbines ; four 
| } | shafts. 

Newport News) 7,195,000 — | 36 | 21 Department’s 
Shipbuilding | | plan of turbine- 
and Dry Dock | propelling machi- 
Company | | nery and boilers ; 

| | four shafts. 
Ditto _ 7,150,000 | 36 | 21 \Curtis turbines ; 

| | four shafts. 
Ditto — 7,115,000*| 36 | 21 | Ditto 

Wm. Cramp & 7,625,000 _ | 36 | 21 |Department’s 
Sons, S. and } plan of turbine- 
E. B. Com propelling machi- 
pany nery and boilers ; 

} four shafts. 
| 

* Contract awarded. 
Nore.—All bids are for one vessel only. 

The general dimensions and features of the new torpedo- 
boat destroyers Nos. 63 to 68 are as follow :— 

Length on designed water-line ... 310 ft. 
» _ over al em = .. S15 ft. Sin. 

Breadth, moulded, extreme - a 
Mean trial displacement ... — 1110 tons 
Mean draught to bottom of keel ; 

at mean trial displacement 9 ft. 52 in. 
Total fuel-oil eapacity _... 290 tons 
Speed on trial, not less than 29} knots 

Battery : Four 4-in. rapid-fire guns (two aeroplane 
mounts); four 21-in. triple torpedo-tubes (deck). 

The Department decided that submarine No. 48 (L8) 
be constructed by the Government, and designated the 
navy yard, Portsmouth, N.H., as the place of building. 
This submarine is to be built from the shone approved for 
submarines L5, L6, and L 7, constructed by the Lake | T 
Torpedo-Boat Company, and an ment was entered 
into with the Lake Torpedo-Boat Company, covering the 
furnishing of the necessary plans, on June 29, 1914. 
Contracts for submarines Nos. 49 and 50(L9 and L 10) 
were signed with the Electric Boat Company, New York, 
N.Y., on March 14, 1914, at a price of 535,000 dols. each, 
to be completed within 24 and 25 months res ively. 
Contract for submarine No. 51 (L 11) was signed with the 
Electric Boat Company, New York, N.Y., on July 29, 
ps at . price of 523,000 dols., to be completed within 

months. 

Circulars defining the chief characteristics of submarine 

torpedo-boats Nos, 52, and 53 to 59, &c., authorised by 
Act of Congress, approved June 30, 1914, were signed by 
the Secretary of the Navy, July 17 and July 10, 1914, 
respectively, and issued to bidders upon request after 
August 15, 1914. Bids for the construction of these 
=— were to be opened at the Department, December 15, 

The general dimensions and features of the supply-shi 
No. 1, authorised in June, 1913, are as follow a — 

Length between perpendiculars ... 400 ft. 
Length over all os ki .. 422 ft. 11 in. 
Beam, moulded _... sles ait 55 fo. 
Depth of mid-length, at side, 
moulded... ee ae ae 38 ft. 6 in. 

Mean trial displacement ... ui 2500 tons 
Draught at mean trial displace- 

ment... mw sins ~ ve 20 ft. 8 in. 
Speed on trial, full load 14 knots 

Battery : 
Four 5-in. rapid-fire guns. 

The Department directed that supply-ship No. 1 be 
built at the Navy Yard, Boston, Mass., the tenders from 
firms ranging from 1,320,000 dols. to 1,419,000 dols. 
The general particulars of the transport No. 1 are as 

follow :— 

Length between perpendiculars ... 460 ft. 
» overall vei “a . 482 ft. 94 in. 

Beam, moulded “= vie piss - - 
Depth at mid-length, at side 
moulded... pea Be od , a 

Mean trial displacement ... ~ 10,000 tons 
Draught at mean trial displace- 

ment... i vas ie 19 ft. 104 in. 
Speed on trial 14 knows 

Battery : 
Eight 5-in. 5l-calibre rapid-fire guns; two 
3-pounder saluting-guns. 

This vessel also is to be built at the Navy yard at 
Philadelphia. 
Panama colliers Ulysses and Achilles were designed 

by the Navy Department, and the general dimensions 
of each vessel are as follow :— 

Length between perpendiculars ... 514 fo. 
Length over all rt “ aa 536 ,, 
Beam, moulded 65 ., 
Depth at side... ae 39 ft. 6 in. 
Mean trial displacement 19,585 tons 
Mean draught, full load 28 ft. Lin. 
Cargo coal capacity... 12,000 tons 
Bunker capacity... 1, a 
Speed, not less than 14 knots 

The contracts for these vessels were signed with the 
Maryland Steel Company, Sparrows Point, Md., at a 
price of 987,500 dols. each; to have the bidder’s design 
of reciprocating propelling machinery installed, and to 
be complete within sixteen months. 

COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data, taken from the Board of 
Trade Jowrnal, concerning several colonial and foreign 
engineering projects. Further information on these 
projects can te obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 

Straits Settlements: The Registrar of Imports and 
Exports at Singapore (the Board of Trade Correspondent 
for the Straits Settlements) reports that the estimates of 

| expenditure for 1915 for the Straits Settlements include 
provision for the purchase of two 8-ton steam rollers 
for Malacca, at a total cost of 11,000 dols., and one 8-ton 
| steam roller for the Rural Board of Singapore, at a cost of 
6000 dols. It is also proposed to spend 200,000 dols. on 
| the Penang Hill Railway, and 15,000 dols. for a revet- 
| ment wall to reclamation at Malacca; while 80,000 dols. 
is proposed to be set aside for the installation of a water- 
carriage sewerage system for municipal institutions at 
Singapore. The total amount to be spent on road, 

| street, and bridge construction throughout the Settle- 
ments is 161,360 dols., and on buildings and miscellaneous 
| works 1,637,000 dols. [Dollar = 2s. 4d.] 
| Netherlands: H.M. Minister at The Hague reports 
that a concession has been granted to the Province of 
Overijssel for the construction and exploitation of works 
| for the supply of electricity for power and lighting pur- 

Russia : The British Vice-Consul at Kharkov reports 
that a firm in that town, which has hitherto acted for 

| German firms, wishes to take up commission agencies of 
| United Kingdom manufacturers of machine-tools, oil- 
| engines, steam-turbines, brass and iron fittings, boring 
| tools, blocks and hitches, roller-bearings, &c. 
| Spain: The Gaceta publishes a law authorising the 
Spanish Government to invite tenders for the construc- 

| tion and a for a period of ninety-nine years, of a 
normal-gauge railway from Madrid to the portot Valencia. 
he State will guarantee to the concessionaire maximum 

interest at the rate of 5 per cent. per annum on the 
capital invested. The same issue of the Gaceta contains 
a decree authorising the Ministerio de Fomento to call 
for tenders for the carrying out of wharf and other improve- 
ment works at the port of Castellon, at an estimated 
cost of 1,080,247 pesetas (about 42,360/.). The Gaceta 
also publishes a notice to the effect that tenders will be 
opened at the Direccién General de Obras Puiblicas, 
Madrid, at noon on February 27, for the construc- 
tion and working, for a period of sixty years, of a 
steam tramway from the station of Santullano to the 
Moreda mines, The minimum rolling-stock cequired to 

work the line will be three locomotives, four brake- 
vans, and forty-five wagons for coal. An option on 
the concession is held by the Sociedad Industrial 
Asturiana. The (aceta further notifies that tenders are 
invited by the municipal authorities of Teruel, as follow : 
—{1) Up to April 20, for the installation and working of 
a drinking-water system for that town. The upset price 
of the installation must not exceed 400,000 pesetas (about 
15,6802. ), and the cost of working must not be more than 
15,000 pesetas (about 580/.) annually. (2) Up to Feb- 
ruary 10, for the installation of an electric lighting system 
at Teruel. Although the foregoing contracts will prob- 
ably be awarded to Spanish firms, nevertheless the carry- 
ing out of the works may involve the purchase of material 
outside Spain. The Gaceta also notifies that tenders for 
the ins tion of four electric cranes will be received by 
the Juntade Obras del Puerto de Valencia, Valencia, up 
to noon on February 10. Tenders must be accompanied 
by drawings and full particulars in Spanish ; prices must 
be quoted in pesetas, and weights and measures are to 
bein the metricsystem. A deposit of 9400 pesetas (about 
3701.) is required to qualify any tender. Local represen- 
tation is necessary. 

Morocco: H.M. Consul-General at Tangier reports 
that tenders are invited by the Special Committee of 
Public Works for (1) the construction of a roadway, 
526 m. (about 571 or long, between Laraiche and the 
Grand Sokko ; and (2) the improvement of the Ghadira 
road between the Grand Sokko and Nador, a distance of 
844 m. (about 920 yards). Tenders, accompanied bv cer- 
tificates of competency, will be received by M. le Prési- 
dent du Comité, Spécial des Travaux Publics, Dar- 
En-Niaba, Tangier, up to 11 a.m. on February 20. The 
estimated values of the contracts are placed at 34,577 
francs (1380/.) and 44,286 francs (1770/.) respectively, and 
to qualify any tender a deposit of 1000 francs (40/ ) is re- 
quired in the case of (1) and 400 francs (16/.) in the case 
of (2). The contractor must elect domicile in the neigh- 
ee of the works. 1 representation is desir- 
able. 
Siam: The Acting British Consul-General at Bangkok 

reports that tenders are invited by the Siamese Royal 
Railway Department, Broad Gauge (the name under 
which the Administration of the Siamese Northern 
Railway is now known), for the supply of forty bogies 
with axles and wheels, and twenty iron frames com- 
plete for twenty vehicles on bogies, together with spare 
parts. ed tenders, marked ‘*Tenders for Bogies 
and Frames,” wi!l be received by the Director-General, 
Royal Railway Department (Broad Gauge), Bangkok, 
up to 10 a.m. on June 1, at which office copies of the 
Sea, forms of tender, and drawings may be 
obtained on payment of 10 ticals (about 15s.) per set. 
Additional tender forms may aleo be obtained at a cost 
of 1 tical (about 1s. 6d.) per set. 

Argentina: The Boletin Oficial publishes a decree 
authorising the Direcc!én General de Obras Hidraulicas to 
make arrangements for wharf extension and other port 
improvements at Corrientes, at a total cost not ex ing 
1,344,280 pesos currency (about 117,6001. ). 

ADMIRALTY: MrcHANICAL TRANSPORT.—There are a 
number of vacancies for competent motor-lorry drivers, 
steam-tractor drivers, motor mechanics, fitters, turners, 
and smiths, between the ages of 19 and 38, in connection 
with various Admiralty vehicles. The pay is ab Army 
rate with allowances. Trained men are requested to 
send full particulars as to their experience and qualifica- 
tions, in writing, to Mr. Frederick G. Bristow, F.C I. A., 
Secretary, the Commercial Motor-Users’ Association, 
(Room 58), 83, Pall Mall, London, 8. W. 

Tue Norwecian [ron-Ork INDUSTRY AND THE WaR.— 
The Director of the large South Varanger iron-mining 
concern, to which reference has been made several times 
in the columns of this journal, has made an interesting 
statement about the position created by the war. This 
company intends, if at all possible, to keep the works 
going in the usual manner, but much depends upon getting 
the necessary supply of coal and other materials; the 
consumption of coal under ordinary conditions amounts 
to 8000 tons per month. At the same time it is difficult to 
dispose of the ore at remunerative prices. Iron ore has 
of late fallen considerably in price; the German market 
is practically closed and other markets are flooded with 
ore. Another adverse circumstance is the difficulty 
of obtaining shipping; the home tonnage can do so well 
elsewhere that the company cannot meet its charges. 
The company has now arranged for an extensive stor: 
of ore. Of concentrate they can store 200,000 to 300, 
tons, and thus keep the concern going for some time, 
even if there should be no export to speak of, and at 
the mines large quantities of raw ore can be stocked. 
Daring the present difficult situation the company pays 
its —_e with cheques, which at Kirkenes serve as 
what mig t be called | tender. The tradesmen accept 
them and can afterwards exchange them for a six-months’ 
bill. The local bank also receives these cheques as savings 
bank deposits, bearing interest after six months. At 
Christmas tbe men received most of their wages in cash. 
It takes a considerable amount of money to keep a con- 
cern like the South Varanger Company going, the monthly 
disbursements being about 33,000/. The minimum 
output of ore per year is 1,500,000 tons and the State 
receives a fee of 3 dre per ton, or not less than 2500/. 

annum. The company now employs about 1400 
ds. During 1913 the export amounted to 192,500 tons 

of briquettes and 243,500 tons of concentrate, altogether 
436,000 tons of export products, dry weight. The pro- 
duction is increasing, and at present new briquette works 
are being constructed, which means an increase in the 
capacity of about 15 per cent, 
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CATALOGUES. 
Grindstones.—An illustrated price-list of ‘‘ Paragon” 

and “Ixion” grindstones for belt, hand, and_foot- 
power has been issued by the Alldays and Onions Pneu- 
matic Engineering Company, Limited, of Great Western 
Works, Birmingham. 

Marine Motors.—Messrs. Smart and Brown, of Erith, 
Keut, bave sent us two pamphlets giving particulars of 
vil and petrol-engines and equipments for motor-boate. 
A number of fishing-boats, yachts, launches, and other 
craft on which these engines have m fitted are illus- 
trated, and tome testimonials from users are printed. 

Dynamos, Motors, and Electric Tools.— Messrs. les 
and Leach, 26-30, Artillery-lane, E.C., have sent us a 
copy of their latest list of electrical machinery in stock 
for immediate delivery. The list includes continuous- 
current motors ranging from 4 to 35 horse-power, single- 
phase motors, twc-phase and three-phase motors, dynamos, 
cinematograph sete, and portable electric drills and 
grinding-machines. 

Time-Recorders. — The International Time-Recording 
Company, Limited, 30-32, Farringdon-road, E.C.. have 
sent us a copy of their latest catalogue, giving full par- 
ticulars of the International and Rochester card re- 
corders, Bundy key recorders, and Dey time-registers, 
and explaining their use in connection with time-keeping 
and job-costing. This, it may be mentioned, is the first 
catalogue published by the gy since their amalga- 
mation with Dey Time-Registers, Limited. 

Centrifugal Pwmps.—A copy of their new catalogue of 
centrifugal pumps has reached us from Messrs. Clayton 
and Shuttleworth, Limited, of Stamp-End Works, Lin- 
coln. Clayton centrifugal pumps are built in two distinct 
series, known respectively as ‘* Triumph ” and “ Deluge” 
pumps. The former are designed for heavy work, and 
can be used against heads up to 75 ft., while the latter, 
which are intended for easier conditions, will work with 
a suction-lift not exceeding 15 ft. against a total head of 
35 ft. The catalogue contains specifications and tabu- 
lated data for both types of pumps. 

Elevating and Conveying Machinery, &c.—We have 
received from Messrs. EK. A. Reed and Co., Limited, 
14, Victoria-street, Westminster, S.W., a catalogue 
illustrating examples of chain elevators and conveyors, 
box-e'evators, shaking conveyors, slat conveyors, bottle- 
conveyors, sack-elevators, gravity-roller conveyors, push- 
plate conveyors, band conveyors, and other apparatus of 
this class manufactured by them. Some examples of 
1s-works plant, mining and contractors’ plant, steel 

Baitang, roof principals, and other steelwork are also 
included. 

Sugar Machinery.—Messrs. George Fletcher and Co., 
Limited, of Derby, whose London address is 21, Mincing- 
lane, E.C., have sent us a copy of the latest edition of 
their catalogue, Section D, which is devoted to con- 
centrating, crystallising, and curing plant for cane- 
sugar. The catalogue contains general descriptions and 
tabulated particulars of evaporators, vacuum-fans, air- 
pumps, condensers, —— centrifugals, and various 
accessories for use with this apparatus. It is very fully 
illustrated and conveniently arranged. Special attention 
has also been given to the coding arrangements, so that 
customers abroad can order a full complement of machi- 
nery by cabling a few words. 

Double-Helical Gearing.—We have received from 
Turbine Gears, Limited, of Newton, Hyde, a catalogue 
illustrating the design of their standard reduction-gears 
with double-helical wheels. These gears, which are made 
in twenty sizes, ranging from 1 to 1000 horse-power, are 
used for speed-increasing as well as speed-reducing, and 
are claimed to bave a very high efficiency. Both high- 
speed and low-speed gears are illustrated, the former 
being fitted with ball-bearings. One of the special 
features of these gears is that the hoods, or covers, can be 
removed when necessary without in any way affecting 
the alignment of the bearings. Some examples of open 
gears are also illustrated. 

Grinding-Machines, &c.—A catalogue of grinding- 
machines and other tools sold under the trade name 
. we) * ” has been issued by Messrs. C. J. Fish and 
Co., of Polygon Works, Wellingborough. Particulars are 
iven of double-ended disc-grinding machines with either 
ll-bearings or ring-oiled bearings, and similar machines 

with a ring-wheel in place of one of the discs are also 
listed. The catalogue also includes a combined grindin 
and polishing-machine worked by foot-power, twist-dril 
grinders, wet or dry tool-grinders, spindle-straightening 
—. and hand-power shapingand key -seating ines, 
he particulars given include weights, dimensions, and 

shipping specifications. 

Weighing-Machines and Weigh-Bridyes.— We have 
received from Measrs. S. Denison and Son, Limited, of 
Hunslet Foundry, Leeds, a copy of their latest catalogue 
of weighing-machines and weigh-brilges. The catalogue, 
which is fully illustrated, includes particulars of auto- 
matic weigh-bridges for cattle, looomotive-wheel balanc- 
ing-machines, weigh-bridges for railway-trucks and road- 
wagons, pit-bank waeng samen, stationary and 
portable weighing-machines for warehouses, &c., weigh- 
ing-machines for overhead runways and aerial ropeways, 
as well as scales, spring-balances, and euspented © weigh- 
ing-machines for use with cranes. Prices are stated for 
most of the machines dealt with. 

Sands.—Many people, we believe, would be rather 
surprised to learn that there were as many as 77 different 
kinds of sand used for various industrial a. This, 
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he assures us that these samples represent only a small 
selection from the total number of varieties he 1s able to 
supply for foundry work, glass manufacture, water filtra- 
tion, pottery work, and other purposes. Among the 
samples received are many suitable for iron and steel 
castings, brass and bronze casti malleable castings, 
cores, filter-beds and mechani filters, glass manu- 
facture, building work, cement-testing, sand-blast, and 
other purposes. Mr. Curtis also supplies al] kinds of 
clays and refractory materials, and he undertakes to 
advise users of these substances, as well as users of sand, 
on any points which may arise in connection with their 
employment. 

Re-Heating Furnaces, &c —Messrs. Wellman, Seaver 
and Head, Limit+d, of 47, Victoria-street, Westminster, 
S.W., have issued a booklet dealing with a new design of 
furnace, especially interesting to makers of guns and - 
jectiles. The designs for these furnaces have been evolved 
y the French firm, Messrs. C. M. Stein and Co., of Paris, 

but they are now constructed in this country by Messrs. 
Wellman, Seaver and Head. The furnaces are fired 
by producer-gas, and the system is applicable to furnaces 
for tempering guns and projectiles, muffle annealing fur- 
naces, armour-plate annealing furnaces, case-hardening 
furnaces, plate-heating furnaces, &c., examples of which 
are illustrated in the booklet. As to the special features 
of the design, it is mentioned that, owing to the arrange- 
ment of the gas and-air-ports, combustion takes P in 
separate chambers, and not over the bed of the furnace, 
thus giving an absolutely uniform temperature. The 
charge being heated is net exposed to the direct action of 
the flame, but is heated by radiation from the furnace-roof, 
which is of special shape in order to distribute the heat 
equally over all parts of the furnace-bed. By regulation it 
is possible to obtain a reducing flame at a pressure slightly 
above that of the atmosphere, so that the outside air is 
prevented from entering the furnace. Oxidation is thus 
prevented, and the surfaces of the heated material are 
wy, free from scale when withdrawn from the 
‘urnace. Other important advantages claimed are low 
fuel consumption and low cost of repairs. Special pro- 
vision is a for the rapid cleaning of all flues. 

Aluminium for Electrical Power Transmission.—The 
British Aluminium Company, Limited, of 109, Queen 
Victoria-street, E.C., have issued a new edition of their 
little treatise on the employment of aluminium for over- 

power transmission lines. The whole of the matter 
has been brought up to date and made to conform with 
the regulations — in various countries ; these regu- 
lations, it may be noted, differ very considerably. Among 
other things a table of safe currents for overhead alumi- 
nium conductors, calculated on a basis of temperature 
rise, has been , a8 alsohas new matter dealing with 
line-regulation, erection, scrap values, &c. Much pro- 
gress, it is stated, has been made in power transmission 

'y means of aluminium since the last issue of the treatise, 
one of the most noticeable instances being the Big Creek 
line. On this line, which delivers “wy at a pressure 
of 150,000 volts to a point 241 miles from its source, 
no less than 2678 tons of aluminium strand was employed. 
The book first a the properties of aluminium and 
copper, and then deals fully with the design of overhead 
lines. Much useful information relating to standards 
for overhead lines is included in this section. An interest- 
ing table, showing the cost per mile of overhead lines 
with copper and equivalent aluminium conductors, is 
also given. The cost has been calculated for five different 
spans, and we notice that, in most cases, the cost is least 
with spans of 700 ft. with copper conductors, and with 
8 of 600 ft. with aluminium conductors. In all 
the total cost of aluminium lines is considerably less than 
that of copper lines with equal capacities. 

Protecting Boilers, &c., from Corrosion.—We have 
received from the Cumberland Engineering Company, 
of 44, Charing Cross, S.W., a pamphlet containing a 
short description of the Cumberland electrical process 
for the protection of metals inst corrosion, together 
with a number of reports sad ectimenials from users 
of the system. In the Cumberland process, iron 
anodes are inserted in the water contained in the 
vessel to be protected (which may be a boiler, con- 
denser, or other piece of apparatus), the anodes being 
attached to the shell of the vessel, but electrically 
insulated from it. The anodes are connected to the 
positive pole of a small electric generator which su 
plies direct current at a pressure of from 6 to 10 volts; the 
negative pole of the generator is connected to the shell 
of the vessel. h anode is controlled by a separate 
resistance, so that the amount of current flowing through 
it can be regulated. The effect is, of course, to attract 
the destructive oxygen and acids present in the water to 
the anodes, and the protective ee to the shell of 
the boiler or other vessel, the result being 
are eventually destroyed and the shell preserved. The 
hydrogen liberated on the shell not only protects it from 
corrosion, but carries away all dirt, scale, or grease 
adhering thereto, so that troubles from corrosion and 
scale-formation are overcome simultaneously. The pro- 
cess is applicable to boilers, condensers, economisers, 
pumps, feed-water heaters, large water - mains, ship’s 
tanks, ~ stern-frames, tail-shafts, &c., and the 
pamphlet illustrates the method of carrying out most of 
the above-mentioned applications. 

Smoke-Helmets, Mine Rescue Apparatus, &c.—An inter- 
esting catalogue of yee to allow of respiration in 
noxious atmospheres has recently been issued by Messrs. 
Siebe, Gorman and Co., Limited, of 185 to 189, West- 
minster Bridge-road, S.E. Smoke-helmets and face- 
masks, to which air is supplied by bellows, or other 
means, through a rubber hose, are first dealt with. Some 
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The ‘ Proto” self-contained 
oxygen- thing apparatus, for rescue and recovery work 
in mines after explosions, is next illustrated and fully 
described. This apparatus, which is made under Fleuss- 
Davis patents, is now too well known to need description 
here. and its utility has often been demonstrated in colliery 
accidents in this country and abroad. Photographs of a 
number of rescue teams equipped with “‘ Proto” appa- 
ratus are reproduced, and numerous testimonials from 
users are printed in the catalogue. Full particulars are 
also nee of oxygen-making and compressing apparatus 
for charging the bottles with ‘‘ Proto” and other 
breathing apparatus. An interesting accessory for mine 
rescue work, dealt with in the catalogue, is an animal 
air-tester, designed to carry out the recommendations of 
Professor J. S. Haldane. It consists of an air-tight box 
constructed of aluminium, with mica windows, and pro- 
vided with a small cylinder of oxygen. A bird, or other 
small animal, is enclosed in the box, and when it is 
desired to test the air, the door is opened to admit the 
atmosphere, when, if any dangerous percentage of 
ay gas is present, the bird becomes insensible. 

e door is then closed, and a small quantity of oxygen 
is admitted to the box to revive the bird, which can then 
be used to test the air at any other point of the mine. 
Miners’ lamps, oxygen resuscitating apparatus, self- 
contained diving -dresses, asbestos suits, respirators, 
goggles, first-aid appliances, and apparatus for gas 

ysis, are also included in the catalogue, which gives 
full particulars and mentions prices in all cases. 

man supplying the air. 

Tue Bevctan CHAMBER OF CommERCE.—The Belgian 
Chamber of Commerce in London (Incorporated), 24, 
St. Dunstan’s Buildings, St. Dunstan’s Hill, E.C., appeals 
to the British manufacturers and merchants for support. 
It has rendered valuable services since 1890 to industries 
and commerce between the two countries. Since the 
beginning of the war their task has become much more 
arduous through all the various questions due to the diffi- 
culties of trade. After the cessation of hostilities they 
will have very important duties to perform in helpin 
the commerce of the two countries which are now honed 
up more than ever in ties of mutual trust and friendship 
by bringing together manufscturers and buyers of goods, 
and in many other ways. But they find great difficulties 
in carrying out their duties through lack of funds, as the 
call upon them has been greater than ever before, and 
their Belgian supporters are unable now to send their 
usual remittances. Applications for membership and 
contributions to be sent to the General Secretary, Mr. 
Hit her’ 24, St. Dunstan’s Buildings, St. Dunstan’s 

Tue Rep Srar Liner “ BevGENLtanpd.”—The Belgen- 
land, launched by Messrs. Harland and Wolff, Limited, 
Belfast, on December 31, is a triple-screw passenger 
steamer about 700 ft. long and 78 ft. beam, with a gross 
tonnage of approximately 27,000 tons, and a displace- 
ment of 33,000 tons. She has been constructed on the 
latest and most approved principles, the double bottom 
extending right fore and aft, and the water-tight bulk- 

carried up to the awning-deck. There are seven 
steel decks, besides the orlop deck and the bridge-deck. 
The Belgenland will have accommodation for 660 first- 
class, 350 second-class, and over 2000 third-class pas- 
sengers, the first-class accommodation including a 
number of cabins de luxe on the bridge- deck. In 
addition to the usval first-class dining- saloon and 
reception-room, reading and writing-room, lounge, and 
smoke-room, there will be a children’s saloon, room for 
maids and valets, gymnasium and children’s play-room, 
———- veranda, swimming-bath, and electric baths. 
he second-class accommodation will also be very superior, 

and will include =gueeeene. There is a large and very 
complete electri installation consisting of four main 
steam-driven engines and dynamos, having a combined 
output of 1200 kw., and one 75-kw. auxiliary Diesel 
oil - driven set, situated well above the water - line. 
The installation for ship-lighting consists of about 4500 
twenty - five - candle - power lamps, the cabins are elec- 
trically heated, and there is a complete system of warm- 
air ventilation and suction-fans, the control for all of 
which is ag a eg etber at a central point, enabling 
the air to be kept f and the temperature normal at all 
seasons. Among other electrical apparatus there are 
passenger elevators for convenience in getting from one 
deck to another, as also electrically-opera hoists in 
connection with the stores. The boat-winches are also 
electrically operated, and there are, in addition, a number 
of service machines in the galleys, bakeries, &c. The 
propelling machinery of the Belgenland consists of two 
sets of reciprocating engines driving the wing propellers, 
and one low-pressure turbine driving the centre propeller. 
he reciprocating engines are of the inverted direct- 

acting four-crank triple-expansion type, balanced on the 
Yarrow, Schlick, and Tweedy system, having four in- 
verted direct-acting cylinders in., 56 in., 64 in., and 
64 in. in diameter, with a 5-ft. stroke, and designed for a 
working pressure of 215 lb. per sq. in. The turbine is of 
the Parsons reaction type, and designed to operate in the 
ahead direction only, by exhaust steam from the recipro- 
cating engines. The condensers are pear-shaped, built of 
mild-s' plates, with cast-iron water-boxes, and are 
arranged with the steam-branches the full length of the 
tubes, and are so designed that the inlet circulating 
water enters the bottom and leaves at the top, the water 
being circulated by centrifugal ponee of the builders’ 
own make, and a ample capacity for obtaining 28 in. 
vacuum on service. There are ten double-ended boilers 
15 ft. 9 in. in diameter by 20 ft. long, each with six 
Morison fu the opposite furnaces leading into a 
common combustion-chamber. The working presaure i¢ 
sib | per eq. Tn, 
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ELECTRICAL APPARATUS. 

27,582/13. A. H. Railing and A. E. Angold, London. 
Electric Arc-Lamps. (2 Figs.) December 1, 1913.—This 
invention relates to improvements in electric arc-lamps more 
particularly of the magazine flame arc type, in which the carbons 
converge. In such lamps, when a new pair of carbons is being 
fed down, some of the white deposit which collects on the lamp 
hase is often displaced, and getting between the points of the 
carbons, insulates them from each other and prevents the lighting 
of the lamp. Because the carbons are pushed at even rates, the 
insulating material can remain between them altho: there is a 
considerable pressure exerted on it. The object of the invention 
is to provide improved means of imparting to the carbons an 
oscillatory movement relatively to each other with which to wear 
away any insulating matter in the known manner, and it con- 
sists in using the reserve of the force which drives the feeding 

Fiq. 7. 
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gear to impart a lateral oscillatory movement to one of the 
carbons. A represents the electro-magnet h which 
operates to effect the carbon-feeding. B shows a magazine con- 
taining carbons, one of which, O, is shown as being fed from the 
magazine ; a bell-crank lever D pivoted to the magazine at D! moves 
about the centre D2, and is linked by rod E to the lever F of the 
electro-magnetic mechanism. By this arrangement, with every 
stroke of the downward feeding motion the magazine B is caused 
to oscillate at right angles to the plane in which the two carbons 
normally stand. In applying this invention te the type of lamp 
which is controlled by a train of wheels or an escapement, a 
method is illustrated by Fig. 2, in which on one of the inter- 
mediate spindles, such as J, a crank motion K or an eccentric is 
arranged so as to operate a bell-crank lever L to impart a side 
oscillatory motion to the carbon C2. (Accepted October 14, 1914.) 

27,905/13. M. S. Conner, Salford. Telephones. 
(3 Figs.) December 4, 1913.—This invention relates to improve- 
ments in telephone-switching mechanism, and is applicable to 
cradle-switches in which certain switching operations are per- 
formed by the placing thereon, or removal therefrom, of appa- 

(27300 

ratus such as a receiver or a hand combination telephone. A 
telephone cradle-switching mechanism consists, ng to this 
invention, of two Lmepes telephone supporting-pieces, Habs 

pasa hateeg ait Lo ihe pane conetia Raed thera 

the cradle The invention consists in an nt embodying 
Sioa vertical pieces A, preferably stam: out of sheet- 
metal, which jointly form the cradle, each of which passes freely 
through a hole in case © associated with the apparatus, the 
holes being placed a suitable distance apart for the Y-shaped 
pieces to receive the telephone instrument D. These pieces are 
each pivoted to a link E, which in turn is pivoted to the case, or 
to a fixed support F therein, by - E!, and the links are rigidl 
neat oes er by a cross piece E2 which may be integral wi 
them. e linking of the Y shaped pieces A to the case O in this 
manner permite them a free w -down motion through the 
a. in — —_ — ee —_ of friction, which ~~ 
e nt on. ta D or springs are provided for 
lifting the cradle when the telephone instrument is removed, 
and switching members may be operated by the movements of 
the links or of the vertical Y-shaped pieces, as may be desired. 
(Accepted October 28, 1914.) 

ang: F. Coates, Cleadon, and A. Reyrolle 
Co., Limi Hebburn-on-Tyne. High-Tension 

Terminals. [ 8.) October 15, 1913.—Tnis invention 
relates to improvement in terminals for high-tension electric 
apparatus, by means of which certain advantages are obtained, 
and consists in the employment of a condenser in the socket- 
member of a terminal. 5 is the plug member of the terminal 
1 and 6 the socket member, 7 being the plug proper, and 8 the 
socket proper. In this case the plug is assumed to be passed 

- 
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vertically upwards into the socket. 9 is the metallic sheath of 
the plug member, and 10 the metallic sheath of the socket 
member. 11 is the solid dielectric of the socket member of the 
terminal, consisting in this case of a condenser formed of alternate 
concentric tubes of conducting material 12 with tubes of insu- 
lating material 13 inte Preferably the conducting tubes 
are of different lengths, as shown, so as to proportion the 
distribution of potential in the fluid dielectric 4 and maintain 
it as uniform as possible. (Accepted October 21, 1914.) 

23,332/13. W. BR. Sykes Interlocking Signal Com- 
y, Limited, and R. W. Tarrant, London. Electric 
y. (2 Figs.) October 15, 1913. This invention relates 

to an electric relay of the kind comprising a so-called field 
electro-magnet and a so-called armature electro-magnet, the 
latter having a core which forms in effect a polarised armature 
for the field electro-magnet, and is so mounted as to tend to 
assume a position whence it is displaced by the influence of the 
magnetic flux only when the magnetic-fields produced by the 
respective electro-maznets are in syntony. e pole-pieces of 
the armature electro-magnet are, according to this invention, 
separately pivoted and independently movable relatively to the 
respective pole-pieces of the field electro-magnet and serve to 
govern separate electric switches; the arrangement is such 
that the said movable pole-pieces are caused to recede, and to 
remain apart, from the respective pole-pieces of the field electro- 
magnet so long only as the magnetic-field —— by the re- 
spective electro-magnets are in syntony. he improved relay 
comprises two electro-magnetic members 11, 12, each of horse- 
shoe form, with their respective poles placed in proximity to one 
another, the ae 18, 14 of the one member 11, which are 
pivoted or otherwise rendered capable of moving towards or 
from the pole-pieces 15, 16 of the other member 12 and tend 
to approach them under a. or spring pressure, serving to 
govern the position of switches 17, 18 inte: in the circuit 
to be controlled. In the example illustrated, the entire core of 

each coil of the member 11 is shown as poosins to the yoke 19 of 
the electro-magnet, the movable pier eces 13, 14 forming the 
extremities of the respective cores ing sha obliquely so as to 
tend to rest in contact or close proximity with the corresponding 
oblique pole-pieces 15, 16 of the other member 12. The switches 
17, 18 are shown as spring tongues connected together in series 
by a wire 20 and pectively adapted to make contact with 
terminals 21, 22, which are to be understood as ted to the 
respective poles of the circuit to be controlled, the arrangement 
being such that whereas this circuit is normally closed at both 
switches, any disturbance of the normal current conditions will 
result in the circuit being broken at one or both switches. The 
coils of the respective members 11, 12 are so wound that when 
the coils of both members are energised by current of the same 

larity, a condition of magnetic oppositi 8 brought about 
ore A each pair of adjacent — 13, 15 and 14, 16 respectively 

with the result that the movable 
from the stationary pole-pieces 15, 16 to which they are adjacent, 
the switches 17, 18 will be held in one position (i.¢., closed in the 
example illustrated), whereas, when the coils of both members 11, 
12 are not so energised, a condition of neutrality, or of magnetic 
attraction, is brought about between each peir of adjacent poles 
13, 15 and 14, 16 respectively, with the result that the movable pole- 
pieces 13, 14 now ap hing the stationary pole-pieces 15, 16. 
the switches 17, 18 will be bi t to their alternative position. 
Hence, so long as both members 11, 12 of the relay are energised 

pole-pieces 13, 14 being repelled 
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stated, with the result that the switches will close or open the 
controlled circuit (as the case may be), whereas when both members 
are not so ones —i.¢., are either de-energised, or energised 
by current of different frequency or different phase—the movable 

-pieces 13, 14 will approach the stationary eo ieces 15, 16, 
with the result that the condition of the controlled circuit will be 
reversed. (Accepted October 21, 1914.) 

GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

23,054/13. Babcock and Wilcox, Limited, London. 
(The Babcock and Wilcox Company, New York, U.S.A.) Hop- 

for Gas-Producers. (4 igs.) October 13, 1913.— 
is invention relates to a ae for furnaces—e.g., gas-pro- 

ducers, blast-furnaces, and the like, of the kind having two seat- 
ing surfaces and equipped with mechanism for actuating simul- 
taneously two vaives adapted to seat against said surfaces, the 
lower valve acting to ad the c The invention com- 
prises, in combination, a r having two seating surfaces, two 
valves adapted to seat nst said surfaces, the lower of the 
valves being constructed as a spreader-plate for spreading the 
charge, a EN peraio body of bell formation connecting the 
valves, such body being adapted to be guided in its vertical move- 
ments, and means for moving the body so as to open and close 
the valves simultaneously. 1 is the feed-hopper, preferably 
cylindrical, fitted with a cover 2 adapted to rotate on a vertical 
pivot 3. lower extension of the hopper is cast with an 
annular pocket for holding water to keep the valve-seat 4 cool, 
and with a downwardly projecting circular flange 5 on its outer 
circumference, which dips into the water held in the cast-iron 
top 6 of the producer, with which it forms a seal. The hopper is 
divided into two sections, into the upper of which the iuel is 
placed before it is discharged into the producer. The base of the 
upper section comprises a loose ring 7 of conical form supported 
on an internal circular projection 8 The central opening of this 
ring is adapted to be closed by a valve 9, to which is connected a 

2 

ey a nme lever 10 pivoted on a pin 11 passing through ribs 
cast in with the hopper. A slotted washer 12, aleo pivoted 
on the pin and surrounding the lever 10 at its entrance through 
the side wall of the hopper, forms a —_ joint to prevent the 
escape of gas. The valve 9 has a cylindrical extension 13, forming 
the of the bell, between which extension and the hopper the 
charge — to fall freely in a vertical direction when the 
valve 9 is lowered from its seat against the ring 7. To guide the 
bell centrally with the hopper, are three guides 14 cast on the 
lower end of the extension 13. 8 d to the extension 13, and 
forming the lower part of the bell adapted to close the lower sec- 
tion of the hopper, is a member 15 serving as a valve-disc and as a 
spreader-plate, the working surface of which is flared downwardly 
and outwardly. It is important that the spreader-plate 15 should 
make a gas-tight joint with its seat 4, and therefore the ring 7 
rests loosely on the projection 8 and may be raised therefrom by 
the counterweighted lever 10, if necessary. The water cooling will 
promote the deposit of tar at the joint of the valve-seeat 4 and the 
plate 15, and thus ensure a gas-tight joint at that point. In 
operation, the cover 2 is moved aside and coal is placed in the 
space above the ring 7. The cover is then replaced and the lever 10 
moved to lower the valve 9. The charge then falls through the 
central opening of the ring 7 and impinges against the spreader- 
plate 15, 80 that it leaves the latter with an initial horizontal 
velocity which carries it to a greater or less radial distance from 
the centre, depending on ite velocity due to the distance of its 
vertical fall and the angularity of the spreader-plate 15, and the 
distance from the spreader-plate to the top of the fuel bed below. 
(Accepted October 21, 1914.) 

MOTOR ROAD VEHICLES. 

27,702/13. The Wolseley Tool and Motor-Car Com- 
R Birmingha pany. Tamites, and A. A. } on, gham. 

otor Road Vehicles. (6 Figs.) wber 2, 1913.—This 
invention has for its object improved means of spring- — pony | 
bodies of vehicles from their axles in a manner whic give a 
quicker periodicity under rolling of the body in relation to the 
axle than when simply vertical movements of the body take 
place in relation to the axle, or a quicker periodicity under rolling 
than would be the case if the rolling were controlled simply by 
the spring system which controll the vertical oscillations. 
—- to this invention, a double spring-armed transverse 
member is employed, of which the spring-arms will each yield 
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each way from its mid-position. A semi-elliptic spring A, at each 
side of the vehfcle, which controls vertical movements of the 
body in relation to the axle B, is connected with the frame O by 
& pivot connection c! at one end with a bracket c of the frame, 
and at the other end, through the medium of a link or pair of links 
d, with a scroll-iron D (or it might be a C-spring) which is fixed 
to the frame. A transverse bar E, which is carried in bearings of 
the frame, has rigid therewith arms ¢, the outer ends of which 
project over the middles of the springs A respectively, and are 
there connected through the medium of links F with the axle. 

a SR AF apes Wale Aa aR Nal ae 

ral wet 



92 ENGINEERING. [JAN. 15, I9QI5. 

of the frame in relation to the axle, the bar E is free to turn, and 
the arms ¢ consequently exert no influence upon the spring sus- 
es, and the remaining portion of the spring snspension is 
eft perfectly free to elastically resist vertical movements of the 
frame in relation tothe axle; but if the ane 4 rolls, the arm ¢ at 
one side of the frame tends to yield u thereto, and the 
arm ¢at the other side of the frame tends to yield downwards in 
relation thereto, and thus their og action comes automatically 
into force and tends to resist rolling in addition to the tendency 
of the springs A to resist rolling. (Accepted October 28, 1914.) 

3769/14. Fodens, Limited, and E. R. F Sand- 
bach. Motor Road Vehicles. (2 Figs.) February 13, 
1914.—This invention relates to improvements in wheels for 
motor vehicles and the like, and more particularly to those 
for heavy motor wagonsand other road vehicles. Hitherto it has 
been customary in constructing such wheels to press or shrink 
the steel or other metal tyre on to the wooden or other felloe, and 
after a time the tyre works loose through shrinkage of the wooden 
felloe and “‘ rolling-out” or enlargement of the metal tyre, thus 
necessitating taking off the wheel and sending it to a press to be 
tightened up. Various devices have been proposed with the object 
of enabling the tightening up of the tyre to be effected quickly, 
easily, and without taking off the wheel. For example, in one 
arrangement the segment felloes have been forced outward against 
the tyre by the wedging action of movable inclined planes, whilst 
in others segmental rims have been expanded by various arrange- 
mente of screws and nuts. The present arrangement relates to 
the last-named type, in which the felloe is made in segments and 
the tightening up of the tyre is effected by the turning of nuts 
upon threaded portions of the spokes, and the invention consists 

(396 

in the combination and arrangement of parts in which the seg- 
ments are provided with shanks upon which spokes are fitted, 
the other ends of the spokes screwing into or on to the hub of the 
wheel, 80 that by screwing the spokes in or out the segments can 
be expanded or contracted relatively to the metal tyre, a suitable 
means, such as lock-nuts, being employed to lock the spokes in 
position after adjustment. a designates the hub of the wheel, 
referally made of cast steel, with, say, eleven sockets a! screwed 
nternally, as shown, or it might be externally, and fitted with 
screwed tubular spokes ) locked in position by nuts ¢ provided 
with tommy-holes. At their outer ends the spokes } carry the 
shanks of cast steel or other metal segments d, upon which are 

ted the den or other segments e comprising the felloe. 
To these segments ¢ is secured the metal tyre f by means of 
countersunk bolts g. Tommy-holes or equivalent means are pro- 
vided by which the spokes can be screwed in or out of the sockets, 
thus expanding the segments ¢ to tighten up the tyre /, or con- 
tracting the segmente to enable the tyre to be taken off the wheel 
as and when required. After adjustment the spokes b are locked 
= Pp y jon by tightening up the nuts c. (Accepted October 28, 
914. 

PRINTING AND ALLIED MACHINERY. 

24,140/13. Tinetepe and Machinery, Limited, 
London, and T. R. G. Parker, Broadhea’ Printing 
Presses. ] October 24, 1918.—The present invention 
is an nn ip, or modification of, the invention described 
in Specification No. 10,540, of 1910. In the latter the forme or 
Sw ae te = has attached to it the usual aluminium or other 
ithographic plate, which extends around practically one-half of 

its circumference, and makes one complete revolution for each 
sheet printed, the co-operating offset and impression-cylinders, 
whose common diameter is only half that of the forme-cylinder, 

3 
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making two revolutions each in the same time. Now, as only half 
the circurrference of the forme-cylinder is a printing surface, it 
follows that the other half is vacant. The object of the present 
invention is to make this press a perfecting one whenever it is 
desired so todo. The invention comprises a perfecting combina- 
tion, consisting of a plate or forme-cylinder having two opposite 
printing surfaces which are replicas of each other in all respects, 
a single offset cylinder of half the diameter of the plate or forme- 
cylinder and in direct Pape relationship therewith, and an 
impression-cylinder of the same diameter as the offset cylinder 

and in on ee relationship with the latter. 1 is the forme 
or plate-cylinder, 2 part of the base, and 3 part of a side-frame of 
the press, 4 the offset cylinder, 5 the impression-cylinder, 6 the 
damper, 7 the inker, 8 the feed-board, and 9 a part of the 
delivery mechanism, all exactly as described in the prior ifi- 
cation. 10 is the plate, and 11 the sheet-grippers, whicn the 
prior invention called for. 12 is the replica of the plate 10, 
which the present invention calls for. Both 10 and 12 are shown 
as aluminium plates held to the respective halves of the cir- 
cumference of the cylinder 1 by known means, but the re- 
plica 12 may be of any kind—lithographic, t phic, plano- 
graphic, or otherwise, provided that it is a replics of the plate 10. 
During the firet half-revolution of the cylinder 1, after both plates 
10 and 12 are ready for work, the plate 10 prints on and all the 
way round the blanket on the egtnder 4, and the latter offsets that 
impression on to the blanket on cylinder 5, the plates 10 and 12 
having changed places, and the cylinder 4 and 5 Levies assumed 
their origin: > During the second half-revolution of the 
cylinder 1, a sheet is fed to the grippers 11 and is taken between 

e cylinders 4 and 5. The inner face of this sheet takes the 
impression then on the blanket on the cylinder 5 and the outer 
face of it takes the impression printed on the blanket on the 
cylinder 4 by the plate 12. The perfected sheet is then delivered. 

hen either or both the — surfaces 10, 12 are non-litho- 
graphic, there are suitable means for putting the damper 6 out of 
action. (Accepted October 21, 1913.) 

21,128/13. A. H. Walker, London (Mergenthaler Lino- 
type Company, New York, U.S.A.) Linotype Machines. 
{4 Figs.) September 18, 1913.—This invention relates only to 
the regular founts which are stored in the respective channel’ of 
the magazines and pass through the same, and not to the extra 
fount, or so-called “‘ sorts matrices” which pass directly from the 
distributor into the “ sorts box” or “‘ sorts stacker.” It frequently 
happens during the operation of a typographical machine whose 
matrices or type-dies move through a cycle, as in the Mergen- 
thaler hi cially known under the trade-mark 
‘*Linotype,” that some of them become accidentally separated 
from the machine. The dropping of a matrix or a ty jie from 
the machine at any point in the cycle is one instance of such sepa- 
ration. The removal by the operator from the assembler of an 
above-mentioned Mergenthaler machine of a matrix accidentally 
com! in error is another. When the machine has only one 
magazine, it suffices for all the separated matrices or type-dies to 
be collected at the end of the job and inserted in the dis- 
tributor. But when the machine has a plurality of magazines, 
adjustable to locate any one of them in operative position with a 
single stationary distributor, the separated matrices or type-dies 
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must be divided into groups, and each group distributed to its 
own magazine. This must be done before the respective maga- 
zine is put out of operative position. The object of the present 
invention is to prevent the risk of distribution into the wrolt 
magazine, and to save the trouble of the previous sorting of the 
separated matrices according to fount, and consists in a matrix 
receptacle divided into as many compartments as there are maga- 
zines in the plurality, and in connecting the plurality of magazines 
with the cover or with the y of the receptacle in such a way 
that the magazines themselves trol the ptacl its 
cover, the location of the one in operative position relatively to 
the distributor, affording access to only the compartment allotted 
to that magazine, and simultaneously preventing access to all the 
other compartments. The keyboard B, the matrices X, the 
magazine-frame D, the magazines D!, D*%, D®, the assembler 

t , the bler-belt C1, the assembler C2, the single 
stationary distributor (not shown), the hand-wheel L, and the 
handle L! of the means for locating any one of the magazines in 
operative position, and the body M of the receptacle, so far 
as it as many uniform compartments M!], M2, M°, as 
the machine has magazines, together with the sliding cover N 
with ite one opening N} of the same area as a compartment, 

are as heretofore. Q, P is a linkage from the magazine- 
frame D to the outer end of one arm of a bell-crank lever O 
fulcrummed upon the front of the machine above and near 
to the rece le. As it is the cover N that slides, the receptacle 
body M is fixed. The former is connected to the outer end of the 
other arm of the lever O by a lug N? and a pin-and-slot device O!, 
the connection being such that when the frame D is adjusted to 

any one of the magazines D!, D2, or D%, in operative posi- 
tion, the cover N, througn the parts O, P, and Q will be moved 
relatively to the body M, in such manner as to bring the opening 
N1 therein into proper registration with one or another of the 
compartments M!, M2, M®, It is to be noted that each of the 
compartments corr: nds to one of the magazines, and that this 
compartment, and this one alone, will be available when the 
corresponding magazine is in operative position. Thus, for 
inst. , the tment M! corresponds to the magazine D!, 
and when the latter is in operative relation to the other ts, 
this compartment will be open and the others will be cl - In 
such circumstances, the operator will store any separa 
matrices X from the magazine D! in the compartment M! then 
open, and will transfer them to the distributing mechanism 
before shifting the magazine. In the event, however, of his 
failing to do this in the proper manner, the shifting of the maga- 
zine automatically closes the compartment, and thus prevents 
his delivering the matrices to the distributor until it again 
opened. Simultaneously with the closing of one compartment, 
another will be opened to him, corresponding to the next maga- 
zine brought into operative position, and so on throughout the 
series. (Accepted October 21, 1914.) 

TEXTILE MACHINERY. 

25,748/13. T. Holmes, Chorley. Damping Warp- 
Threads. (4 Figs.) November 11, 1913.—This invention relates 
to apparatus for damping or supplying the warp threads in a 
loom with moisture or liquid without raising the degree of 
humidity in the weaving-shed, in which the warp-threads are 
passed over an adjustable roller rotating in a trough of water 
and fitced with means for maintaining the water at a constant 
level. The present invention consists in the combination with a 
trough, of a roller therein and contacting with the w: threads, 
a fountain feed to maintain a constant level of liquid in the 
trough, and a drag device acting on the roller to control or regu- 
late the speed thereof. A trough A is mounted on the frame of 
the loom in front of the back bearer B, and the trough is sup- 
plied with water from a container which acts on the principle 
of a bird fountain, so that a constant level of water is maintained 
in the trough A. A drain-cock is also provided, so that the 
trough can be emptied when desired. A roller D is arranged in 

(25748) 

the trough A and mounted in bearings carried on the bolts by 
which the back bearer B is affixed to the frame of the loom. The 
bearings are made adjustable, so that the roller can be raised or 
lowered in the trough. In order to put a drag on to the roller D, 
one or more leather straps F are passed over the roller and 
trough, the ends of each strap being connected together by a 
light spring Jf. Two rods L are arranged, one at each side of the 
roller D, to serve as a cover for the trough and prevent the accu- 
mulation of dust and fluff therein. The rods L may be made the 
length of the trough or they may be made in lengths and the 
trough provided with supports to carry each length. The warp- 
threads x, in passing from the back bearer B to the healds (not 
shown), over the upper surface of the roller D and cause 
the rotation thereof, at the same time taking up moisture from 
its surface. The amount of moisture on the surface of the roller 
D depends on the depth to which it is immersed in the water of 
the trough A, so that by raising and lowering the roller in the 
trough less or more moisture is supplied to the warp-threads as 
desired. (Accepted October 28, 1914.) 

MISCELLANEOUS. 

12,490/14. C. K. Sagar, St. Anne’s-on-Sea. Belt- 
Fasteners. (6 Figs.) May 21, 1914.—This invention relates 
to belt-fasteners constructed of two members hinged or pivoted 
together with a link (or links) to connect the two members, 
thereby forming adouble pivot between the two members. A 
belt-fastener, according to this invention, comprises two flat 
members stamped from sheet metal, with a lug turned up at each 
side, a link (or links) placed between the two flat members and 
between the lugs at the side thereof, and pins passing through the 
link and into the lugs to form a double articulated joint. The 
fastener is constructed of two flat members A and A! to lie upon 

the face of the belt, with lugs a stamped out of a blank and 
turned up at each side, and between these a link B is fitted upon 
pins, one of which passes through or into the lugs a of each 
member, thus forming a fastener with two articulated joints 
to give flexibility in any direction at the point where the belt ends 
meet. The members A, A! are stamped flat from aplate of sheet 
metal, and the lugs a turned up therefrom, one at each side. 
The pins b may be of steel, hide, metal, or other suitable 
materia’, and the link B may be of steel, iron, or other metal, 
and preferably case-hardened. Instead of a single link, two or 
more links may be placed side by side to make a wide fastener, 
(Accepted October 28, 1914.) 
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THE INSTITUTE OF MARINE 

ENGINEERS. 
Tue new building on Tower Hill of the Institute 

of Marine Engineers, which is illustrated in Plates 
VII. to X., was inaugurated by the President 
of the year, Sir Archibald Denny, Bart., on 
Wednesday last. The location of the new building 
is most convenient, as it is contiguous to the ter- 
mini of railways having connection with the docks 
as wellas with the manufacturing centres and ports 
in the North, and a study of the plans in associa- 
tion with the description which we propose to give 
will show thst the arrangements el = by the archi- 
tect, Mr. Victor Wilkins, admirably suit the re- 
quirements of the Institute. The Institute fills a 
most serviceable place among technical organisa- 
tions, differing materially from most others in the 
country, as it aims to include within its fold 
primarily sea-going engineers, and, secondarily, 
engineers whose work may be directly influenced 
by those responsible for the driving of war and 
merchant vessels. As Sir Archibald Denny pointed 
out in his inaugural address, the influence of con- 
tact between the two classes of engineers can be of 
far-reaching benefit, since the revelation of experi- 
ence atsea should have a direct bearing on details 
of design. No doubt general questions are, toa 
large extent, determined, especially in recent years, 
by the more or less inexorable laws of science ; but 
the sound practical sense of the experienced sea- 
going engineer should always be utilised in designing 
details. On the other hand, the marine engineer 
can profit by association with the designing and 
constructive engineer, because by this means there 
may be disclosed the aims of the latter, without 
the full knowledge of which the former may not 
succeed in their full realisation. 
The possibility of improved economy in ship pro- 

pulsion becomes more and more difficult with each 
advance, and consequently there must be a close 
sympathy between the constructor and the operator 
in order that the best use may be made of the 
machinery. It is idle to introduce precision and 
refinements unless these are continuously taken 
advantage of in order to add to efficiency, and the 
Institute of Marine Engineers forms an admirable 
vantage ground from which the influence of the 
knowledge and experience of both types of engi- 
neers may act and react. We are glad that Sir 
Archibald Denny enforced this view, because there 
can be no doubt that as years we must move 
from the methods of the old school, and realise 
that in the working of marine engines there is 
opportunity for capturing that last unit of economy 
which makes the difference between profit and 
loss in a long voyage, irrespective of the rate of 
freight prevailing. Leakage losses, too high a 
temperature of the waste gases, the operation of 
auxiliaries at a power disproportionate to the needs 
of the moment, are only three of the directions in 
which vigilance and experience can ensure improved 
economy. Sir Archibald Denny urged that the 
Institute should take up asa study how information 
might best be gathered and transmitted to the de- 
signers ; in order that such information may be of 
use, it should be as accurate as possible. Tests are 
made at official trials of fuel and water consump- 
tion per hour per indicated horse-power, data 
being recorded by a staff of highly-trained observers, 
and with great accuracy. With the limited staff 
at the command of a chief engineer he cannot 
attain to similar accuracy, and it is desirable that 
the Institute should draw up suggestions as to how 
such trials should be made and as to what limit 
of accuracy should be attempted. Forms should 
be prepared to guide engineers as to the precise 
nature of the information to be noted, so as to 
transmit in the best possible form the data desired 
by the designers of marine engines. The first 
item necessary for the use of engine-designers in 
reports of sea results is the actual indicated horse- 
power averaged with stated revolutions. This, 
with accurate data as to the total revolutions per 
day and notification of a slowing down temporarily, 
would go far to show the economy cf the machinery 
under service conditions. With the help of pro- 
gressive speed results on builders’ trials, some 
correction could then be made of log speeds and a 
close approximation be made of the fuel consump- 
tion per ton-mile—the true test for cargo-carrying 
ships. Technical education, as the President said, 
is spreading in all branches of the maritime ser- 
vice, and we can look forward hopefully, with the 
assistance of the Institute, to get accurate informa- 

tion for the future use of designers. At the same 
time he realised that an owner who has been accus- 
tomed to have reports that his triple-expansion 
150-lb. engine is working at 1} lb. per indicated 
horse-power per hour may be a little disappointed 
if he finds his chief engineer reporting to the 
Institute, for scientific purposes, that the coal con- 
sumption was 1.6lb. It only needs a inning, 
however, with some bold spirit to lead the way, 
and the Institute may by its powerful influence 
back up the efforts of the really scientific chief to 
have accurate returns made which will be most 
useful to the designer. 

If the public and private discussion of such 
subjects at the Institute ensures a fuller realisa- 
tion of the importance of attention to all detail, 
then good must accrue. We have advisedly spoken 
of private as well as public discussion of pro- 
blems and practice. Many men, with invaluable 
experience, shrink from the ordeal of public ex- 
pression of opinion, and even from writing their 
thoughts and ideas in a form intended for publica- 
tion. However much this may be regretted, it has 
ever been a characteristic of many, and particularly 
of men who go down to the sea in ships. And 
yet such men are perhaps better able to assist their 
fellows than those who have greater readiness in 
expressing themselves publicly. They ought, there- 
fore, to be encouraged to contribute of their know- 
ledge to the common stock. So convinced is Sir 
Archibald Denny of the value of short memoirs on 
sea experience, especially in regard to reports of 
sea trials properly carried out, of difficulties over- 
come, and of breakdown repairs, that he made 
the gratifying announcement that he proposed to 
put at the disposal of the Council a sum of money, 
the interest on which will enable them to distribute 
prizes for the best memoirs on these subjects each 
year. 

The Institute will do well to continue to develop 
largely the social side of their work. The Institute 
buildings have been designed with this end in view. 
As Sir Archibald Denny pointed out, engineering 
is sure to be the topic where two or three sea-going 
engineers are gathered together, and at such con- 
claves dodges ihtroduced to overcome difficulties or 
to add to the sweetness of the working of marine 
engines or to increase economy are sure to be dis- 
closed in conversation, as readily in the smoking- 
room or the billiard-room as in the library and 
reading-room of the Institute, with immense 
benefit to all, but especially so to young engineers. 
The public discussions at the Institute have long 

ago justified its formation. The meeting which 
gave rise to the Institute was held on November 9, 
1888, and the beginnings were naturally modest. 
Of the organising committee then formed there still 
remain Messrs James Adamson—who was the 
organising secretary and has throughout been 
honorary secretary of the Institute— W. J. 
Craig, J. W. Domony, D. Greer, J. G. Haw- 
thorn, Robert Leslie, G. W. Manuel and 
F. W. Shorey. In July of the following year a 
certificate of incorporation was granted by the 
Board of Trade, the membership being about 250. 
From the outset the idea of identifying the Insti- 
tute with the sea-going engineer was kept in the 
forefront, the first qualifications for membership 
being the possession of a first-class Board of Trade 
engineer’s certificate or the holding of a responsible 
position in connection with the design and con- 
struction of machinery. A second-class Board of 
Trade certificate is similarly a qualification for 
associate membership. The associates and graduates 
are those identified with marine engineering. 
The Institute, too, has had a jealous regard to 
the status of the sea-going engineer, and through 
its representative on the advisory committee of 
the Board of Trade and other institutions has done 
invaluable service in this direction. We should 
like to believe, because of the status of the 
Institute, that our leading steamship companies 
recognise as a necessary qualification for employ- 
ment in the engine-room a direct connection with 
the Institute. This should be the more easily 
realised since the chairmen of so many of the 
steamship companies have occupied the presiden- 
tial chair of the Institute, which is open on 
alternate years to a leading shipowner in turn 
with a leading marine constructor. The papers 
read are, for the most part, of a practical 
nature, having a direct bearing upon the work- 
ing of ships at sea. The Institute members 
have been fortunate, too, in the financial support 
that they have had, enabling them not only to 

accumulate a fair financial reserve, but to endow 
awards for papers read, the most notable being 
the Denny Gold Medal, founded by the late Dr. 
Peter Denny, the father of this year’s president, 
and the Stephen award for contributions by asso- 
ciate members and associates, derived from a legacy 
of 1001. from one of the early members of the Insti- 
tute. At the same time they encourage the student 
and graduate. Indeed, in the early years they had 
classes in mathematics, mechanical drawing, and 
electrical engineering, with special reference to the 
requirements of the profession ; but when technical 
institutes were opened it was found unnecessary 
to continue these classes. They have also been 
enabled to grant scholarships, the most important 
being two of the value of 501. per annum, tenable 
for two years, granted through a liberal contri- 
bution by the Committee of Lloyd’s Registry of 
Shipping. The library, too, is well stocked with 
gg ao books ; and on the benevolent side, 
the Institute has been able to gain influence 
at several of the orphanage and other asylums 
in London. Perhaps one of the most highly 
appreciated works in this connection was the insti- 
tution of the ‘‘ Titanic Engineering Staff Memo- 
rial Fund.” The Institute co-operated with the 
Southampton Committee, and made a special grant 
from the General Fund of the Institute. The result 
was the erection of a memorial at Southampton, the 
provision of a memorial tablet in the new building, 
and the institution of a fund to assist widows and 
orphans of members of the engineering staff of any 
steamer requiring “7 An arrangement has been 
further ade with the MerchantSeamen’s Orphanage 
to take into the orphanage one child each year on 
the nomination of the Institute. Help has been 
accorded to many since the formation of the Insti- 
tute through the instrumentality of the Royal 
Scottish Corporation and the Royal Caledonian 
Orphanage. 

e membership, as we have said, was at the 
outset 250, aud in eight years exceeded 1000. 
Now it numbers nearly 1500. It was folt that, with 
the increasing number of members located in 
various parts of the country, a more central build- 
ing was desirable than that hitherto occupied at 
Romford-road, Stratford, which was purchased in 
1892, and has served the needs of the Institute 
most satisfactorily hitherto. In 1910 the In- 
stitute organised a representative committee to 
consider the whole matter, the Chairman of this 
being Mr. Robert Leslie, R.N.R., of the P. 
and O. Company, with Mr. J. T. Milton, of 
Lloyd’s, as Vice-Chairman, Mr. Joseph Hallett, 
this year’s Chairman of the Council of the Institute, 
as Honorary Treasurer, and Mr. A. H. Mather as 
Honorary Secretary. This Committee has done 
splendid work in collecting a large fund, and they 
were fortunate in securing a site for the building 
on Tower Hill. It was anticipated that the cost of 
the building would be about .» but inevitable 
developments have brought this up to something 
approaching 10,000). Over 80001. has n 
subscribed, and all will hope that before long 
the building will be absolutely free of debt. 
Approval of the recommendation of Mr. Leslie’s 
Committee was given by the Institute in June, 
1912, and work on the building soon afterwards 
commenced, the foundation stone being laid by the 
Lord Mayor on October 29, 1913. 
‘The building occupies an island site leased from 

the City Corporation, and near to the new offices of 
the Port of London Authority. A pleasant out- 
look is obtained from the principal rooms over the 
gardens adjoining the Tower, and ample light and 
air is available in every part. The main elevations, 
which are illustrated by Figs. 1 to 3, on Plates 
VIL. and VIII., are in Portland stone carried out 
in the style of the Renaissance, appropriate carving 
being introduced in some of the panels ; Westmor- 
land green slates have been used on the roof. 

The main entrance (Figs. 1, 7 and 9), approached 
through a circular stone porch, gives access to the 
raised ground floor. On passing through the glazed 
teak doors the visitor finds himself in a spacious 
hall, with the principal staircase in front. Here 
there is placed the memorial in memory of the 
engineers who lost their lives in the Titanic 
disaster, already referred to. Another feature is a 
beautiful stained-glass window of James Watt, pre- 
sented to the Institute by Mr. John Irving, Dum- 
barton. Along a wide corridor, access is obtained 
to the library, smoking-room, and secretary’s office, 
as shown on the plan, Fig. 7, on Plate IX. Oak 
polished bookcases line the walls of the library, 
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with lounge settees in front of the windows. A 
handsome marble chimney-piece and canopy interior 
add both character and comfort to the room. The 
smoking-room is large and convenient, with some 
of the Institute models arranged round the walls. 

Ascending the main staircase to the first floor 
(Fig. 6), the entrance to the lecture-room imme- 
diately faces the visitor, while on the left is the 
writing-room, and on the right the retiring-room 
for lecturers and Council on special nights. 

The lecture hall, part of which is shown in the 
perspective view, Fig. 12, on Plate X., being the 
rincipal apartment in the building, has come in 

for special architectural treatment. The shape of 
the site, which might have proved a serious deter- 
rent to artistic effect, has been most happily masked 
by the formation of alcoves, fitted with lounge 
settees, as shown on the plan, Fig. 6. An elliptical 
barrel ceiling, with groined vaults over the windows 
(Fig. 5), enriched with delicate plaster treatment, 
produces an effect restrained and beautiful. The 
hall will give accommodation for a company of 180, 
with a raised platform at one end, in addition, for 
the speakers and Council at professional meetings. 
The floor is executed in pitch-pine blocks, and the 
walls are finished in French grey. A screen has 
been provided over the platform for lantern lec- 
tures, with a gallery over the main entrance dcors 
at the opposite end for the lantern. 

The front portion of the building is carried up 
to form second and third floors (Fig. 9), the 
billiard-room being placed on the second floor 
(Fig. 5), and the caretaker’s quarters on the third- 
floor (Fig. 4). In the billiard-room, of which a 
perspective view is given in Fig. 13, on Plate X., 
there is to be one table, which has been kindly 
presented by Messrs. Oyril and George Beldam, 
sons of the first President, Mr. Asplan Beldam. 
The room, with its polished oak chimney-piece, 
raised ingle-nook and dais, seen in Fig. 13, will 
not fail to attract members in search of an hour’s 
relaxation. 
From the housekeeper’s quarters on the third 

floor a distinct fire-escape staircase has been pro- 
vided down to the street-level, and this can be also 
made use of by the members for escape from the 
lower floors if necessary. On all the principal 
floors special attention has been paid to the 
lavatory accommodation, and this will be found to 
be ample on the most crowded occasions. The 
sub-ground floor (Fig. 8) has been arranged to be 
let off for offices, and has a separate entrance from 
Tower Hill. 

The building is fireproof throughout. The floors 
are finished in Mosaic and pitch-pine wood blocks. 
The doors to the rooms are in polished teak, with 
fire-resisting glazed panels. Double windows for 
noise-preventing purposes have been provided to 
all the rooms on the ground floor. It may be 
added that the builders were Messrs. Higgs and 
Hill, Limited, Crown Works, South Lambeth. 

This forward move on the part of the Council, 
resulting, as it has, in the acquisition of a com- 
manding site and imposing building, is calculated 
to draw attention to the Institute of Marine 
Engineers, and safeguard the legitimate position it 
has won in the ranks of kindred scientific societies. 

LITERATURE, 
—_—_>——_ 

Water : its Purification and Use in the Industries. By 
Witiiam Wattace Curistiz. London: Constable 
and Oo., Limited. [Price 8s. 6d. net. | 

Tue title chosen by the author of this work is some- 
what misleading, as the book deals mainly with the 
clarification and chemical treatment of water for 
use in special industries, and the machines which 
are more particularly described by the author, 
though useful for the treatment of comparatively 
je quantities of water for industrial purposes, 
are hardly suitable for the general and bacterio- 
logical purification of water “or town supplies. In 
this country, at any rate, the term ‘‘ purification,” 
as applied to water, is understood to mean its treat- 
ment in such a manner as to render it free from all 
suspended matters, harmful solutions and organisms 
of animal diseases. 

The three principal methods adopted in the 
treatment of water for potable purposes—storage, 
filtration, and sterilisation—are dealt with very 
lightly. 
‘i ‘the notes on storage the author deals only 

with loss by leakage and evaporation, and no refer- 

ence whatever is made to the results of clarification 
by sedimentation or purification by the nitrifying 
agency of bacteria brought about by the storage of 
water in bulk. 

Dealing with filtration, the author states that the 
cost of sand and mechanical filtration in America 
is about the same. The capital cost of mechanical 
filters is given as from 30001. to 36501. per million 
imperial gallons, and the working cost of slow 
sand filtration at 35s. per million imperial gallons. 
It is stated that the head requi when mecha- 
nical filters are used is from 4 ft. to 32 ft., accord- 
ing to the state of the sand. This would appear 
to add considerably to pumping charges when this 
type of filter is adopted. e use of the United 
States gallon throughout the book is somewhat 
coafusing to an English reader ; but, on the other 
hand, the excellent tables at the end of the book 
will be found useful for reference when studying 
works on water supply by American authors. 

From the statement that ‘‘sand filters as an 
engineering construction were built under Mr. 
James Kirkwood as early as 1874” (page 134), the 
author would appear to claim an American origin 
for such filters. Sand filters were first adopted 
in England in 1829, by Mr. James Simpson. In 
1864 Mr. Kirkwood visited Europe for the purpose 
of studying European practice in water supply ; his 
report to the United States Government, issued in 
1868, contains many references to Simpson’s filters. 

Details are given of some ordinary forms of 
pressure and gravity filters of the American type, 
though the author is not enthusiastic as to their 
merits, and from the following quotation it may be 
inferred that he does not regard rapid filtration as 
affording a sufficient safeguard against water-borne 
diseases: ‘‘ Since the inauguration of such modern 
and up-to-date filtration plants as those at Wash- 
ington and Philadelphia more typhoid fever has 
prevailed in these cities than before.” The speeds 
of filtration, both with sand and mechanical filters, 
stated by the author to be in accordance with good 
American open are, however, considerably in 
excess of the average speeds adopted in Europe. 

The chapter on ‘‘ Sterilisation ” contains details, 
with illustrations, of heat sterilisers and distilling 
apparatus. There is also a reference to ozone 
treatment ; but although chemical treatment and 
the application of ultra-violet light are referred to, 
no details are given of the methods of application 
of these and other modern systems of sterilisation. 

Chapters II. and III. contain much valuable 
information on the subject of water-softening, and 
the illustrations and descriptions of the various 
types of apparatus used in the process are alike 
excellent, and details are given of a large variety of 
appliances for the automatic supply of chemicals 
for softening and coagulation. 

The reproduction of detailed working drawings 
has been avoided, and the use of shaded sectional 
drawings (some in colours) of various types of 
apparatus renders clear the full description given 
of a large number of machines. 

Oil-filters for use in steam plants are dealt with 
in another chapter, and the methods adopted for 
nage water both in small quantities and on a 
large scale are fully described. The illustrations 
of meters of various types are excellent. 

The book should be of great value to all con- 
sumers of water for manufacturing or industrial 
purposes. 

THE ASSESSMENT OF DAMAGE TO 
MARITIME WORKS. 

By Ernest Latuam, Assoc. M. Inst. C.E., 
A.M.I. Mech. E. 

(Concluded from page 38.) 

2. Harbour Works, Docks, d:c.—Stress of weather 
is, without doubt, chiefly responsible for damage to 
harbour works, if the term ‘‘harbour works” is 
taken to include breakwaters, moles, training 
works, &c., and not works forming, or supplemen- 
tary to, floating basins and graving docks. 

The Government works at Port Patrick* were 
finally abandoned in 1870, after their construction 
had been commenced in 1863, owing to the con- 
stantly-recurring damage caused to the works by 
heavy seas sweeping over the breakwaters ; 500 lineal 
feet of the south pier and 300 lineal feet of the 
north pier were destroyed in this manner. The 

* A. E. Carey, M. Inst. C.E., on *‘ Fishery Harbours 

piers were constructed with rubble hearting, pro- 
tected by ashlar masonry faces. The cost of the 
south pier alone and its adjacent works was 
approximately 60,000/., and the port is now en- 
tirely derelict. The fishing port of Mevagissey* 
in Cornwall suffered severely in 1891 from stress of 
weather, and involved the construction of new 
piers at a cost of 32,000/.; while the harbour 
works at Wick have suffered severely from time to 
time by the onslaught of the sea. 

The above are examples of actual damage to 
artificial works projected into the sea. There is 
another and equally serious aspect in connection 
with works of this character—viz., the liability to 
silting up of the entrance channels or the oblitera- 
tion of the works by rapid accretion on the adjacent 
coast line. Where this phenomenon is slow, it is 
of academic interest only, and the subject has been 
extensively dealt with in technical literature ; the 
ancient or partially-derelict harbours of Sandwich, 
Pembrey, Tone ne, Rye, &c., are examples of this 
class. en, however, this phenomenon is rapid, 
it may well come within the purview of the engi- 
neer to deal with, and information is frequently 

called for as to the exact nature and estimated cost 
of works (if any) which it is desirable to undertake. 
Fig. 13 is a plan of a small harbour where difficul- 
ties were experienced with the sanding up of the 
entrance channel in December, 1912. Marine 
surveys of considerable extent were undertaken 
by the author during the year 1913 and the early 

rt of the present year. From the many observed 
evels the author has taken one case as an example. 
The line A B, shown in Fig. 13, represents in plan 
the location of a cross-section on the foreshore, 
originally taken in February, 1913, and repeated in 
July, 1913, November, 1913, February, 1914, and 
May, 1914. Fig. 12 shows the profile of these 
observed levels. The data obtained from the five 
sections taken show that there was an average 
accretion on the foreshore representing a rise in 
level of about 4 ft. over a length of 1600 ft. This 
fact, combined with a series of similar sections 
taken to the east and west of the example quoted, 
made it possible to estimate the rate of accretion, 
which worked out to about 50,000 cubic yards a 
ear. Dredging would in this case have Soon of 

doubtful utility, and, at any rate, would have been 
a constant maintenance charge, amounting to 13501. 
per annum, on a basis of 6d. per cubic — dredged. 
In the case of the harbour works in question this 
would have been altogether too heavy a burden, 
and the author therefore advised an expenditure 
on permanent works at an estimated cost of 
15,0001.. which, capitalised at 5 per cent., repre- 
sented the reduced figure of 7501. per annum. e 
blockage of the entrance channel by sand, after the 
first instance, was threatened again in February, 
1913, and in February, 1914, while from levels, 
tidal, and current observations taken in the vicinity, 
there is little doubt that if remedial works are not 
undertaken the traffic of the harbour will come to 
an end. 

An instance, and perhaps an exceptional one, of 
serious damage occurring to harbour works during 
construction, was that of the collision between the 
8.8. Olaus Ollsen and the falseworks of the South 
Breakwater, Dover Admiralty Harbour, in 1906. 
These falseworks consisted essentially of gantries 
on either side of the breakwater site ; they were 
constructed in deep water of 16 in. by 16 in. blue- 

m piles. Each pile cluster consisted of six piles 
raced together at the top, with the centres of 

the clusters 55 ft. apart longitudinally and 100 ft. 
laterally. The gantry decks, Goliath and service 
roads, were carried on a system of mild-steel lattice- 
girders, and the weight of the plant was consider- 
able. The total weight of the Goliath cranes was 
350 tons each, and they were each capable of lifting 
and transporting 40-ton blocks. The vessel collided 
with the seawards gantry near its western extremity. 
The actual impact of the collision was apparently not 
very great, but the level at which the ship struck 
happened to approximate to that at which the 
main piles of the gantry were scarfed. The scarfing 
was effected by the usual form of joint, strengthened 
by means of two mild-steel plates bolted through 
the piles and carried for some distance above and 
below the joint itself. The plates corresponded 

| in alignment with the direction of the gantries, and 
| were therefore parallel to the centre line of the 
| 

* A. E. Carey, M. Inst.C.E., on ‘* Fishery Harbours 
and Harbours of Refuge.” St. Petersburg Navigation |and Harbours of Refuge.” St. Petersburg Navigation 
Congress, 1908. Congress, 1908, 
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breakwater (i.e., at right angles to the probable 
direction of impact in collision), and in the position 
of least resistauce to bending. Calculation indi- 
cated that had the plates been placed cat right 
angles to their pore « position, their resistance to 
bending would have been at least twenty times 
as great. Three bays of the seawards gantry were 
destroyed by this collision, and the plant and 

by means of electrical detonators. Great caution 
had to be used in securing the complete severance 
of the wreckage from the sound portions of the 
gantry without damaging the latter. The wreckage 
was ultimately removed by cutting the — 
members with dynamite charges and lifting the 
component parts from the sea-bed. The claim 
against the insurers in this case exceeded the sum | 

in cases where her liability is specially determined 
by Act of Parliament. 

caused to docks, this With reference to 
is to be found principally in connection with 
caissons and dock gates ; such damage is of frequent 
occurrence, and occasionally involves large amounts. 
One of the most interesting cases with which the 
author was connected was an accident at Jarrow-on- 
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girders thrown to the sea-bed. The weight of the 
wrecked plant at its northern end was thrown 
against the landwards gantry, as shown in the 
photograph, Fig. 14, thereby fracturing many of 
the piles close to the pn The wreckage was 
ultimately entirely dropped to the sea-bed by sever- 
ing the blue-gum piles at ground-level, for which 
urpose blasting-gelatine was used, the charges 
ing tamped to the piles by divers and discharged 

of 27,0001., or approximately 1861. per lineal foot of 
the falseworks damaged. e greater part of the 
cost of reparation of these falseworks devolved 
ultimately upon the insurance companies, as the 
amount in question was greatly in excess of the 
statutory liability of the vessel. It is interesting 
to note that the maximum amount which can be 
/recovered from any vessel for damage caused by 
' collision is 81. per ton on her gross register, except 

Fic. 13. Pitan or Smartt Harsovur. 

Tyne. The collision in this case was the result of 
the launch of the s.s. Patris, 2500 tons displace- 
ment, on December 23, 1908. This vessel was 
launched from the yard of the Northumberland 
Shipping Company, Howden. After taking the 
water, the vessel got out of control owing to the 
severance of a cable and the consequent fracture 
of a drag-box shackle. O ite the site of the 
launch, and on the other side of the River Tyne, 
is one of the dry docks owned by the Mercantile 
Dry Dock Company, and the s.s. Patris, as a 
result of the mishap, fouled the gates of this dock 
stern on, penetrating some distance into the dock. 
It was a fortunate circumstance that the dock had 
been flooded some 10 minutes before the accident 
took place. The accident involved the complete 
demolition of one leaf of the dock gate and the 
severe straining of the other leaf; damage also 
resulted to the greenheart cill of the dock, and 
slight damage to the stern of a ship lying therein. 
The estimated extent of damage to works was 
75001., and a further claim substantially in excess of 
this figure was put forward in respect of consequen- 
tial damages, loss of trade, &c. In the amount 
covering damage to works had to be included the 
cost of establishing, maintaining, and removing a 
timber cofferdam erected outside the dock entrance, 
inside which the gates were re-erected. A general 
plan and cross-section of the cofferdam in question 
are shown in Figs. 15 and 16, for permission to 
reproduce which the author is indebted to Mr. 
J. Mitchell Moncrief, M. Inst. C.E., the engineer 
= for the reparation works, 

sa contrast to this case of extensive damage 
may be cited the collision between the s.s. Teeswood 
and the west leaf of the inner gates of the lock 
of King’s Dock, Swansea, in 1913. Being late 
for the tide, the vessel was coming down the dock 
to tie up near the entrance and, over-running her 
mark, struck the dock gates. Owing to the Tees- 
wood having a cut-water stem, she crushed the 
deck-way, brackets, and the steel plates of the 
dock gate nearly down to water-line ; the damage, 
however, was not, as in the previous case, of suf- 
ficient extent to render the gates useless, and 
traffic was therefore not seriously interrupted. 

3. Sea and River Walls.—Sea-Walls in masonry 
and concrete of the type met with at seaside resorts 
are subject to failure in two ways, either from pres- 
sure from behind or by the onslaught of the sea.* 
Reparation of damaged structures of this class 
almost invariably pecessitates a departure from the 
original design, and, therefore, it is difficult to give 
specific data of any value in the preparation of 

* Vide “‘The Maintenance of Foreshores,” Messrs 
oe and Sons, pages 43 and 44. “‘Sea- 

4 
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estimates, as each case merits special consideration ; 
if the damage is at all extensive, the reparation 
contract is, in many — comparable to a 
contract involving new works. Considerable infor- 
mation as to the cost of construction of mass con- 

Taste II.—Sea- Walls and Groynes : Costs of Construction. 

Site. Structure. 

| 
Sewerby Timber sea-wall 

| | 

| Engineers, vol. clix., 
65 

Scar- Sea - wall (Marine 73 3 0 atthews on ‘* Coast 
borough omen Concrete Erosion and Protec- 

ocks and mass| tion,” page 58 
concrete 

Lowestott Sea-wall. Masscon-| 511 6 Proceedings of the 
crete on steel piles! Institution of Civil En- 

| gineers, vol. clxxxv., 

| page 106 
Bridling- Alexandra sea-wall., 16 12 9 Proceedings of the 
ton Mass concrete | | Institution of Civil 

Engineers, vol. clix., 
65 

8o0uth-Timbergroynes ..| 4 4 0 |Carey on “The Protec- 
wold tion of Sea Shores 

| from Erosion,” 23 
Hornsea.. Sea-wall. Reinforced 39 0 0 Proceed of the 

concrete | Institution of Civil En- 
gineers, vol. cxxxv., 

| page 151 
Withern- Timber groynes ..| 3 7 6 |Proceedings of the 
eea | | Institution of Civil 

| Engineers, vol. clix., 

page 78 
Lowestoft Timbermaingroynes 22 1 3 Proceedings of the 

(North Denes) Institution of Civil En- 
gineers, vol. clxxxv., 

| pace 106 
Bridling- Low timber groynes 214 0 Matthews on ‘‘ Coast 

ton | | Erosion and Protec- 
| tion,” page 115 

Level of Top of Wall 18-00 0.D. 
a <*e Fig.19. 

breaching of such embankments by high tides or 
wave-impact is a fruitful source of destruction. 
Figs. 17 and 18 show a foreshore section and plan of a 
breach in such an embankment on the River Deben, 

Fig.17. SECTION A.B. 
tei Formati 

sarily involved by such a scheme of works. The 
average width of the breach in question was 65 ft., 
and the lowest tender 6501. This breach is only one 
example of many which exist on the rivers and 
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Figs. 17 anp 18. Reparr or BREACH OF 

Fig.20. CROSS SECTION.1. 

(4142.0.) 

Fie. 19. Sgorron or an Essex EMBANKMENT. 

crete and masonry sea-walls is given in Mr. E. R. 
Matthews’ valuable text-book recently issued, 
which contains useful data as to costs, profiles, and 
general design of sea-walls of this character.* 

The marine drive, Scarborough, recently suffered 
extensive damage during construction, and the con- 
tinual depredation of the sea at Bexhill is becoming 
almost historic. The reconstruction and mainten- 
ance of such sea-walls and parades are, however, 
matters which in general are dealt with by the per- 
manent officials of, those municipal or urban bodies 
responsible, and it is only when the wreckage to 
the sea-front has been considerable that an expert 
report is called for, and the report then generally 
includes a recommendation to undertake new pro- 
tective works combined with a system of groyning. 
The only useful information in assessment cases of 
this character is, therefore, the tabulation of 
actual costs per lineal yard involved in the con- 
struction of sea-walls and groynes. A few examples 
of interest in this respect are given in Table II. 
It is not, of course, possible within the scope of 
this article to give detailed sections or quantities 
of works of this character ; but, as in the case of 
sea-walls, the conditions as to exposure, nature of 
foundations, rise and fall of tide, &c., are so vari- 
able that unit prices are useless without a know- 
ledge of the type and leading dimensions. Refer- 
ence is therefore given in the table to the source 
from which the information was obtained, where 
full particulars may be found. 
The sea and river defences of low-lying lands in 

general outside the control of municipal authorities 
represent an enormous mileage in this country—a 
fact not generally appreciated. Such river sea 
defences are peculiarly liable to damage. The 

* Vide ‘* Coast Erosion and Protection,” by Ernest R. 
Matthews, Assoc. M. Inst. C.K. Messrs. Charles Griffin 
and Co. Chapters IV. to VII. inclusive. 

Re + 12-50 O.D. (T.H.W.) 
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in Suffolk. Theauthor, who was asked to advise in 
this matter, prepared plans for the closing of the 
breach, and, at the request of the landowner, 
obtained tenders for executing the works. The 
ror it was proposed to adopt consisted of the 

iving of a timber coffer-dam of horse-shoe shape 
in plan on the foreshore outside the breach, and of 
reconstructing the embankment on the new align- 
ment. In breaches of this character one invariably 
finds that a deep pot-hole has been cut in the 
centre of the breach by the action of the tide, which 
renders new works on the old alignment prohibitive, 
owing to the expensive nature of the design neces- 

estuaries of the East Coast, and the cost of repara- 
tion of such breaches would therefore appear to be 
about 101. per lineal foot, the site in question pre- 
senting the average difficulties of reparation which 
exist in breaches of this class. This figure, how- 
ever, is a speculative one, unless the greatest pre- 
cautions are taken in the execution of the work. 

Fig. 19 is a typical illustration of the profile of 
an Essex embankment. The maintenance of such 
embankments is of great importance in assess- 
ment. In obtaining evidence for a recent arbitra- 
tion, the author had occasion to investigate this 
point. The only information which it appeared 
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DAMAGE TO MARITIME WORKS. 
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ible to obtain would seem to point to the 
act that clay embankments of this character, 
protected either by stone pitching or a light 

TasLe III. — Maintenance Rates on Earthen Embank- 

lo - Saxon Petroleum 
pany. Sea a, | 

Thames Haven 1912-13, 2 88 0 1,100) 4.14 
River Embankment, | Alde- 
a Ss River Alde. Hurts | | 
Hal - ee - 1910-12; 8 27 10 608) 3.71 

ments. 

| sé |S oa ss 
| | = 2 = ag 

| -r | ¢ | : | Hf 33 | i | E \gaalgaelge 
4 & s.\vards.; d. 
Embankment, South Level) jvenre| ni 

| (East Section). Fobbing 
| ea Commissioners .. —— 3 (492 0)11,400) 4.34* 

} 

|. * Information supplied by Mr. A. E. Carey, M. Inet. C. Ez, 
| Engineer to the Fobbing Level Commissioners. 

Taste 1V.—Schedules of Repairs to River Embankment, 
River Alde, Suffolk. 

{4 | Stak 
§ i. Work Necessary. ise qi: 

z | Se | Bae E 

WS; Dee ; je@ ge a 
Nil - Nil 

|Pick up and re-pitch 270) 54 5 0) 1310 0 
| eq. yds. of chalk pitching 

Ill. | 287 |Make up face with _ 237 138 6 16919 6 
| earthwork. 14 cub. nh Ae 

~ run. Re-pitch } 
© yard run. 

New oitohing 2 eq. yds. 
| per yard run } 

IV. | 398 |As per section III. --| 73 |18 6| 49 6 
IV. — ((@) Pitching in rough con-| — - 30 0 

| dition. Allow for re- 
pitching and making up | 
toe 

oo 

IV. — |(6) Re-set coping stones} — — 500 
| and point up brickwork 
| of sluice 

Vv. | 727 \Make up toe. leub. yd. of} 100 9 6 4710 0 
earthwork per yard run, 
28q. yds. new pitching 
per yard run 

VI. | 217 |Patch up earthwork | — - 56 00 
VII. | 610 Natural boundary of) — _ Nil. 

| shingle ridges | 
VIIL | 210 orm bank with addi-| 210 — 10 0 0 

| tional earthwork 
1X. | 400 Re-pitch 1 sq. yd. pen reve 

forward. New pitching 
te yd. per yard for- 

vard| 200 | 5 0| 50 0 0 

X. | 603 18 pends par oub, yd. new|/ 171 14 6/12019 6 
| earthwork per yard for- 

ward; 3 eq. yds. new 
pitching per yard for- 
war 

X. | — Patchupearthworkonface| — - 10 0 0 
where required 

In _bdidition to above, Ses and ae 
1 lineal yds. of embankment 6 8015 6 

| 682 0 0 
Add for gets on maritime work| 

15 per cent. . -| | 87 6 0 

| | en 6 0 
Supervision, 5 percent. .. ae : ~ bwaere 

Total estimated cost of work 702 15 ‘ 

reinforced-concrete revetment, cost about 4.1d. 
per lineal yard per annum to maintain. The 
examples given in Table III. are actual cases of 
maintenance charges taken over short iods. 
In these figures no abnormal charges for new 
works were included, and it must be remem- 
bered that they only hold in cases where 
embankments are in normal repair. It is fre- 
quently necessary to prepare estimates as to the 
cost of putting such defences into an efficient state. 
| Table fy. is an actual estimate supplied by the 
author in respect of some property recently 
| acquired by the Government on the River Alde. 
| The schedule i is of interest as giving unit rates for 
| repair work of this character. Figs. 20 and 21 give 
two average cross-sections of the walls referred to in 
the estimate, which sections show seriously-eroded 
profiles, and are typical of the condition of many 
existing clay te Reet in Kent, Essex, Suffolk, 
and Norfolk. The condition of protective works 
of this nature has a most important bearing upon 
the values of the properties Hf defend, and, apart 
from the question of damage to cro and deprecia- 
tion in the agricultural value of caused by flood- 
ing, is the liability which most walls of this character 
have to be breached. There is, in the author's 
opinion, no question but that some specific sum 

| in addition to the annual cost of maintenance should 
be set aside each year to meet such extraordinary 

s 
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44 out in January, 1913. The revetment has a 
ese eee Sa... J Bes = hed sven I slope of 1? to i, and varies from 4 to 5 yards in 

| toor 8 Adviso Cost of depth. It is 394 yards long, and was constructed 
Nature site N*| Date. | Colliding Vessel. | Cause of Accident. “OF Works | Engineer." | Reparation. | for a total cost of 17671. Whereas the initial cost 

| Flor. i aeieee Chem inf ‘1a. E. Oarey, M.| 150%. (estimate). | 1 low, the maintenance charges of such work in 

natty. Dagenham |Peb.- ery $00 tons rt titled 0 aveld| crete ~ trac.| Inst. O.E. + ee exposed positions are likely to be high. In the 
| 1911 r. y| H.M.8. Taunderer| tured at junction| case in question a sum of approximately 300/. has 

—e [Dee been spent to date in maintenance, which approxi- 
alongside jetty ap-| mates to the sum of 7s. 6d. per wey yard per 
sages ; annum. It is interesting to note that the present 

ae Gen | tat ‘Mone barton wn Gondaas arte Tana ae pn a 801. (contract). | estimate for permanent works on this site exceeds 
j 

| cnoving face | } 

Falseworks (timber Oct., 19063.S. Olaus Ollsen Vessel collided with Demoli' ion of three|A. E. Carey, M./'27,000I. (claim, ap- 
and mild steel) and, (1200 tons register) ow when mak-) bays of gantry and) Inst. C.E.t+ proximate). 
lant, Admiralty, ng entrance to wrec of con-| 
arbour Works,| | harbour in fog | siderable plant 

| } | 
Timber pier-head,|Feb., 1914 _ _- | Natural Decay of The author 6501. 
Olacton | | | Memel - fir les. 

} | | Twelve rep 

nuous iron} June 19, |S.S. Wandle, 889| Vessel navigating at\One main columnjA. E. Carey, M.| 42471. (claim). 
Siaies rder road; 1912 ; | tons (gross) slow qpeed in foggy, fractured and dis-| Inst. C.E.t+ 
bridge, Wandsworth weather in tideway| placed 5 ft. 6 in. at, H. Wilson Holman, 
Bri when approaching) and severance .N.A. 

over river on piers berth above bridge | of cross-girder con-|The author 
each consisting of nections. 

two ht-iron 
columns filled with 
concrete. Built 1873 

Jarrah and pitch-| 1911 7816 tons (gross) _ 14201. (contract). 
ne timber jetty, of course | fractu oor- Other claims for 
a through jetty ap-| ings and buoys cut consequential 

proach on top of} adrift. Approach to damage. 
| tide at night | jetty completely 

River defences, _ -- Neglected condition The author 7001. (and 1300/. 
King’s Marshes, | of 3231 lineal aes capitalisation as 
Orfordness | of clay embank- to future main- 

| ments protecting} tenance) 
site of Aviation 

ite Heath pny H. Wil Hol 1.  (Sontract Iron Swing Bridge,|March 6,/5.S. White Heather, -- amage piling} H. ison ol- 71. Jon 
Poole - 1908 | 383 tons (gross) supporting swing-| man, M.I.N.A. and disburse- 

| ing span and pro- ments) 
tectivedolphinsand 
fendering. Sever- 

Reinforced - concrete} 
deep-water jetty, 
Dagenham Dock 

April, 
1907. 

ine timber 
rfleet 

Pitch - 
jetty, March 

1908 

Timber face of tidal 
wharf, Surrey Com- 
mercial Docks 

March, 
1907 

Steel caisson dock 
tes; dry dock, 
iver Tyne 

Dec. 
1908 

Reinforced - concrete 
jetty, River Thames 

Dec. 
1907 

Clay 
River De 

Reinforced- concrete 1913 
apron, Frinton — | 

embankment, | April, 1914 
ben | 

§.8. Goorkha, 6300|Fogg 
tons gross 

4.30 a.m.,|8.8. Harrovian, $307| Failure 
5,| tons gross 

S.S. Narva: length, Vessel aground at,/Wharf face driven A. E. Carey, 
276 ft. ; beam, 55 fc. | 

2.80 p.m.,/S.S. Patris, 2500 tons 
28, (displacement) 

1912 | 4241 tons gross | FogRy weather ; ves-|One reinforced-con- 
| se 

8, |3.8. 

| 
| 

| 

by ii 
Liansannor, Failure of screw-|Slight dam 

2307 tons register 

| to short length of, | 

| with six cast-iron, 
| columns and mild-| 
| steel girders 

Doubtful. Vessel out| Twelve main piles 

| severed. Five bays’ 
| | of 15 ft. span demo- 
| | lished ; four bays of 

15 ft. span strained 

ance of gasmain | 
, weather ;|Partial severance of 

vened reported to| jetty approach. De-| 
| have been delibe-| molition of one bay) 
| rately put ashoreto| and fracture of| 
avoid collision with) most struts and) | 
small steamer | bracings in two| 

| adjacent bays } | 
of steering-| Three 7-ft. baya and H. Wilson Holman, | 11001. (settlement). 

| gear while vessel| up - stream nose, M.LN.A.; A. E. 
| was proceeding) severely stressed Carey, M. 
| down river on ebb) and set over 2 ft. at) C.E.+ 
| tide deck level 

A. E. Carey, M. 1600. (estimated). 
Inst. O.E.+ 

Inst. 

M. |50. (estimated). 
low water ; ‘‘mud-| inwards by impact, Inst. C.E.+ 
sucked” on rising) and camp sheeting 
tide; snapped cables| fractured 

| and surged stem-on 
| against wharf face | 
Accidental severance| Complete demolition J. Mitchell Mon- 
ofcableand fracture! of one leaf of dock crieff. Inst. 
of drag-box shackle| gate, and_ slight O.E.; A. E.Carey, 
during launch of} straining of other M. Inst. C.E.t 
vessel from opposite) leaf ; e to 

| bay of river dock cill and to 
steamer in dock | 

75001. (settlement 
as to works), and 
claim for conse- 
quential damazes 

27001. (contract). 
proceeding up-| crete 5-ft. diameter 

| stream off her) column, fractured 
| course and to the) about 10 ft. above 
north of the tair-| low water; pene- 
way | tration of decking 

| and superstructure 
| for 17 ft. ; several 
| reinforced- concrete 
| columns cracked 
| mear bed of river, 

mpact 
age toA. E. Carey, M. 

mooring when sub- dock-wal!l and Inst., C.E.+ 
jected to shock by steamer Corn Ex- 
ship’s cables part- chan, 

| ing, due to wind 
| re on free- 
} of ship lying | 
| to buoys in open } 
dock 

About 8001. (claim) 

ge 

+ 

| 
\Breach in embank-| The author 6504. (tender) 
ment : Average | 
width, 65 ft. 

Toe of stone -pro-A. E. Oarey, M. 450/. (approx.) 
tected earthen em-| Inst., 0.E.{ 

| bankment damaged e author } 
| by sea for distance 

of 200 yards 

* These references are restricted to those engineers acting tor ome or other of the principals concerned who have supplied 
information for the present article. To whom the author was chief t. 

expenditure as might accrue in any one year, due to 
the recurrence of a breach in the embankments.. 
This can only be arrived at by ascertaining the his- 
torical record of neighbouring embankments. In 
the case quoted above, breaches had occurred in 
adjacent walls ip 1877 and 1897, and a fair assess- 
ment in this case appeared to be the sum of 201. 
per annum,* over a total length of 3231 yards of | 

* Vide Arbitra and Secretary 
of State for War, 1914. 

Lord Rendlesham 
Question 1897. 

river embankment. Embankments of this class, 
more especially where they abut on the coast 
or an exposed — are frequently subject 
to scour at the toe. Fig. 22, on page 96, is a 
ho ph illustrating such a type of defence. 
n this case the protected saltings in front of 

the bank had become eroded by scour, and 
it was necessary to protect the face in order 
to maintain the stability of the bank. To this 
end a reinforced revetment on the De Muralt 

12,0001. ; and, in spite of the somewhat heavy 
maintenance charges, such alight revetment would, 
therefore, seem to be of use where regular inspec- 
tion of the work is possible, but the cost of main- 
tenance, referred to above, must always be borne 
in mind when dealing with assessment questions. 

Fig. 23, on page 97, illustrates a similar rein- 
forced-concrete revetment on the banks of the 
Medway at Chatham. This revetment protects a 
length of 90 yards of bank between two wharves, 
and was constructed in 1913 for an inclusive cost 
of 71. 15s. 5d. per lineal yard. 

Fig. 24, on page 97, is a photograph showing the 
condition at the bottom of a stone pitched wall at 
Frinton, on the East Coast, where the undermining 
effect caused by the sea is apparent. To protect 
this embankment a ve Tone 5 noe apron was 
constructed, a cross-section of which is shown in 
Fig. 25. The work was completed early last year. 
It extends for a distance of 200 yards, and the 
construction has cost approximately 2/. 5s. per 
lineal yard. 

The author has prepared a general summary of 
selected assessment cases dealt with since the year 
1906, which may be of use as a general reference ; 
this summary is given in Table V. In cases where 
damage was caused by a colliding vessel, the ton- 
nage is quoted in column 3 from data which was 
obtained at the time of the accident. In this respect, 
in dealing with such assessment cases, it is vital to 
avoid any confusion between ‘‘tons burthen,” 
‘*tons register,” and ‘‘tons displacement.” The 
two former are only of value as giving some indi- 
cation of the size of the ship ; the latter, together 
with the dead-weight of cargo carried, is, of course, 
the figure upon which all impact calculations must 
be based, measurement tonnage being in most cases 
extremely misleading. R 

The author is indebted to his former chief, Mr. 
A. E. Carey, M. Inst. C.E., for permission to quote 
data obtained whilst in his service ; the specific 
cases so dealt with will be clear from the references 
in column 6, Table V.; also to Mr. H. Wilson 
Holman, M.I.N.A., of the firm of C. M. Burls 
and Partners, consulting engineers and naval 
architects, for permission to record several instances 
of damage caused by colliding vessels, notably the 
case of the accident to Poole Swing Bridge in 1908. 

THE USE OF LIQUID AIR IN 
INDUSTRY. 

Tuart the liquefaction of air is no longer a mere 
laboratory achievement is far from being generally 
realised. Many, even accomplished engineers, are 
astonished when informed that it is now an impor- 
tant industrial process. Yet it is certain that, 
from the plants already in existence on the Linde 
and Claude systems, there must be produced well 
over 30,000 gallons of liquid air hourly. Of this 
output, by far the greater part is utilised in the 
production of pure oxygen. But a rapidly increas- 
ing number of installations are being put down for 
the manufacture of nitrogen, while the neon which 
is readily extracted as a by-product, is finding a 
useful application in industrial lighting. Experi- 
ments, giving good results, have also been made 
with liquid oxygen explosives ; and a number of 
liquid-air plants have been put down for the pro- 
duction of hydrogen. L 

The separation of the oxygen and nitrogen, as 
will be explained later, is effected by liquefying 
the air and re-evaporating it slowly. The differ- 
ence in the boiling points of the oxygen and 
nitrogen causes most of the nitrogen to come off 
as a gas, and most of the oxygen to remain behind 
as liquid. A special form of rectifying tower 
enables the separation to be completed. 

In the manufacture of oxygen, the liquid-air 
process has superseded almost all others, chiefly 
owing to the low cost of production which it 

mits. 
The old barium oxide process—a purely chemical 

system was employed. The work was carried one—may now be regarded as extinct; and the 
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only rival to the liquid-air method is the method 
depending on the electrolysis of water. For small 
plants the latter process is convenient, and where 
the hydrogen produced can be sold, it may be 
accounted a rival of liquid air. Frequently, for 
example, pure hydrogen is demanded for the con- 
version of oils into fats in the manufacture of soap, 
margarine, &c. In such cases oxygen can be 
produced very cheaply as a by-product. But, if 
there is no market for the hydrogen (or if it also 
is being produced by means of liquid air), the cost 
of production of the oxygen, which is then more 
than five times as high as with liquid air. renders 
the process commercially impracticable. Even the 
smaller plants, now that oxygen can be bought so 
cheaply from the large factories, are falling into 
disuse. On the electrolytic process the cost of 
producing 1000 cub. ft. of oxygen is about 16s. for 
power (on a basis of 0.35d. per brake-horse-power 
hour), and the total cost, including all other direct 
charges, except depreciation and interest on capital, 
and assuming no hydrogen to be sold, is abut 
18s. 4d. With the liquid-air process on the same 
basis, the total cost is only 3s. 6d.; a plant to 
produce 40,000 cub. ft. of oxygen per twenty-four 
hours would require 100 brake at me and 
the initial cost of such a plant, including the 
motive-power and gas-holder, is about 75001. 

In view of these figures, it is not surprising that 
the liquid-air process, except in special cases, is 
ousting the other, and since it has a rapidly- 
increasing oxygen market to supply, there seems 
every prospect of a further great development for 
it in the future. The increase in the consumption 
of oxygen is almost entirely due to the successful 
application of the oxy-acetylene blow-pipe for 
welding and cutting metals. In 1911 the consump- 
tion of oxygen in Germany was 150,000,000 cub. ft., 
in France 100,000,000 cub. ft., and in England 
about two-thirds of that amount, and it is esti- 
mated that at least 90 per cent. of these totals was 
used for oxy-acetylene work, about one-half of 
this amount for welding and one-half for cutting. 
There are, it is stated, some fifty liquid-air oxygen 
plants at work on the Continent of Europe, and the 
British Oxygen Company in this country has all of 
its eight factories equipped in this fashion. But in 
the United States only five liquid-air oxygen plants 
had until recently been put down, although there 
are in operation at least two electrolytic installa- 
tions. The oxy-acetylene blow-pipe, it is interest- 
ing to note, is also used for melting silicon, and for 
exactly imitating rubies, sapphires, and topazes by 
fusing appropriate mixtures of alumina and metallic 
oxides. 

Besides the blow-pipe, pure oxygen is required 
for a number of other p One of the most 
interesting is the super-oxygenising of the air for 
blast-furnaces.* Experiments made on a 100-ton 
furnace at the Ougrée-Marihaye Works, in Belgium, 
show that by increasing the percentage of oxygen 
in the air, only from 21 to 23 per cent., a saving 
of over 1 cwt. of coke is effected in smelting 
1 ton of iron, and at the same time the output 
of the furnace is increased by from 10 to 15 per 
cent. The cast-iron ultimately obtained is of 
excellent quality, and is very rich in silicon. At 
present the plant, which is on the Claude system, 
and cost originally, with all accessories, some 
20,0001., consists of three units, each with a 
capacity of 200 cub. m. of oxygen per hour, but 
it is understood that considerable extensions are 
contemplated. Experiments are also being tried 
on a smaller furnace fed with pure oxygen. 
The market for nitrogen among makers of artificial 

manures is a large and growing one, and in supplying 
it liquid-air plants seem destined to be brought more 
and more into use. At present the world’s consump- 
tion of nitrogenous fertilisers is upwards of 4,000,000 

tons annually, and it appears certain that this 
figure, as virgin soils become exhausted, and the 
natural sources of supply in Chili diminish, will be 
greatly exceeded. Even as it is, liquid-air plants 
are in existence whose combined capacity will 
produce enough nitrogen to make 250, tons of 
calcium cyanamide yearly. 

Formerly the nitrogen for this process was all 
supplied from the Birkeland and Eyde plants, 
which extract it from the air by electrical deposit. 
The efficiency and cost of working of the Birkeland 
and Eyde process, however, com very unfavour- 
ably with those of liquid air. The cyanamide, as is 
well known, is made on the Frank-Caro principle, by 

passing pure gaseous nitrogen through retorts con- 
taining calcium carbide, heated to about 800 deg. 
Cent.* For this purpose a purity of 0.997 is de- 
manded, and a purity of 0.998 and over has, on the 
Claude and Linde processes, been obtained. On 
the Claude system nitrogen selling at 1 franc can 
be produced for 50 to 60 centimes per kilogramme. 

Liquid air is also used indirectly in connection 
with at least two other nitrogen processes, in which 
it is necessary, or at least advantageous, to use an 
excess of oxygen. The more important of these is 
the Birkeland and Eyde method of extracting the 
nitrogen from the atmosphere by electrical deposit. 
In this process it has been found that if, instead of 
air, a mixture of nitrogen and oxygen in equal 
volumes is used, a yield may be expected of at least 
625 kg. of nitric acid per kilowatt-year, instead of 
only 500 as at present. The increase involves the 
supply of 270 cub. m. of oxygen, costing at the 
outside 12s.; but since the additional 125 kg. of 
nitric acid obtained contain 30 kg. of nitrogen, 
which would sell for 36s., it is clear that it pays to 
add the oxygen. The objection in the way of ) wae 
so is that only 3 per cent. of the gases arriving 
at the Birkeland and Eyde apparatus combine, so 
that, unless the apparatus is made gas-tight, it 
would be folly to ppl when 97 per cent. of 
it would be wasted. If the plant can be made 
tight, however, a closed circuit can be established, 
and the same gases circulated repeatedly without 
loss. At present experiments are being made in 
this direction which bid fair to be successful. 

The other process, due to Haeusser, depends on 
the fact that after combustion at a high tempera- 
ture—by an explosion of gas, for example—a part 
of the nitrogen in the air burns, and remains 
oxidised, if the explosion is instantaneously followed 
by rapid cooling. In this process also it has been 
found that an excess of oxygen in the air has 
large effects on the yield to be expected. In fact, 
in one test it was found that, even by increasing the 
proportion of oxygen to no more than 26 per cent., 
the yield in oxides of nitrogen could be brought 
from 82 grammes per cubic metre of gas up to 130. 
An experimental Linde plant, with a capacity of 
60 cub. m. of oxygen per hour, has recently been 
put down in the Wendel factory, to enable further 
investigations of the value of this improvement to 
be made. By treating 5000 cub. m. of coke-gases 
per day, it is hoped to turn out one ton of nitric 

third of a cubic metre of oxygen to each cubic 
metre of coke-gas will give a yield in these propor- 
tions. 

Finally, nitrogen made by the liquid-air appa- 
ratus has feund a use in the manufacture of 
aluminium nitride from bauxite (Al,0,). The 
nitrogen is passed over a mixture of three volumes 
of charcoal to one of bauxite, heated to whiteness, 
and the nitride and carbon monoxide are produced. 
For supplying the nitrogen for this process a Claude 
plant, with a capacity of 300 cub. m. per hour, 
has recently been put down in France. 

In the manufacture of hydrogen the liquid air 
does not, of course, form the raw material, but is 
used externally. The raw material is water-gas, the 
composition of which is 48 to 54 per cent. hydrogen, 
42 to 44 per cent. carbon monoxide, 2 to 5 per 
cent. carbon dioxide, 3 to 5 per cent. nitrogen. 
Carbon dioxide is easily removed by absorption in 
lime, and since, of the remaining constituents, 
hydrogen has by far the lowest boiling point 
( — 253 deg. Cent.), it can easily be se ted by 
liquefying the other gases with liquid air, and 
allouing the hydrogen to escape as a gas into a 
suitable holder. The liquefied mixture, which is 
mainly carbon monoxide, is conveyed to an internal- 
combustion engine, and thus serves to develop the 
mechanical power necessary to drive the installa- 
tion. Suitable interchangers are provided, as in 
the liquid-air —_ presently to be described, for 
economising the cooling effect. The process is due 
to Messrs. Linde, Frank and Caro. 

The outlet for the 2 yy is chiefly that 
already mentioned—namely, for the conversion of 
oils into the fats required in soap and margarine 
making, &c. It is also employed for inflating 
balloons, and, in the manufacture of metallic-fila- 
ment lamps, for the envelopment of the filament 
during its preparation and reduction ; and recently 

* In ENGINEERING, October 2, 1914, page 406, we pub- 
lished an account of the process as carried on at the Odda 
works of the Nitrogen Products and Carbide Company 

* See ENGINEERING, September 12, 1913, page 374. 

acid, and it is expected that the addition of one- | 845° 

a Linde plant, with a capacity of 2000 cub. m. per 
hour, has been put down by the Badische Anilin 
for use in the manufacture of synthetic ammonia. 
An advantage of the liquid air over the electro- 

lytic process is that excess hydrogen passed 
through the oils, and thereby rendered impure, 
and hydrogen that has become diluted with air in 
balloon work, can be returned to the apparatus and 
readily purified by condensation of the foreign 
matters. In addition to hydrogen, nitrogen has 
been used extensively for the envelopment of the 
metallic filaments during their manufacture, but it 
is expected that both of these gases will be replaced 
by argon, which can readily be produced from the 
liquid-air apparatus as a by-product. Argon may 
even be utilised in lighting tubes, similar to the 
neon tubes about to be described. 

Nitrogen and — are naturally the two prin- 
cipal products of the liquid-air process, but neon— 
once as a rare gas—is produced as a 
residuum from the Claude apparatus in no incon- 
siderable quantities. In fact, from a plant with a 
capacity of 50 cub. m. of oxygen per hour, about 
100 litres are produced per day, the proportion 
present in the atmosphere being 1 in 66,000. It is 
well known from the experiments of Ramsay and 
Collie that neon offers an exceptionally small resist- 
ance to the passage of the electric discharge, This 
property inspi M. Claude with the idea of 
using the gas obtained from his apparatus in lamps, 
similar to the Moore nitrogen tubes, and after some 
difficulties he has met with a fair measure of 
success. Neon lamps made by him were used to 
illuminate the colonnade of the Grand Palais des 
Champs Elysées on the occasion of the Automobile 
Exhibition in 1910, and fifty of his neon tubes, 
each 6 metres long, decorated the church of St. 
Ouen at Rouen during the fétes of the Norman 
Millenary. 
The chief difficulty in the making of the tubes 

lies in the extreme sensibility of neon to the 
presence of foreign gases. Unless it is in a high 
state of purity, it produces no illumination, and, 
indeed, so sensitive is it that the minute quantities 
of nitrogen and other which are occluded in 
the electrodes and in the glass of the tube itself 
are sufficient to destroy its usefulness completely. 
This disadvantage M. Claude has ingeniously over- 
come by utilising the property which week char- 
coal at a low temperature for absorbing 

. The charcoal appears to act somewhat after 
the fashion of a catalytic, having a greater effect on 
the more easily liquefiable gases than on others. It 
follows that, if the neon tube is connected to another 
immersed in a bath of liquid air, and containing 
charcoal, the foreign gases, which are all more 
easily liquefied than neon, will be absorbed, and the 
neon, except for a very small a taken up 
by the charcoal, will remain. is device was com- 
pletely successful, and although some difficulty was 
afterwards experienced with the absorption of the 
neon in the copper of the electrodes, it was easily 
overcome by increasing the surface of copper em- 
ployed, until the current density was reduced to 
1 ampere per square decimetre. The only other 
objection to the lamps was their glaring red colour, 
which caused all blue objects to appear black, but, 
by using correcting-tubes filled with mercury vapour, 
it was found that this undesirable 
eliminated. The mercury-tubes, of the Cooper- 
Hewitt type, take low-tension direct current, but 
high-tension alternating current: must be used for 
neon. On the score of economy the lamps show up 
very favourably, the consumption of electricity 
being only 0.6 watts per candle-power. Since the 
luminosity is also four times greater than in the 
ease of nitrogen, shorter tubes can be employed, 
and, as the difference of potential is only = ewe 
one-third, the tubesare more reliable. The current 
intensity for 45 mm. tubes is kept at 1 ampere, 
independent of the length. 

e use of liquid oo in explosives, already 
referred to, promises to be considerably developed 
in the future. In the early experiments of Linde, 
the liquid containing 50 per cent. of oxygen, which 
was obtained from his original ap tus, was 
pry on to fragments of wood cneeal m 
mm. to 4mm. in size. The f ents were kept 

from scattering, as the liquid boiled, by making 
them into a sponge with one-third their weight of 
cotton-wool. In more recent experiments, at the 
cutting of the Simplon Tunnel, a mixture in equal 
proportions of carbon and petroleum, which took 
up eight parte of liquid oxygen, was used with 

ity was 

at Hardanger Fjord, Norway. some success, and lately excellent results have been 
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obtained by MM. Claude and D’Arsonval working 
in collaboration for the French Government. The 
chief object of their investigations was to produce 
an explosive which gave rise to no injurious gases. 
For this purpose a mixture of powdered aluminium, 
with an excess of liquid oxygen, was tried, with a 
very encouraging success, and the explosive was 
found to be equal to twice its weight of gunpowder. 
Further experiments by the same investigators 
with carbon-oxygen explosives show that these 
have the same power as dynamite, and, as the cost 
of each of the constituents is less than a 1d. per 
pound, it is predicted that the new explosive will, 
as soon as further experiments are completed, be 
widely used. The principal difficulty in the way of 
its adoption is the transportation of the liquid 
oxygen, but this, it is hoped, will shortly be over- 
come. 

(To be continued.) 

MULTIPLE TAPPING-MACHINE. 
Ir frequently happens in the manufacture of 

scientific instraments, typewriters, electrical appara- 
tus, motor-car parts and accessories, and other work 
of this class, that parts having several tapped holes in 
& comparatively small area are required in large quan- 
tities. If each hole has to be tapped separately, the 
operation is a long and tedious one, and consequently 
it adds considerably to the cost of production. 

The accompanying illustrations, Figs. 1 and 2, show 
a machine constructed by the Langelier Manufacturing 
Company, of Providence, R.I., U.S8.A., to reduce the 
cost of such work by enabling practically any number 
of holes, arranged on almost any lay-out within a 
5-in. circle, to be tapped in a single operation, which 
takes only as long as is usually required to tapasingle 
hole. The machine is semi-automatic in action, and 
requires no more skilled attention than is necessary 
for a single-spindle tapping-machine. The operator 
has merely to start the machine, place the parts in a 
holder, and remove them when tapped. Fig. 3 illus- 
trates a few examples of the class ot work i which 
the machine is an pene Its output, of course, depends 
upon the material used, the depth of penetration of 
the taps, and the pitch of the thread ; but a good idea 
of ite capabilities will be gained if we mention that 
the small automobile part shown in the top left-hand 
corner of Fig. 3 was tapped at the rate of twelve per 
minute. This part was of brass, 4 in. thick, and two 
No. 8 taps and one No. 14 tap, both having thirty- 
two threads per inch, were used; the diameters of 
these taps at the tops of the threads would be 0.164 in. 
and 0.242 in. respectively. 

An inspection of Figs. 1 and 2, which are reproduced 
from photographs of the machine, will show that it 
consists of a very rigid cast-iron column of (J-section, 
mounted on a table having flanged edges, and sup- 
ported on a pair of ‘A-shaped legs. The column 
carries the main vertical spindle, which drives the 
multiple tapping-head, the distance between the centre 
line of the spindle and the front face of the column 
being 34in. A work-table, on which the to be 
tapped are placed in a special fixture, is also carried 
on ®& knee which slides on the front of the column as 
shown. This table rises and falls when the machine 
is working, motion being imparted to it by means of a 
face-cam, visible in both figures. The table moves at 
@ speed corresponding to the pitch of the taps and 
their speed of rotation, so that the work is more or 
less we eg and no complex clamps or jigs are 
required to hold it in the fixture ; a small spring-finger 
is sufficient to keep the ts in position. To facili- 
tate the operation of changing the taps, the knee 
aes the table can be lowered and afterwards 
repl in its correct position as determined by 
graduation marks provided for the pu \. 

The multiple tapping-nead, which is the most 
important part of the machine, can be made with any 
reasonable number of tapping-spindles. The latter 
are of the crank type, and are driven from a common 
driving-plate without employing toothed gearing ; 
they are said to work with practically no noise, and 
with no perceptible vibration. The spindles are 
machined from a solid alloy-steel bar, hardened, heat- 
treated, and ground to size. They are each accurately 
located on fixed centres, and run in hard phosphor- 
bronze bearings. A compensating device is provided 
on the spindles to allow each tap to follow ite own 
lead independently of the others, so that the holes 
are all tapped with clean-cut threads, free from drag 
or stripping, even when working with small taps in 
wer thin, soft brass. This feature also allows 
with different pitches to be used simultaneously, and, 
moreover, ensures uniformly accurate and _inter- 
changeable work. Clamped round the multiple head 
is an oil-casing, which is ren from the reservoir 
clearly visible in Figs. 1 and 2 on the right-hand 
side of the machine-head. Small openings in the 
bottom of the casing allow a thin film of oil to 
run down the taps, so that each is efficiently 
lubricated. The chucks, which are of the firm’s own 

MULTIPLE TAPPING-MACHINE. 

CONSTRUCTED BY THE LANGELIER MANUFACTURING CO., PROVIDENCE, R.L, U.S.A. 

Se ee 

Fie. 1. Fie. 2. 

TELEPHONE PART 
AUTOMOBILE PART SPECIAL METAL AUTOMOBILE PART 

BRASS CAST IRON 

CLOCK PART = . 
BRASS ae 

—— —- a 7 

ee - ELECTRICAL PART 
A CAST BRASS 

Fic. 3. Specmuwrns or Work Tarren. 

design, are made to take taps of the straight-shank | seen in Fig. 2. The pulleys are 9 in. in diameter, and 

od = are grooved to take a riveted leather belt of circular 
he main spindle is driven through spiral and | section, } in. in diameter ; an idle pulley is provided 

spur gearing by a set of three grooved pulleys placed | for the pu of adjusting the tension of the belt. 
near the top of the machine, at the back, as is best | Ciroular belts have been adopted because they give 6 
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ROLLING OF SHIPS. 

APPARENT WAVE PERIODS CAUSED BY VARIATIONSIN THE ANGLE BETWEEN THE DIRECTION OF THE WAVES AND THE COURSE OF THE SHIP 
CALCULATED FOR WAVE LENGTHS OF 50,100, /50,& 200 METRES, AND FOR SPEEDS OF SHIP OF FROM 10TO 22:5 KNOTS. 

A. 50 METRE WAVE. 

very rapid and easy reverse to the taps, and also 
because they enable much narrower pulleys to be used 
than would be ible with flat belts ; this, of course, 
considerabl uces the floor space required for the 
machine. Of the three pulleys, the centre one, on 
which the belt is placed in Fig. 2, is loose, while the 
inner and outer pulleys drive the spindle in opposite 
directions. When the operator depresses the pedal, 
shown in both Figs, 1 and 2, the Belt is shifted on 
to the inner pulley. The taps then rotate, and 
the table rises at the proper speed according to the 
pitch of the taps, so that the latter enter the work. 
When the tapping is completed, the belt is auto- 
matically shifted on to the outer pulley, which re- 
verses the direction of rotation of the taps and lowers 
the table; this part of the operation takes place at 
twice the speed of tapping. he table then stops for 
a short interval, which gives the operator just suffi- 
cient time to take out the tapped part.and replace it 
by a fresh blank. This cycle of operations, which is 
timed to secure the highest possible tapping speed and 
to reduce unproductive time to a minimum, is then 
repeated automatically, the belt being shifted by a 
pilot gear, which derives its motion from change-gears 
on the left-hand side of the machine, shown in Fig. 1. 
The belt-shifting fork is operated by adjustable do 
mounted in T slots. One of the dogs shifts the belt 
on to the loose pulley and stops the machine, while 
the other one shifts the belt to the outer pulley, thus 
reversing the direction of rotation of the taps and 
lowering the table. When the operator starts the 
machine, the movement of the pedal places the belt- 
shifter in position to engage with the reversing dog, 
80 as to shift the belt to the reversing pulley at the 
proper moment. The position of the —e dog 
must, of course, be adjusted according to the thickness 
of material to be tapped. Adjustable stops are also 
employed to control the movements of the table and 
prevent loss of time from over-travel. 
The machine illustrated is driven by a }-horse-power 

motor mounted on the cast-iron frames, but it can also 
be supplied with a countershaft for overhead belt- 
drive. The motor, which is of the apr ye ee 
type, runs at 1750 revolutions per minute, and is fitted 
with @ varying grooved pulley 5} in. in diameter. It 
is sufficiently powerful to drive the equivalent of 
sixteen }-in. taps in cast iron. The total height of 
the machine is 5 ft. 1 in., and the floor space occupied 
is 1 ft. 10in. by 1ft.8in. The size of the table 
usually furnished is 8 in. by 5in., and the vertical 
distance between the chucks and the table, when the 
latter is in its lowest position, is 5 in.; these dimen- 
sions can, however, be varied to suit special require- 
ments. Any number of extra multiple heads, with 
different arrangements of spindles, can be supplied 
for use on the machine, so that it can be employed 
for tapping different parte if the number required of 
any Oue part is not sufficient to keep it fully occupied. 

ROLLING OF SHIPS. 
Ir is a well-known fact that when synchronism takes 

place between the wave period and that of the ship, 
the amplitudes of roll increase considerably. This 
synchronism may take place with nearly all wave 

B.100METRE WAVE. C.150 METRE WA 

periods, if the course and the speed of the ship have 
appropriate values. 

his statement may be illustrated by the above 
diagrams, representing the apparent periods of waves 
meeting ships of various speeds under various angles 
of course. The investigations have been made for 
waves of 50, 100, 150, and 200 metres in length, 
the individual period of which corresponds to 5.65, 
8, 9.80, and 11.30 seconds (compare the well-known 
formula T = 0.8 VL). 

These waves show their individual period only when 
meeting the ship exactly broadside on ; otherwise the’ 
effective period varies with the angle between course of 
ship and direction of waves, following the formula :— 

T,= ‘ 
v — csina 

where— 
T, = apparent period of the waves in seconds. 
L = real length of the waves in metres. 
v =real speed of the wave in metres per second 

= 4/1561 x L. 
ce = speed of the ship in metres per second. 

For example, if the speed of a ship is 10 knots, 
meeting waves 100 metres in le at 45 deg. from 
aft, the apparent period of the wave is 11.2 seconds, 
so that synchronism takes place if the ship’s period is 
11.2 seconds, or 5.35 double oscillations per minute 
(see diagram B). Similarly, the values of T, are calcu- 
lated for angular intervals of 15 deg., speeds of ship 
advancing by 2.5 knots, and the waves above given 
(50, 100, 150, and 200 metres). Therefore, with the 
aid of such diagrams, one may determine :— 

1. For a ship with given speed and period the angle 
of course on which given waves may produce synchro- 
nism between the periods of ship and wave. 

2. For a ship a tome period and waves of given 
length and direction, the speed of ship at which 
synchronism takes place. 

3. What kind of waves (length or period) will pro- 
duce synchronism when the ship’s and period 
and the direction of waves are given. 

Ture German Navy.—According to the Rivista Marit- 
tima, there were in construction in 
commencement of the war three battleships and two 
armoured cruisers, as follows :—Ersatz Worth and battle- 
ship T, of the 1913 Pay anne the first at the Schichau 
Yard, Danzig, and second at the Howaldt Yard, Kiel, 
both armed with eight 380-mm. (15-in.) )» sixteen 
150-mm. (5.9-in.) guns, and twelve 88-mm. (3.5-in.) guns. 
The ships were laid on the stocks in the middle of 1913. 
Some authorities give the displacement as being 29,000 

i of 27, tons. The Ersatz Friedrich III., of 
the 1914 programme, is in construction at the Germania 
Yard, her keel having been laid in the summer of 1914. 
She is to uo enue wee orgs 0 wee. - —f ee 
150-mm. guns. same experts give the ~ yang | 
this latter ship as 30,000 tons instead of 27,000 tons. The 
two arm cruisers are the Ersatz Hertha, of the 1913 

mme, the keel of which was laid in. June, 1913, at 
ilhelmshafen ; she is armed with eight 305-mm. (12-in.) 
ns, twelve 150-mm. (5.9-in.) guns, and twelve 88-mm. 

3.5-in.) guns ; the speed is given as 28.5 knots, and the 
displacement 28,000 tons. T 
the 1914 programme, was laid on the stocks last summer. 
The place of her construction, her armament and dis- 
placement are unknown. 

ve. | 

y at the | The chief 

Ersatz Victoria Luise, of | th 

0.200 METRE WAVE. 

c&.- ~~ 

History OF THE INSTITUTION OF MINING ENGINEERS. — 
The Council of this Institution having had under con- 
sideration for many years the question of a ing for a 
Royal ¥ yd that, in view of its objects, its 

its . its position amongst ineer- 
ing socicies, together with the fact that within the last 
twelve months its constituent institutes had generously 
raised over 15,000/. as an endowment fund, the moment 
had come when it should do so. A _ petition to His 
Majesty the King for the grant of a Royal Charter of 
Inéorporation was, therefor , ted to the Privy 
Council on March 12, 1914 @ are now informed that 
His Majesty has been pl ased to approve the t. 
The possession of a Royal Charter undoubtedly be 
the means of enabling the Institution to achieve more 
fully the objects it bas in view, and to maintain the high 
standard of proficiency and professional conduct am 
its members, so essential to the safe working of - 
mines. We may mention that His Grace the Duke of 
Northumberland, K.G., P.C., is the President of the 
Institution for the current year. 

Tue Escape or THE British Steamer “ SovurHport.” 
—An interesting account of the of the Southport 
has been received by the Imperial Merchant Service 

ptain A. Olopet and the officers of the Guild from Ca 
ship. The Southport left Auckland on June 12 last 

load at Nauru. Here the to a of phos; 
ca) was faloemed that he would have a consider- 

6 time to wait, and he decided for the sake of 
economy to lie at anchor in the shelter of one of the 
islands. While at Kusai of the islands, 

ae ee = and the South a on scene, port was ‘*‘ cap- 
tured.” The captain (who was ashore at the time) on 
coming on board was informed that war had broken out 
between Britain and Germany, and was called upon to 
hand over the mals poy from the man-of- 
war were sent on po ee ae Saas The four 
eccentrics of the medium-pressure high-pressure 
engines and other parts therewith, and also 
the intermediate stop-valve, were removed. The captain 
of the Southport a a gehen ay a the shi 
when he would henceforth be oT ‘or her to 
Germans. The Geier and Tsintau left shortly afterwards. 
— their outs ca) ; a aon wm the 

ief engineer as to the possibility of fixing up the engines 
SS auth semen an ta anakie Gam te to sea, 

engineer ex the opinion that this could 
be done, and at once set about he work. On Septem- 
ber 15.the engines were ready, and, steam’ having been 
got up, it was decided to give the engines a trial spin that 
night. After two attempts they were started, and after 
stew revolutions had been obtained, the chief engineer 
- —_ as being satisfied Lae ype —_ 

at eve was as as ex 

Ey PEE comment. engineers 
two eccentrics for the low-pressure engine. One of these 
was placed in position on the ahead sheave of the high- 
[ereese enaten, the other being utilised for ahead on the 
ow- - engine. tage the neers were an an 
wale engines on com princi 
could only move in one direction—that oy 

~~ s nny get on the centre. 

the engines started. 
was on September 18 at 3.15 p.m., when they took their 
departure from Kusai, and Brisbane was reached on 
the 30th. 
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INDUSTRIAL NOTES. 
Tuer Director of the Department of Labour Statis- 

tics in an article on the ‘‘ State of the Labour Market 
in December,” which appears in the Board of Trade 
Labour Gazette, reports that employment, which 
usually shows some decline in December, was more 
active than in the previous month. In several indus- 
tries a shortage of male labour, especially of skilled 
men, was reported. 

Trades affected by war contracts, such as engineer- 
ing, shipbuilding, cutlery, woollen, worsted, hosiery, 
boot, saddlery, and wholesale men’s clothing, con- 
tiaued very busy, with much overtime. 

The cotton trade showed a further improvement, 
and there was also an upward movement in the other 
textiles, and in the coal-mining and iron and steel 
industries. The building trades were, on the whole, 
well employed for the time of the year, especially 
carpenters, plumbers, and labourers. There was little 
change in the pig-iron, tin-plate, printing, furnishing, 
pottery, and glass trades. The bespoke tailoring, 
dressmaking, and hat trades continued to be adversely 
affected. 
Compared with a year ago, when employment was 

good generally, there was an improvement in the 
building, engineering, shipbuilding, boot, woollen and 
weastele hosiery, and wholesale men’s-clothing trades 
—all of which were more or less busy on Government 
orders. The cotton, lace, linen, tin-plate, pottery, 
brick, and slate trades showed a marked decline. 

The changes in rates of wages reported as takin 
effect in December were all increases, and amoun 
to nearly 3700/. per week on the wages of 50,000 work- 
people. The most important changes affected 5500 
coal-miners in the Forest of Dean, 20,000 iron-workers 
in the Midlands, 17,000 workpeople in engineerin 
works at Birmingham and Leicester. and 3800 
labourers, &c., in ship-repairing establishments at 
Cardiff, Barry, and Penarth. 

The number of disputes beginning in December was 
17, and the total number of workpeople involved in 
all disputes in progress during the month was 3065, 
compared with 1 in November, 1914, and 59,026 
in December, 1913. The estimated total aggregate 
duration of all disputes in progress during the month 
was 49,200 working days, compared with 84,500 in 
November, 1914, and 907,700 in December, 1913. 

Cases dealt with during the month included cotton 
operatives, Lancashire ; boot and shoe operatives, 
Kettering ; iron fitters, Falkirk; armature winders, 
London County Council Tramways ; and tinsmiths, 
Edinburgh. 
The average weekly number of vacancies notified to 

all Labour Exchanges for the four weeks ended 
December 11, 1914, was 32,088, as compared with 
31,932 in the previous four weeks, and with 22,147 in 
the four weeks ended December 12, 1913. The 
average weekly numbers of vacancies filled for the 
same periods were 23,822, 24,220, and 17,168 respec- 
tively. 

In its issue for the 16th inst., the American Ma- 
chinist states that it is a simple matter to buy safety 
devices ; money isall that is necessary. But when it 
comes to getting men to use them, it is another 
story. There is a certain vein of recklessness or 
bravado, often mistaken for bravery, that tempts men 
to take their lives in their hands when there is no 
occasion for it. Taking chances seems to be a fixed 
part of our myo 8 Just what excitement there 
is in having a thumb knocked off by an unprotected 
lathe-dog, or sawn off by a naked buzz-saw, we do not 
know, but it is the universal shop experience that 
safety devices are of more value as a means of putting 
the blame for accidents where it belongs than in re- 
ducing the number of accidents. 

Another aspect of the same problem in regard to 
mining work is reviewed in the issue for the 2ad inst. 
of the American journal Mining and Engineering 
World, It states that the past year was notable for 
the serious consideration given to the cause of con- 
servation of human life. The United States Bureau 
of Mines was unusually active in this respect. 
The conservation of human life is, on the whole, the 
most important phase of conservation that can be 
applied to mining. Mining will always be more or 
less dangerous. From the very nature of mining, it 
will be impossible to make it absolutely safe, but it 
can be made safer than it is. It has been too 
common to blame the mine management for accidents 
that occur. While the mine m ment is some- 
times negligent, it will be found that the mine- 
workers themselves are more often at fault. The 
trouble is that familiarity with danger breeds con- 
tempt for it. Danger is something that should 
not be trifled with, but it seems to be human 
nature to play with it. Some men like to take 
chances. ey probably think that they are smarter 
than others, and will not fet hurt; but sooner or 
later their time comes, and they help to swell the roll 
of dead or injured. The great problem now in the 

prevention of loss of life in mines is to get the co- 
operation of the mine-workers. The training of the 
mine-workers in the matter of safety is a work that 
must be followed up if accidents in mines are to be 
kept to the lowest possible limit. 

The following paragraph is taken from The 
Colliery Engineer, Scranton, Pa., for the present 
month :—‘‘ Mine disasters are given prominent dis- 
play in the newspapers, and this has given rise to the 
erroneous impression that mining is the most dangerous 
of all occupations. A recent study of the casualty 
record of the coal-mines, railroads, and steel mills in 
this country revealed that mining was the least 
dangerous occupation of the three. In 1911, the latest 
year for which there are official figures in the three 
industries, 31,334 of the 729,279 coal-miners were 
injured, 126,039 of the 1,669,809 railroad re. 
and 35,764 of the 158,604 steel employees. reduc- 
tion of these figures to a common basis brings out the 
fact that for each 1000 men employed, 225.48 were 
hurt in the steel mills, 75.48 on the railroads, and 
42.96 in the coal-mines.” 

Mr. Brownlie, president of the Amalgamated Society 
of Engineers, speaking at Saddleworth on Saturday, 
the 16th inst., reviewed the present situation in 
regard to the pressure caused by the work on arma- 
ments, and said that it rested with the members of 
the society to find the munitions with which to carry 
the present war to a successful issue. The task was, 
he added, a gigantic one. Under ordinary cir- 
cumstances they had less than half a million men to 
provide for ; now they were called upon to provide 
munitions for three millions, as well as for the armies 
of France, Russia, and Serbia. The employers were 
wanting 15,000 more men. That was the problem 
they were called upon to face. The country could 
not run the risk of shor of ammunition. That 
was an aspect of the problem they had to face. He had 
no boys of his own at the front, but he could gauge 
the feelings of those who had. The men’s officials had 
met the employers on three occasions, but no agree- 
ment had yet been come to. Their position was this: 
they ound not agree to the employers’ proposals until 
all unemployed members of their Society had been 
found work, and until men at present engaged in 
peaceful pursuits had been put upon Army work. The 
Government ought to commandescr everything they 
needed at such a juncture. If these two courses were 
tried and were then insufficient, the executive would 
consider the advisability of agreeing to the employers’ 
request, subject to an undertaking, backed by the 
Gov .rnment, that when the need was over, the Amal- 
gamated Society of Engineers should not suffer any 
lors. The men’s position, like that of the nation, was 
just. They were standing for ideals. They were 
determined to crush militarism, and at the same time 
bring about such a condition of things in this country 
that labour would be able to take its place in the 
counsels of the world. 

” The rate of pay of coastwise ‘‘ weekly boats” sail- 
ing out of the ene yee ay the Booteh, Irish, 
and Bristol Channel ts—has nm under the con- 
sideration of the employers’ committee and the men’s 
representatives for some time past, and an agreement 
has now been reached under which the standard rate 
of pay for men on weekly wage in the port of Liver- 
pool shall be 38s. 6d. during the war. The actual 
wage has been fixed at 33s. 6d., and the additional 
5s. is for “‘ war risks.” This increase is for the period 
of the war only. When hostilities are over a con- 
ference will be held to adjust the wages question. 

The seamen’s wazes were again increased on the 
Tyne on Saturday last, the 16th inst., as the result of 
mine danger in the North Sea and a scarcity of sea- 
men. Therate of pay had for some time been 7/. 10s. 
a month, this being the highest ever given on the 
North-East Coast. The Glasgow steamer Kingsdyke, 
requiring a crew of twenty-two men at South Shields, 
could not find men even at this rate ; the men stood 
out for a farther advance, contending that they were 
entitled to another 103. in view of the remunerative 
fieights and the mine risk inthe North Sea. Eventu- 
ally they were engaged at 8/. a month. Before the 
war the monthly wage on the Tyne collier steamers 
was 5/. 103s. The men, in addition, have their food 
provided. 

The annual report for 1914, recently issued by the 
Ashton-under-Lyne and District Weavers’ Association, 
states that the year under review was financially the 
worst the society has ever experienced. The pay- 
ments for stoppage-pay alone amounted to close upon 
9000/., which constituted a record. The Association, 
however, hoped that with a strict adherence to rules 
and a return to trade the deficit might soon be 
wiped off. The report adds that there does not appear 
to be any visible sign of improvement in the cotton 
trade, as the financial situation is not very satisfac- 
tory, but expresses the hope that when the finances 

of the country have been adjusted there will no doubt 
be a boom in trade. ‘‘ We must not forget,” the 
report further states, ‘‘ that the employers, as well as 
the operatives, have suffered financially, and it will 
eventually resolve itself into a question as to how the 
employers are going to recoup themselves.” The 
Association have obtained a cheque for 1094/. from the 
Board of Trade emergency grants. 

The Cotton Factory Times deals with the employ- 
ment of Belgian retugees in the Lancashire cotton- 
mills. It is surmised that the Lancashire operatives 
will not object to work with Belgians if the 
latter are paid the standard rate of wages, and if 
they join the unions and contribute their share. 
Our contemporary mentions a report to the effect 
that Belgian trade-unionists have generally remained 
at home, while non-unionists have left their country ; 
but ‘‘circumstances altogether apart from trade- 
unionism have drawn the dividing-line between those 
who have remained at home and those who have been 
obliged to flee.” It is proposed to hold a conference 
between representatives of the various employers’ and 
operatives’ associations in order to agree upon a 
common policy. A number of Belgians are donndy 
employed in the Yorkshire mills, and the difficulty, it 
would appear, is not so much to find them work as 
housing accommodation. A difficulty lies in the 
relation of the money earned by the refugees to the 

ts that are being made. 1t is a problem that is 
ing partly solved all over the country, and the con- 

sideration in the minds of most of those who are 
concerned is that a repatriation fund is most desirable. 
‘*At Huddersfield,” according to the Cotton Factory 
Times, ‘‘it is proposed to place 50 per cent. of a 
workman’s earnings in the bank to his credit, 25 per 
cent. likewise to the credit of the women and children 
comprised within the household, the remaining 25 per 
cent. being allowed for pocket-money and personal 
expenses. ” 

According to a statement which comes from the 
German Western district, employment in the German 
iron and mining industries is on the increase. The 
blast-furnaces especially have had the benefit of large 
war contracts, and the foundries are exclusively 
employed in the manufacture of shells; the require- 
ments have increased from month to month, and the 
January orders of the pig-iron union are likely to 
be equal to those in times of peace. The steel 
works have received more specifications, and mer- 
chants seem to look upon the present time as well 
suited for completing their stocks. They would 
be doing still better were it not for shortage of 
labour. The calling up of additional forces to the 
Army affects especially the coal-mining industry. 
The Coal Syndicate has at present in hand much larger 
orders than they are able to fulfil, and for weeks 
they have not been in a position to satisfy their 
customers. Under these circumstances the cost of 
production increases materially, and the rise in 
prices, which has been decided upon, but which 
takes effect on April 1 only, is almost entirely 
counterbalanced by this increased cost. A higher 
cost of production may be said to rule in practically 
the entire iron and steel industry. Thus the blast- 
furnaces suffer by dearer transport of ore from 
Sweden, resulting from higher freights and war 
insurance, and by the working cost of the mines in 
Lorraine being raised by higher wages and reduced 
production. This increase in the price of raw material 
and in the cost of manufacture compels the large 
concerns to seek compensation to some extent in higher 
prices for steel goods, especially bars, plates, and 
wire. The price of these commodities already rose by 
at least 2 to 3 marks per ton during the last week of 
the old year. Prices, it is thought, are likely to further 
stiffen, inasmuch as the requirements fully tax the 
present capacity of the works. In addition to the 
home demand a fair volume of trade has of late been 
done with the neutral countries, and also over-sea, .to 
the Dutch colonies. 

The Engineering Record, New York, 9th inst., con- 
tains the following paragraph, which speaks for itself : 
—**‘ Dr. Karl Imhoff, inventor of the two-storey sewage 
settling-tank which bears his name, is still alive after 
four months’ active service in the European War. In 
a letter to Rudolph Hering, consulting engineer, of 
New York, dated mber 4, he writes that he is now 
serving as Captain of Engineers in the German Army, 
and sends greetings to his American friends. He left 
home to join the army on August 2, and spent about a 
month at the front—first in Belgium and then in 
France. Falling sick, he had to leave his battalion and 
spend some time in a hospital. Since then, and for six 
weeks, he has been stationed at Cleve, Germany, near 
the Holland border, in training a new battalion, and 
expected to be with his own regiment at the front 
after Christmas. 
“He writes that about half the battalion were 

Socialists, and that all of them were enthusiastic 
patriote. He had never been with a better set of 
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fellows, all of whom were both intelligent and 
courageous.” 

No change is reported in the position in the West 
Yorkshire mining controversy in connection with the 
minimum-wage award. The miners’ officials have 
addressed meetings at the collieries affected in West 
Yorkshire. Mr. H. Smith, president, and Mr. 8. 
Roebuck, Junr., secretary of the Yorkshire Miners’ 
Association, stated that the men unanimously favour 
the tendering of notices. 

According to Mr. Smith, the question is now in the 
hands of the Miners’ Federation, and any settlement 
would have to be by the consent of the Federation. 
The result of the ballot will probably be known to- 
morrow. Assuming that it provides the necessary 
two-thirds majority, notices will be given. 

An industrial agreement to operate on the Western 
Australian State saw-mills, and to continue in force 
for the two years from November 26, has been made 
between the Western Australian Minister for Works 
and the Federated Engine-Drivers’ and Firemen’s 
Association. The wages fixed are as follow :— 

Minimum 
per Hour. 

s. d. 
Locomotive-engine drivers... oi 1 8 
Locomotive firemen (of less than one 

year’s service) ... ban an pes 1 1s 
Locomotive firemen (of more than one 

year’s service) ... ne. mt am 1 3 
Locomotive firemen (with locomotive 

engine-driver’s certificate) ... os 1 4 

Per Shift 
of 8 Hours. 

Locomotive cleaner—first year 6 6 
* ne second year 7 0 
“- “ third year 2 7 6 
s * fourth year and 

fifth year 8 0 
Traction-engine drivers... die “a 12 6 
Stationary-engine drivers on engines 
where certificated engine-driver is 
required by law wa a 12 4 
ill firemen ‘ 9 0 

per hour. 
s. d. 

Log-landing winchmen ... 1 3 

Tur MERCHANT VENTURERS’ TECHNICAL COLLEGE AND 
THE WaR.—At the end of last month the Merchant Ven- 
turers’ Technical College published a preliminary list of 
present and former members of the College who are 
serving with the Army or Navy, and who have volunteered 
for service ; 362 names were included, but since the list 
was printed additional names have been received daily, 
and the total now amounts to 416. Among those whose 
names appear in the list there are 26 naval officers and 
36 officers holding commissions in the Army. Perha 
the best-known name amongst the former students who 
appear in the list is that of Squadron-Commander E. F. 
Briggs, who received his engineering training in the Col- 
lege, commanded the aerial raid on the Zeppelin factory 
at Friedrichshafen, and was wounded and captured there 
in November last. 

_Tron anp Iron Onk IN Germany.—The demand con- 
tinues lively for all kinds of iron ore, but in spite of 
the difficulties caused by the war, the blast - furnaces 
are able to satisfy the Gunnin. The output for Dec- 
ember is reckoned to av 60 to 65 per cent. of 
the normal, which shows an improvement of some 7 per 
cent. as compared with the previous month. far there 
has been no rise in the prices for ore for the first quarter 
of the new year, and quotations for the second quarter 
are still under consideration, pending the chances of pro- 
duction and the question of cost. All iron ores are 
likely to keep very firm, and a rise in price is not unlikely. 
In the meantime no orders have been booked for the 
second quarter of 1915. Prime foundry pig-iron is in 
strong demand, with very limited supplies. Prices rule 
from 81 to 85 marks, against 74 to 75 marks for January, 
1914. Hematite pig-iron is again higher, owing to its 
dependence upon foreign ore ; the quotations are 89 to 93 
marks, against 78 to 79 marks at the beginning of 1914. 

_ Traian Commerce anp InpusTRY.—An article in the 
issue of the 5th inst. of the Rasseyna dei Lavori Pubblici 
¢ delle Strade Ferrate deplores the present unsatisfactory 
situation of Italian commerce, and traces it to the bank- 
ing policy followed by the Government during the past 
quarter of a century, a policy which allowed foreign 
banking establishments to be formed in the country. 
These establishments have absorbed the greater part of 
Italian savings, utilising barely one-third in Italy, two- 
thirds bens capuayes in the countries of the promoters. 
Italian establishments, such as the Banca Generale and the 
Banca Mobiliare, were left without support and allowed 
to fall in the period of crisis from 1889 to 1896, when only 
aslight aid would have emabled them to live and to render 
great service to Italy. As soon as Germany had placed 
herself at the head of the cruel con tion which she 
had prepared and desired, she ceased all her 
foreign countries, whilst loudly imi financial 
force. The pseudo-Italian Pp Italy in 
great difficulty, and the duty of the Italian Government 
is to work for the setting aside of foreign financial sub- | ha 
jJugation. 

UNIFICATION OF AUSTRALIAN RAILWAY 
GAUGES. 

To THe Epitos or ENGINEERING. 
Srr,—In EncIneerine, May 30, 1913, page 749, a letter 

by myself was published criticising the unexplainedly 
and unexplicably high costs of the unification of Aus- 
tralian railway gauges as estimated by a commission of 
State railway officers. ENnGingeRine, July 18, page 87, 
and subsequently, has arrived at parallel conclusions. 
The estimates were not arrived at upon a common 

plan. They were founded upon heterogeneous materi 
submitted by individual States, and could not be con- 
sidered free from the governmental and departmental 
biases, predilections, and prejudice of those Governments 
and departments. The finding of last year was to the 
effect that the cost of converting all Australian lines to 
5 ft. 3 in. would be about 51,000,000/., whilst the cost of 
conversion to 4 ft. 84 in. would be 19,000,000/. 
the greater part of the difference being attributed to 
costs in New South Wales. The whole consideration of 
the matter by the Commonwealth has been based, not 
upon inherent gauge merits, or the necessities of a 
future long-haul reticulation of a continent, or the ex- 
perience of older States, but upon the alleged lower pre- 
sent cost. The same figures were submitted to an abortive 
conference of State Premiers, convened by the Federal 
Prime Minieter, last week, to deal finally with the gauge 
question. No result was arrived at, and a further meet- 
ing is to be held early next year. 

n view of these facts it is interesting to consider the 
resent views of the chairman and convener of the 1913 
mmaission, the then Engineer-in-Chief of the Common- 

wealth Railways. Mr. Deane’s present views have 
appeared in the conclusion to a series of articles by him 
in the Australian Statesman and Mining Review, for 
December 3 feoP7 enclosed), the last of which an 
just after the above-mentioned Premiers’ conference. 
Subjoined are quotations :— 

**Tt will be seen that the difficulty of converting one 
eange to another must have been very much rated.” 

“Tt is said that the Great Western Railway, in 
England which probably included in 1892 about 3000 
miles of line, cost 1,000,000/. to convert from 7 ft. to the 
4-ft. 8}-in. gauge, which is only a fraction of what is 
anticipated as the ex for Victoria or New South 
Wales. Why should there be such an enormous differ- 
ence?” 

The Commission’s estimate, fully concurred in and 
supported by the chairman, was about, as stated, 
51,000,000/. for some 24,000 track-miles, much of it 
pioneer lines through the easiest country. 

It is clear that the Commonwealth can no longer logi- 
cally consider those figures basic or sacrosanct, or that it 
can refuse to reconsider them. It is clear, also, that no 
decision can accepted as impartial and conclusive 
in respect to inh t gauge merits, future potentialities, 
and the best coherent general plan for conversion 
harmoniously continuative until completion, and at a 
minimum of cost, unless it be the decision of a commission 
comprising the world’s leading experts in all branches of 
railway oa = economics, and entirely inde- 
pendent of all the Governments and States concerned. 

Nineteen years have spent in inconclusive 
wrangling over a matter obviously only to be settled by 
specialists of the type referred to. Meanwhile the in- 
evitable cost is increasing by millions. It would seem 
that there has been no sincere desire to arrive at finality, 
and that the possibility of nome finding divergent lay 
views in respect to highly technical matters has been 
used to keep the issue indeterminate, thus absolving suc- 
cessive Governments from the responsibility of decidi 
when the work shall be undertaken, by whom it sh 
be undertaken, and how costs shall be allocated. 

Yours very truly, 
Jas. ALEX. Smita. 

Melbourne, December 10, 1914. 

MECHANICAL TRANSPORT. 
To THE Eprtor OF ENGINEERING. 

S1z,—Mechanical transport has admittedly played 
such an important par? in the war so far, and is destined 
to play an even more important part, as much larger 
armies have to be supplied, that the conditions under 
which the technical side of the question are being 
organised is of the first importance, and I sag that 
the matter is one which a journal with your influence 
should take up. 

It is not the time to consider whether the schemes which 
were worked out for mechanical transport by the War 
Office prior to the war were right or wrong. en the 
war came there was practically no mechanical transport 
pce oe to the War Office, and very few of the special 
subsidised type in the users’ hands. Vehicles had to be 
im , and the makers who were making the most 
suitable vehicles were all instructed to give their whole 
output to the War Department. 

xperience at the Front shows that where vehicles are 
handled by competent officers, and peepee road discipline 
is main they have performed their services excel- 
lently. The difficulty has been that there were so few 
Army Service Corps officers who had any experience of 
mechanical transport, and any mechanical knowledge at 
all. Realising this in the first few days of the war, the 
authorities took the sensible course of ting er 
a large number of civilians who had great experience in 
running vehicles and managin ape ee and gave them 
commissions as Army Service , Aas officers and 1 
with honorary rank. Those responsible will be the first 
to admit that without their assistance the results which 
The obtai would have been quite impossible. 

e 

less, | or three water-carts or perha’ 

Corps are perhaps now 
still this branch of the Service is not looked upon in the 
right way by the other branches, and is perhaps rather 
considered as in the same position with regard to the 
other branches as the engineering branch in the Navy 
was formerly with regard to the executive side. Now 
that mechanical trans: has become of such great im- 
portance, and is y an engineering job, this com- 
parison is even more accurate. The engineers were 
wanted in the old days to make the —_ go, but other- 
wise were looked upon as a nuisance, they and their 
machinery could be pushed aside in any corner. 

If a visit is paid to the large dépéts and camps about 
the country, the motor transport, consisting of ceveral 
hundred vehicles, will be found parked in some out-of- 
the-way corner, which was formerly waste or no-man’s 
land, and half-a-dozen parade-grounds, with hard 
bottom, will be found either vacant or occupied by two 

, a couple of guns. 
_In the earliest days of m ical transport, the trac- 

tion engines and wagons to the Royal Engi- 
neers, who, as one of the leading branches of the Service, 
always succeeded in getting good accommodation for 
their vehicles, and generally were able to insist on the 
needs of motor transport a ly considered. As 
the mechanical transport deve Cod into such a big thing, 
it was natural that it should be taken over to the supply 
branch; but the difficulty is that the supply beeneh do 
not seem to have the power to get the consideration they 
deserve, and, in addition, they themselves have not ae 
the requisite technical training to know what is y 
necessary. 

As has already been stated, a number of highly-skilled 
men have been taken into the Service temporarily, but 
the best use is not being made of them. Men of middle 

, of great experience, who have volunteered to serve 
their country, are classed as second lieutenants or lieu- 
tenants, —'f while in the rush at the beginning of the 
war they were able to help the muddle through, they now 
have to take orders from very young Arm Sersies Corps 
subalterns and others, with no knowl 
mechanical transport, and in many cases are mein — 
storekeepers’ clerks’ work at the different depéts 

Your journal having done so much in the past for the 
mechanical branches in the Navy, I s t that it is well 
worth while to urge the importance of the status of the 
mechanical engineers in the Army. 

ours truly 
Moror- Wagon. 

London, 8.W., January 13, 1915. 

whatever of 

Tue Enorngerine Stanparps Commitrax.—We have 
received from this Committee an interim report, which it 
has now issued, on British Standard Sizes of -— 
Ball-Journal Bearings for Automobiles (CO. L. ). The 
Committee is dealing with the question of specifying 
suitable tolerances to be allowed, and a complete report 
will be issued at a later date; but in deference to the 
wishes of the Society of Motor Manufacturers and 
Traders, with which body the Committee is closely co- 
ame it has been decided to publish the figures for 
the standard sizes of single-row ball-journal bearings in 
advance of the issue of the fuller report. 

Grepers in Germany. — Several German firms are 
apperentiy in preparations for the manufacture 
of girders in’ ed to compete against girders made on 
the Grey system, the patent rights for which have been 
acqui' by the German-Luxemburg Company. Thus 
the Rombacher Works are preparing to make girders on 
the Sack system, which can be used for sizes up to 
600 mm. deep ; — the ro od this Bam se is not 
ready yet. e Thyssen Wor in Hage’ » make 
jane bs kind of broad-flanged girder in all postion, from 
180 mm. to 750 mm. deep; the same works also make « 
lighter girder. Finally, the Gelsenkirchen Adolf Emil 
Iron Works, at Esch, are engaged in the making of broad- 

irders, and are further developing the manufac- 
he Differdingen Works are understood to have 
their manufacture of Grey girders by additional 

ture. 
guarded 
patents. 

Tue INsTITUTION OF AUTOMOBILE ENGINEERS.—The 
fourth meeting of the session of the Institution of Auto- 
mobile ineers was held on Wedneeday, the 13th inst., 
when Mr. Thos. Clarkson read an interesting paper on 
** Steel Wheels.” The paper dealt chiefly with the built- 
up wheel known as the “*O.M.,” though other types were 
also referred to. The principal claim put forward by 
Mr. Clarkson for this wheel was that, though its first cost 
em gem it is lighter and more resilient than the cast 
w , and this saving in unsprung weight results ina 
considerably in mileage being obtained with the 
tyres, so that the extra first cost is soon paid for. The 
iscussion centred y round the question of stan- 

dardisation, and some very interesting information was 
forthcoming as to the work done in America in this direc- 
tion. The diameters of wheels have there been reduced to 
only four, and the hope was ex that in a very short 
time it would be found possible to do without even some 
of these. Meantime the recommendations in this country 
cover six different diameters. The Crompton Medal for 
the best paper read before the Institution during the 
session 191304 was awarded to Mr. L. H. Pomeroy for 
his paper on ‘‘ The Elements of High-S Automobile- 
Engine Design,” read before the N of England and 
Midland Centres. In spite of the many disappointments 
rendered almost unavoidable by the war, a strong pro- 
gramme has been the remainder of the 

Mr. F. W. 
the very important duties of the Army Service 

for ler Oo} 
session, including two im t papers by 
Lanchester srenbasuiedl adder 
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AUTOMATICALLY-CONTROLLED VALVE-GEAR FOR WINDING-ENGINES. 

CONSTRUCTED BY MESSRS. WORTH, MACKENZIE AND ©O., LIMITED, ENGINEERS, STOCKTON-ON-TEES. 

Fig.t. 

An interesting arrangement of valve-gear, intended 
primarily for use on winding-engines, is illustrated on 
the present and opposite pages. Before describing it, 
it will be well to briefly review the working condi- 
tions a winding-engine has to deal with, and the usual 
methods by which they are met. This will make the 
description of the gear more easy to follow. Neglect- 
ing, for the moment, the occasional runs lifting or 
lowering men, or lowering materials, the load on a 
winding-engine at the beginning of a wind consists of 
a number of full tubs coming up and the same number 
of empties going down. The load is thus the weight of 
the mineral in the tubs plus the weight of the rope in 
the shaft, and the power to be developed is that re- 
quired to lift that load plus that necessary to accelerate 
the whole moving system. Near the end of the wind, 
the load consists of the mineral in the tubs minus the 
unbalanced weight of the rope of the descending cage, 
while the power to be developed by the engine is 
reduced by the momentum c= up by the weights in 
motion as the load is being brought to rest at the end 
of the run. 

This state of affairs results in unequal loads on the 
engine at different parts of the wind. Various 
methods are in use to cope with this unequal loading. 
Sometimes a tail rope is used under the cages, but the 
inertia of the extra weight at starting, and its 
momentum towards the end of the wind, do much to 
neutralise any benefit due to the balancing it effects, 
except at very slow spéeds of winding. An ideal 
way of meeting the conditions would ap to be 
by means of a conical drum, but in gusciibe ch a 
drum is so heavy that the extra — largely 
neutralises the gain. A common generally 
approved method is to use a partially-coned drum, in 
which the rope takes a few turns ia a small diameter, 
then 2} to 3 turns on a cone, and the remainder on 
a large diameter. A large amount of balancing can 
be got by this meane, but an equal load cannot be 
obtained throughout the wind, especially if the speed 
is high enough for the inertia of the moving parts to | and 
eo of the load. . 

It will ieee Ged nb tos strokes of a winding- 

in 

Height trom Floor to C.L.of Crank Shaft 

engine are taken under precisely the same load, | 
and it is a fact that no two consecutive revo- 
lutions are at exactly the same speed. The ideal 

ment would appear, therefore, to be one in 
which the valve-gear is so arranged that the cut-off at 
each stroke can be set to suit the load, and the 
exhaust and compression ean be set to suit the speed. 
These conditions are carried out by the valve-gear 
with which this article is consemned. We may now 
tarn to its details as shown in Figs. 1 to 5, annexed. 
The gear there shown is arranged for a single- 
cylinder engine, but it is adaptable for two-cylinder 
engines. Briefly the arrangement consists of a pair 
of discs driven from the engine crank-shaft, and 
making a little less than one complete revolution per 
wind. The discs have continuous cam-grooves formed 
on their faces, and rollers working in these grooves 
actuate the valves through a lever motion. The cam- 
grooves, which are clearly shown in Fig. 1, are made 
up of a series of steps which move the rollers back- 
wards and forwards, and so work the valves. The 
various steps are not uniform throughout the circum- 
ference, but vary each from the next, so that the 
lead, cut-off and pre-opening of the exhaust are dif- 
ferent vob = — and can be —— what 
is requi or the increasing s ecreasi! 
load which occur durin roe Ae ta Bs 
We may now follow thecagh the arrangement of the 

gear in rather more detail. One of the carrying 
the cam-paths oan be clearly seen at A, in Fig. 1, while 
the end view of the two discs.can be seen in Fig, 2. 
One disc is in use during the forward direction of run- 
ning of the engine, and the other during reverse. The 
a - — ae —~s shaft which _ driven 
rom the crank-shaft through gearing. shaft 

carries a spur-wheel, which can be seen at the right- 
hand side of Fig. 2. This geen with a pinion above 
it, the spindle of which is driven by a pos mage from 
a vertical spindle operated by gearing from the crank: 
shaft. The inner cam-path B controls the steam-valves, 

the outer one, C, the exhaust-valves. The two 
levers G, G, shown in Fig. 1, carry the rollera which 
work in the cam-paths. The levers are pivoted at 

lever 

their top ends, and are connected up by links at their 
lower ends to arms on weigh-bars. e weigh-bars 
are shown at H and J, in Fig. 2, the arms connecting 
to the levers G, G being shown at the right-hand side 
of the figure. The to-and-fro motion of the levers 
G, G, following the movements of their rollers in the 
cam-paths, rocks the weigh-bars, and these in turn 
= and close the steam and exhaust-valves by means 
of the links, which are indicated by broken lines in 
Fig. 1. 
The cam-paths are not carried completely round 

the discs, but end at the point at which the engine- 
man ought to begin to shut off steam. After this 
point the valves all remain closed and the engine 
automatically comes to rest, unless the engineman 
gives it a little more steam by hand to complete the 
wind. On the back of the disc, skown te the left in 
Fig. 2, there is mounted a roller, which can be seen in 
Fig. 5, where it eupesss to the right-hand side, as this 
figure is a view looking at the gear from the o ite 
end. This roller, marked D, is also shown in Fig. 4, 
which is a back view of this disc. This view shows the 
method by which the discs are secured to their shaft, 
being bolted to a spider mounted on the latter. Fig. 3 
is a view of the _— side of the from that 
shown in Fig. 1. e roller D, to which we have just 
referred, actuates the reversing-handle at the end of a 
wind, and carries the levers G, G into a mid-position 
between the two discs A, A, so that their rollers are 
out of contact with the cam-paths in either disc. 

Details of the operating mechanism by which the 
levers G,G are moved into their mid-position are 
shown in Figs. 3 to 5. Pivoted on the framework 
there is a double-ended catch E, the pivot of which is 
connected up to the lever mechanism shown in Figs. 3 
to5 During the last revolution of each wind the roller 
D comes in contact with the catch E and moves it into 
its mid-position, as shown in Fig. 4. The effect of this 
isto operate the bell-crank lever and vertical link, 
shown to the left. of Fig, 3, through the horizontal 
link .connecting, the. catch-arm with the bell-crank 

. The, operation of the vertical link. moves the 
levers G, G into their mid-position through the erank- 
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arm and gear shown to the right-hand side of Fig. 5. | 
The operation of the catch E by the roller D also 
throws the reversing lever F into its mid-position 
through the link and crank-arm mechanism shown to 
the right of Fig. 3. The position of this reversing 
lever F in relation to the rest of the gear can be seen 
in Fig. 2, in which it is shown at the left-hand side. 
The sha 
roller D has moved it into its mid-position and shifted 
the levers G, G it is impossible for the engineman to 
move it back again into the same position as before. 
All he can do is to move it over into the opposite 
position. The result of this is that he cannot start 
the engine in the wrong direction after the stop at 
the end of a wind. 

As we have already made clear, for starting and 
finishing a wind the engine has to be controlled b 
hand. To enable this to be done there is a hand. 
lever, shown at L in Fig. 1, which runs loose on the 
steam-valve weigh-bar H, and is connected by a link 
to an arm keyed to the exhaust weigh-bar J. On the 
weigh-bar H there is keyed a quadrant K. These 
arrangements are shown in Fig. 1. The hand-lever L 
can be connected to the quadrant K by the hand- 
operated detent M, and when the two are 80 
connected the movement of the hand-lever controls 
the two steam and two exhaust-valves. This enables 
the — to be operated by hand at the beginning 
and end of the winds, and at the same time enables it 
to be so controlled at any part of the wind, if neces- 
sary, for moving multiple-deck cages from deck to 
deck, or for other purposes. To control by hand during 
the wind it is, of course, necessary to first move the 
levers G, G out of contact with the cam-discs. This is 
done by bringing them into the mid-position by means 
of the lever F. 

This gear, which is constructed by Messrs. Worth, 
Mackenzie and Oo., Limited, of Phenix Works, 
Stockton-on-Tees, and patented in the joint names of 
Mr. R. J. Worth Worth, Mackenzie and Co., 
Limited, has had its practical working well tested, as 
it has been in operation for five years on a winding- 
engine atan important colliery in Durham. The engine 
has a single vertical cylinder 454 in. in diameter, with 
a 72-in. stroke. It works at 30 Ib. pressure condensing, 
and makes 13% revolutions per wind. The engine is 
about seventy-five years old, and the maker’s name is 
not known. Three characteristic di 8 from the top 
end of the cylinder are reproduced in Figs. 6 to 8. 
‘These were taken with steam at 30 1b. and a 27-in. 
vacuum. They show the steam distribution at the first, 
fifth, and eleventh revolutions, and clearly illustrate 
the automatic control of the valves in terms of the 
load which the gear gives. The cam-paths are made of 
chilled cast iron, and the rollers which work in them 
of — steel. The wear has proved to be inappre- 
cla ° 

The gear is very handy and easily operated, the 
whole of the control being obtained by the manipula- 
tion of two levers. For a double-cylinder engine 
there are two sets of rollers, working in each set of 
cams, a quarter of a turn of the engine a One 
set of ro! drives the valves for one cylinder, and 
the second those of the other cylinder, the crank of 

of the catch E is such that when the/| f 

which is at right angles to that of the first. 

\ 

VALVE-GEAR FOR WINDING-ENGINES 

Pig.6. N°. Top of tinder. 

é a a 
AVERY’S AUTOMATIC GRAIN-WEIGHING 

MACHINE. 
WE give illustrations on page 108 of the latest type 

of automatic grain-weighing machine, designed and 
made by Messrs. W. and T. Avery, Limited, Soho 
Foundry, Birmingham, and in use at, or under order 
or, granaries at Glasgow, Manchester, Hull, and 
other harbours. The drawings reproduced show the 
dimensions and construction of a 4000-lb. machine, as 
fitted at the new granary at Glasgow, recently illus- 
trated and cescribed by us ; the perspective view is of 
a similar machine, but with a hopper of slightly dif- 
ferent shape. 

The fundamental principle of these, as of all 
Avery automatic grain scales, is that of the long, 
equal-armed, free-swinging beam, carrying a hopper 
and closed weight-box, each supported we on the 
beam _knife-edges and without sliding-guides. The 
flow of grain, controlled by a pivoted gate, is reduced 
to a dribble towards the termination of each weighing, 
and compensation is introduced for the grain caught 
in suspension between the gate and the hopper, at 
the instant of cut-off, It is in connection with this 
compensating gear that one notable improvement has 
been introduced recently by Messrs. Avery. On con- 
sideration, it will be seen that since this grain caught 
in suspension is added after the turn of the beam, it 
tends to make every weighing too heavy. In the 
ordinary way the compensator consists of a lever 
resting on an arm projecting from the hopper, carrying 
a weight adjustable in position, by means of which a 
suitable pressure can be brought to bear on the hopper, 
tending to make the beam turn earlier than it would 
do otherwise. 

The actual weight of this added grain is not, how- 
ever, a constant quantity, but will obviously vary 
with any change in the specific gravity of the grain. 
It is therefore necessary to alter the pressure exerted 
on the hopper by the compensating lever when 
changing from one sort of in to another having a 
different specific gravity: This was formerly done by 
hand, by altering the position of the weight on the 
compensating lever, and making one or two trial 
weighings. In the Avery patent automatic com- 
pensator the weight is replaced by a small bucket, 
placed under the main gate, where it is filled by the 
main feed, and discharged and refilled at the com- 
mencement of every weighing. The ne gee mS 
pressure exerted by this device depends on weight 
of the contents of the bucket, which, in turn, depends 
on the specific gravity of the grain, since the volumetric 
capacity of the bucket is constant. This capacity is 
designed so that it ag automatically the 5 aay =: 
vary pressure on the hopper to compensate for 
pean tap any specific gravity. In this way all hand 
adjustment is elimi 

The other principal recent innovation is the Avery 
feed-control gear, which prevents the machine start- | ° 
ing to work until there is sufficient grain in the 

garner to make a full weighing. The advantages = 
i ‘ It increases the | 4. secured —— 04 are — ny 
accuracy of weighing by ensuring always a smooth 
flow of grain as efinite velocity through the feed- 
gate, which is of great importance as regards accuracy. 

Fig.8. Nu 

(42@33-C) 

It also considerably reduces the amount of dust which 
would otherwise be caused by a thin scattered flow. 
Another beneficial effect of the same apparatus is the 
elimination of wear on the top garner, caused by the 
grain falling from the elevators, as there is always 6 
cushion of grain present to prevent this. It may be 
thought that this is a small point, and that the wearing 
effect would be quite unimportant ; on the con +a 
case came to our notice recently in which a steel plate, 
i in. thick, was worn completely through in three 
months by a stream of falling grain. This feed- 
control gear can instantly be put out of action when 
it is desired to empty the garner at the end of a 
cargo. 
Other important auxiliary attachments on these 

machines are the Avery residue-weigher and the Avery 
printing counter. The former is provided for the pur- 
pose of ascertaining the exact weight of the residue, less 
than one complete automatic weighing, left over at the 
end of each cargo, and which otherwise would have to 
be estimated or weighed on the automatic scale by the 
very slow and laborious method of removing weight 
from the weight-box until a balance was obtained. 
Instead, the weight-box is lifted, by means of hand 
or power-operated » until it can be coupled up 
to a steelyard weigher fixed above the weight-box. 
This steelyard shows the difference in weight between 
the weights in the box and the grain in the hopper. 
The residue-weighers on the G w machines are 
also fitted with the Avery patent ticket - printing 
mechanism, which prints the direct weight of the 
residue on a ticket by pulling a handle. The lift- 
ing- gear on these mach is electrically operated, 
as may be seen from the drawing reproduced, and 
indicating - is provided to show the position of 
the weight-box and mark the limits of movement. It 
is to be noted that the are residue-weigher is 
the only one eyes the Weights and Measures 
authorities. e printing counter prints the numbers 
(not weights, in this case) on a ticket by the pulling 
ofa e, the finishing number being above the com- 
a numter conveniently for the subtraction to 

made. 
It may be added that these automatic scales have 

been specially examined and certified by the Stan- 
dards Department of the Board of Trade ; consequently 
they are stamped by the inspectors of weights and 
measures under the new Act, a sufficient proof of 
their accuracy. 

Enoinger Recavits WanTep.—We learn that the 4th 
Home Counties (Howitzer) Brigade, R.F.A., is now much 
in want of recruits who have had penn be psn | 
works. Many of the original non-commissioned officers 
this brigade were men who had been employed at the 
Erith works of Messrs. Vickers, but, suena Se weeny 
of Government contracts, these men les to 

us are 

bers of prof ~Ao an “tbe, esas ‘ession in’ oin ‘orces 
who would like to connected with work. 

i made, either personally or in 
writing, to the Adjutant, Captain G. B. R. Taverner, 4th 
Home Counties (Howitzer) Brigade, R.F.A., Sitting- 
bourne, Kent. 



106 ENGINEERING. [JAN. 22, 1915. 

AGRICULTURAL MAOHINES FOR RUSSIA. 
One field among many which it would, no doubt, 

be well worth the while of English manufacturers to 
cultivate at present with increased energy and atten- 
tion is that of equiestineel machinery and implements. 
Germany had in this direction worked up 4 very large 
and comprehensive international trade in many instances 
at the expense of British manufacturers, and amongst 
Germany’s foreign markets that of Russia, naturally, 
had become an important one. The exports from 
Austria and Germany having c»mpletely stopped, and 
imports from the United States having been consider- 
ably interfered with by the war, Russia, no doubt, 
will prove a good market for makers in other countries. 
The Tewten Department for Agriculture some little 
time ago appointed a committee to investigate the 
question, and ascertain the probable requirements which 
had to be filled from other channels, and it will 
appear from the subjoined list that it is a question of 
very considerable quantities. 

Of the well-known Sacks make or construction of 
ploughs 120,000 to 150,000 may be wanted. 

Of cultivators and spring-harrows, the number re- 
quired of these is put at 7000. Disc-harrows and 
other harrows are also wanted in fair numbers, but 
the quantities, which when stated are an average over 
several years, have not been ascertained in some in- 
stances. Jollers are likewise wanted. Grass-sowing 
machines are also required, but not sowing-machines 
for corn, as the home makers are able to supply the 
demand. 

Of manure-spreaders, the types used are princi- 
pally German (Westphalia), from Kuzmann, and a 
Danish make. Thrashing-machines for hand-power 
with ball-bearings, of the type known as St. Lanz, 
Mannheim, are estimated to be needed to the extent 
of 2000 to 4000 per annum. Also a few clover-seed 
thrashers will be wanted. 

There is a demand for horse-rakes ; those most 
used are of the Osborn system, made in America, and 
the requirements are estimated at from 15,000 to 20,000 
rakes. The demand for screens on the Rihr system is 
put at 6000 to 8000, and that for trieurs at 1500 to 2000. 

The annual requirements of different kinds of 
secythes amount to 6,000,000. Of this, about one- 
third may be reckoned upon as being manufactured 
within the country. The Novo-Willjski Zavod, near 
Wilna, produces rather more than half of this quan- 
tity. About 4,000,000 will thus have to be obtained 
from abroad ; the type varies in the different parts of 
the country. Of spades and shovels, which are paid 
for according to weight, about 500 tons are likely to 
be wanted, and of hayforks some 500,000 to 600,000. 

Steel-plates, ball-bearings, and several other more 
or less finished materials and parts are also wanted. 

The Department for Agriculture, which renders its 
assistance to the agricultural societies in this matter, 
recommends that the purchases be made direct from 
the manufacturers. far, the bulk of the business 
in agricultural machinery and implements has been 
transacted through the medium of private firms and 
companies or through the various manufacturers’ branch 
establishments within the country. There is reason 
to believe that the wishes of the Department for Agri- 
culture will not bring about any great change in this 
system. Manufacturers desirous of securing a por- 
tion of the business, which unquestionably will ensue 
in the specialities enumera above, must therefore 
study the matter preferably on the spot by means of 
representatives familiar with the Russian language. 
Competent commercial representation on the different 
markets has been one of Germany’s most potent levers 
in working up her foreign trade, and if English manu- 
facturers want to secure an increased turnover with 
other countries, the sooner they make up their minds 
to send out capable commercial travellers on a much 
increased scale the better. They will have the satis- 
faction that their representatives almost everywhere, 
without exception, will be received with more 
pn re than the German can reckon with, even in 
absolutely neutral countries. 

Curtery.—The ex of cutlery from the United 
Kingdom experi rather a sharp decline last year, 
having fallen to 39,135 cwt., as aes with 50,344 owt. 
in 1913, and 56,922 owt. in 1912. e United States of 
America are the principal foreign importers of British 
cutlery, having en 4636 cwt. .asb year, as compared 
with 4601 cwt. and 4616 cwt. The Colonial demand is, 
however, the mainstay of British cutlery exports. 

“Tae Trcounicat Journa..” — We have received a 
copy of the current issue of The Technical Journal. which 
is the organ of the association of teachers on technical 
institutions. r other interesting matter we note 
a detailed description of the famous Massachuretts 
Institate of Technology contributed by Dr. 5 bow and 
Professor R. O. Maclaurin, the latter being the President 
of the College. The Journal also announces competitions 
for teachers of building subjects in the one case for the 
best syllabus of laboratory experiments for a well- 

ui building school, and in the other for the best 
pila for a si school, where equipment is limited. 

NOTES FROM THE UNITED STATES. 
PuILapveLPuta, January 6, 1915. 

Tur volume of steel orders placed during the past 
two weeks exceeds all known records. The spurt 
was unexpected, but, like other unusual happenings, 
is susceptible of reasonable explanation. The preci- 
pitation early in Decemb2r of orders for 2,500,000 
tons of pig-iron was a warning. Production of pig- 
iron fell from 1913 to 1914 in the proportion of 30 to 
23. The Pe.nsylvania Kailroad will want 200,000 
tons of rails, and the inquiry comes three months 
somer than usual. Many other svstems are largely 
influenced by the action of the Pennsylvania line, 
for about 400,000 tons of rails additional are now 
pissing through. Some railroads are putting on more 
men. The Westinghouse interests have put on 3000 
workers. Re-employment has begun to set in. Tool- 
makers and machinists are in better demand, and 
engineering plants are booking new business. Prices 
for iron and steel are lower than ever in the history of 
the trade. The feature of much current business is 
that it is anticipating orders. Prices certainly can 
go no lower, and they must go higher. Consumers 
must order, and that heavily. Car-builders have been 
omg og! activethisweek. Implement manufacturers 
nd that the increase in the wheat area is 4,125,000 

acres. Chicago meat-packers are ordering heavi'y of 
tin-plate. One concern ordered 200,000 boxer; several 
ordered between 50,000 and 75,000 boxes at 3.15 dols. 
and 3 20dols. Shapes, bars, angles, and malleable iron 
are all more active thisweek. New life has been put 
into the market. Export orders are considerable, but, 
as usual, are surrounded with great secrecy. Southern 
farmers are largely turning to wheat, and restricting 
cotton. Itis uncertain as to the momentum of the 
present demand, but as prices must harden, it is 
widely believed that large interests will anticipate 
requirements liberally. 

BaitisH Locomotive Exports. — As we anticipated 
would be the cise, 19:4 snag year for British locomo- 
tive exports, although December exhibited less favourable 
results, especially as regards shipments to the Argentine 
Republic, which bave been almost brought to a close 
through extreme depression in current Argentine busi- 
ness. The value of the exports for the seven years 
ended with 1914 inclusive was as follows :— 

Year. Value. Year. Value. 
£ £ 

1908 .. .. 2,729,965 1912 .. .. 2,137,198 
1909 .. - 2,881,145 1913 .. .. 2,781,856 
1910 .. «» 1,707,747 1914 .. .. 8,838,582 
wll . 2,307,620 

Last year was, oye the best in the list, and it 
would have been still better but for the check which 
railway development has experienced in Argentina, which 
imported, however, Duilich Secntnetives in 1914 to the 
value of 611,769/., as compared with 695,643/. in 1913 and 
540,828/. in 1912. The colonial demand for British 
locomotives during the last three years was represented 
by the following values :— 

Colonial Group. te ow _ 

British South Africa .. 376,894 193,529 171,156 
British India -- 1,725,077 1,011,269 447,887 
Australia .. oe ee 465,486 267,401 384,741 

It will be seen that last year’s figures were very materially 
helped up by larger exports to British India an 
Australia ; and the hold which British locomotive firms 
have obtained in those quarters is certainly highly 
encouraging. 

Simpson’s Navat Constructor.—Perhaps in no 
science is the correct estimation of the relative values 
of throry and practice more essential and more difficult 
than in the sciercs of naval architecture, and for this 
reason the vast amount of information contained in the 
Naval Constructor, by Mr. George Simpson, M.I.N.A., 
of which a third edition has just been issued, renders it 
peculiarly useful to the shipowner, draughtman and 
student. The essential calculations for successful 
design, together with notes on the practical applica- 
tion of the results obtained, are a feature which, 
together with the chapters dealing with ship construc- 
tion, strengths of beams, cranes, shaft brackets, &c., 
will appeal strongly to the designer and the student. 
The notes on rudders might have been extended to| j,. 
embrace the form and strength calculations fer the type 
of rudder usually associated with the now common 
“cruiser” form of stern, which calculations involve 
the use of the formula tor combined bending and twisting 
stresses. The author’s remark that the cambering of 
beams adds nothing to the strength of the vessel will not 
commend itself to many authorities, as the fact that the 
per ¢ of beams necessarily raises such important 
structural items as deck-plating and deck-girders farther 
from the neutral axis cannot be overlooked in strength 
calculations. The value of the results obtained from 
the ing - moment calculation would bably be 
greater to designer, who had no available data Toom 

viousl lee similar ships, if the deduction for rivet- 
les in the tension member of the girder were indicated. 

The sketches and diagrams are throughout excellent, 
while the information regarding such practical details as 
equipment, blocks, ropes, &c., is most complete, and 
arranged in such form as. to be readily available for the 
use of shipowners, ny pa mg and o who general] 
fight shy poet ormule. ¥ 

NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, and 2000 tons 
of Cleveland warrants were done at 55s. cash, and from 
55s. 9d. to 55s. 8d. three months. At the close sellers 
uoted 54s. 114d. cash, 553. 3d. one month, and 55s. 84d. 

three months. In the afternoon Cleveland -varrants were 
firmer, and 3000 tons were put through at 55s. cash and 
eight days, and from 55s. 83d. to 55s. 94d. three months. 
The closing quotations were 55s. O}d. cash, 55s. 4d. one 
month, and 553. 10d. three months sellers. On Friday 
morning & strong tone prevailed, and Cleveland warrants 
marked an advance of about 2d. per ton. The turnover 
amounted to 4000 tons at 55s. 1d. and 55s. 14d. cash, 
53s. 6d. one month, and at 55s. 104d. and 55s. 11d. three 
months, and sellers’ closing prices were 55s. 24d. cash, 
55s. 6d. one month, and 55. 114d. three months. In the 
afternoon the market became stronger and prices ad- 
vanced sharply, Cleveland warrants being done at 55s. 6d. 
cash, 553. 4d seven days, from 55s. 74d. to 55s. 10d. one 
month, and at 56s. 5d. three months. The business 
totalled 5000 tons, and at the close sellers named 55s. 74d. 
exwsh, 553. 104d. one month, and 56s. 54d. three months. On 
Monday morning the market was active, and Cleveland 
warrants amounting to 6000 tons were dealt in at from 56s. 
to 56s. 24d. cash, 56s. to 56s. 3d. eleven days, 56s. 44d. to 
563. 6d. one month, and at 57s. ld. three months. The 
closing quotations were 56:. 3d. cash, 56s. 64d. one month, 
and 57s. 14d. three months sellers. e@ afternoon 
session was noteworthy from the fact that the presence 
of buyers was the ciuse of Cleveland warrants jumping 
up from ls. 1d. to 1s. 3d. perton. The dealings consisted of 
6000 tons at 563. 104d. cash, 56s. 74d. four days, 57s. 44d. 
seven davs, from 56s. 114d. to 57s. 1d. one month, and at 
58s. April 15 and three months, and closing sellers quoted 
57s. 44d. cash, 57s. 74d. one month, and 58s. 44d. three 
months. On Tuesday morning a reaction took place, and 
4500 tons of Cleveland warrants were done at 57s. cash, 
57s. 04d. six days, 57s. 1d. twelve days, from 57s. 6d. to 
57s. 414. one month, and from 583. to 57s. 104d. three 
months. At the close there were cash buyers over at 
57s., and sellers at 57s. 1d. cash, 57s. 44d. one month, 
and 57s. 11d. three months. In the afternoon there 
was another fall away in values for cash and one 
month, but the three months position was fairly 
steady. The business amounted to 4500 tons of Cleve- 
land warrants at 56s. $4d. cash, and from 57s. 10d. to 
57s. 94d. three months, with closing sellers at 563. 10d. 
cash, 57s. 2d. one month, and 57s. 103. three months. 
Buyers of hematite offered 80;.one month. When the 
market opened to-day (Wednesday) the reaction was 
again in evidence and 6000 tons of Cleveland warrants 
were done at from 563. 94. to 56s. 44d. cash, at 56s. 8d. 
nine days, 563. 104d. fourteen days, and 57s. 5d. three 
months. At the close sellers named 563. 5d. cash, 563. 84d. 
one month, and 57s. 5d. three months. The afternoon 
tone was stronger, and Cleveland warrants amounting to 
3000 tons were put through at 56s. 7d. and 56s. 64d. cash, 
and 57s. 64d. and 57s. 7d. three months. Theclose cams 
with sellers quoting 563. 7d. cash, 56s. 10}d. one month, 
and 57s. 7d. three months. 

Sulphate of Ammonia.—The sulphate of ammonia 
market has maintained its strong position, and a good 
demand still exists for prompt parcels. The current price 
for the latter is from 13/. 7s. 6d. to 13/. 10s. per ton, 
lasgow or Leith, and the forward quotation is also 

stronger. 

_ Scotch Steel Trade.—The state of the Scotch steel 
industry is practically unchanged, and rolling-mills are 

q | being kept running at top speed. The demand for all 
kinds of material continues, and even shows an in- 
crease in some departments, and a hardening tendency 
is again noticeable in prices. These are already fairly 
high, but when the extra cost of production is remem- 
bered, and the high price of hematite and other raw 
materials is taken into account, it can then be seen 
that the maker has not gob anything excessive in 
the way of a margin for himself. If steel has 
advanced, so has everything else, and in the ab- 
normal times through which we are passing we can- 
not expect otherwise than that prices all round will 
rule high. Specifications against contracts are plenti- 
ful, and new business will only be considered on 
special terms. Shipbuilding yards are busy, and 
plates are in great uest, while for structural mate- 
rial there is an excellent demand. The black - sheet 
trade has shared in the improvement which recently set 
in, and makers are exceedingly busy. Charges are, of 
course, much higher, and an increase of 5s. per ton was 

tely made in prices. The export trade is in a pecn- 
liar state at the moment, owing to the difficulty 
of securing tonnage on reasonable terms, as so many 
steamersare in the service of the Government. Inquiries 
are more satisfactory, but the high freights are re- 
tarding i and many people are of opinion that 
it is time the Government ste in and gave some 
ruling on the point. I is doubtful if such will be done, 
and it would certainly be looked upon with disfavour in 
some quarters, and taken as unwarranted interference by 
the State. Things will right themselves in time, and the 
probability is that shipowners will make concessions, 
where possible, to save our overseas le. The current 
prices are :—Ship-plates, 8/. per ton ; boiler-plates, 8/. 10s. 
per ton ; angles, 7/. 15s. per ton—all less 5 per cent. 
for Clyae or equal delivery. 

Scotch Pig-Iron. Trade, — Active conditions are the 
general rule the Scotch pig-iron makers at the 

t time, and the special brands are in great demand. 
i are heavy both for local requirements and on 

English account, but export business is being hampered 
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Tae Late Mr. Joun Francis Sykes Goopay.—We 
regret to have to record the death, which occurred on 
Saturday last, the 16th inst., at 15, Argyll-road, Ken- 
sington, W., of Mr. John Francis — Gooday. Mr. 
Gooday, who was in his sixty-eighth year, was born in 
Suffolk, and commenced his career in November, 1863, 
with the Great Rasvern Railway. and after taking charge 
of the company’s agencies in Yorkshire, and serving in 
the goods manager’s office, he held for many years (from 
1877 to 1898) the post of Continental traffic manager of 
that company. In the latter year he was appointed 

meral manager of the, London, Brighton, and South 
Railway, a position which he occupied for one 

ear. In 1 the position of general manager of the 
reat Eastern Railway became vacant; it was ‘offered 

to Mr. Gooday, who accepted and held it down to 
the year 1910. At the time of his death he was a 
director of both companies. Mr, Gooday was a Knight 
of several Continental orders, a Commander of the order 
of Leopold, Belgium, and an ex -lieuvenant- colonel of 
the Railway Volunteer Staff Corps. 

Tae Junior InstireTion or ENGINgERS: BRIDGE 
Construction In Bouivia.—At a meeting of the Junior 
Institution of ~~ held recently, Mr. Charles W. 
Glover, Jun., e upon the subject of ‘‘ Bridge Con- 
struction in Bolivia.” The districts through which the 
railways pass are very mountainous, and very often the 
only negotiable route passes along the banks of the rivers. 
This necessitates frequent crossings over the many tribu- 
pena which, during the floods, bring down large quanti- 
ties of mud, loose rock, trees, and often ruined houses. 
If the rains are local, the main river is often low, and 
quite unable to with all this material. An accumu- 
lation results, and the mou'h of the tributary spreads 
out and levels itself up into a h a? bank of 
mud some 8 or 10 metres deep. Whea properly drained 
and sun-dried, these ‘“‘ mazamorras” are quite bard, and 
present foundations which are apparently quite firm ; but 
a 10 minutes’ rain-storm is often quite sufficient to render 
each a huge moving mire, which will cafry away any 
bridgework unwarily constructed upon it in the dry 
season. Owing to the “heaping up” effect described 
above, ‘‘ mazamorras” will often completely bury bridges 
constructed to span them. Under-bridges have in many 
cases been substituted by over-bridges, or timber chutes, 
butall have proved inadequate to cope with the enormous 

carry the railway through the “‘ mazamorra.” 

Fig.?2. 

wr oh 1'394- > 

Fie. 3. 
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at 8 p.m., “Standardisation of Pi 
by John Dewrance, Member, of 

“| Dr. F. 

yo . But for a war of so many nations and of 
prolongation, requiring such unprecedented] 

e forces, not one of the Allies was pre 
Moreover, the intensity of the fighting by i antry 
and by cavalry, and the immense amount of ammuni- 
tion and shot used, involves a wastage of guns, rifles, 
munitions, transport vehicles, and all the machinery 

*|of modern warfare far exceeding the most exagger- 
;| ated estimates. The struggle develops more and 

more into one of endurance. It is no disparagement 
to the skill of the strategist, the vigilance of the 
tactician, and the courage of the rank and file, to 
say that victory will rest with that side which can 
maintain the combat most vigorously and for the 
greatest period. This requires that the necessa 
material shall be available when and where wan 
with a reserve for a superhuman effort when the 

of the fight requires it, This applies 
alike to the navies as to the armies. It is true 
that the Fleet has done its work of ensuring 
sea supremacy silently, with the minimum of 
wastage, either of material or men. But this is 
due to a cause—the tactics of the German High 
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tween individual ships and between small squadrons 
clearly establish that anticipations in will be 
realised—that a “ victory cannot Soe won with- 

be | Out the loss of s This demands that there 
shall be eetheoning new ships, in order to main- 
tain our sea fleet at ea force. It must be remem- 
bered, too, that we are allies with other nations, 
not only for co-operation in combat, but also for 
sharing in all the responsibilities of assisting them 
in every conceivable way to win a lastin and 
freedom for the expansion of international good- 

oneien, Toate ot Serene, Ai se ame Bot aad bs ised that the soldiers and ice of Nerve” (Lecture anuary r. sho recogni e soldiers an 
ar @. ee ne BC.6., 'M: i 7 mi Modern sailors who.are serving their King and country so 
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Tue’ AssociaTiON OF ENGINEERS ~ Ix - OHARoR. —Saturday,| the world’s combats, will suffer and die in vain if 

January 9 , at r. 30 d foe 8 as tt Bt. Bride’ ; 1 towitate, Bride the supply of shot and shell, guns and gear, ships 
and engines, armour and armaments are not main- 
tained in the fullest measure. And yet there are 
many complaints of thoughtlessness on the 

German aupediartey of Business Methods” will be further dis- 

a East Coast InstiruTion OF ENGINEERS AND SHIPBUILDERS. 

\aanPs Philoso a je agg mene onl dmg > ie ng of some classes of workmen. We prefer to think 
pont Ne Dee &, eas eo he 4 in Li this is the explanation, and not callous indifference 
Geuineate uanail when on Genk Stoney, Fk F-R.S., will give | © the terrible nature of the situation. Because of 

these complaints we have requested from a la 4 
number of firms engaged on all classes of work for t 
Navy and Army throughout the kingdom, details of 
their experience. Most of them recognised that the 
strain put on their men by the necessities of the 
situation are great. That, however, is only in- 
evitable with a life-and-death struggle such as we 
are to-day experiencing. Every man should accept 
the duty that is laid u him. From Lord Fisher 
at the Admiralty, and Lord Kitchener at the War 
Office, every combatant in the Navy and Army has 
to endure great stress, most of them great hard- 
ship ; the managers and staffs of industrial works 
are working fifteen or sixteen hours on each of the 
seven days of the week. Surely the great majority 
of the men can do more than in normal times. 

But many of the men are not doing much more 
than’usual. Every reply received indicates that 
there is slackness in many of the trades. Be it 
remembered that high wages can be earned ; for 
relatively unskilled, although somewhat arduous 
work, 30s. per day can be earned. Time and 
a quarter to time and a half is paid for Saturday 
afternoon work, and double time for Sunday work. 

a lecture on “* Turbines,” 
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“WORKMEN AND WAR MUNITIONS. 
Ear.ty in the war Lord Kitchener announced, 

through employers, to workmen engaged in the 
manufacture of war material that ‘‘it is a 
recognised that they, in carrying out bor 
work of supplying munitions of war, cing 
their duty for their King and country equally wil mend ne Most men could earn from 71. to 101. per week—and 

The Institute of Marine Notes from Cleveland and those who have joined the Army for actice service| pay no income-tax. There is thus the monetary 
Wa aerated + 2 = = : py A ny 49 107 | in the field.” Developments since that time have| incentive to work, but iron-workers in a typical 
The Assessment of Damave ||. West... :....2:++ecsseee 1 ly tended to accentuate the truth of this view, | shipyard are returned as losing now 20 per cent. of 
> Bn ag Works (/i-' || Workmen and War Muni ad _ it yb ie own beams bee, - bo the . WE Noy the es a same 

6 -ebisececeec.~ SOE. Sle cb deocpocedenddedd se in ently e si ion e future is a loss o r cent. n ne de 

> ~ | peal — || Searchlights haga = bt io iio fra of the Allied Forces is vitally dependent oral the loss suai from*2 per on. to a 
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Ralling of Ships (1llus.) * °. i Some interertingaod sna re ue 19 sstestetl who Leg dt roy acy per Th when —_ ot ees = a will 
ndu eusssses vee ro on ma ou absent themselves on other or 0 8. 
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we ar = eeci alae tn. Shipbuliding 1 sor lees t is therefore | important that the situa-| in the greatest and most righteous effort ever put 
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A me A worker realise the gravity o e on to wor states in his repl 
russia no dhee shinee be 106 mt dlustree “ee a 118 | which he is helping to intensify. asi to us: ‘* Our trouble is principally with the = 
ay ~ from the United 106|| Exoutanine Patent Heoord 1 We were unprepared for any war. That may be/| workers, especially riveters, appear to have a 
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ment of our Army, even on its peace footing, was wages accordingly ; they seem to aim at poceny be 3l. 
bably inadequate. The time has not come to 
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per week ; if they can make this in four days, Fas 

ys investigate whether there was imprudence ip this|and well; but if they can make it in three 
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better still... . The average working man of | After setting forth a brief résumé of the main geolo- 
to-day does not wish to earn more money, and put | gical features of the country under consideration, 
by something for a‘rainy day,’ but is quite con-| and pointing out that practically all the petroleum 
tent to live from hand to mouth so long as he has | discovered there has its origin in the cretaceous 
as easy a time as possible.” |formation, the author gave some interesting par- 
The chairman of another company says: ‘‘One | ticulars of what has been done in the Athabaska 

of the important societies here has for years been | 
entirely dominated by the Socialists, and they have 
been most troublesome. At the outbreak of the 
war they were the one society who refused to touch 
the Government work without receiving large 
advances in their rate of pay. They refuse to work 
with labourers where an ordinary labourer would 

district, in the north of Alberta. In this dis- 
trict, oil-sands of great thickness are well exposed 
on the Athabaska River, from above Fort 
McMurray to below Fort McKay, and extend over 
thousands of square miles to east and west. The 
thickness exposed reaches as much as 200 ft., 
and seepages of heavy oil are very frequent along 

be quite efficient to assist, and demand a fully-|the river banks, while, in some places, gas is 
trained mechanic to help another workman. It evolved briskly from the bed of the river. 
would be an excellent thing for the country if some | 
drastic action were taken to meet the situation.” | 

To sum up, out of detailed returns received by | 
us embracing 10,505 workmen, exclusively engaged 
in manufacturing war munitions of almost every | 
kind :—In a recent week the normal working time | 
aggregated 63,027 days, and the firms arranged | 
for a total of 4524 days of overtime—of course, at | 
increased rates of pay. Thus the aggregate pos- | 
sible time became 67.551 days, but the time) 
actually worked was 56,252 days, there being an | 
aggregate in this one week of 11,299 days of idle | 
time, equal to 164 per cent. of the possible total. | 
Needless to say, all the overtime was worked, as 
for it extra pay was got, For every day of over. | 
time worked the men remained idle for nearly | 
three days of ordinary time, 

So many classes of workers are involved in the 
manufacture of most productions that the thought- 
less idleness of one class delays the completion of 
the ship or the gun, or the projectile, and thus it 
comes that every one has his individual responsi- 
bility in the war whether he is engaged in the 
factory or in the trench. There is a wide dif- 
ference. The factory hand’s monetary reward 
is proportionate to his efforts, and a little 
fortune can be accumulated, as a nest-egg, by 
only following conscientiously the dictates of 

triotism. The soldier in the trench, as we have said, 
as discomforts, dangers, and death ever present, 

with a very meagre monetary gain, and with the 
threatened addition that the protection of the Navy 
commanding the high seas, and the field guns in 
his immediate rear, may some time fail, owing to 
stoppage of supplies by the thoughtless or callous 
idleness of his old mates in the shops. The only 
reward vouchsafed to the soldier and sailor on active 
service is the war-meda], which is always a proud 
possession. Could not some form of efficient or 
diligent-service medal be given to workers who 
have done all they could to meet the demands of 
the Admiralty and War Office during the war? It 
may be that such au incentive would ensure a much 
smaller proportion of idle time, if the winning of 
such a meda! were contingent on good time keeping. 

There is another phase to which brief refer- 
ence may be made. Owing to the great demands 
made on the machine-shops to keep up the sup- 
— to the front there is need for more men. 

any machines are so efficient that they can 
be tended by unskilled labour when the machine 
has been set by a skilled machine man. Surely 
in the present crisis the rules of trade unions 
might be relaxed, during the currency of the 
war, to allow of some arrangement whereby the 
best could be got from available means. On all 
sides sacrifices have had to be made, laws have 
had to be moditied, privileges have had to be for- 
feited, while the last ounce of energy is patriotic- 
ally given in order that, as a nation, we shall 
be worthy of our high traditions and ideals, 
protecting those for whose inviolability we have 
become responsible, and ensuring for all the right 
to work for their advancement in material and 
— prosperity with the friendly respect of 
their neighbouring nations. Every worker, with- 
out exception, should fall into line., The strain of 
long hours may be great, but the need is greater. 
The straggie may be superhuman, bat the end is a 
great fre.d m to be won. 

OIL IN WESTERN CANADA. 
Tue obvious necessity for developing as far as 

ible all the sources of petroleum within the 
British Empire attaches especial interest and im- 

rtance to a paper presented last night to the 
Tstitation of Petroleum Technologists by Mr. 
E. H. Cunningham Craig, B.A., F.G.S., and entitled 
**The Pro:pective Oil-Fields of Western Canada.” 

Excellent geological sections can be studied in 
the deep channel cut by the river in an almost flat 
plateau, but as the surface of the plateau itself is 
covered with pine forest and muskeg, the stream 
sections are the only evidence available. From 
this it has been deduced that the structure is prac- 
tically horizontal, though some broad and gentle 
undulations, and a few purely local disturbances, 
have been discovered. 

Difficulties of transport and the severe winter 
weather conditions have greatly impeded the work 
of well-drilling. Five wells have, however, been 
drilled below Fort McKay, and from all of these 
oil has been obtained from the ‘‘tar-sands,” as they 
are called. The oil is heavy and sluggish in its 
flow, but in some cases has yielded as much as 
60 per cent. of light oils on distillation. The 
author points out that the disadvantages of the 
Athabaska field are that the oil-rocks are too much 
exposed, and that structures of sufficient size to 
concentrate petroleum in quantity are wanting. 
On the other hand, wells can be drilled very 
quickly and cheaply, so that ifa small, steady yield 
can be obtained from each, a reasonable profit will 
be ensured. Working conditions will, of course, 
be vastly improved when the railway reaches the 
district, but the author thinks that it will probably 
be found more profitable to excavate the tar-sands, 
and extract the oil by one of the new low-tempera- 
ture processes. 

Some drilling work has been carried out on the 
Flathead River, in British Columbia, and on 
Pincher Creek, in Alberta, and although oil has 
been encountered in both places, geologists have no 
great hopes of a paying oil-field being proved. 
Active development work is, however, in progress 
in the Pincher Creek region, and new discoveries 
may produce a more favourable impression. 
Much more encouraging results have been 

obtained in the eastern foot-hills of the Rocky 
Mountains, in what may be called the Calgary 
field. In the autumn of 1913 a well, drilled by the 
Calgary Petroleum Products Company, and now 
known as the Dingman well, struck a remarkably 
light oil, containmg 70 to 80 per cent. of petrol, 
and accompanied by very strong gas. The average 
production of the well is about 10 barrels a day, 
and a specimen sent to London for analysis con- 
tained 72 per cent. of benzine, 20.2 per cent. of 
kerosene, and 2.5 per cent. of solid paraffin. It is 
almost as clear as water, and is considered either 
to be a filtered product, or to have been naturally 
distilled from some other source. The author states 
that he has used the crude oil in a motor-car 
engine with remarkably good results, the engine 
giving more power than could be obtained from 
it with its normal fuel. A very large proportion 
of the development work in the Calgary field is 
condemned as useless by the author, but, at the 
same time, geologists regard the heavy gas and 
light oil already found as evidence of the existence 
of a body of heavier oil somewhere in the neigh- 
bourhood, but as yet undiscovered. 
Some 20 miles further north, in a well drilled by 

the Moore Mountain Oil Company, a very good 
showing of oil has been obtained at a depth of 
about 1600 ft. This oil is dark-brown in colour, 
with a green fluorescence, and is of very 
quality. It is of paraffin base, and yields 20.6 per 
cent. of light oils, 34.8 per cent. of illuminating oils, 
37 per cant. of lubricating oils, and 5 per cent. of 
pitch. If present in sufficient quantity, this oil 
should give good profits on distillation. The author 
points out that this may be the parent oil from 
which the light oil struck in the Dingman well has 
been derived. 

In British Columbia, near Vancouver, prospect- 
ing work has been going on, and though no 
important discoveries Gos yet been made, it is 
possible that a field may be opened up in this 

direction. Anyway, with all the very widespread 
indications of petroleum, either as gas-wells, oil- 
seepages, outcrops of bituminous strata, or show- 
ings in drilled wells, the author thinks that there 
cannot fail to be a paying oil-field waiting for 
development somewhere between the far north and 
the international boundary, and he is further of 
the opinion that it will be discovered and worked 
profitably at no very distant date. 

SEARCHLIGHTS. 
Discussions like the discussion on ‘‘ Search- 

lights,” held by the Illuminating Engineering 
Society in the lecture-theatre of the Society of Arts 
on Tuesday last, are both opportune and inopportune 
at the present time. Opportune, because search- 
light beams can now be seen sweeping the sky and 
country every night ; and inopportune, because the 
dissemination of practical information is not desir- 
able during war-time. The discussion with which we 
are dealing suffered from the restriction of the 
opportunity. The chairman, Mr. A. P. Trotter, 
indeed, asked members to refrain from critical 
comments on matters naval or military. 

The discussion was introduced by Mr. P. G. 
Ledger. He pointed out that a distinction should 
be drawn between beacons, intended to be visible 
from great distance and to serve as guides, and 
searchlights, intended to illuminate and to reveal 
distant objects. The distinction was sharply defined 
in the case of motor-car head-lights and side-lights, 
while intermediate conditions existed as regards 
coast-lights. The chief essentials in a searchlight 
were a source of great intrinsic brilliancy and 
small dimensions. Strictly speaking, a point- 
source should be used to secure a parallel beam ; in 
practice beams of less than 2 deg. or 3 deg. diverg- 
ence were undesirable, because it would take too 
long otherwise to search a certain area. These 
conditions almost restricted searchlights to the use 
of the electric arc ; for locomotives and motor-cars 
and for kinematographs bundled glow-lamps were 
used, however, and oxy-acetylene lamps and other 
brilliant sources of light had also to be considered. 
The arc was generally placed in the focus of the 
mirror, the positive crater which emitted the main 
portion of the light facing the mirror in the modern 
arrangement which favoured horizontal carbons. 
In the earlier t the carbons had been inclined, 
and this was still the practice with some small 
patterns of searchlights. 

Passing to historical notes, Mr. Ledger remarked 
that searchlights were first used about fifty 
years ago, during the Franco-German war of 
1870-71, by both belligerents. A parallel beam 
required a parabolic mirror of glass or metal. 
Mangin had replaced that mirror by grinding the 
two glass surfaces to different radii; the unequal 
thickness of glass had made those mirrors liable to 
crack, however, and had introduced prismatic 
colours into the beam. At present machinery was 
available for grinding parabolic mirrors at moderate 
cost. That was the principal improvement in the 
construction of searchlights. The adoption of iris 
shutters enabled the lamp to be made invisible with- 
out interrupting the arc. The candle-power was 
very difficult to determine, for various reasons ; 
the beam was not parallel, and the arc fluctuated 
and its colour changed as the carbons were con- 
sumed. The candle-power was, moreover, not 
theoretically a definite quantity, and the total 
flux of light should be determined. The range of 
a projector is even a less definite quantity than 
its candle-power. In the Mediterranean the range 
is much greater than during clear nights in this 
country. People, moreover, have peculiar notions, 
expecting to see small objects with the aid of a 
searchlight which the human eye could not possibly 
distinguish at great distances. Roughly, a 150- 
ampere searchlight should carry 10,000 yards. 
According to the formulz of Nerz, the radius of 
action of a searchlight was proportional to the 
square root of the mirror diameter, and to the 
fourth root of the intrinsic brilliancy. 

Until recently searchlights had only been wanted 
to sweep horizontally or through a small vertical 
angle. The coming of aircraft had called for search- 
lights to project vertically upward or downward. 
For upward projection the projector barrel should 
be capable of any desired inclination, in which case 
falling particles of glowing carbon might damage 
the mirror. That could be obviated by replacing the 
mirror behind the arc by a lens in front of it. The 
beam might also be reflected from a large mirror 
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inclined at 45 deg. and capable of rotation in any 
lane. 
The atmospheric absorption being particularly 

strong for blue light, the beam was sometimes made 
yellow or red. This could be effected by using a 
red mirror or a red screen in front of the light, or 
by using impregnated carbons. Further improve- 
ments were chiefly to be realised by increasing the 
brilliancy of the arc; but there was a limit to 
securing increased candle-power by increased cur- 
rent. to about 5 kw. the candle-power did 
show such an increase with increased current, but 
above 5 kw. the gain became very small, as Mr. 
Ledger showed by a curve. The negative carbon 
obstructed the light emission from the positive 
crater, especially with the customary long arc, and 
the negative carbon was, for this and other reasons, 
made thinner, the carbon diameters being for 100- 
ampere lamps about 13 mm. and 27 mm. The arc 
was steadied by means of a magnetic blow-pipe and 
by making the negative carbon thin, which was 
possible when a copper core was used. The most 
recent improvements concerned chiefly the quick 
erection and dismantling of the projector and the 
facility of its operation. The operation should be 
controllable from a distance, to prevent dazzling of 
the eye ; for this reason a telescope was generally 
joined to the projector, and the officer made his 
observations through the telescope. Types of 
portable and other searchlights were shown. 

In the discussion, Mr. Justus Eck drew attention 
to a type of searchlight which was tested last year 
(see Electrical World, July 21, 1914) by the United 
States Navy. The carbons of this Beck lamp were 
15 mm. and 11 mm. in diameter for 150-ampere 
lamps (which otherwise would require carbons of 
38 mm. and 16 mm.), and they were placed at an 
obtuse angle and constantly rotated by levers from 
the motor working the projector. The arc was 
cooled by vapours of methylated spirit, generated 
in a kind of carburettor heated by the current feed- 
ing the lamp ; the positive crater could exactly be 
centred by means of a lever, and the light inten- 
sity of the flame of burning spirit, which formed a 
luminous cloud above the crater, was too weak to 
disturb the focussing of the arc crater. The carbons 
were protected exvept at the ends, and the negative 
carbon burned off less quickly than in other arcs ; 
in the case of the positive carbon up to 250 mm. 
burned off per hour, but that carbon could be re- 
placed in afewseconds. Polar-candle-power curves 
taken at distances of 6800 ft. and 27,550 ft. showed 
that 4.2 and 5.2 times the illumination obtainable 
with ordinary searchlights were secured by the new 
lamp at those distances. 

Mr. Mordey remarked that he had, years ago, 
been much impressed with the Rapieff lamp, which 
had two inclined carbons, and he thought such 
lamps ought to answer also for searchlights. There 
would be two sources of light, as the carbon ends 
were free. That appeared awkward ; but with the 
horizontal arrangement the negative carbon not 
only obstructed the light from the positive crater, 
but its own light (20 per cent. of the total) was lost 
altogether. Cooling of the arc, and of the mirror 
‘and barrel, should be tried. Mr. Lyon agreed 
with Mr. Ledger that the candle-power specifica- 
tion was foolish ; he would like to standardise the 
range. For small searchlights, the oxy-petrol 
lamps were very useful. He showed several lamps 
of this kind, for aeroplanes, &c.; one of these, a 
signalling lamp, which fitted complete into a 
portmanteau, could be used over 11 miles; the 
Stevens- Lyon projector was provided with a 
sphero-paraboloid reflector and a dioptric lens. 

Mr. Ritchie also regretted the ee of any 
standardisation in searchlights. The diameter of 
the mirror was not that of the barrel, the crater 
diameter not that of the carbon, and those 
dimensions were important. Mr. —_— kilo- 
watt/candle-power curve was very old, he added. 
With vapour-cooled arcs 20 candles per watt 
(instead of 6) could be secured; it should be re- 
membered that the colour of the are changed with 
the temperature of the carbons, justas the metallic 
Pree now in use made the less hot old — 
filaments ap yellow. Impregnated carbons 
could be used with cooled mx al with very hot 
ares. Some small searchlights with cooled arcs, 
photographs and diagrams of which he showed, 
had proved very useful in the fire-brigade service ; 
the angle of dispersion could be as large as 90 deg., 
so that a large area was illuminated. 

Mr. Willcox referred to the question of glow- 

searchlights ; they were now preferred to arec- 
lamps on the Pennsylvania Railroad. Mr. Harold 
Smith rather tired the meeting by long quotations 
from the account of the ‘Tests of Searchlight 
Carbons,” which were conducted by Captain John 
C. Ohnstad and described by him in the Journal 
of the United States Artillery (September. O-tober, 
1914, vol. xlii., pages 129 to 185). Some of Mr. 
Smith’s points were too well known to require 
emphasis ; but there is certainly a great deal of 
interest in this monograph. Captain Ohnstad 
points out, for instance, that the carbons should 
orginally be given something like the shape which 
they assume while burning. 

Professor Blondel, of Paris, had sent a communi- 
cation, giving tables on atmospheric absorption, 
and reflecting power of various substances, and 
pains out that, when the illumination was too 
rilliant, or fell below a certain minimum value, 

the eye no longer saw normally. It was often over- 
looked also in estimates that observations were not 
made with the naked eye, but with the aid of spec- 
tacles, telesco &c. Blue rays should be blotted 
out, he thought, as they gave rise to a haze, and as 
the eye was more short-sighted to blue than red. 
Mr. Chalmers also raised some theoretical objec- 
tions. The formule of Nerz did not distinguish 
between objects of large and of small area, which 
ought to be done, unless observations were made 
with the aid of the telescope. The time during 
which an observation was continued was also an 
important factor ; if the beam travelled too quickly, 
the object was misjudged. Greater divergence of 
the beam could be secured by shortening the focus. 

Mrs. Ayrton dwelt upon the necessity of keeping 
the arc stable. For that purpose some 15 or 20 
volts should be at disposal ‘‘to play with ;” it was 
a mistake to work a 60-volt projector lamp with a 
65-volt dynamo. She would recommend arcs of 
70 volts and 120 amperes. As regards tho shape 
of the carbons, on which Ohnstad had experi- 
mented, she had made suggestions to the Admiralty 
in 1908. 

Mr. Trotter remarked that at this stage the 
operator should no more be troubled about the 
theory of the searchlight than a chauffeur was 
bothered about the theory of the internal-com- 
bustion engine. The operator could easily learn 
what he required to know. The theory was 
too little advanced, moreover. There was no 
such thing as the candle-power of a searchlight ; 
ove could only talk of the flux of light. He 
had recently been asked why a 150 ampere beam 
would not burn a hole into a haystack half a mile 
away. It oughtto, Mr. Trotter said, if the source 
of light were a point. But a crater of 32 mm. 
diameter subtended a different angle at different 
parts of the mirror, so that divergent beams were 
sent out from different points of the reflector, and 
in the case of his calculation the haystack would 
be illuminated by a disc of light 150 ft. in diameter, 
which could not be expected to set fire to the hay. 

The lateness of the hour prevented further com- 
ments by the Chairman, and did not allow Mr. 
Ledger to reply to the discussion. 

THE THOMAS YOUNG ORATION. 
Tue subject of this year’s Thomas Young 

Oration, delivered before the Optical Society last 
Wednesday, Janu 20, by Sir James Crichton 
Browne, .D., LL.D., F.R.S., was Thomas 
Young himself : ‘‘a man”—as the inscription on: 
the slab beneath his medallion by Chantrey in 
Westminster Abbey affirms—‘‘alike eminent in 
every department of human learning, patient of 
unintermitted labour, endowed with the faculty 
of intuitive ception, who, bringing an equal 
mastery to the most abstruse investigations of 
letters and of science, first established the undu- 
latory theory of light, and first penetrated the 
obscurity which had veiled for ages the hiero- 
lyphics of pt.” After making this quotation 
oes the estminster Abbey medallion, the 
lecturer continued :—‘‘ And yet this t man of 
surpassing’ genius and originality, this explorer, 
this discoverer, who has cee to om some 
of the hidden truths of Nature of the deepest 
import, this accomplished echolar, who has 
led us through one of the labyrinths of history, 
has not yet received one tithe of the praise to 
which he is entitled, and beyond scientific circles 
he is comparatively unknown.” The pompous 
rhetoric of past decades apparently appeals strongly 

lamps with spirally-coiled filaments for locomotive 

The oration was not an epitome of Young's 
biography. Those who did not remember when 
and where Young was born—at Milverton, in 
Somersetshire, June 13, 1773—were not reminded 
of the date. The first point which appealed to the 
lecturer’s psychological interest was the extraordi- 
nary mental precocity which Young shared with 
‘Macaulay, and others, such as John Stuart Mill, with- 
out having the tutorial advantages and stimulating 
home influences of the latter. Young was brought 
jy in his grandfather's house, in the pure atmosphere 
of a home of the Society of Friends; but he worked 
out his own education with little assistance. At 
two years of age he could read ; the boy of four 
had read the Bible twice through ; at six he learnt 
Goldsmith’s ‘‘ Deserted Village” by heart as a 
holiday task. This solitary self-education had the 
disadvantage of leaving him ‘‘ throughout his 
life unsympathetic in style and lacking in intellec- 
tual condescension and plasticity. His statements 
were so condensed that they were often unintel- 
ligible even to well-educated people, and they were 
unrelieved by any sparks of humour and literary 
ornament.” Young believed that all minds were 
originally of equal capacity, and he attributed suc- 
cess to industry ; of education by others he thought 
very little. Like many precocious youths, he 
suffered from pulmonary turbercles when fifteen 
years of age ; but he recovered under—or in spite 
of ’—a treatment of bleeding and confinement to 
bed, with a diet of milk, buttermilk, eggs, vege- 
tables, and weak broth. 

By that time his intellectual isolation had 
already ceased. As a classical tutor, at fourteen 
years of age, he came in contact with the distin- 
guished men of his time, who treated him as 
their equal, while he studied Hebrew, Chaldee, 
Arabic, Syriac, Persian, French, Italian, without 
neglecting mathematics. A book on botany made 
him yearn for the construction of a microscope 
and other optical apparatus after Benjamin 
Martin (the author of the book), and his zeal for 
botany was soon replaced by a fondness for optics 
and for turning on his lathe. He dissected the 
eye of an ox, and, observing its fibrous structure 
(noticed by Leuwenhoek and Pemberton already), 
he fancied he had discovered in the arrangement 
and attachment of these fibres distinct evidences of 
muscularity. He was wrong, Sir James said, as to 
the histological character of those fibres; but he 
rightly ascribed the power of the eye to accommo- 
date itself to distances to changes in the shape of 
the lens, though he misunderstood the modus 
operandi, His ‘‘Memoir on the Lens”—he was 
then a student, twenty years of age, at St. 
Bartholomew's Hospital, in London — procured 
him, in 1793, a Fellowship of the Royal Society ; 
but it also involved him in a controversy with his 

t senior in optical and modical science, John 
unter, who claimed the discovery as his own, but 

died before he could substantiate his refutation of 
Young's views as to the modus ndi. This was 
afterwards done, on Hunter's behalf, by Everard 
Home and Ramsden in the Croonian Lecture. 
Young had meanwhile gone to Edinburgh, which 

he found preferable to Oxford and Cambridge as 
— the study of physics, and little inferior in 
other respects. There he heard of the Croonian 
Lecture, and he was at first inclined to accept Home’s 
view, that accommodation was due to a change of 
the curvature of the cornea, not of the lens, as 
Young had maintained. But further experiments, 
descri in his ‘‘Mechanism of the Eye,” con- 
firmed his conviction that accommodatiou really 
depended upon the lens ; his opinion did not meet 
with general acceptance till 1848, however. 

Young’s optical work belonged to two periods, 
the first beginning with a memoir on ‘‘ The Struc- 
ture of the Lens” (1793) and ending abruptly in 
1804 with Brougham’s attack, to be mentioned 
later on; and the second beginning with the 
publication of Fresnel’s memoir on diffraction in 
1816, and ending with his letters to Fresnel in 
1824. His famous researches on the wave theory 
opened with two communications to the Royal 
Society, ‘‘ Outlines and Experiments Respecting 
Sound and Light” (January, 1800), and ‘The 
Theory of Light and Colours” (Bakerian Lecture, 
1801), dealing, in the first instance, with experi- 
ments on interference of sound waves and 
of light waves. Young took up Huygens’ notion 
that the sensation of light was produced by the 
impact of minute waves against the retina. 
These researches, which, it is well known, did 

to Sir J. Crichton Browne. not by any means find ready recognition by the 
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werful school of Newtonians, helped Young, 
in 1801, to the appointment of first Professor 
of Natural Philosophy to the og Institution, 
which had been founded in 1800 by Rumford, in 
conjunction with Sir Joseph Banks, President of 
the Royal Society ; Ywung was offered a very fair 
salary, 3001. a year. Though practising as a phy- 
sician in Welbeck-street at the same time, Young 
delivered sixty most remarkable lectures in the 
Royal Institution within two years, which were 
published (by the Royal Institution) under the 
title ‘‘A Course of Lectures on Natural Philo- 
sophy and the Mechanical Arts.” The publication 
comprised two quarto volumes, each of about 750 

es, with many plates and original diagrams. 
he lectures, Sir James remarked, were probably 

incomprehensible to his audience, being compressed 
to sofeanien, but formed mines of wealth to the 
student of to-day. Among new apparatus described 
was the optometer, the ursor of the ophthalmo- 
meter; and there was reference to astigmatism. 
Young’s new mechanical term “‘ energy ” was intro- 
duced in the eighth lecture on collision ; what was 
now known as the Young-Helmholtz theory was 
outlined in the third lecture; elastic resilience, 
the cohesion of fluids, the measure and nature 
of heat (conceived as a mode of motion), were 
subjects of other lectures, and there were lying 
perdu, Sir James said, in all these lectures, for those 
who could detect, marvellous foreshadowings of 
scientific discoveries, since made or still to be made. 
Réntgen rays and electrons were foreshadowed ; 
** besides the possibility of a luminiferous ether 

rvading the substance of all material bodies as 
Neaky as wind passes through a grove of trees, 
there is room for the supposition that even the 
ultimate particles of matter may be permeable to 
the causes of attraction of various kinds, especially 
if these causes are immaterial ; nor is there any- 
thing that can induce us to doubt the existence of 
immaterial substance. . . .” 

If these lectures and memoirs brought Young 
fame in later days, they immediately drew upon 
him some scathing attacks in the Edinburgh Review 
by @ young barrister, subsequently known as Lord 
Brovgham, who had himself contributed a paper on 
**Some New Phenomena of Light and Colours” to 
the Royal Society, and who petitioned that Society not 
to publish the trifles and fashionable theories that 
Young offered to the ladies at the Roval Institution. 
Undignified squabbles between Fellows of the 
Royal Society were then common enough. Young 
felt the sting ; he retaliated, but his voice was not 
heard until Arago and Fresnel resuscitated his 
researches on light. His retirement from the 
Royal Institution had nothing to do with these 
quarrels, and was quite voluntary, however ; he 
wished to devote himself to his medical profession, 
to physic rather than to physics, and for some time 
his scientific publications appeared anonymously. 

Want of means was not the reason of his relying 
on his profession either, Thanks to his great-grand- 
uncle, Dr. Brocklesby, Young not only had been 
introduced into the best scientific circles when 
studying in London and Edinburgh, but also had 
been able to live in ease and comfort there, and 
subsequently at Groningen, where he continued his 
medical studies. In fact, Young, having discarded 
the external observances of the Society of Friends, 
became a society man, and appeared at a Brunswick 
Court festival in the character of a harlequin. His 
uncle left him 10,000. in 1797. Young took his 
Cambridge M.B. in 1803, married in 1804, and lived 
as a fashionable doctor in London and Worthing 
till his retirement in 1820, holding some of his 
many public scientific appointments till his death 
in 1829. His lecture-classes at the Middlesex 
Hospital were not well attended, but he had the 
eeeen of curing more patients than his col- 

ues, 
oung wrote largely and with remarkable ability 

and breadth on medical subjects. His ‘‘ Treatise 
on Consumptive Diseases” Sir James styled a 
**pot boiler,” and Young’s least well-known book, 
his treatise on ‘* Insanity,’ was written, the 
lecturer thought, not without the ulterior view of 
acquiring the appointment of Visiter under the 
Court of Chancery. In this treatise Young recom- 
mended corporal punishment of the insane, dark 
rooms, the strait waistcoat, &.; he had no 
personal experience of the subject. Sir James did 
not consider that Young’s name was connected with 
any notable advance in medical science. Yet he 
regards him as one of the greatest medical men of 
his, transition, period ; his works were full of sug- 

gestions, he watched fevers with the aid of the 
thermometer, and studied tubercular expectoration 
under the microscope. 

In his introduction Sir James Crichton Browne 
said that Young came as near to omniscience 
as it is given to a mortal to attain. He then 
mentioned his = in age soa» DRM ii 

mics, hy: raphy, physics, entomology, 
omar, ag &c. Of aed aoe Egyptology he 
spoke in his conclusion, ascribing (with Flinders 
etrie) to Young the deciphering of the famous 

Rosetta stone. Of his plgeleal and mechanical 
work he said very little more than we have quoted ; 
Young’s modulus was not even alluded to. Alto- 
gee the engineer and physicist may feel that the 

omas Young Oration has hardly brought.the great 
master mind of Thomas Young any nearer to them. 

NOTES. ; 
Tue Iron-Orze Deposits or Baszy anp Lonewy. 
Tue fortunes of war have temporarily placed 

these vast deposits, which are situated close to the 
an frontier, and calculated to contain some 

3,000,000,000 tons, under German management. 
The working of the Briey deposits dates from com- 
paratively recent years, from 1893, although the 
earliest concession is from 1884. In addition to 
these deposits those at Longwy are also situated 
in the Arrondisement of Briey, and, like the former, 
under German management for the time being. 
The importance of these vast minette ore deposits 
in French, as well as in German, Lorraine will only 
be a a as the phosphorus containing iron 
ores, thanks to the growth of the Thomas process, 
become a more necessary raw material. The rapid 
increase in the demand for these ores entailed 
some difficulties, which had to be overcome; in the 
first instance the establishment of means of trans- 
te and, secondly, the obtainment of sufficient 
bour, most of which had to be drawn from abroad. 

In the year 1912 there were 100,525 inhabitants in 
Briey, and of these more than half, or 57,098, were 
foreigners, of whom, again, 32,069 were Italians. 
The output increased at a rapid rate, even more 
med than in German Lorraine, the production 

ing :— 
. German Lorraine. 

1900 © bd ue ; aap 7,740,000 
1905 Sa eid a ; .. 11,970,000 
1910 = Ss sks : 16,650,000 
111 e i a és .. 17.540,000 
1912 _ = on oe ... 20,080,000 

French Lerraine, 

1900 be ; ; é a 4,450,000 
1905 a ‘ . ; si 6,300 000 
1910 ae ; = ; a 13,200,000 
1911 Pa i = ... 15,050,000 
1912 cad s hb: es) .. 17,240,000 
1913 19,810,000 

Of the latter quantity, 15,150,000 tons came 
from Briey, 2,470,000 tons from Longwy, and 
1,910,000 tons from Nancy. France has quadrupled 
her production of iron ore since the year 1900, and 
has year by year gained upon Germany. Since 
the beginning of the present century the percentage 
of Lorraine’s production of iron ore, as against that 
of the whole of France, has risen from 80 to 90 per 
cent., and the increase in France’s production of 
iron ore in that period comes to a ve eat extent 
from the Briey deposits. The establishment of a 
number of iron works followed in the wake of the 
— of the mining industry, and out of the 159 
last-furnaces in France in 1913, 89 were in this 

district, and their production of iron was, in 1912, 
more than half, and that of steel exactly half, of 
the total output of the country, the figures being 
respectively 3,410,000 tons, against an aggregate 
of 4,950,000 tons, and 2,210,000 tons against 
4,400,000 tons. Much of the coal needed here 
comes from Rhineland, Westphalia, and Belgium, 
and the French industry has also secured an 
interest in the coal districts in question, amounting, 
it is eaid, to about 100,000,000 francs. On the other 
hand, a number of German iron-works have 
obtained concessions and interest in the minette 
mines in French Lorraine, amongst them the 
Differdinger Hiitte, the Thyssen concern, the 
German-Luxemburg Mining Company, the Phcenix 
on aay eg Gelsenkirchener Mining Company, the 
Hasper Iron and Steel Company, &c. The ome 
consumption, within the Meurthe and Moselle 
district, has been steadily increasing, now amount- 
ing to more than half, 38 per cent. heing exported 
in 1912, 13 per cent. going to Germany, and 

22 per cent. to Belgium. The war, naturally, 
has greatly interfe: with the working of the 
French Lorraine mines. 

Exectric SteeLt-MAKING AND CASTING. 

Two papers on electric steel furnaces were dis- 
cussed by the twenty-fifth meeting of the Ameri- 
can Electrochemical Society, held at New York. 
The one, by Mr. E. B. Clarke, President of the 
Buchanan Electric Steel Company, Michigan, 
was a general recommendation of electric steel 
furnaces by a critical advocate of those furnaces. 
Mr. Clarke did not claim any mysterious merit 
for electric steel furnaces, which, metallurgi- 
cally speaking, he said. did not offer anything 
which the open-hearth did not offer. The second 
paper, on ‘‘ Electric Steel Castings,” was by Mr. 
C. A. Hansen, of the Treadwell Engineering Com- 
pany, of Easton, Pennsylvania. That company, 
Mr. Hansen stated, had previously operated the 
crucible steel casting foundry of the Lebanon Steel 
Castings Company, and had in the summer of 1911 
installed, in their new foundry, a 2-ton three- 
hase arc furnace, which had since that time alone 

nm worked, there being no spare furnace to 
_ against failures of the one-unit equipment. 

e current, supplied at 2200 volts and 
60 cycles, was stepped down to 85 volts by means 
of two 200-k.v.a. transformers, connected in open 
delta ; a 5-kw. motor-generator and also continu- 
ous-current motors were installed for regulating 
the brushes, and the plant, comprising trans- 
formers, switchboards, and furnace, together with 
a pair of bottom-pour ladles and a heating-ring for 
them, and with working space, occupied a floor area 
not exceeding 300 sq. ft. The cost of melted meta! 
from the electric furnace was somewhat less than 
half that of the metal from the old oil-heated 
crucible furnace. The cost of working the electric 
furnace increased rapidly as the carbon content of 
the product was brought down, and it was not 
economical, though possible, to turn out 0.10 carbon- 
steel castings. But it was economical to cast 0.20 
carbon-steel, which could be melted in crucible as 
well; but in the latter case the product could not 
be run into light-section castings. These 0.20 per 
cent. castings could be machined, whilst higher 
carbon castings required annealing, which was not 
favoured in America. As regards continuous opera- 
tion versus day-shift operation, Mr. Hansen re- 
marked that some 10 or 15 per cent. in the cost 
of molten steel might, indeed, be saved by con- 
tinuous operation ; that would be done, however, 
at a much heavier loss, caused by the decreased 
efficiency of the night-shifts on the moulding- 
floor, in the cleaning-room, &c. It might also 
be possible to take twelve heats from cold 
scrap in 24 hours ; but the furnace would have to 
be rebuilt three times a week. Their own practice 
was to operate the foundry on day-shifts only, and 
to take about fifteen heats per week ; the average 
current consumption of 9('0 kw.-hours per 2000 lb. 
of steel was high, because Mr. M. H. Treadwell was 
a firm believer in pouring extremely hot steel. 
The first heat of a day occupied 7 hours; when 
business warranted it, two more heats of 44 hours: 
each might follow ; the power consumption then 
went down from 1050 kw. to 640 kw. per ton. Keep- 
ing the furnace hot overnight by means of oil or 
current did not materially decreas~ the maintenance 
cost, but increased the cost of production. Tv 
charge the furnace directly with molten cupola 
metal to be refined had not proved advantageous. 
Mr. Hansen reckoned 1.30 dols. for repair costs 
and 2.15 dols. for electrode cost per 2000 lb. of 
steel ; reckoning a dollar. roughly, at 4s., that 
would be about 5s. and 8s. 6d., and the latter 
item in particular is much higher than the ‘‘ guaran- 
teed ” cust of certain prospectuses. Mr. Hansen 
also mentioned that they had no trouble with their 
load-curves, which were smooth and of a high power 
factor. ~ 

Boron in Street anv Iron. 

In a recent issue The Iron Aye gives publicity 
to a report contained in Stahl und Eisen of 
September 24, concerning the influence of boron 
on soft steel and cast iron; the report is from 
the Bitterfeld Electrochemical Works, Germany. 
For purposes of the tests, a quantity of ferro- 
boron was made in the electric furnace out of 
boracite. As a high-grade material of this kind 
involves difficulties in application, boron being 
rather sparsely soluble in iron, a low percentage 
alloy was aimed at. The analysis gave the fcllow- 
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ing rough percentages :—Boron, 15 per cent. ; iron, 
81 per cent.; carbon, 0.7 per cent.; and small 
quantities of silicon and aluminium. In the tests 
with steel, the best grade of soft steel was used, 
and the alloy added in calculated quantities ; 
melting was done in crucibles, and ingots cast. The 
ingot of remelted soft steel, without boron addition, 
was readily forged, whilst the ingots containing 
boron became brittle in proportion as the per- 
centage of boron rose. Piping also became more 
pronounced, and for 0.80 per cent. boron in the 
ingot it was 45 per cent. ter than in the ingot 
with no boron. Even with 0.20 per cent. of boron 
it was impossible to draw the ingot down for 
making test-pieces. The first blows with the 
hammer developed cracks. Bending tests were | Ei 
useless, as cracks formed immediately. Heat 
treatment improved this evil somewhat, but the 
indications were that for practical purposes boron 
additions to soft steels were of no value. Whilst 
the hardness obtained was in itself an advantage, 
the brittleness accompanying it precluded the use 
of boron for high-grade steels. In the case of cast 
iron, hardness and brittleness were also observed in 
rising proportions as the percentage of boron 
increased. With 0.85 percentage of boron even the 
hardest file would no longer touch the metal, and 
from a good, close-grained iron in the remelt free 
from boron, all evidence of a cape structure had 
disappeared in the piece with the high percentage. 
It had become practically a white iron. The 
following analyses were given in the report :— 

Boron | Boron Combined 
Added. | Found. Bilicon. | Graphite. Iron. 

per cent. | per cent. | per cent. | per cent. | per cent. 
No. 1 aa 0.00 0.00 2.48 2.38 0.94 
No. 2 0.25 0.20 2.42 1.67 1.45 
No. 3 0.50 0.40 2.44 1.95 1.96 
No. 4 1.00 0.85 2.30 114 2.17 

Boron evidently had the effect of throwing carbon 
into the combined form very readily, as with a 
silicon content of 2.30, so high a combined carbon 
content as 2.17 is exceptional. Further tests 
showed that boron did not prove valuable for im- 
proving the quality of cast iron or increasing its 
resistance to acid attack. While some good effects 
were obtained in this respect, the bad effects on the 
mechanical properties outbalanced them greatly. 
Further tests with alkalies indicated a heavy corro- 
sive action ; hence even here the use of boron was 
not of value. ‘‘This information is given,” concluded 
the report, ‘‘so that useless further work may not 
be undertaken with this element in connection with 
iron.” We may add that the effect of boron has 
been several times reviewed before the Iron and 
Steel Institute. Amongst the papers on the sub- 
ject presented to the Institute we may mention 
the one by Dr. Léon Guillet, Paris (Journal of the 
Iron and Steel Institute, vol. ii., 1907); one of Dr. 
Guillet’s conclusions was to the effect that ‘* this 
special constituent is always injurious to the 
mechanical properties of the metal... It does not 
greatly diminish the-elongation when it is present 
in small quantities, but it always confers an ex- 
treme degree of brittleness to the steel.” 

Lire-Savine arTteR Nava Disasters. 

It is a remarkable fact that practically all the 
British naval ships which have been lost during the 
past five months of the war had reached the obso- 
lescent stage, and had only the minimum fighting 
value. The regret, therefore, at the loss of the 
vessels was almost entirely associated with the loss 
of valuable life, and consequently public interest is 
quickened in all means for the saving of officers 
and men after their ship has beenlost. The recent 
case of the Formidable showed the great difficulty 
of getting the boats away owing to the storm pre- 
vailing ; while in other instances—notably in the 
cases of the Oressy, Aboukir, and Hogue—the 
difficulty of the men keeping afloat until help could 
be got was most pathetic. With lifebuoys and 
other such appliances for accomplishing this end 
the difficulty 1s that the men on board ship cannot 
always have them handy, and disaster comes so 
quickly that there is not always time to find them. 
Ihe same applies to the Navy collar, and there 
have been cases where its efticiency has not been 
marked. Mr. A. F. Yarrow has been studying the 
best way to reduce the loss of life consequent upon 
naval disasters, and the result is the ** Miranda” 
waistcoat, which can be had at many of the large 
emporiums. He laid it down as an essential condition 

suitable to be always worn, by day and by night, b 
all on board, and yet that it should not in a — 
interfere with the work of the officers or men. 
order to ensure that the garment will always be 
worn, Mr. Yarrow determined that it should not 
have the appearance of a life-saving device. From 
the practical point of view the essential condition 
was that it should have a buoyancy in salt water of 
not less than 14 lb., as, after numerous experi- 
ments, he found this was quite sufficient. He 
determined therefore on a waistcoat as the most 
suitable form of life-saving device, and chose as 
the medjum for ensuring buoyancy a padding of 
kapok, a vegetable material of the silk-cotton 
family (botanically known as Ceiba Pentranda, or 

Y ron anfractuosum) found in the East 
Indies, Java, and the Philippine Islands. Kapok is 
impregnated with a vegetable oil, so that it does 
not absorb water readily. The fibres are very fine, 
and cling closely together, and the surface tension 
of the water around them ensures a compression 
of the air sufficient to give the buoyancy desired. 
The ‘‘ Miranda ” waistcoat is of the knitted i 
type, without sleeves, and except that it buttons 
rather higher than the normal waistcoat, and is of 
considerable thickness, suggesting slightly increased 
body-bulk, it does = ~~ = wearer an unusual 
appearance ; on ip those wearing them 
would not be distinguished from the normal type of 
rotund, seafaring man. Mr. Yarrow has studied 
the blem from every point of view, and the 
conditions laid down in respect to details, parti- 
cularly the distribution of the kapok, ensure 
that under all conditions the person wearing the 
waistcoat will be supported in a vertical position. 
The standard size is quite suited for any person, 
and we can fancy no more appropriate gift to an 
officer or sailor than a buoyant waistcoat of this 
type. Indeed, we understand that over 1500 have 
been privately distributed amongst several vessels 
of the British Fleet, and these are always worn by 
the officers and men, so that there is a prospect 
that in such cases the disaster due to mines and 
torpedoes may not involve the serious loss of life 
that has attended some of the earlier catastrophes, 
especially if oil be rubbed on the body to ward off 
the discomforts of immersion in cold water. It may 
be added that Mr. Yarrow is a strong advocate of 
the application of oil to the limbs, so that when 
immersed the effect of the cold water will not be 
felt so seriously. Indeed, his friend, Mr. Marriner, 
has made a number of most interesting experiments 
as to the effect of immersion in cold water, estab- 
lishing great advantage where animal oil or natural 
filtered petroleum jelly has been well rubbed 
into the surface of the body. This idea is worth 
carrying out, even by the troops at the front, 

use an abnormal number of cases of breakdown 
on the part of the men is due to frost-bite. If 
friends would send a supply of oil or petroleum 
jelly to the soldiers, and this were applied from 
time to time to legs and feet, there weal not only 
be greater comfort, but an appreciable reduction of 
frost-bite. We know of cases where these results 
followed upon such a use of oil. 

Tue Mica Marker.—In their report, dated the 16th 
inst., Messrs. Baker and Startin, 19, Sv. Dunstan’s-hill, 
E.C., rare that by A reg Ma of war stocks in —— 
were. » an © su uent temporary cessation o 
mining in India has enabled the market to absorb the 
arrivals without any very material alterations of rates. 
The war has naturally caused a decrease in the volume of 
business for the past year, as the Continental trade has 
—— ceased for the present. ‘here are no new 
iscoveriés of importance to report, and, in view of 

the present limited market, the shipments from India 
are still considerably restricted. Reports are as follow 
on the various qualities. Oalcutta:—Values gradually 
declined during the first six months, and only moderate 
supplies have this year come forward. Present demand 
is somewhat weak, although rates are fairly steady. Best 
clear, however, is in constant request. Madras :—Prices 
for some special sizes have been fairly well maintained, 
and a moderate, although irregular, ousiness has been 
done throughout the year. Splittings:— Extra fine 
qualities have been rather more cone after, whilst 
medium to common qualities of both Nos. 5 and 6 have 
been, and are still, difficult of sale. Amber :—Very 
little movement to record, with values unaltered. 
following figures are compiled from the returns of the 
London warehouses : — 

Total Ware- 
Arrivals. Deliveries. house Stocks, 

Dec. 31, 1914. 

Cases (about 100 Ib. each), 1914 22,718 24,406 17,718" 
» ascompared with 1913 40,174 30,115 19,405* 

1912 «= «31,315 =. «-29, 411 9,346" 

of a life-saving appliance that it should be a garment 

SOME INTERESTING AND USEFUL 
CURVES. 

By Aveusts Esnovur, A.O.G.I. 

Tue present paper does not presume to revo- 
lutionise the kingdom of mathematics—nay, not 
even the province of curve-plotting ; it simply 
purports to place before the reader the outcome 
of writer's strenuous effort to bring within the 
easiest ible reach, in the shape of graphs, cer- 
tain ionships which are rather intricate when 
ex braicall . Curves are not herein 
dealt with in the light of interesting themes for 
mathematical speculation ; they are solely examined 
in view of their adaptability for use as time- 
saving appliances for the engineer; and in this 
connection it has been deemed that the properties 
considered could not be more clearly demonstrated 
than by retracing the writer’s steps in his systematic 
search for handy graphical tools. 

Having had of late to design several stanchions, 
the writer determined, after consultation with his 
friend Mr. J. Coutanceau, A.C.G.I., to adopt Pro- 
fessor Claxton Fidler’s formule, as being the most 
reliable within their own knowledge. 

Those formule are expressed as follow :— 

f+R— J (f+ RP- 24fR ‘ Seo P 

where 
p =orippling stress persquare inch on stanchions, 

4 f a rm crushing stress of material, 
an 

R=E ne . Gb) 
where again 

E = Young’s modulus for material. 
r = least radius of gyration of stanchion. 
i = length of on, if free at both ends. 

If A is the area of cross-section of column, the 
crippling load W is fe 

W=Ap . (iii.) 

In order to find the safe load, W,, W must be 
divided by a certain factor of safety, 8, su that 

W, =~ . (iv.) 
3B 

and it is advisable to determine that factor of 
safety in compliance with Shaler Smith’s equation, 

8 =4+0.055 . ) 

where d = least transverse dimension of the column 
considered. 

It will be admitted that the repeated use of 
these equations involves a considerable amount 
of tedious labour. At any rate, such was the 
author’s experience, and as he was intolerant of 
anything connected with waste of time, he at once 
determined to look out for a short cut across 
Claxton Fidler’s and Shaler Smith’s formulz, from 
a stanchion of known dimensions to the load it can 
safely carry. : 

On examining the set of equations, the first 
thing to be noticed is that, when we have chosen 
the material of our column, E and f are constants 
known to us, and, therefore, in equation (i.) the 
only two variables are p and R, so that p is a 
function of R ; similarly, in equation (ii.) the _ 
variable quantities are R, |, and r, 980 that 

is a function of + » and consequently p is also a 

function of . 

That means, of course, that the crippling stress 
p is the same for all columns that have the same 
ratio of r tol irrespective of the absolute values of 
r and l. 
Now suppose two orthogonal axes be taken and 

plotting points be laid down, such that their abscissx 
x and ordinates y are respectively proportional to 
the lengths / and the least radius of gyration r of a 
number of columns. 

If there happen to be in the lot two or more 

columns such that their ratio ? is the same, the 

The | points obtained with the I's aud the 1’s of those 
columns as abscisse and ordinates respectively 
(which we shall hereafter call the points corre- 
8 ing to the columns, for the sake of brevity) 
wil! all lie on a straight line passing through the . 

origin 0, since for all those points ¥ = constant. 

We further know that all columns having that * Including goods sold but uncleared. 
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same ratio ? shall give us corresponding points on 

that straight line (OA, Fig. 1), so that, ina certain 
sense, that straight line O A may be imagined as 
representing a set of columns, all of which have the 

same ratio of * , viz., ". 

We have seen that all columns having the same 

ratio : are crippled by the same crushing stress p,. 
1 

Let that straight line O A cut at point K any 
reference line, sueh as K L M (Fig. 1), arbitrarily 
chosen, the only restriction being that O A inter- 
sects it in only one point—viz., K. We may mark 
K on line K LM as corresponding to a crippling 
stress p,, for it is clear that if the point correspond- 

ing to any column having a ratio 7 = r is plotted, 
1 

the straight line through the origin and that point 
will meet K LM in K, showing that the crippling 
stress for such a column is p,. 

Any number of similar straight lines OB, 
OC, &c., may be drawn for sets of columns 

r 

having the ratio r= a ie &c., respectively, and 

crippled by stresses p., p,, &c. 
t OB, OC, &c., cut the chosen curve K L M 

at points LM, &c., which will be marked 
at p.. ps, &c., on the said curve. Values of p, 

2 

Least 

(34548) Length (tl) 

corresponding to values of 7° intermediate between 

is and 5 may be estimated by interpolation 
1 2 

between K and M, the intersection of the inter- 

mediate ; straight line with the curve having been 

determined. 
On Fig. 2 the values of p are determined, as 

above explained, for steel and cast-iron columns 
respectively, the reference lines being a circular 
are for the former, and, for the latter material, a 
curve so designed that equal lengths on it corre- 
spond to equal differences of p. 

In order to obtain from such curves p for a given 
column (say, 4 cast-iron column, 94 in. long, and 
having + = 4.38 in.), mark out the point P (Fig. 2) 
corresponding to its r and 1; for instance, by 
sticking a pin or needle at the required point. 
Get a straight-edge to pass tarough O and P, and 
read off or estimate the value of p at point Q on 
the reference curve (31.1 tons per sq. in.). 

This is an appreciable result, but the line of 
reasoning which we have followed up to now 
cannot take us a step further ; and, as not a word 
has yet been said concerning equations (iii.), (iv.), | ¢ 
and (v.), we had better retrace our steps for a 
little distance backwards and start on some other 
more promising path. 

Suppose, for instance, that instead of bringing 
straight line OA of Fig. 2 to intersect a certain 
reference line, we had chosen to mark on it a 

point Q (Fig. 3) such that its distance from a 
given datum (e.g., the axisO X) is proportional 
to p; let us repeat the same process for straight | 
lines O B, OC, marking thereon points S, T, the! 
ordinates of which are proportional to p,, p, re- | 
spectively. A nice curve can be drawn through all 
such points Q, 8S, T, &. 

YI 

Fig 

Ps 

a-Least Transverse Dimension 

700 0 
(90840) 

And now, if we require the crippling stress on 

a column having a ratio ? intermediate between 
2 

? and : , We can very easily get at it by deter- 
1 3 
mining the position of a point Z, such that its 
abscissa = |, and its ordinate = r,, then getting 
a straight-edge to pass through O and Z, and 
reading the ordinate of the curve at the point V 
where the straight-edge intersects it. 

Fig. 4 shows two such curves, determined for 
mild steel and cast iron respectively. 

The working out of the series of values p cor- 

responding to a given 5 would be a laborious pro- 

cess if equations (i.) and (ii.) were used as written 
down. Itis much more convenient to rewrite them 
as follows :— 

i. : R = pf — 06 P) ‘ 

” G9) 
. -. ov JR 
(iia): ” = ~ or (ii.b) r=l —. 

7 JE wr /E 

For the purpose of plotting the curves, we may 
X upon some stan land find out the corre- 

sponding r’s for successive values of p. 
Let us take! = 100. 
Equation (ii.b) becomes 

Taking E = 12,900 tons per sq. in. for steel and 
ae tons per sq. in. for cast iron, equation (ii.b) 

8 :— 

r = 0.28 JR for steel, 
and 

r = 0.408 4/R for cast iron. 

Fig.8. 

un Tons. 

Safe 

Sg 

Z- 

Substituting from equation (i.a), 

= @ P (f - 0.6 P) for steel ; r 28/ =p) ors 

r=0. 403, / pu ?) for cast iron. 

The following Table I. gives the correspondence 
between r and p for steel and cast iron, when] = 
100, f being taken = 28 tons per sq. in. for steel, 
and 35 tons per sq. in. for cast iron. 

TasiLe I.—Connection between p (Crippling Stress in Tons 
per Square Inch) and r (Least ius of Gyration) for 
Columns 100 Units Long and Free at Both Ends. 

| | 

r. | r | rT. 

Pp. Reed rye? re 67 se REE p. | 

Mild | Cast | Mild | Cast Mild | Cast 
Steel. | Iron. Steel. Iron. Steel. | Iron. 

0.5} 0.199 | 0.340 | 10/| 0.980 1.383 240) 2.53 2.72 
1.0] 0.287 | 0.409 | 11) 1052 1.468 (25.0/ 292 | 2.865 
1.5| 0.347 | 0.508 | 12/ 1.106 | 1.548 26.0) 3.59 | 3.04 
2.0} 0.402 | 0.581 | 13) 1.171 | 1.630 27.0} 5.00 | 3.24 
25) 0.451 | 0.660 | 14) 1.240 1.714 (27.5) 8.20 ~ 
3.0) 0.496 | 0.717 | 15) 1.313 | 1.80 280) — 3.465 
3.5) 0.688 | 0.775 | 16) 1.889 1.88 (29.0) — 3.74 
4.0| 0.579 | 0.834 | 17) 1470 1.965 (20.0) — 4.06 
4.5| 0.616 | 3.886 | 18) 1.560 | 2.065 31.0) — 4.575 
5.0) 0.654 | 0.987 | 19| 1.651 | 215 (320) — 5.29 
6.0/ 0.722 | 1.088 | 20) 1.775 | 2245 33.0) — 6.42 
7.0} 0.788 | 1.180 | 21| 1.904 | 2.35 (83.5) — 7.42 
8.0/ 0.853 | 1.217 | 22| 2062 247 340) — 9.05 
9.0; 0.918 | 1308 | 23) 2270 | 2595 84.5) — | 12.79 

It is not necessary to stop at the crippling stress. 
We may inquire from the curve whether it will tell 
us the crippling load straight off. 
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This it certainly will do, provided wé mark off 
along O X a suitable scale of areas, and agree to 
use a load scale numerically identical with the stress 
scale. After all, the crippling stress is simply the 
crippling load on a column having a cross-section 
measuring one unit area. 

Let a needle be taken and stuck into the paper 
at a point H (Fig. 3), having abscissa = 1 on area 
scale, and ordinate = p, (previously found), aud let 
the straight-edge rest against the needle and another 
one fixed at 0. 

On the load scale the ordinate of the point K may 
be read on line O H, whose abscissa is equal (on 
the area scale) to the cross-section area A, of the 
column. Clearly this reading gives the crippling 
load W, on the column, for it bears to p, the same 

ratio as A, to 1; i.¢., it is equal to p, x A, = W,. 
Next, we have to consider Shaler Smith’s equa- 

tion and the factor of safety obtained there- 
from. 
‘We first observe in equation (v.) that Sis a 

function of o so that it is the same for all columns 

having the same ratio : Following the line of 

reasoning that applied in the case of p, which i® 

a function of - , we may show that, if d instead of 

r is taken as an ordinate, a straight line through O 
represents, in a certain sense, such a set of columns, 
and the value of S for that set may be recorded 
either at the intersection of the corresponding 
straight line with any chosen curve, or by marking 
on that straight line a point whose distance from a 
fixed datum 1s proportional to 8. 

In either case, by recording points for successive 
sets of columns, curves are obtained. The first 
process yields a curve like the one shown in Fig. 2, 
which is useful for the direct determination of S, 
but does not lend itself to be combined with the 
results already obtained ‘concerning p and W ; 
by the second method, and taking the axis O Y 
as the fixed datum, we get the curve shown in 
Fig. 4, and to which the reader’s attention is now 
called. 

The curve is very simply plotted from the data 
of Table IT :— 

TaB_Ee II.—Connection between s (Factor of Safety) and d 
(Least Transverse Di ion) for Col 8 100 Units Long. 

6.0 | 2.50 |5.4 | 3,57 |4.90/5.55/4.60) 8.33 4.30) 16.67 |4.12| 41.67 
5.9 2.63 |5.3 | 3.84 |4.85/5.90/4.55 9.07 |4.25/ 20.00 |4.10| 50.00 
5.8 2.78 5.2 | 4.16 |4.80)6.25| 4.50) 10.00 |4.20, 25.00 |4.08 | 62.5 
5.7 2.94 |5.1 | 4.55 |4.75|3.67| 4.45) 11.06 |4.18) 27.75 la.08 83.33 
5.6 3.12 |5.0 | 5.00 |4.70}7.12|4.40! 12.50 |4.16) 31.25 | — | — 
5.5 8.33 4.95) 5.27 |4.65]7.70 ant 14.30 = 35.67/— | — 

The factor of safety S is the ratio of the crippling 
to the safe stress; but it may be looked at in 
another light. 

Suppose we have got a column the cross-section 
of which has 8 units of area, if p = crippling stress, 
crippling load for that column = ps, and safe 

load = > = p, units of load (not of stress). We 

may, therefore, say that S expresses, in units of 
area, the cross-section which a column, that would 
be crippled by stress p, must have in order that p 
may ise express, in unite of load, the load that it 
can safely carry. 

So that, if in plotting the factor of safety curve, 
the scale of S has been taken identical with the area 
scale, the abscissze of the S curve not only show 
the value of the factor of safety, but they also give 
the number of units of area which a column must 
have, in cross-section, in order to carry a safe load 
numerically expressed by p (crippling stress per 
unit area). The scales have been so adjusted in 
Fig. 4. Now let a needle be fixed at a point such | &c. 
that its abscissa is = | and its ordinate = d (the 
least transverse dimension of the column con- 
sidered). Set the straight-edge through O and the 
needle, and notice where it intersects the S curve ; 
the abscissa of that point (L) gives S (factor of 
safety) ; and also the area of the column for which 
the safe load is p. Then let the needle be shifted 
to a point K, having abscissa = S and ordinate = p, 
= a straight-edge be rotated to pass through O 
and K, 

The safe load W, is now easily read on the load- 
scale, being the ordinate of the point on straight 
line O K, having ordinate = A; for, evidently, 
that ordinate bears to p the same ratio as A to S, 

so that it is equal to 

Le ee 

ae: 

Ere we leave this subject, it must be remembered 
that Jin Claxton Fidler’s equation refers to the 
length of a column free at both ends ; should the 
condition of the ends be otherwise, we must be 
cautious to apply a correction, considering / in 
the equation as a theoretical length ; if l’ = actual 
length of column, we must take 1 = 0.61’ for a 
column with both ends fixed, and | = 0.751’ for 
a column with one end fixed and the other end 
free. 

Cast-iron and mild-steel columns having now 
been fully dealt with, it may not be irrelevant to 
demonstrate with the help of a practical example 
the method of using the curves. 
= a steel column, fixed at both ends, and for 

which— 

= W). 

l’ = 90 in. (so, 2 = 90 x 0.6 = 54 in.). 
r =1.1in. 
d = 5.6 in. 
a = 2.8 in. 

Fix a needle at O ; set another at a point A having 
abscissa =1, (54) ordinate=r (1.1); bring a straight - 
edge to touch both needles. Then remove the second 
needle and set it at the point where the straight- 
edge intersects the crippling-stress curve at B. 

Take a third needle and set it at a point C 
having abscissa = |’, (90) ordinate = d (5.6), bring 
the straight-edge to touch the last set needle and 
the one through O ; remove the former from C, 
and, starting from the point of intersection of T 
the straight-edge aud factor of safety curve, at D 
move the needle vertically until it has reached the 
point E, on same level as the needle still standing 
on the stress curve at B, which now remove. 

Rotate the straight-edge about O until it touches 
the needle in its new position, E. Then read the 
area (2.8) of the column on the axis of O X, and the 
corresponding ordinate to the straight-edge (at F) 
gives the safe load—viz., 12.7 tons.* 

(To be continued.) 

Tue Execrric Vexicixe Commitrer.—A meeting of the 
Committee was held in London under the chairmanship 
of Mr. R. A. Chattock, on eyo 8. In regard to 
standardisation of wheel rims for solid tyres, the Com- 
mittee had before them the sizes standardised by the 
Engineering Standards Committee at the instance of the 
Society of Motor Manufacturers and Traders, and 
decided to recommend purchasers of electric vehicles to 
insist upon having these standard rims fitted. 

Tue Cuinesk Navy.—We read in the Rivista Marit- 
tima that the order for three cruisers by China from the 
Nunfalcone yard, Austria-Hungary, was financed by the 
Kreditanstalt, the Linderbank, and the Niederdéster- 
reichische Escompte Gesellschaft, which together provided 
a credit of about 1,200,000/. Each cruiser is to carry ten 
4-in. guns, to be manufactured by the Skoda Works, 
Pilsen, and two torpedo-launching tubes. The boilers 
are to be of the Yarrow type, to burn coal and liquid 
fuel ; and the machinery of 30,000-horse-power, 
turbines, to give the ships a speed of 32 knots. 

GerMAN Execrrica, Inpustrizs.—The Siemens- 
Schuckert concerns have all reduced their dividends for 
the last financial year. Siemens and Halske, from 12 per 
cent. to 10 per cent.; Si Schuckert, from 10 per 
cent. to 74 per cent.; and Schuckertand Uo., Nuremberg, 
from 8 per cent. to 64 per cent. The report states that 
the electrical industry naturally suffers from the war, 
and so far as the first-mentioned company is concerned, 
orders fell considerably short of those of the previous 
year, military contracts, however, to some extent, making 
up for the deficiency. The reduced number of workpeople 
are fairly well employed. Should the present condition 
of affairs not vary, the prospect for the current year might 
be pronounced as tolerably satisfactory. The Siemens- 
Schuckert Company’s report further says that the 
past year proved a better one than was at first 
anticipated. During the year 128,267 machines, motors, 
and transformers, with an aggregate capacity of 
2,849,552 kw., were built, as against 132,800 machines, 

» With a capacity of 2,991,272 kw., in the pre- 
vious year. Present orders did not fall short of those 
of the preceding year. The active business between the 
company and the kindred concerns in England, Russia, 
and France had, of course, come toa close, The — 
tant oversea business was ina very difficult position. The 
company, however, anticipate a renewed activity in the 
oversea business ‘‘ after the victorious ending of the war.” 
During the past year there was a decline in this oversea 
business, the reasons of which were decreased influx of 
European capital, disturbed political conditions, indus- 
trial and financial failures, inferior harvests, &c. 

* The writer meg petiogs be allowed to state that he 
has designed a specially modified slide-rule that gives the 
safe | on mild-steel and cast-iron columns ; patents 
have now been obtained to protect this invention, to 
which the name of ‘‘ Struttograph” has been given. 

Parsons | the: 

BOILER EXPLOSION AT BENNIWORTH. 

A FORMAL investigation, under the Boiler Explosions 
Act, 1882, has been conducted by the Board of ead 
the Guildhall, Lincoln, as to the cause and circum- 
stances of an explosion which occurred on Sen 1, 1913, 
on the premises of Messrs, Frearson and Bartholomew, at 
Belmont Farm, Benniworth, Lincolnshire. 
The Commissioners were Mr. F. Syms Williams, LL.B., 

K.C. (presiding), and Mr. J. Melrose, C.B., R.N., engi- 
neer. r. G. C. Vaux conduc ne pesteding on 
behalf of the Board of Trade; Mr. A Williams, 
barrister, appeared for the Vulcan Boiler and General 
Insurance pany, ter ; and Mr. ©. R. Scorer, 
Lincoln, represented Messrs. Frearson and Bartholmew, 
the owners of the boiler which exploded. Mr. Walter 
Jackson, of Messrs. Jackson and Sons, engineers, Chelms- 
ford, who were T pgoner to the meer, appeared in person. 

In opening the proceedings, Mr. Vaux stated that the 
boiler formed part of a steam ploughing-engine, and was 
made by Messrs. Fowler, of Leeds, in 1876, for a worki 
pressure of 100 lb. per square inch. Passing in detai 
over its history, it appeared, from Mr. Vaux’s statement, 
that in 1908 the boiler and ine were purchased by an 
Essex firm for about 300/. arious repairs were then 
effected, and steam was raised to 130 lb. per sq. in., but 
the boiler did not appear to have been carefully examined 
or tested by hydraulic pressure. During the following 
ear the safety-valves were seb at 120 per sq. in., 
ut the engineer concerned did not appear to have 

made any calculation as to the real strength of the 
boiler. From July to December, 1909, the boiler worked 
satisfactorily at a pressure of 120 lb. In April, 1912, 
the machine, ——s the boiler and engine, came 
into the possession of Messrs. Freareon and Bartholomew, 
who, in the following March, had new tubes put into the 
boiler. The engine was taken to Belmont Farm, belong- 
ing to the firm named, for the purpose of doing some 
cultivating work on the ar farm of Mr. William 
harratt, and on August 1, while it was drawing a 

“*drag” across what was described.as ‘‘ sandy wold land,” 
some strands of the wire haulage-rope snap In. con- 
sequence of this, the engine was stopped while the rope 
was being repaired, and it was while this work was being 
proceeded with that the boiler exploded. Just before the 
explosion occu , the pressure on steam-gauge was 
noticed to be 1101b. The explosion was of a very violent 
character, Ly of the boiler and engine being scat- 
tered in all directions. Three men, Thomas Blanchard 
ee foreman), Harry Marshall (the engine-driver), and 

erbert Lowiss (the drag-man), who were working neer 
at the time, were severely injured. They were con- 
veyed, in the first instance, to Belmont farmhouse, where 
they received medical attention, and remained there for 
three ee when they were removed to the Lincoln 
County Hospital. Blanchard, unfortunately, died from 
his injuries, but the other two men recovered. 

Mr. Vaux then called a number of witnesses, and a con- 
siderable amount of evidence was taken in connection 
with the history of the boiler, its general treatment and 
repairs, and as to whether there had been any thorough 
examination of the boiler made during the years in which 
it had been under different owners. 
Am the witnesses called was Mr. Albert Daniel 

Byrne, Engineer-Surveyor to the Board of Trade, who 
had conducted the minary inquiry as to the cause of 
the explosion, and made a thorough examination of 
the various portions of the exploded boiler. In the course 
of his investigation, he said, he found a crack or 
fracture through one of the plates, and this crack, in his 
opinion, had existed for some considerable time, perbaps 
some years, before the explosion. This crack had 
gradually developed, and was 1 ft. 10 in. in length, and 

re was evidence that it had actually extended to 
2ft.6in. He was not, however, pane convinced of 
the accuracy of the latter figure, but was sure that the 
least length of the crack was1ft.10in. For a length of 
8 in. it went completely through the plate, this being 
evidenced by the oxidisation of the plate and the deposits 
of chloride of lime and other impurities from the feed- 
water left on the two surfaces of the plate in the vicinity 
of the crack. 

Other evidence dealt with the question of the inspec- 
tion and insurance of the boiler, and this matter, ther 
with the circumstances under which the boiler bad been 
sold to its various owners, the nature of the measures for 
securing safety, and the steps taken by the various parties 
to ensure that the boiler was safe to work, were subse- 
quently fully dealt with by the presiding Commissioner 
when delivering the judgment of the Court. 

Mr. Vaux presented a list of questions to the Court on 
behalf of the Board of Trade, on which he requested 
judgment, the last two being as to the cause of the explo- 
sion, and whether the insurance company and their 
inspector, and Messrs. Frearson and Bartholomew, the 
owners, were, either or any of them, to blame for the 
explosion, and whether any, and which, of them should 
pay the costs of the inquiry. 
On the third day of the investigation the Commissioners 

met to declare their judgment. On the Court assembling, 
Mr. Scorer pointed out that Messrs. Frearson and 
Bartholomew, the owners of the boiler, had already been 
put to much expense and trouble in connection with this 

ttable —- There bad been paid, under the 
Workmen's mpensation Act, in respect of the acci- 
dent, 1867. 16s. to the dependants of the man, Thomas 
Blanchard, who had been killed, while the other two 
men who had been injured had received the full amount 
of compensation to which they were entitled so pon | 
as they were incapacitated. Messrs. Frearson an 
Bartholomew had themselves paid the doctors’ bills in 
regard to all the three men, and be (Mr. Scorer) also 
said he wished to add that they had lost the whole pur- 
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ey A aad of the boiler, &e., which cost something 
ike . 
In reply to counsel’s argument, the presiding Com- 

missioner pointed out that someone had to pay tne costs 
of these inquiries, and if the parties who were found to 
be in fault did not contribute, the whole expense fell 
upon the public. 
_ Mr. jon 3 stated a. 4 estimated pred cost that 
inquiry by the Board © approximately at . 

Mr. F. Syms Williams, the presiding Commissioner, 
then summed up at considerable | and gave the 
decision of the Uourt. He traced the complete history 
of the boiler from the time of its construction down to 
the day of itsexplosion, dealing fully with the questions 
of change of ownership, and of its inspection or non- 
inspection. From the evidence T atney by the engineer- 
surveyor to the Board of Trade, there was no doubt, he 
said, that the explosion was caused by the plates of the 
boiler shell aye 4 of insufficient strength to withstand a 
pressure of 120 lb. per sq. in.; there had been a crack of 
about 26 in. in length along the line of the rivets. The 
Commissioners found that the insurance company who 
had examined the boiler some two years ae. 
fixed the permissible working pressure at 120 lb. per sq. 
in., subject to several in the fire-box being 
made good, some of the tubes removed for cleaning, &c., 
and certain recomm: being followed to allow 
greater access to the boiler for a complete internal in- 
spection. This was certainly not a safe working pressure 
av that time, butit was only fair tosay that the insurance 
company pointed out that the boiler was v: old, and 
that it should be tested by water pressure i 
every year. In the opinion of the Board of Trade 
neither the insurance company nor the inspector 
was to blame for the explosion, which took place 
more than two years after that inspection, which 
was made in June, 1911. The Board of Trade could 
not, the presiding Commissioner said, hold the 
owners free from blame for the ae. although 
the Court acknowledged that both Mr. Frearson and Mr. 
Bartholomew had rendered every possible assistance in 
— to the conduct of the inquiry, and had also 
behaved very fairly to the men who had been so unfor- 
tunate as to suffer such severe injuries. Steam boilers 
were very dangerous things unless properly attended to, 
and it was the duty of those who them to take all 
possible precautions to prevent being injured by 
explosions. In the present case the owners were by no 
means f from responsibility by holding a policy for 
insurance, which had expired some time ago ; . in the 
opinion of the Court, they were to blame, for the follow- 
ing reasons:—From April, 1912, when they purchased 
the boiler, which was then thirty-five years old, it had 
never been examined by a competent person, nor had it 
ever been tested by hydraulic | ee ; further, after the 
insurance policy expired in June, 1912, and up to the 
time of the explosion, the owners, Messrs. Frearson and 
Bartholomew, took no measures to ensure that the boiler 
could continue to be safely used at a working pressure 
of 120 lb. per sq. in. A thorough examination of the 
barrel of the boiler, and a waver test of, say, 180 lb. 
sq. in., would have undoubtedly disclosed the fact that 
there was a dangerous crack along the line of rivets. 
Boiler explosions were nearly always due to preventible 
causes, and certainly, in the present case, it was no 
unavoidable accident that had occurred. Com- 
missioners trusted that farmers using ploughing hi 
would hear of the case, and take due warning in good 
time. Boiler explosions, unfortunately, were still fre- 
quent, and often caused fatal consequences, not only to 
those whose duty it was to attend to the boilers, but 
also to passers-by. Even children Goons in their 
beds, or playing in the fields, had been killed on the spot 
or maimed for life by the flying fragments of an ex- 
ploded boiler, a boiler which ought not to have been 
allowed to explode. 
_ With to the liability of the owners in the present 
instance, the Commissioners considered that the justice 
of the case would be met by ordering them to pay 50/. to 
the Board of Trade towards the costs and expenses of the 
investigation, and this they ordered them to do, Mr. T. E. 
— and Mr. F. Bartholomew each paying the sum 
0 . 

In closing their inquiry, the iding Commissioner 
said that the Court considered that it would be a good 
thing if distinct) marks were put on the boilers of plough- 
ing-machines, showing the pressure for which they were 
constructed. 

Tue Prussian State Rat.ways AND THE War.—As 
was to be expected, the war, more ially in its early 
part, has materially interfered with the receipts of 
the Prussian State railways. Matters, however, are 
steadily mending, but it is, perhaps, rather to be won- 
—_ oo ed eg nee bate more map = it is. 
Jompared with the corres: ing months of the : 

ing year, for each of which the receipts are hated we -—* 
the receipts for the latter portion of 1914 were as under : 

Passenger Goods 
Traffic. Traffic. 

Per Cent. Per Cent. 

August 66.51 41.26 
Sepvember .. 49.59 68.73 
October 61.80 79.67 
November .. 75.36 81.41 

The above figures include the receipts from military 
transports, but the marked improvement during the 
more recent months cannot be attributable to such tran- 
sports, which have grown ually smaller, and in 
November, for instance, y ted 8 per cent. of represen 
the revenue from passenger traffic, and only a trifle above 
4.12 per cent. for the goods traffic. 

A CARBURETTOR EXPERIMENT. 
By F. J. Kean, B.So. (Lond.), M.I.M.E. 

In most modern carburettors the throttle is placed 
above the petrol-jet, so that the suction effect on the jet 
is small at low engine s and increases as the 
throttle is opened until it reaches a higher limiting 
value, depending orn the suction in the — 
cylinder. In the White and Poppe carburettor, how- 
ever, the suction on the jet is greatest at low engine 
speeds, and falls off rapidly as the speed increases, 
until it reaches a lower limiting value to all intents 
and equal to the suction in the engine- 
ro) tinder. This will be understood b referring to the 
jagrams (Figs. 1 and 2), from which it will be seen 
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that when the air-throttle A is full open the diameter 
of the opening —— the carburettor is equal to the 
diameter of the inlet pipe to the engine; in this 
position also the jet aperture is fully uncovered. As 
the air-throttle is closed the size of the jet aperture is 
reduced simultaneously; but owing to the fact that the 
throttle forms a hollow cylinder, the size of the air- 
passege is reduced in front of the jet as well as behind 
it. e following observations were made on a No. 30 
White and Poppe carburettor fitted to a single- 
cylinder White and Poppe engine (at the Polytechnic 
in Regent-street, London) by the writer, assisted by 
Mr. E. D. Jennings :— 
The of the engine was varied by varying the 

amount of throttle opening, the ignition being kept 
fixed. The curves shown in Fig. 3 indicate how very 
rapidly the suction on the jet off as the throttle 
is operas . From the slowest steady-running speed 
up to the 
ulation of petrol consumption to 

. th maximum speed, the graph aos. . They ine 

line, which means that a given increase in revolutions 
is obtained by a proportional increase in petrol con- 
sumption at any speed over this range. The results were: 

Suction, Inches of Suction Pressure, 
Mercury. = | Pounds per Square Inch. 

-5| Ses ae 

5em | Inthe In the So.| Seel wo Over the - Over the Ind Induction eek pe! Pipe, | Petrol Jet. | Dine” | Petrol Jet. 

1.85 490 | 1.95 | 1.08 0.908 0.504 
229 732 | 1.99 1.05 0.976 0.514 
2.44 | 865 1.85 1.02 0.908 4 

ae 2ss|i95 | 137 | og . ’ 
3.18 1430 | 0.95 | 0.68 0.466 0.309 

A second series of observations were made under 
entirely different conditions, and gave results as 
follows (Fig. 4) :— 

af | 2% | suction, Inchesof | Suction Pressure, 
8z Fy “a | ercury. Pounds per Square Inch. 

at 
Bee oe. Inthe | over the In the er the 
4 Induction | petrol Jet. | Mduction | petrol Jet. 
-¥ & 6 D 4 Pipe. | pe. 

2.29) 812| 0.797 0.586 | 0.391 | 0.288 
2.74! 964/| 0.857 0.594 0.421 | 0,292 
2.88 | 1130 0.798 0.664 | 0.888 | 0.895 
3.15 | 1830 0.826 0.780 | . 405 0.382 
8.25 | 1450 0.913 0.790 0.447 | 0.887 

In this case the engine was started, as usual, with 
the ignition well retarded, and then it was carefully 
nursed until it would run steadily with the throttle 
wide open. ae succeeded in doing this, and 
making a series of observations, the ignition was 
advanced step by step until finally the maximum 
attained was the same as before. It will be observed 
that the petrol-consumption graph is no longer a 
straight line except when the speed has exceeded 
1000 revolutions per minute. At speeds below this 
the engine would pop back occasionally, showing the 
mixture to be too weak, which is also verified by the 
rapid tailing-off in the petrol-consumption curve. 
Another point of interest is that, under these condi- 
tions, the suction on the jet increases as the engine 
_— increases in the usual manner, as shown in 
ig. 4. 

Royat Mergoro.osicat Socrety.—The annual general 
meeting of this Society was held on Wednesday evening, 
the 20th inst., at the Surveyors’ Institution, Great George- 
street, Westminster. The Council in their report referred 
to the various investigations and work carried on by the 
Society, including the researches in the upper atmo- 
sphere, the collection and discussion of phenological 
observations,. the ents for the preparation of a 
climatological atlas of the British Isles, and the sa 
of popular lectures on meteorology. i? H. G. 
Lyons, F.R.S., was elected president, and Mr. F. Cam 
bell Bayard and Commander W. F. Caborne, O.B., 
secretaries for the ensuing year. The new members of 
Council are: Mr. J. S. Dines, M,A., Mr. A. P. Jenkin, 
F.S8.1,, and Sir J. W. Moore, M.D. 

Tue Cost or a Rounp or Gun-Fire.—The followi 
figures, showing the cost of a round fired from guns o 
different sizes, 1s published by Machinery on the authority 
of officials of the United States Ordnance Department :— 

Type of Gun. Cost of — 

3-in. field ae 10.00 
4.7-in. gun es 28.00 

Sin. 15-pounder 15.00 . 15+ er . 
6-in. gun oe 60.00 
12-in. ,, 500.00 
12-in, mortar 300.00 
14-in. gun 800.60 
16-in. ;, oe o0 oe os 1200.00 

A torpedo, it is added, costs 8500 dols., the explosive 
charge being worth 350 dols. 

UaNnaDIAN Coat.—The total production of coal in 
Canada in 1913 was 15,012,178 tons, valued at 37,334,940 
dols., or an average of 24 dols. perton. This production 
was effected by 227 companies, employing an average of 
27,917 men at wages amounting to an te of 
22,065,141 dols. In 1912 the production was 14,512,829 
tons, of an aggregate value of 36,019,044 dols. The 
exports of domestic coal from Canada in 1913 were 
1,562,020 tons, of an aggregate value of 3,961,351 dols. ; 
the corresponding exports in 1912 were 2,127,133 tons, 
valued at 5,821,593 dols.. The total imports of coal into 
Canada in 1913 were 18,201,593 tons, valued at 47,949,119 
dols., as compared with 14,595,810 tons, valued at 
39,478,037 dols., in 1912. The total consumption of coal 
in Canada in 1913 was accordingly 31,651,751 tons. An 
increased use of oil-fuel for locomotives in British 
Columbia and for coast vessels has reduced to a slight 
extent the market for coal in Western Canada. ‘he 
consumption of oil in 1913 was equivalent to about 310,000 
tons of Nanaimo coal. The -fields of Canada occur 
principally in the coast provinces, and in Alberta; the 

+ central provinces of Ontario and Quebec, in which 
So an or portion of Se ee has accumu- 
lated, have not at present developed any coal-fields. 

import, in consequence, coal from ennsylvapia 



JAN. 22, 1915. ] ENGINEERING. 117 

PROGRESS IN SHIPBUILDING AND 
MARINE ENGINEERING. 

In his address at the inauguration cf the new buildings 
of the Institute of Marine Engineers, described in 
another part of this issue, Sir Archibald Denny, Part., 
the President, referred not only to the functions and 
success of the Institute—a subject dealt with in our 
article on the Institute and their new building on page 93 
—but reviewed the p: in shipbuilding and marine 
engineering since Sir Thomas Sutherland opened the 
Institute’s ptemises at Stratford. Sir Archibald said :— 

Sir Thomas Sutherland in his able address in 1894 
spoke of the growth and improvement of steam naviga- 
tion at that time, and I think it will be quite suitable if 
I continue his review of progress in shipbuilding and 
marine engineering during the last twenty years. He 
referred to the speed of steamers, and mentioned that 
the new cunarder Lucania had completed nine consecu- 
tive voyages from New York to Queenstown at an 
average speed of 214 knots. Hesaid: “‘I presume that 
this is a unique record, although we know that it has 
been approximated by other steamers on the same ocean 
voyage. This represents an advance of fully 50 per cent. 
on the speed which obtained on the Atlantic some fifteen 
years ago.” Now we find that the Cunard Company are 
again at the top of the list with their steamers Lusitania 
and Mauretania. Through the kindness of one of your 
members, I have the result of three sets of nine consecu- 
tive voyages of these two steamers, out and home- 
wards, and the average speed of these vessels is within 
a few hundredths of 254 knots. The ~ = average 
speed for one eps 4 out and home is similarly within a 
few hundredths of 26 knots, showing not only an exceed- 
ingly high speed, but a perfectly wonderful regularity in 
consecutive voyages. © increase is not, however, 
50 per cent. in twenty years, as before; itis, in fact, barely 
20 per cent., thus bearing out, what we all know from 
practical experience, that it is much more difficult to 
get knots on 214 than 7. 14. Still the advance is 
exceedingly marked, and [ think we may say that i 
is rey y due to the introduction of the Parsons steam- 
turbine. 
The advance in speed in all directions has been con- 

siderable, and in that branch of building of which, 
rhaps, I know most—namely, cross-Channel v 

lon give you a very good example. In 1888 (the year 
of your conception) my firm built’the Princess Josephine, 
a et pea 300 3 by 38 ft., ae 
compoun ines, which on trial gave a 5) 
of 2 wort This vessel was fitted with what was called 
the Admiralty type of “‘straight through” boiler, a v 
light and efficient boiler so far as steam production is 
concerned. Last year my firm delivered the Paris, a 
twin-screw geared-turbine steamer. Her length was 
exactly the same as the Josephine’s, her beam was 
35 ft. 6 in., but her draught of water was greater. Her 
speed was roughly 25 knots; she was fitted with Yarrow 
boilers. Both vessels were coal-fired and both worked 
under forced draught. 
When we come to cargo vessels, apart altogether from 

their increase m size, there has been a marked change in 
design. About twenty years ago, 
vessel had developed into the pure ‘‘ beast of burden, 
the block coefficient was more often over than under 0.8, 
and the sea speeds were 8 and 9:knots in favourable 
weather, while in bad weather they frequently stood 
still, or even went backwards. The owners persisted in 
this for a considerable number of years, until practical 
experience showed them that the fetish of cheap first cost 
nd ton dead weight was a misleading one, now the 
lock coefficients are more in the region of 0.76, and the 

8 have risen to 11 and 12knots. One owner told me 
that in the old days he never knew when his ships would 
arrive in port ; now he knows toa day when to expectthem ; 
and the saving in time compensates for the loss in absolute 
lead weight. The next change in cargo vessels seems to be 
vowards geared turbines. You will remember that Sir 
tir Charles Parsons proved the efficiency of this com- 
bination in the Vespasian, where he showed that keeping 
the same shafting and propeller, and changing the 
ngines only, he was able to get a considerable gain in 
oal consumption, and that with an old converted 
steamer. Already some of these geared-turbine 
vessels have been built, and some have even adopted the 
‘ruiser stern ; but whether the cruiser stern has come to 
stay or not, time will prove. I think engineers are 
ndebted to the builders ct tramp vessels for considerable 
refinements in engine design which lead to economy. 
Some of the most economical engines, triple and quad- 
ruple, have been fitted in plain tramp steamers, and now 
one of your past-presidents, Mr. Summers Hunter, is 
developing the use of superheated steam in these steamers 
with, fon informed, the most gratifying results. 

Sir pa ne a. in his ~~ 4 the ae. 
stant advance le by engineers in the development o 
machinery, and the time which has elapsed since 1894 
had been just as fruitful. He said: ‘‘Nor does one 
imagine that the limit of —_ has been reached.” We 
seem to be little nearer the limit of speed to-day than we 
were in the time referred to in his address. He also 
said: ‘* We are always on the alert tosurpass our rivals,” 
and that still holds true. He then dealt with ‘‘Safety of 
Life at Sea,” which he treated mostly from the statistical 
point of view, showing how loss of life was always 
decreasing. I hap to be a member of the Load-Line 
Committee, which is at present dealing with that subject ; 
but that Committee’s report is not yet published, other- 
wise I might give you some interesting figures. I may 
remind you, however, that, as a result of the Titanic 
disaster, the Board of Trade appointed a Committee 

the ordinary tramp sim 

to be the chairman. The first report of that Committee* 
has just been published, dealing with the subdivision 
of over-sea vessels. In my opinion, a very 
great step has taken towards the increase of 
safety of life at sea by the Conference which sat in 
December, 1913, and January, 1914, and the report of 
my Committee gives full details upon this important 
question. We have still to report on home-trade and 
cargo vessels, but I am not able to deal with that to-night. 
The whole tendency, however, of shipping legislation is 
towards the safety of life and property at sea. This, of 
course, can only be attained at considerable expense, which 
must reflect upon passenger fares and freight rates, unless 
naval architects and marine ineers succeed in so per- 
fecting their designs and in discovering new means of 
economy that the extra expense due to legislation towards 
the safety is neutralised. 
The next point Sir Thomas dealt with was ‘‘ Capacity 

and Economy of Steamers.” I cannot add much to what 
he said on that head, but those who study the annual 
return published by Lloyd’s Register will see how the 
size of vessels is increasing, not only in liners, but in all 
types of vessels. The Secretary of Lloyd’s has kindly 
sent me at my request several very interesting tables, 
two of which I embody here :—(a) The average size of 
steamers classed by Lloyd’s Register; (b) steamers in 
existence, and entered in Lloyd’s Register Book as having 
been built in the United Kingdom. 

Average Size of Steamers Classed by Lloyd’s Register. 

During 1894 (excluding vessels of less than 200 tons) 2219 tons 
gross. 

During 1904 (excluding vessels of less than 500 tons) 2040 tons 

During 1913 (excluding vessels of less than 600 tons) 4309 tons 
gross. 

Steamers in Existence and Entered in Lloyd’s Register 
Book as having been Built in the United Kingdom. 

p le s : s s 
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3000 and under 5000 tons ..| 78) 1920 2.45 | 3101 | 1.61 | 3.95 
6000 and under 10,000 tons ..| 106 518 4.82 | 1043 24 9.98 
10,000 tons and above ‘| 54 13.6 160 | 2.97 45.0 

| | 

From the first ib will be seen how rapidly the average 
has i in the last ten years in vessels over tonnage 

ery | 500 tons, and this necessarily takes in many vessels which 
must be small for the pu of trade. The second 
table is exceedingly interesting, as showing the very rapid 
growth of the larger vessel in actual number. 

Mr. Foster King, of the British Corporation for the 
Survey and Registry of Shipping, read a paper before 
the Twelfth International of Navigation at 
Philadelphia, in 1912, on ‘‘ The bable Dimensions of 
Sea-Going Vessels of the Future in Relation to Dimen- 
sions to be Given to Maritime Canals.” As the result 
of an enormous amount of labour, embodied in a few 
imple diagrams, he showed that for passenger vessels, 

uding the North Atlantic service, the lengths of the 
longest passenger vessels might be represented by a 
straight line rising at the rate of 50 ft. in ten years; 
that in cargo veseels the longest cargo steamer is about 
25 per cent. shorter than the corresponding average for 
the ~~ passenger vessel at the same date. Here, 
again, the rate of increase is quite constant. 

Mr. King’s paper would well repay a study, and 
at my request he has presented a copy to your In- 
stituve. Mr. King is exceedingly cautious, and does 
not venture to ow that this average rise will 
continue ; but, if it does, then the longest and broadest 
ship of her day in 1970 would be 1100 ft. by 128 ft. 
He points out, however, that in the Atlantic trade 
there has been a break-away, and that the largest 
vessels there have increased more rapidly in length 
than in any other trade. If this break-away continues 
at the same average rate, then in 1970 the largest 
were Sang he — ft. by 220 | he, Mr, King was 
8 ing to an International of Navigation, 
and dealing with the dimensions of maritime canals, 
the value of the paper to the members of that —— 
is = obvious, but it is also interesting to us who have 
to do with the construction and propulsion of steam- 
vessels. 

Sir Thomas mentioned that the opening of the Suez 
Canal and the application’ of the compound engine gave 
& very great impetus to trade. We are on the eve of the 
opening of another important canal, and we have just 
—- the 5 are in process of developing 
the oil-engine. Will acting together form another 
jumping-off point for further advancement ? 

As to the durability of ships and machinery, Sir 
Thomas was doubtful whether steel would last as a 
iron. I think we may now say that it does not, u 
greater care is taken. There is this to be said, however : 
— it may a be oo ry = Nepe oehen poom last — 

g, 28, without to their i state, y 
become obsolete quite as soon as they become useless 
through decay. He also mentioned that the t care 
exercised in construction and upkeep of boi prac- 
tically made them everlasting. he old Scotch boiler 
has served us well, but there are signs that for many 
purposes the water-tube boiler, either of the small-tube 
or large-tube iyPe, is now coming into greater use. It 
is quite possible that from an actual coal-consumption 
point of view per hour when running these water-tube 

on Subdivision of Vessels, of whith I have the honour 

boilers may not be quite as efficient at the present 
moment as the Scotch boiler; but there are other com- 
peanies advantages, and in any case they seem, after 

ving been under a cloud for seme years, to be now 
taking their place in regular use in ial vessels. 

Finally, Sir Thomas dealt with the training, education 
and position of the marine engineer, and referred to the 
advance in all these three directions, which he noted at 
the time he spoke. This advance has likewise continued 
at even a greater rate since no apene, as with university 
education, continuation and mical schools, no young 
en r can now plead lack of opportunity fur becoming 
1 ly well-educated man, and your Institute has 
been one of the leaders in this way. You have done 
good work in that direction. This new building my 
am sure, increase the number of your members; 
beauty and convenience of these rooms cannot fail to 
attract every engineer whe trades in and out of the Port 
of London. I have no doubt that as you go on you will 
follow the lead of other institutions of like kind in in- 
creasing the severity of your tests for suitability of 
membership, and that it will be looked upon more and 
more as an honour and distinction to belong to your 

COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

qucien Soatentinn mataan tke ieee ie eed a enginee: projects, en © Board o 
Trade. Jouve. Velee information on these es 

Board of Tred ie Basinghall og a E. 8, -street, on, E.C. 
Australia: The Sydney office of H.M. Trade Com- 

missioner notifies that tenders are invited by the Metro- 
politan — = Water Supply and Sewerage for the 
su elivery at the pumping-station at Ryde, 
New. of a steam-turbine with condenser, ole-giime, 
&c., and spares. Copies of the specification and form of 
— ; waey ae — by of the Metro- 
politan of Water Supply and Sewerage, 341, Pitt- 
street, Sydney, at which 7. sealed tenders will be 
— up to me = = February 15. _~— tender must 

accompani y a deposit, varyi rom 5. to 50/., 
according to the value of the offer. "the Board of Trade 
have received a copy of a recent Act of the South 
Australian Government which makes provision for the 
extension of the Paringa Railway across the River Murray 
to Renmark. The gauge of the line will be 5 ft. 3 in., and 
the rails used in its construction must weigh at least 
60 lb. to the yard. 

Straits Settlements : Zee Reghtee of Imports and 
Exports at Singapore (the of Trade Correspondent 
for the Straits Settlements) reports that the Singapore 
municipal estimates for 1915 include the following appro- 
priations by the Municipal Commissioners out at the 
4 per cent. 1913 loan :—Sewerage scheme, 220,200 dols. ; 

works, 73,800 dols.; new markets and extensions, 
£0,000 dols. ; and new incinerators, 12,000 dols. Other 
items classed as ‘‘ special expenditure” in the annual 
estimates are :—Motor-ambulance purchase and peng 
6000 dols. ; two motor conservancy wagons, 17,000 dols. ; 
motor-wagons for collection of refuse, 15,000 dols. ; pump- 
ing-station economiser, 5000 dols. ; distributing-mains, 
renewals and extensions, 60,000 dols.; water-meters, 
15,000 dols.; renewal of electric mains, 10,000 dols. ; 
meter services and new mains, 50,000 dols. ; carbonisi 

t and oonenn Ss oP works, 20,000 dols. The 
enang Municipa mmissioners are appropriating the 

following amounte for the 1915 loan —iee water-mains, 
100,000 dois. ; destructor, 50,000 dols.; and tramways, 
20,000 dols. Also the following “‘ special services” :— 
Motor-vans for Conservancy Department, 3000 dols. ; 
water-meters, 30,000 dols.; and Fi ing, fitti &e., 
20,000 dols. (Straits Settlements dollar = 2s. 4d. ] 

Spain: The Gucets de Madrid conta:ns the list, pub- 
lished annually, of the various classes of material which 
— | be required by Spanish Goventment Departments, 
and in the supply of which foreign competition will be 

itted during 1915. The most important items are :— 
oreign timbers ; bitumen; crude petroleum ; coal for 

naval popes including anthracite ; specified kinds of 
manufactured steel and wire; steel rails, exceeding 
50 kg. per lineal metré; metal chains; tubes and cables ; 
anchors; tin, nickel, aluminium, platinum, bronze, and 
copper goods ; steam-turbines ; tives ; gas-engi 
exceeding 300 horse-power; steam-boilers; dredgers ; 
tools ; Pg - testing — yy i machines’ connec’ 
with tobacco, inting, lithographic, quarrying, 
&c., industries ; weidhiepennbhanes sca pent en 
laboratory apparatus; electrical measuring - instru- 
ments ; h and hone appliances ; electric 
searchlights ; submarine cables; electrio-lighting acces- 
a . ‘ myc Nea me rati pave od oe 
ig iances for railway-carriages ; fire-ex - 
ing aint titanciag applianasss munitions of war, such as 
explosives, shells, ammunition, pistols, as well as arsenal 
machinery ; aeroplanes; scientific instruments; maps 
and Ey jones = models ; marble and 

glass; sanitary rainage appliances ; ven- 
sheting and disinfecting apparatus ; Sodioal and surgical 
appliances ; lighthouse accessories; chemical products ; 
linoleum ; and musical instruments. 

Greece (Crete): H.M. Vice-Oonsul at Canea reports 
that the Cretan Government is calling for tenders for 
the dredging of the harbour and the repair of the break- 
water ut Canea. The total esti cost of the works 
ete atte least cee eae 

tenderer rebate (percentage) on 

this estimate. Sesled ee oor be sent to the 
Préfecture de la Canéo, Canea, by February 4, and m 
be accompanied by a certificate showing the deposit of a 

* See page 49 ante. guaranwe of 29,000 francs (1160/.) at the Bank of Cre § 
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also by a certificate of competency. Local tation 
i ial, as there is only one copy of the voluminous is essen 
conditions of tender, and that is available for inspection 
at the Public Works Department in Canea. nited 
Kingdom contractors interested may obtain the name of 
a Cretan contractor who would be prepared to act on 
behalf of United Kingdom firms tendering for the above- 
mentioned works, on application to the Commercial 
Intelligence Branch. e 

ile: The Diario Oficial, Santiago. notifies that ten- 
ders are invited by the Chilean State Railways Adminis- 
tration for the supply of ten locomotives, of metre gauge, 
to be delivered at the t of Coquimbo ready for ser- 
vice. Plans and specifications, &c., may be obtained 
from the Departamento de Materiales y Almacenes 
(Estacion Alameda), Ferrocarriles del Estado, Santiago, 
at which address, also, tenders will be received up to 
10 a.m. on February 27. The Diario publishes a Decree, 
dated October 28, approving the project presented by 
Don Federico Baechler for the installation of an electric- 
lighting system in the town of Puente Alto, in the 
Department of La Victoria. Work must be commenced 
within a period of six months from the date of the 
Decree, and completed within a further twelve months. 

RE-FUELING WARSHIPS AT SEA.* 

By Spencer Miiier, Member. 

(Concluded from page 70.) 

Sea Trials—U.S. Collier ** Cyclops” Coaling the U.S.S. 
‘‘South Carolina.” —The otticial test of the marine cableway 
on the U.S. collier Cyclops, used in coaling the U.S.S. 
South Carolina, took place on April 12, 1913. The Trial 
Board was com of Captain omas Snowden, in 
command of the South Carolina; Naval Constructor 
L. B. McBride, of the Bureau of Construction and 
Repair ; and Lieutenant Halsey Powell, of the U.S.S. 
South Carolina. The contract of the Navy Department 
called for a delivery of 480 tons of coal in a period of 
eight hours. The cableway was operated for six hours 
under most unfavourable conditions of sea and weather, 
and was stopped because of darkness. After the trial 
was started, a driving rainstorm developed, and continued 
throughout the afternoon of the test. The cableway was 
set up, and the automatic-tension engines performed their 
functions for six consecutive hours, and coal was trans- 
ported for four hours. 

Details of the Sea Trial.—10.48 a.m.—Buoy was 
dropped from the collier. 10.50 a.m.—Buoy was picked 
up by the battleship. 11 a.m.—The two tow-lines were 
made fast. Thus twelve minutes were uired to pass 
and make fast the tow-lines. 11.05 a.m.—The main cable 
had been over and made fast. This showed that 
it required only five minutes to set up the main cable. 
11.09 a.m.—The tail-block was made fast. 11.12 a.m.— 
All gear was made fast on the battleship. 
This indicated that after the tow-lines were only 

twelve minutes are requi to set up the entire appa- 
ratus. 11,19 a.m. —The marine cableway was entirely set 
up and ready to operate. Thus only nineteen minutes 
were required to set up the marine cableway after one ship 
has taken the other in tow. Coaling was pos ed until 
after dinner, was begun at 12.45 p.m., continued 
until stopped by darkness. During the trials no one was 
hurt, no — were lost overboard, nothing was carried 
away, no damage was caused to anything, and no sto 
were made for adjustment, excepting the block on the 
lowering device on the battleship. A large part of the 
time the collier rolled 20 deg. 

During the last hour 83 tons of coal were delivered in 
52 loads, and in that hour, because of lack of organisa- 
tion on the battleship, the load-carriage was held at the 
battleship end for the return of empty bags a total of 
94 minutes, clearly indicating that if the empty bags 
were returned —— = loads would have been 
dropped in one hour. loads were dropped with 
only fifty seconds’ interval. hen naval officers and sea- 
men become familiar with the o tion of the marine 
cableway, especially if they have a few hours’ drill, 
the capacity of the marine cableway will be materiall 
in . A great deal depends upon the efficient work 
at the warship terminal in taking away the loaded bags 
from the platform, and the hooking on of the empty bags 
without delay to the travelling carriage. Drill and 
practice of only a few hours un the collier at the loading 
station, will materially the capacity of the 
cableway. 

Naval officers witnessing this test freely expressed the 
opinion that with drill and practice the cableway was 
-equal to transporting 100 tons of coal hour. The 
cableway made 200 trips and delivered 312 tons, showing 
that the load averaged 3495 lb. With the prompt return 
of oy bags, the cableway will make 60 trips per hour. 
If each bag had carried an average of 50 Ib. more coal, the 
result would have been 100 tons per hour. Sixty loads of 
> each equals 100 tons per hour, which is clearly 
possible. 

gging and Transporting Coal cn Collier.—Colliers of 
the Jason and Cyclops type, equipped with coaling-at-sea 
apparatus, should use their own clamshell buckets for 
digging coal in the hold and delivering it to a hopper 
located on deck, Ooal from the hopper should be fed to 
coal bags on trucks. In this way one man will fill as 
many bags as nine men in the hold. These trucks should 
run on tracks attached to the deck. An inclined port- 
able section of track should be provided between the poo 
deck and the main deck for passing trucks from one dec 

: of 
ine Engineers in 

* Paper read at the twenty-second 
the Society of Naval Architects and 
New York, December 10 and 11, 1914. 

to another. A winch and ay leading around the bags 
resting on the truck will safely transport the loaded truck 

until it reaches the guarter-deck. 
Here the track should make a circle around to the 

two 800-lb. bags, may 

point chocks will be necessary to hold the trucks until 
their load has been taken. The flanges of the wheels will 

the collier. 
Automatic Tension Engine versus Sea Anchor. —The 

author’s first drawing of a cableway for coaling ships at 

up the incline. The truck may then be pushed by hand | 

opposite side of the collier with two short side tracks, one | 
on each side of the collier. Thus three trucks, each with | ) 

be assembled abreast, when the six | required. _ eng 
can be taken by the cableway carriage. Abt this | taking in slack even faster than it is given by the motion 

keep the trucks in line, moving forward and aft, but the . 
instant they reach a point directly at the loading-station, | makes no pretence of doing so. 
they will have to be controlled as against the rolling of | 

In the automatic tension engine, which had to be 
created for this special purpose, the instant the main 
cable slackens, the steam pressure is immediately raised, 
and the engine responds to restore the tension by winding 
in the main cable. Conversely, the instant the tension in 
the main cable is increased, the steam pressure is imme- 
diately lowered and the engine yields and pays out as 

The automatic tension engine is capable of 

of a collier and a battleship operating in a heavy sea- 
way. The automatic tension engine keeps practically a 
uniform tension in the line, while the towing-engine 

The sea anchor, which formed an important part of all the 
earlier installations of the marine cableway, was employed 
simply because the automatic tension engine had not been 
invented. The sea anchor, as a device for maintaining 

Fie. 9, Lanpiyc Guns AsHORE. 

sea, dated October 30, 1893, showed a ‘‘ Compensating 
Tow-line Engine.” None of the manufacturers of towing- 
engines would undertake to build an engine or winch that 
would perform the functions required. In a towing- 
engine a considerable slackening of the tow-line causes 
the towing-engine to operate its winding-drum, and thus 
coil in the sla*kened tow-line. The revolutions of the 
drum are geared to « steam valve, and the pressure of the 
steam is thereby reduced. eng wd an overstrain in 
the tow-line pulls the engine kwards, because it 
carried a low steam pressure. Again, the drum in 
unwinding through its connecting gear raises the steam 
pressure, thus leaving the towing-engine in a position to 
act again to wind in the slackened cable. Towing-engines 
are heavily compound geared. They are very slow in 
taking up the slack. 

Fic. 8. Cross-Section or Spring Drum or Smatt Automatic Tension ENGINE, SHOWING 
LevER CONNECTIONS BETWEEN DRUM AND PRESSURE CONTROLLER VALVE. 

the tension in the main trackway cable of a cableway, 
was condemned by every Trial Board at every test em- 
ploying it. It was adhered to by the author because its 
rst cost was low and its weight and bulk very slight. 

It required too much skill and practice to launch it 
before coaling at sea, and to recover it after the operation 
was over. 
_When the U.S. Navy Department refused further to 

give the sea anchor any consideration, the automatic- 
tension engine was invented, designed, and constructed 
to take its place. The first main cable tension engine 
built was established on the British collier Muriel. It 
contained a huge slipping-drum. During the coaling 
operations the engine ran continuously, the drum floating 
backward and forward under the influence of the slipping 
friction. The heat developed, and the wear of the slip- 
ping elements was terrific. The operation was successful, 

t the machine impracticable for general adoption. 
The British Admiralty refused to adoptit. The author 
had nothing at the time to offer as a substitute. This 
machine, however, had the virtue of being a self-con- 
tained unit. 

The Automatic Tension Engine—a New Marine Im- 
plement.—The automatic tension engine is a self-contained 
unit. It has two steam cylinders driving a common 
crank-shaft. A pinion on the crank-shaft drives a gear 
firmly keyed to the drum shaft. The drum mounted on 
the drum-shaft is connected to it by huge coil springs, 
allowing 8 limited rotation of the drum on the shaft. 
C in tension in the rope causes the drum to rotate 
slightly on its shaft. This motion of the drum on its 
shaft is transmitted to controlling valves, and raises and 
lowers the steam pressure as required. This spring-drum 
construction, therefore, is a feeler or detector of tension 

e steam for operating the engine is intro- 
d into the cylinders through a novel form of control- 
ling-valve. This valve regulates the amount and pres- 
sure of the steam supplied to the cylinders. Suitable 
lever connections between the drum and this valve couple 
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Fic. 11. Marn-Caste Tension ENGINE WITH Suiprine Friction Drum USED ON THE 

Cotuzer ** MorreL” in British EXreRIMENTS. 

Fic. 12. Tue Travian Coruer ‘' Srerore” petiverinc Coa To THE IraLiAN CRuiser 

*‘TrquriA” In A SEA IN WHICH THE SCREW OF THE CRUISER COULD FREQUENTLY BE 

SEEN ON THE COLLIER. 

these two elements ther in such a way that the steam 
supplied to the cylinders bears a definite relation to the 
tension in the rope. 

Fig. 8, page 118, shows a cross-section of the spring- 
drum of 3 small automatic tension engine, indicating the 
threaded hub and running nut, together with the control- 
lever and its connection to the pressure-controller valve. 
A slight increase in the tension of the cable uces a 
reduction of the steam pressure, permitting the rope to 
overhaul the engine and restore the tension to normal. 
A reduction of tension produces an increase of steam 
—— causing the engine to act as a take-up to 
restore the tension to normal. The tension develo by 
this engine in apn fg is slightly less than the resist- 
ance set up in the cable to overhauling, but for all prac- 
tical purposes the tension is uniform and constant. Ex- 
periments at the testing-station have been made in an 
endeavour to determine the interval of time between the 
slackening of the cable and the starting of the engine. 
No one has been able to measure the interval. To all 
intents and purposes it is instantaneous. 

In addition to the automatic control, the tension 
fluctuations, the engine is provided with means for manu- 
ally hyn | the tension. The hand-wheel shown in 
Fig. 5, ante, and in Fig. 8, serves to control the 
amount of tension in the main cable. The top moved in 
one way increases the tension, and in the other wa 
decreases it. In practice, therefore, after the main cable 
has been secured to the battleship, the operator turns this 
wheel by degrees, oo, increasing the working ten- 
sion of the main cable. An indicator on the engine shows 
what tension is being maintained at the time. 

Uses of the Automatic Tension Engine.—Some of the 
military uses of the automatic tension engine are as 
follow :—(1) Ip connection with the marine cableway for 
coaling warships in a seaway. (2) Supporting an oil-hose 
between two ships fuel-bunkering at sea. (3) In con- 
nection with the marine breeches-buoy apparatus for life- 
saving at sea. (4) aa work. (5) Landing guns 
ashore (see Fig. 9, page 118). 

Coaling at Sea in Half a Gale of Wind.—The author's 
paper before this Society in 1904 dealt with the marine 
cableway experiments by the British Admiralty (Figs. 10 
and 11, annexed). Of these trials the London 7¥mes in 
March, 1902, said :—**Oaptain A. R. Wonham, who is in 
rey + of the experiments, yesterday reported results to 
the Admiralty, and further trials will now one mm be 
ordered, the practicability of coaling at sea having Seon 
fully demonstrated. . . . During the experiments 
with the Empress of India, there was a moderate sea and 
a wind of force five; and the result was regarded as 
highly satisfactory. . . . Ata speed of about 10 knots 
the course was altered several times to test the strain on 
the cableway, and then coaling began. During this 
operation, the squadron of 17 ships, in two lines, passed 
on either side of the Trafalgar and Muriel to afford the 
officers an opportunity of witnessing the work, and in a 
few days the experiment was repeated.” 
The British Admiralty was the first to invite a pro- 

posal for a trial marine cableway after the first marine 
cableway succeeded in coaling the U.S.8. Massachusetts 
at sea. The British Admiralty said they required a 
coaling-at-sea gear for a battleship. They wished to coal 
at sea from c red colliers. e@ British Admiralty 
owns only one collier, the Mercedes, 9900 tons. The 
British Admiralty installed the first marine cableway 
upon the collier Muriel for experimental purposes. 
The publicity given to this experiment started several 

English engineers upon the same problem. The Ad- 
miralty were overwhelmed with many coaling-at-sea in- 
ventions. The promoters promised greater capacity, 
lower first cost, less weight, and less complication. One 
of the most promising of these was an ap ous in- 
vented by Engineer-Commander Metcalfe. or several 
years the Saeneeay expermenae’ with varicus coaling- 
at-sea apparatus of Metcalfe’s design. It is understood 
that these were manufactured in Government dockyards. 
His apparatus was not adopted. _ . 
The Metcalfe apparatus comprised a continuously- 

moving endless rope for supporting and transporting 
bags of coal from collier to warship. This endless rope 
was propelled by a winch. A movable pulley was intro- 
duced to form a bight in the endless rope, which, in con- 
nection with a steam piston or ram, was intended to 
maintain a uniform tension in the endless rope, and to 
act asa take-up and sy: device to compensate for the 
motion of the shi he play of the piston was neces- 
sarily limited. Should the ships approach one another, 
the head of the piston might crash up against the head of 
the steam cylinder. And, again, should the tow-line slip 
or part, the piston might collide with the opposite end of 
the cylinder with disastrous results. 
Up to the present time the only successful compensator 

introduced for the purpose of maintaining a uniform ten- 
sion in the cableway or ge has been in the form of 
a winding apparatus. e automatic eating engine, 
heretofore described, represents one such device, and the 
tensioning winch of Adam, which is an essential part of 
the ap tus adopted by Germany, is another. A vast 
sum of money was expended in Germany by the backers 
of Engineer Leue, who had a corresponding apparatus 
with the piston compensator used in connection with a 
block and fall ; but the friction of this block and fall in- 
troduced difficulties which made it impossible to maintain 
a uniform tension. A 3 

In a heavy sea, where the tension is not uniform, the 
lashing of the loaded strand of the endless rope in the 
Leue apparatus served to dish the bags in transit 
between collier and ~<a * Even =» o piston 
compensator would give an adequate amount of compen- 
pews ny which, in the author’s opinion, should be not less 
than 200 ft., nevertheless it is clear that any movable 
pulley in a bigho of the endless rope could not have a 
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travel of 200 ft. on board any ship of war; or, at any 
ce such a range of compensation would be impracti- 
ca 

Coaling a Cruiser at a Speed of 12 Knots in a Seaway. 
—Fig. 12, page 119, shows the Italian cruiser Liguria 
towing the Italian collier Sverope at a speed of 12 knots 
in « sew rough enough for the screws of the cruiser to be 
seen from the forecastle of the collier. The Liguria isa 
third-class cruiser of only 2280 tons. The marine cable- 
way for the collier Sterope was constructed in England 
by the Temperley Transporter ye The sea trials 
of this equipment took place in the fall of 1906. The dis- 
tance between the ships was 400 fo. is marine cable- 
way was supplied under a guarantee to tranship 40 tons 
of coal per hour. In the trials 60 tons per r were 
actually transported, and the Trial Board reported that | too 
the demonstrated capacity of the machine was from 70 to 
80 tons, This experiment is of interest, because in the 
United States there have been no attempts to coal light 
cruisers with the marine cableway. Furthermore, in 
none of the experiments in the United States has the 
towing speed been as high as 12 knots. I» is also of in- 
terest to show that 60 tons per hour can be taken on 
board a light cruiser and dis of. 
The author will not attempt to describe the Sterope’s 

equipment beyond saying that the operating machinery 
was too complicated for general adoption. It has since 
been greatly simplified. No sea anchor was used in 
Se ae, the entire equipment being carried on the 
collier. 

Oil-Bunkcring under Headway at Sea. — The British 
Admiralty require a towing speed of at least 10 knots 
while re-fueling at sea. They coaled at sea in 1906 ata 
8 of 11 knots. The British Admiralty’s tank steamer 

‘etrolium transhipped oil at sea at towing speeds above 
12 knots. The method they employ is practicable when 
the sea is smooth, and is illustrated in Fig. 13, annexed. 
Shipping Illustrated, November 2, 1912, says:—* The 
operation of bunkering at sea while steaming at a rapid 
rate is regularly carried out by way of training. . . . 
Other nations have now adopted this method, which is 
very effective, but needs great care in seamanship and no 
little practice.” : : 
The British battleships tow the oil-tank ship. Oae 

hawser tows, and a secondary line supports the oil-hose 
by hangers at frequent intervals. This plan was tested 
by United States ships with a small hose. The tank- 
steamer Petrolium carries 900 ft. of 6-in. diameter 
flexible bronze hose, weighing 9 1b, to the lineal foot, a 
total of 8100 lb. The distance between ships is about 
600 ft. The greater portion of the hose drags in loops in 
the sea. This results in great longitudinal strains, which 
damage the hose. The loops gather down against the 
bow of the towed ship, which affects the towing. They 
form many sharp bends, which shorten the lite of the 
hose. Eighty tons of oil per hour are thus trans- 
shipped. ‘The United States Trial Board, testing this 
method between the fuel ship Areshusa and the destroyer 
Warrington, used a 24-in. hose. They reported the diffi- 
sy bp ree as ae above. - 

ig. 14 indicates diagrammatically an improved arrange- 
ment for supporting the oil-hose while transhipp 
oil at sea. he same sized automatic tension engine an 
carrying cable used in the marine cableway are required 
for a proper support of the oil-hose free of the sea. An 
oil-hose supported in this manner permits oil-bunkering 
to be carried on in heavy seas. ‘The automatic tension 
engine furnishes the necessary elastic medium for paying 
out and taking in the aupeis cable as deman: by 
the motion of the ships. [t maintains a uniform tension 
on the supporting line, and prevents any lashing or whip- 
ping of the hose while the operation is being carried on 
in a heavy sea. The weight of the 5-in. metal hose and 
the oil to be supported by the suspended cable is double 
x At a 7. the carriage and ane of the og med 
cableway. The tension in the supporting li 
would be the same in both instances. oil-hose is a 
uniformly distributed load ; the bags of coal a concen- 
trated load frequently in the centre of the span. 
The automatic tension ine now installed on the 

collier Cyclops will develop a tension of 18,000 Ib., and 
will sustain a 5-in. flexible bronze hose and a 1-in. diameter 
steel-wire rope on a span of 600 ft., with a deflection of 
about 58 ft. The rear mast of to Cyclops, with its heavy 
pulley-block secured to the mast-head for coaling at sea, 
is needed for oil-bunkering at sea. The collier Cyclops 
carries oil-fuel and coal. Many of our battleships burn 
both kinds of fuel. The Cyclops can deliver ei fuel 
if B too with a suitable oil-hose, reel, and oil-pumps. 
Oil-bunkeriug at sea by this method can be carried on in 
a heavy sea, the time required for setting up and taking 
down the hose would be reduced, and ali damaging 
strains in the line eliminated. 

Assuming the United States at War.—The United 
States at war with a first-class Power during the next 
few years would be defended almost entirely by coal- 
burning ships, omitting destroyers and submarines, 
a mma as follow :— 

hirteen first-class battleships, 10 burning coal; 23 
second-class battleships, all burning coal; 10 armoured 
cruisers, ‘all coal ; five first-class cruisers, all 
rae | coal ; four second-class cruisers, all burning coal ; 
15 third-ciass cruisers, all burning coal ; being a total of 
67 coal-burning ships and three oil-burning ships. 

Should our enemy send a flee’ inaluding Dreadnoughta, 
across the Atlantic, doubtless their first step would be to 
seize & This base might be the harbour of an 
island belonging to a neutral Power. The United States 
fleet would probably attempt to bottle up the enemy with 
ly wig wn he position of the United States fleet 

id then become similar to the British in the North 
Sea, except that there might be no suitable harbours 
for our Dreadnoughts to be anchored and protected from 

to spare, 

and ht need every ship to remain where it could strike 
when the enemy came out. This blockading fleet would 
need to be maintained at ite highest possible efficiency. 
The im ce of maintaining the entire fleet on block- 
ade duty, ready to fight the enemy the instant they came 
out from the harbour, is self-evident. This could be 
accompli by catguing axe iy now seein oem, 
Orion, Neptune, Cyclops, Proteus, Nereus, and Jupiter, 
fully equipped with marine cableways for delivering coal 
and oil to every ship at sea, when the sea and weather 
would not permit their coaling alongside. One of these 
colliers alongside the Wyoming, in a smooth sea, could 
give the Wyoming 1000 tons of coal in 5 hours, using ite 
clamshell buckets ; while if the sea was mederate, or not 

h, it could give the Wyoming 600 tons 
hours with the marine cableway, This latter could be 
accomplished under the eye cf the admiral while the 
Wyoming was steaming at a speed safe from submarine 
attack, holding her place constantly with the fleet. 
The marine cableway now on the — has demon- 

strated to the satisfaction of a of naval officers 

submarine attack. We might not havea ship 

in 10} 

in displacement from 4500 tons to 7387 tons, and have a 
bunker ca . § 850 tons (Chicago) to 1525 tons 
(Columbia). Olympia, one of these second-class 
cruisers, cost nearly — dols. Patrolling on 
blockade, they would probably burn 45 tons per day, and 
would probably coal every ten days. 
The fifteen third-class cruisers are all coal-burners. 

They range from 2212 tons displacement (Marblehead) to 
4687 tons (Chester, Salem, Birmingham). The bunker 
capacity of these shins varies very much, 428 tons 
(Boston) to 1400 tons (Birmingham and Salem). These 
vessels cost about 2,000,000 dols. each. At 10 knots speed 
the Chester burns 40.44 tons per day, the Salem 53.85 tons 
per day, and the Birmingham 21.74 tons per day. These 
vessels, pa ing on blockade, would doubtless average 
40 tons per day, and would probably coal every seven 
days. 
The problem of maintaining the fifteen third - class 

| cruisers continuously on blockade would not be a simple 
;one. More than half of these carry approximately 700 
| tons. When consuming 40 tons per day the id be 
| mearly empty in two weeks. Prudence would indicate 

LW.L. N ass. CYCLOAS | 
Se ae Screa eto coco = ae EL 

Fic. 14. Om-Bunxkerine at SEA, 

that it will deliver 600 tons in 10 hours, and it is the 
ex opinion of eminent United States naval 
rs) that under stress of war conditions 100 tons of 
coal per hour could ea: ily be ‘ 

_ United States Second-Line Battleships.—The 23 second- 
line battleships include the Massachusetts, Iowa, Indiana, 
and ih were on blockade before Santiago in 
- blockade these would have to be re-coaled as 

as y were in 1898. The bunker capacity of the 
Alabama, Illinois, Iowa, Indiana, Oregon, and Arkansas 
is about equal to that of the usetts—namel. 
1487 tons—and the necessity for ing these weal 
be the same. shi ight burn 60 tons of coal 
day, and prudence tolbate that they should be 
recoaled every 10 days. 

cruisers all 
burn coal. The bunker capacity of these cruisers ranges 
from 1929 oy Colorado) to 2185 tons (South Dakota) ; 

6,000,000 dols. each. they 
ly burn 60 tons of coal per day. These 

bara coe, Their diaplaomen uding the Brooklyn, all 

capacity of first-class cruisers ranges from 
1075 tons (Saratoga) to 1776 tons (Charleston). These 

jockade, these ships would probably burn 50 tons 
would prohahly coal e ton Gage. ais 

United States Crussers.—Our 10 armoured 

15,000 tons. These cost 
— i on blockade they 

would doubtless coal every 10 days on an average. 

t is about 10,000 tons. The 

— cost approximately 4,000,000 dols. each. ing 

a four second-class cruisers all burn coal, and range 

that each should be coaled once a week. Two of these 
would therefore have to be coaled every day. This would 
be easily done from one collier of the Jason type, should 
the sea be smooth enough to allow a cruiser to coal while 
steaming alongside the collier at a speed of from 10 to 12 
knots. Coaling under headway is essential should sub- 
marines be present. When the sea would not permit of 
coaling broadside while steaming at sea, then recourse 
would be had to the marine cableway, in which the 
collier would tow the cruiser. 
The Royal Italian third-class cruiser Liguria (only 

2280 tons) is smaller than any of the United States 
third-class cruisers. It received 60 tons of coal hour 
from the marine cableway when towing the collier at 4 
speed of 12 knote, and in a sea in which the screw of the 
cruiser was seen from the deck of the collier in tow. 

cru might be able to take on z 

Our Fleet Called to Buenos Aires. — Rear-Admiral 
mares A. Fiske, U.S.N., in his prize essay before the 

Uni States Naval Institute, Jnne 1, 1905, points out 
the following requirements for a fleet. 
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ways would not prevent the ships coaling broadside 
whenever the sea and weather permitted. The marine 
cableway insures coal to the fleet in all reasonable con- 
ditions of sea and weather. The development of a satis- 
factory implement for pw at sea has covered a period 
of twenty-one years, and the marine cableway may be 
regarded as ‘* Pa age” in the year 1914. All that 
remains is that it 1 be incorporated into the fleet as 
an implement for drill, for practice, and use in manceuvres. 
By such means can the whole value of the apparatus be 
obtained. t } 

Equipping such colliers as the Jason with marine 
cableways adds less than 3 per cent. to their cost, and in 
the case of war would undoubtedly double their value. 

Wiuine’s Press Guipg, 1915.—This guide for the 
present year, the oa annual issue, gives an 
alphabetical list of the British newspapers and 
periodicals ; a list of the same publications arranged 
under the interests, professions, &c., af deal with ; also 
similar information concerning Colonial, American, and 
foreign journa The information includes the date on 
which the various publications were founded, the time of 
publication, price and address. The liste include one 
classified alphabetically under towns. Reference to the 
book is most easy. The guide is published at the price 
of 1s. ef Messrs. James Willing, Limited, 125, Strand, 
London, W.C. 

Coat Exports.—The exports of coal from the United 
Kingdom in the ten years ended with 1914 inclusive 
were as follow :— 

Year. Tons. Year. Tons. 
1905 .. 47,476,797 1910.. .. 62,085,476 
1906 .. . 65,699,771 1911 .. 64,599,266 
1907 . 63,609,947 1912... .. 64,444,895 
1908 .. 62,547,175 1918... .. 78,400,118 
1909 .. .. 68,076,791 1914 .. -. 69,039,880 

The war exerted a great effect upon last year's exports, 
the shipments to Russia declining from 5,998,434 tons to 
3,087,805 tons; those to Germany, from 8,952,328 tons 
to 5,256,765 tons; those to Belgium, from 2,031,077 tons 
to 1,168,554 tons; those to France, from 12,775,909 tons 
to 12,330,515 tons ; those to Spain, from 5,648,760 tons to 
2,940,148 tons; those to Italy, from 9,647,161 tons to 
8,625,254 tons; those to Austria and [lungary, from 
1,056,634 tons to 564,362 tons; those to Egypt, from 
3,162,477 tons to 2,633,581 tons; and those to Argentina, 
from 3,693,572 tons to 2,883,064 tons. The shipments of 
bunker coal—that is, coal despatched for the use of steamers 
engaged in foreign trade—attained the following import- 
ance during the decade under review :— 

Year. Tons. Year. Tons. 
1906 .. 17,396,146 1910 .. 19,526,735 
1906 .. 18,590,213 1911 19,264,189 
1907 .. 18,618,826 1912 18,291,370 
1908 .. 19,474,174 1913 21,081,580 
1909 .. 19,713,907 1914 18,535,579 

In one way or another, accordingly, coal left the shores 
of the United Kingdom last year to the extent of 
77,575,459 tons, as compared with 94,431,698 tons in 1913. 

Tue Propuction or PerroLeuM IN Perv.—Peru’s pro- 
duction of petroleum is rapidly increasing, and promises 
to become an important source of income for the country. 
The deposits in Northern Peru are located close to the | P’ 
coast, very favourably situated for shipping. The largest 
so far exploited are those at Negritos, Tobitos, Zorritos, 
Lagunitas, and El Inca. In Southern Peru the petroleum 
deposits are further inland, in the Province of Puno, near 
Toke Titicaca. The following table shows the continuous 
growth of the production of petroleum in Peru during 
the last decade or so :— 

Tons. 
1904 38,683 
1906 70,832 
1908 125,948 
1910 167,712 
1912 233,600 

Coal being very expensive in Peru and Northern Chile, 
and water-power limited, petroleum is in general use as 
fuel. The Peruvian raw petroleum is of high quality, and 
considerably cleaner and better than the best Californian 
brands. In addition, it is more volatile, and its specific 
weight is stated to be 0.850 at 60 deg. Fahr. It is well 
suited for motor purposes, and several Diesel motors in 
Peru and Chile are fed with raw oil from the deposits in 
Northern Peru, which commands a considerably higher 
price than Californian raw oil. Asan instance, Californian 
residuum is quoted at 40s. to 44s. per ton ex-tank in Chilean 
nitrate ports, whilst Peruvian oil stands at about 90s. per 
ton, though the latter, however, is obtainable materially 
cheaper at Lobitos and other Peruvian ports. The 
Peruvian petroleum industry is worked almost exclusively 
with foreign, and to a great extent English, capital. The 
following are the more important concerns engaged in this 
industry :—The Lobitos Oil Fie'ds, Limited, exploits 
an area at Lobitos, some 50 miles north of Paita. The 
production is given as about 7000 tons per month. A 
considerable portion is exported to the United States 
and Chile, and is being used for motors. The West- 
Coast Oil Fuel Company, Limited, is connected with 
the — and — ee oil ge in - - 
Iquique, Tocopi ntofagasta, an tue, in Chi 
pasides Caling” and Paita, in Peru. = London and 
Pacific Petroleum Company owns petroleum springs in 
Talara, Negritos, and La Brea. The annual production 
is given as 120,000 casks refined petroleum. The com- 

y has tank-steamers of its own and a refinery at 
Talses, The Lagunitos Oil Company, Limited, is a 
daughter concern of the former, star’ for the purpose 
of exploiting deposits in the vicinity of Talara. 

CATALOGUES. 
Rotary Blowers and Exhausters.—We have received 

from the Bryan Donkin Company, Limited, of Chester- 
field, a little booklet illustrating and describing their 

tive-type rotary blowers, compressors, and exhausters 
on works, soap works, chemical works, oil refineries, 
&c. They are suitable for pressures up to 10 lb. per 
sq. in., and are made with capacities ranging from 100 
to 500,000 cub. ft. per hour. 

Current Transformers. — We have recently received 
from the British Thomson-Houston Company, Limited, 
of Rugby, an illustrated price-list, giving full particulars 
of their type ‘‘C ” current transformers for operating in- 
struments, relays, trip-coils, &c. transformers are 
made in six distinct forms, for use on three-phase systems, 
with pressures up to 12,000 volts between the lines. They 
are mostly rated at 15 volt-amperes, and all transformers 
of the same form and ratio are interchangeable. 

Steam-Jet Air-Ejectors, Water-Elevators, &c.—Two 
pamphlets, giving prices and ticulars of steam-jet 
air-compressors, ejectors, ventilators or exhausters, ele- 
vators for lifting and forcing water and other liquids, 

itators, and boiling-jets have reached us from Messrs. 
eldrums, Limited, of Timperley, near Manchester. 

These appliances are made in cast iron, gun-metal, lead 
and antimony alloy, regulus metal, or other materials, 
according to the liquid they are required to handle. 

Stone - Breaking Plant. — Messrs. H. R. Marsden, 
Limited, of Suho Foundry, Leeds, have recently issued 
a new catalogue of their well-known stone- ing 
machines, with and without elevating and screenin 
apparatus. Full particulars are given of stationary an 
portable plants for making road-metal, ore-crushing, and 
other work. Crushing-rolls, caliche-crushers, coal- 
breakers, and granulators, are also included in the cata- 
logue, which is extremely well printed and illustrated, 
and is altogether a very useful and attractive publication. 

Glassware for Electric Lighting.—We have received 
from Messrs. Holophane, Limited, of 12, Carteret-street, 
Queen Anne’s Gate, S.W., acopy of their latest catalogue 
of Holophane glassware for electric lighting. Prices and 
full particulars are given of the firm’s well-known prism- 
glass reflectors, globes, bowls, spheres, &c., for diffusing 
or concentrating the light as uired. The catalogue is 
very fully illustrated, and a polar diagram is given with 
bow | type of fitting to show the manner in which the 
—_ is distributed. We are informed that Holophane 
glassware is made in this country. 

Machine-Tools. — Messrs. Midgley and Sutcliffe, of 
West-End Tool Works, Richmond-road, Bradford, have 
sent us a copy of their new catalogue of machine-tools. 
The first section of the catalogue deals with milling- 
machines, and contains a general specification of the 
firm’s plain milling-machines, followed by illustrations 
and particulars of the various sizes made. Universal 
milling-machines, and a special milling-machine with a 
travelling head, are also dealt with. This section also 
includes particulars of accessories such as dividing- heads, 
vices, circular milling attachments, and milling-cutters. 
The next section gives full particulars of radial drilling- 
machines, while the third and last section is devoted to 
illar Sa, hand-power bench-drills, tyre- 

Colles machines, punching and shearing-machines, and 
late-bending rolls. Prices are stated for all the tools 

included in the catalogue. 

Electric-Lighting Connections.—Messrs. A. P. Lund- 
berg and Sons, of 477 to 489, Liverpool-road, Islington, 
N., have sent us a copy of the third edition of their very 
interesting and useful little booklet on electric-lighting 
connections. The booklet illustrates and explains innu- 
merable methods of arranging electric lamps and switches 
in order to obtain the maximum of convenience for the 
user. Electric lighting is fundamentally so much more 
convenient than other methods of illumination that 
wiring contractors and users are both inclined to be con- 
tent with the simplest possible switching arrangements. 
A study of this little booklet, however, will show that 
the usual arrangements can be very greatly improved 
upon, and contractors and wiremen who give proper 
attention to the matter are likely to benefit themselves, 
and also give greater satisfaction to their customers. The 
little book contains 133 pages, which is 60 more than the 

vious edition issued in March, 1913; many more 
iagrams have also been included. The firm make a 

charge of sixpence for the book, and will send it post-free 
for seven stam They also undertake to examine any- 
one desirous of testing his knowledge of its contents and 
to give prizes and certificates on the results of the exami- 
nation. Particulars of these examinations are included 
in the booklet. 

Water-Meters, Water-Level Recorders, 4c.—The Pala- 
tine Engineering Company, Limited, who have recently 
removed to more commodious premises at Hawthorne- 
road, Bootle, near Liverpool, have issued a revised cata- 
logue of Kelvin water-meters, water-level recorders, and 
tide-gauges. The meters are constructed on the disc-and- 
cone principle, and are a development of the Deacon 
waste-detecting meters. They are provided with inte- 
grating and recording mechanism, invented by the late 
Lord Kelvin, and are claimed to have a discharge ratio of 
100 to 1—+.¢., they will accurately record a flow of one- 
hundredth part of their full capacity. Water - level 
recorders for wells and weirs are also dealt with ; some of 
the latter are fitted with Kelvin integrating mechanism. 
An electrical device for transmitting the record to a 
distant Ty is also — CY. = ae and some 
particu are given o tine ti is 
Instrument has c horizontal cylinder, which S wamet 
once every 24 hours by a 14-day clock. The cylinder 

carries a paper chart, on which bears a Ditmar pen ope- 
rated by a float. The pen follows the movement of 
the float on a reduced scale, which is usually 4 in. to 1 ft., 
and by this means a record of twenty-eight tides can be 
obtained on one chart. The instrument is mounted on a 
cast-iron base-plate, and covered with a glazed teak case 

Switch-Gear.—Two descriptive lists, devoted respec- 
tively to ironclad draw-out oil-break switch-gear, and 
truck-type ironclad switch-gear, have been issued by the 
British Thomson-Houston Company, Limited, of Rugby. 
The first-mentioned type of switch-gear, which is in- 
tended for use on three-phase systems, has been developed 
for mining and industrial service, where compact, totally- 
enclosed, dust-proof and drip-proof switch-gear is re- 
quired. The switch, instruments, and automatic devices 
are mounted on a sliding carriage, and connected to the 
bus-bars or cables by plug-contacts. All essential parts 
may thus be freely inspected when they have been dis- 
connected by withdrawing the ey The switches 
have an accelerated gravity break, with a double break 
on each pole, and the switch bodies are made in two 
sizes, rated at 120 —- and 500 amperes, at pressures 
up to 650 volts, and at 50 amperes and 120 amperes, at 2200 
to 3300 volts. The truck-type switch-gear, dealt with in 
the other list, is suitable for use on polyphase systems, 
at pressures up to 6600 volts, and is especially useful for 
the distribution of extra-high pressure ti -phase current 
by power-supply companies to sub-stations. The high- 
tension apparatus is completely enclosed in a substantial 
iron structure, which can mounted against the wall. 
The whole of the apparatus, connections, and small 
wiring, excepting the bus-bars and cable bells, are 
mounted on a movable truck, which can be drawn out 
from the frontof the board to give access to all the parts. 
The truck carries contact-jaws mounted on in 
insulators, and the jaws engage with blades mounted on 
the fixed part of the structure. These blades are sunk 
into porcelain insulators so as to avoid the ibility of 
shock or short-circuit when the front part of the board is 
removed. The same insulators also support the bus-bars 
and the cable terminals. A locking device is provided to 
prevent the plug contacts from being closed or se ted 
except when the oil-switch is open. The switches are 
designed to a | 250 amperes, and to open a dead-short 
on a 6600-volt plant where the short-circuit current does 
not exceed 2500 amperes. Full particulars of equipments 
: ee and protective devices are included | in the 
is' 

“Tue Royat Navy List: WuHo’s Wuo IN THE 
Navy.”—As was formerly mentioned in connection with 
“The Royal Navy List,” so long associated with the 
name of the late Lieut.-Colonel Francis Lean, R.M.L.I., 
by whom it was founded in 1878, it has been decided to 
make the List an annual one, and to expand still further 
the biographical feature, which has characterised the 
quarterly publications for so many years. The issue for 
1915, which has just come to hand, is therefore very 
rightly termed ‘‘ Who’s Who in the Navy,” as there are 
over 200 pages devoted to biographical notices, arranged 
in alphabetical order. At the same time there is included 
much more information of naval interest. First, reference 
may be made to the current history of the Royal Navy, 
which, naturally, is devoted almost exclusively to the 
war operations in the North Sea, the Baltic, the Adriatic, 
and the Black Sea, as well as to the events in more dis- 
tant waters. There is given a list of the Admirals of the 
Fleet, and a record of all the ships in the Navy, with 
their commissions and services. various officers at 
the Admiralty, military and executive, are named. A 
chronological list is also given of naval history. This, 

ther with other information, makes the book a useful 
reference companion to any one interested in naval 
affairs. It is published at 7s. 6d., by Messrs. Witherby 
and Co., of 326, High Holborn, London, W.C. 

Vacuum CLEANING AppARATUS.—The Sturtevant Engi- 
neering Company, Limited, of 147, Qeeen Victoria- 
street, E.C., have sent us some particulars of their 
vacuum cleaning apparatus for public buildin resi- 
dences, railway-carriages, tram-cars, omnibuses, fe. The 
apparatus, which is stationary, depends for its action 
upon the movement of a large volume of air at a high 
velocity, rather than upon the production of a very high 
vacuum. It comprises a turbo-exhauster having a ver- 
tical shaft driven by a direct-coupled electric motor 
ee on top of the exhauster. Near the latter is a 
ust-collecting receptacle from which suction mains lead 

to different parts of the building. Flexible pipes 
having suitable nozzles or nozzle-brushes at their ends 
are connected to the mains, and the nozzles are 
over the carpets, rugs, upholstered furniture, and other 
— to be cleansed. It is pointed out that turbo- 
exhausters have many advantages over positive pum 
and ejectors for vacuum cleaning work. They enable 
a larger air displacement to be secured for a given 
power, and at a lower first cost. There is also no 
risk of damaging fabrics by excessive suction, since the 
latter cannot exceed a predetermined limit with turbo- 
exhausters. Another point is that with turbo-exhausters 
the — required is automatically reduced as the 
num of nozzles in use is decreased, whereas with 
reciprocating pumps running under similar conditions 
the power absorbed is increased, and therefore wasted. 
Sturtevant stationary turbo-cleaners are made in four 
standard sizes, having motors of 14, 3, 5, and 10 horse- 
power, the latter-size being capable of operating six or 
eight nozzles ; | r units can, however, be supplied for 

duties. Porta a with 4, 1, and 2-horse-power 
motors, and still ler plants for domestic use, are 
constructed by the firm. All these plants have turbo- 
exhausters, 
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insulating collets provided in the wa'l in proximity to the coup-| of affairs just as the drill is “‘ breaking h” at the 
**ENGINEERING”’ ILLUSTRATED PATENT ling- or boards h above referred to. The heating elements | foot of a hole. At such a time the downcom arm tends 

RECOR in the upper and lower parts of the oven are separately control- | to strain or break a drill, whilst the hole is seldom finished 
. lable, so t both sets of heating elements may be connected | as it ought to be. Further, another evil arises when the 

SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFT- | with supply, or either half of the oven may be used without any | drill is being swung round to a new position, as the pressure 

CATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned the Specification is not 
illustrated. 

Where i y are ted from abroad, the Names, &c., 
of the Communicators are = in italics. 

ies of Specifications may btained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 

the uniform price of 6d. 
The date of the advertisement of the t of a Comp 

Specification is, in each case, given after the abstract, wnless the 
Fatent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
‘isement of the t aC lete Specificat the advert of ip pect , 

of opposition to the grant of a give notice at the Patent Office 
Patent on any of the grounds mentioned in the Act. 

ELECTRICAL APPARATUS. 

24,337/13. Aktieng Boveri 
Cie., Baden, Switzerland. Converters. 
Figs.) September 20, 1913.—This invention relates to rotary con- 
verters with commutating poles, as described in Patent Applica- 
tion No. 24,305, of 1913. The object of the present invention is 
to provide a construction in which the designer is enabled to use 
less copper for the commutating winding. The invention con- 
sists in arranging that the commutating winding, where it is 

et 
(2 

Fig.t Fug. 2. 
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situate near the armature, encloses a core of non-magnetic 
material, whilst the part near the yoke has an iron core. The 
iron core ¢ of the bobbin w is screwed to the extension i of the 
yoke of the machine. This iron core e extends not quite to the 
middle of the bobbin, which latter projects beyond it for a dis- 
tance x towards the side of the armature a. The commutation 
winding bobbing w is held by means of non-magnetic cross-pieces 
t, and two non-magnetic bolts b which are screwed intoi. (Ac- 
cepted November 4, 1914.) 

23,218/13. R. S. Downe, W. Travis, and the 
Brompton and Accessories pany, 

, London. Electrical Cooking A) tus. 
(2 Figs.) October 14, 1913.—This invention relates to electrical 
cooking and heating apparatus of the type having an outer 
non-conducting casing and an inner metal oven proper, with 
4 e between the two, which may or may not be packed 
with a non-conducting material. The objects sought to be 
attained, according to the present invention, by improvements 
in the construction of the cooking-oven, and the main features of 
novelty involved in such ——— construction, may be stated to 
consist in the reduction to the smallest possible extent of the mass 
of metal which must be heated up for an oven of given capacity, 
in the reduction in number of dry joints or couplings, and in a par- 
ticular arrangement of such joints or couplings so that they are 
removed from the hot zone to a point where they are not only not 
subject to the high and varying temperatures of the oven, but are 
also completely protected, and cannot ibly be touched in 
carrying out cooking operations while still readily accessible for 
legitimate purposes, and in the subdivision of the oven and the 
heating elements in such a manner that either half of the oven 
may be heated independently without any considerable diffusion 
of heat to the other half. The apparatus comprises a frame a of 
cast iron, panelled with sheets b of material of low thermal con- 
ductivity, preferably compressed asbestos cement sheets, which 
with the door c constitute the outer shell of the apparatus. Be- 

7. . Be 

tween the outer shell and the metal-sheet inner shell d there is 
interposed a lagging of slag-wood or other suitable thermal insu- 
lator. The metal sheets constituting the inner shell or oven 
proper are so flan secured to the outer shell as to prevent 
access of moisture or grease to the lagging material during clean- 
ing or cooking operations. Further, the cast-iron frame a of the 
outer shell is designed so that every other part of the a tus 
is attached to or carried by it. The electrical connections be- 
tween the supply leads and the heating elements f of the oven 
(apart from the control-switches, which are, of course, mounted 
outside the outer shell) are made on a coupling-board or boards h 
disposed within the space between the two shelle, and accessible 
from outside the oven only on removal of a door or doors i of 
electrically and thermally-insulating material amen | an open- 
ing or poem od ety for the pao in a side panel or panels 
of the outer 1. This disposition of the electrical connections 
not only increases very considerably the reliability of the appa- 
ratus by protecting them from the high temperatures of the 
cooking space, but also ensures absolute immunity from shock 
on the outside of the oven, while such immunity within the oven 
is secured by the construction of the heating elements. Pre- 
ferably four such heating elements are provided—two in the 
upper part and two in the lower of the oven—all being dis- 
posed in close proximity to the side walls d of the inner shell so 
48 to Occupy comparatively little of the cooking space, and the 
ends cf the heating resistance or resistances are carried through 

, 

considerable diffusion of heat to the other half by connecting only 
one set of heating elements with eappl 
ing shelf j, which may conveniently 
bo ver and lower halves of the oven. 

14. 

GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

29,114/13. J. Lord and W. A. Russell, Manchester. 
Burners. (3 Figs.) December 17, 1913.--This invention 

relates to gas-burners of the type in which the burner is situated 
at a distance from the air-regulating means, and has for its object 
to provide improved means for regulating the air-supply to the 
burners, so that such regulation can be effected it the 
employment of extended burner-barrels or mixing-tubes, which 
tend to retard the flow of the gas and air-mixture. The inven- 
tion consists in the provision of a rotatable gas-supply pipe to the 
burner which acts to control the air-regulator. The air-regulator 
in the end of the ordinary burner-barrel or mixing-tube a com- 
prises two slotted or gapped plates b, c, one, 6, of which is fixed 

, and interposing a divid- 
of bright exeal, between 

(Accepted November 4, 

in or formed integrally with the tube a, whilst the other, c, is 
adapted to be rotated so as to bring the gaps or slots out of or 
into coincidence with the corresponding gaps in the fixed plate. 
The movable plate is mounted upon 7 oa d, which has a 
nozzle-like end e ge pes in a central aperture in the fixed 
plate ). The gas-tube d extends to any convenient point, and is 
supported adjacent to its extreme end by a fitting Prom which 
it receives its gas supply. The end of the gas-tube may be of 
tapered or plug form, or receive a of such form as shown, 
so as to make a gas-tight joint with the fitting /, by which it is 
supported and through which it projects, its extreme end receiv- 
ing an ind‘cator-finger g which moves over a dial-plate h so as to 
show the amount of opening of the air-regulating gaps. (Sealed 
January 7, 1915.) 

1227/14. H. Lucas, and W. C. Turner, Birmingham. 
Internal-Combustion En {1 Fig.} January 16, 1914. 
—This invention has for its object to provide improved dynamo- 
electric starting mechanism for internal-combustion engines, 
more especially those employed on motor road vehicles. The 
invention comprises the combination with a sliding - pinion 
whereby a motor can be put in and out of connection with the 
engine fly-wheel, of a pinion-actuating solenoid, which is con- 
structed in two parts, one of which is in series with the motor 
and battery and serves Also as a resistance for producing slow 
initial rotation of the motor, whilst the other is in shunt or series 
with the battery or motor. An ordinary series motor a is used 
in conjunction with a battery 6. On the armature-shaft is 
mounted a sliding-pinion c adapted to engage directly with a 
ring of teeth on the engine fly-wheel d. The pinion is retained 
in the out-of-service position by means of a spring, whilst in the 
other direction the pinion is moved along the armature-shaft by 
asolenoid. The solenoid may acc directly on the pinion or on an 

T 
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extension of the same, or on a plunger as ¢ ted to the 
pinion through a fork f or equivalent device. The solenoid is 
constructed in two parte, g and h, one of which, g, is capable of 
drawing the pinion into the operative position, whilst the other, /, 
is capable of retaining the same in that position against the action 
of the spring. e first - mentioned of the solenoid is 
arranged in series with the motor and battery, and constructed 
also to serve as a resistance, so that current considerably less than 
the amount required for starting purposes is passed to the 
machine from the hattery for the =e of producing a slow 
initial rotation, whilst the pinion is being moved into the opera- 
tive tion. After engagement has occurred, the second sole- 
noid is put into action, and then the first is cut out of action. 

motor now receives —— the full current from the 
battery. After the engine been properly started, the motor 
is To prevent driving of the motor by the engine after 
the latter has been started, a free-wheel clutch connection ma 
be provided in any convenient part of the mechanism. The clutc! 
is capable of transmitting motion from the pinion to the fiy-wheel, 
but not otherwise. (Accepted November 11, 1914.) 

MACHINE AND OTHER TOOLS, SHAFTING, &c. 

4. Joshua Buckton and Co., Limited, and 
teed, Leeds. and 

5480/1 
J. H. Wicks . 
Machines. (2 8.) March 4, 1914.—The ordinary pan of 
arranging a radial arm drilling and boring-machine of the vertical 
type has certain disadvantages. One such arises from the fact 

t the weight of the overhanging arm gathers, in its downward 
droop, all possible errors such as accompany wear and tear, as 
well even as the original clearances necessary for actual work. 
This downward *‘ sag” is at a maximum when a drill is entering 
upon ite work ; hence the first effect is one that proportionately 
raises the arm, and in these days of “heavy cute” the matter 
has b more troubl Soon after the drill has entered 
its work the arm is more or less “‘ floated” on the drill-point, and, 
as @ consequence, the friction on the central column, or post, is 
ataminimum. The arm, therefore, su ng there has been no 
time for locking it, is free to sway sideways, just at the time 
when ess is most desirable. Again, an uplifted arm is a 
ve ‘y objectionable one, as it brings about a troublesome state 

required for that purpose is at a maximum just when a 
minimum would have been most beneficial. The invention con- 
sists in the described mode and manner of arranging and out- 
bal the arm of a vertical drilling and boring-machine, so 
that a steadying effect, accompanied by a cross-gripping action, 
is set up by the arm on the post when work is being done, while 
the arm is afterwards left as free as possible for the attendant to 
swing round to its next position. The weight of the radial arm A 

is outbalanced on the other side B of the post C ; and means are 
provided by, and through which the outbalancing — B! can 
act effectively from the vertical centre C! of the post OC, and thus 
secure the best crose-grip thereon. The applicants relieve, by 
slightly undercutting the rear portion near D® of the base on 
which the main centra] socket D (surrounding the C) reste. 
In cases where the weight of the socket, &c., is taken on a ball- 
race at its foot, as at it is preferred to introduce above the 
ball-race a ~ _~ annular piece F, duly anchored to the t 
by enci it, but so fixed to the foot of the socket as to turn 
with it; it is this piece F which is undercut on its upper 
side, as shown near D3, until the backward outbalancing ten- 
dency has the requisite freedom for its downward ‘‘ sag,” with the 
consequent cross-grip of the post. (Accepted November 11, 1914.) 

1118/14. L. H. Ba Manchester, and Smith 
and Coventry, Limited, rd. Planing-Machines. 
(10 Figs.) January 15, 1914.—This invention relates to planing 
and like machines, and more particularly to machines for planing 
locomotive axle-boxes or repetition work, ite object —— to 
— simple and efficient means or arrangements for facilitat- 
g the working of the machine so as to obtain an increased 

output in an economical manner. This invention consists in the 
— upon the planer-table of a slide-like work-carrier 

ving means for correctly positioning and holding in place the 
work to be operated upon, and means upon the table for lockin 
the slide in place. The planer-table a is formed with a rai 
central portion b, to which is secured a member c, forming at ite 
upper surface a guideway, and holding-down means for a carrier 
d. The guideways on the member c may be of inverted VY 
formation, one side of the Y being separate from the body of the 

Ef ety 
GY 

Z ; bay =— 

mai MMMSS CMTTSLSLL SS CATE: 

MSV 

(wa) 

member, and being adjustable to allow of the insertion of the 
carrier d into position and to grip the carrier. The carrier d 
comprises a slide-like member adapted to be held in the V/-wa: 
and two holding-down dogs h. There are mounted in the sides 
of said dogs four adjustable setting-screws i extending at right 
angles to the dogs which serve to position the axle-boxes j 
upon the carriers according to a template provided for thé pur- 
pose. The upper end of each d has a T slot therein to 
receive a holding-down bolt, by which bridge-like parts m, which 
extend over the upper end of the axle-box j and into the upper 
end of the dog h, are held firmly A. p= the axle-box, so as to keep 
it in pos:tion whilst being operated upon. Each carrier —— 

fore one axle-box. The axle-boxes are fitted upon the carrier 
being placed — the planer bed. They preferably rest upon 
the lower portion of the carrier at three points. en all the 
carriers have been placed in position upon the planer table, the 
axle-boxes are clamped together from end to end by means of 
a jack-screw. (Accepted November 11, 1914.) 

3012/14. H. Lucas and W. H. Edwards, Birming 
a-Prod: Horns. (2 Figs.) February 6 

1914.—This invention relates to sound-producing horns for motor 
road vehicles and the like, of the type in which an electrically- 
actuated rotary hammer is cau to vibrate a flexible disc 
through an intermediate or transmitting lever controlled by a 
spring. The object of the invention is to provide improved means for 
varying the amplitude of the movement imparted to the diaphragm 



se 

ag 
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for the purpose of bay say the volume of sound obtained. The 
invention comprises the combination with the sound-producing | sam’ 
disc, of a rotary ratchet-like h and a transmitting lever so 

that by moving the hammer S clatively | 
Se ae by ye ome of movement imparted to the lever can 

a is mounted in a holder whereby it is 
phe ~e. - around its edge. At ite centre a stud or button db 
is secured to serve as an anvil to receive the blows received from 
the transmitting lever c. The form and disposition of the lever 
is such that it strikes a substantially axial blow on the anvil. 
Behind the lever is any convenient cam or ratchet-like 
hammer d, which is rotated by a small electro-motor in the case 
e, and in conjunction with any other convenient part of the lever 
is arranged a spring f, which maintains the lever in contact with 

the hammer. When set in motion the hammer imparts the required 
movement to the lever, which is transmitted in the nature of 
nn directed blows to the anvil of the diaphragm. For the 

of adjusting the amplitude of movement imparted tothe 
eri ing end of the lever the motor case is mounted so that it 
can be moved in the direction of its own axis. In the form illus- 
trated this is effected by screwing the motor case within the body 

. The point of contact between the hammer and lever can thus 
be vari By moving the hammer nearer to the fulcrum of the 
lever the length of the blows on the d , and 
in consequence a ——- amplitude of movement is imparted to 
the diaphragm, with the result that a corresponding increase in 
sound is obtained. To reduce the amplitude, and hence the sound, 
the hammer is moved to the required extent in the direction of 
the outer end of the lever. (Accepted November 11, 1914. oo 

ee The Sparkbrook Manufacturing C: 
C. Tunstall and H. T. Stringer, Cove weatey, 
jpeed (7 Figs.) February 23, 1914.—This 

invention relates to the operating mechanism of change- 
gears of the type in which gear members (or clutch members) are 
slid into and out of engagement with one another to effect the 
changes, and it has for its object,to provide simple means for 
enabling a single cam-plate to be employed for effecting the 
movement of a number of members in a neater manner than has 
been hitherto proposed. Hitherto, where a single cam-plate has 
been used, it has taken up considerable room, and in many cases 
has had to be located outside the r-box. When arranged 
inside the gear-box it has necessi a large box, which is 
disadvantageous in many cases, as, for instance, when applied 
to a change gear for use on a motor-cycle. The driven 
shaft A has loosely mounted upon ita driving-sleeve B, gearing 
on toa lay-shaft C through the gears B2, and the lay-shaft can 

transmit rotation to the driven shaft through either of two pairs 
of gear-wheels D D® and E E%. One element Eof one pair of gear- 
wheel is locked to the driven shaft by a sliding clutch-member F 
having one set of dogs F? which en; the clutch-teeth E%. This 
member has a striking-fork G. To lock the corresponding element 
D of the other set of gears, and to clutch the driving-sleeve B 
to the driven shaft A, there is a sliding dog-clutch member H, 
having teeth H® and H® at each end. Those H? snesging g the 
driving-sleeve may be face-teeth, whilst the teeth H3 e other 
end are on the periphery of the clutch-member, and the corre- 
sponding clutch-member D% on the gear-wheel consists of internal 
teeth ona sieeve D*, which p projects a convenient distance from 
the wheel. This clutch-member H has a striking-fork J, and both 
forks may be attached to bushes G? and J®. free to slide on a rod 
K mounted in the gear-box. Both striking-forks pass through 
aes L end BS ocerng Om plate N of the type described, 
and this cam-plate is provided wi th an arm N® connected to a 
control lever. (Accepted November 11, 1914.) 

24,200 Cc. Ordener, P. Motor Road 
Vehicles. (7 Figa.] October 25. vigidthis invention rete 

vehicles of the kind which} can be readily | frame 
attached to and removed from the hind carriage of any ordinary 

rs wheeled vehicle, so as to serve as the fore-carriage for the 
or to be run independentl. Z a self-contained motor- 

vehicle is which the usual gear and 
thing the front or steering-axle. hay is genni to provide means for 

the rear or trailing wheels in these motor vehicles after 
their tached to an ordinary vehicle. The invention has for 
ite ob to re-arrange the usual operative mechanism, and to 
provide certain known auxiliary de in a novel combination 
for transmitting the drive from the speed- og A to a differential 
and to the front axle without interference from the oscillations or 
movement of the axle on account of the road surface, for adjust- 
ing the frame of the fore-carriage beneath the hind carriage, for 
locking the parte itively and also by a flexible device, and 
finally” for vertically —— up a trailer-wheel, or wheels, after 
the fore- carsiage bas been attached to to the hind carriage. The 
motor 1 is of any suitable known construction, and is disposed in 
an overhanging position parallel with the trontaxle 2. The fly- 
wheel 3 of the motor is made to rotate a clutch-drum 4. The 
clutch-sleeve is fitted with a feather 5, which is in slidable en- 
gagement with a chain pinion, and, through the intervention of a 
chain, drives a second chain-wheel fast on the end of a shaft. 
The two chain-wheels, with chain and a chaiu-tightening pulley, 
are enclosed in a casing 11. pk shaft 9, carrying the second 
chain-wheel, paeses through a chan nge-speed box 12, and carries 
on its other end a brake-drum. t 9 carries within the 
box 12 a pinion 10*, which is driven iy the speed-gear, and trans- 
mits rotation to an annular wheel 11*, integral with a vertically- 
disposed grooved cylinder 12*. This “cylinder forms one of the 
members of a kind of universal joint, the co-acting member 13* of 
which is integral with a shaft 14, which is connected through the 
intervention of an ordinary universal joint 15 to a shaft 16 fitted 
with a bevel-pinion 17 in gear with a bevel-wheel 18, for driving 
the differential 19 upon the eiivided steering-axle 2. The cylinder 
12* and its connected parte are enclosed wy a casing 20, and the 
parts of the differential are a casing 21. The 
member 13* is so engaged in the vertical greates of the cylinder 
12* as to slide therein whilst rotating with the cylinder, and so 
allow for the play of the axle 2 upon uneven roads without affect- 

ing the driving mechanism, Each section of the steering-axle 2 
has fixed to its end, away from the differential, a bevel-wheel 22, 
which drives a bevel-pinion 23 mounted loose on vertical trun- 
nions 24. The pinion 28 drives a bevel-wheel 25 of the same dia- 
meter as the wheel 22, and the wheel 25 is fixed to and rotates 
the road-wheel or front wheel 26 of the car. To the inner side of 
the wheel 26 is fixed a brake-drum 27. This train of bevel-gears 
is placed in the opening of the steering-jaws 28, so that the rota- 
tion is transmitted ina correct —— at any angle to which the 
front wheels may be turned. 29 of the fore- 
is supported on the front axto-tabe by springs, and the play 
of the latter is compensated for by the sliding motion 4 
the member 18* in ao gus part 12". The rear of the chassis 
fitted with one or more wheels 32, whose bearing-boxes 33 
can slide vertically in the brackets 34, and a crank 35 serves 
to lift the wheel vertically off the ground, instead of swinging 
the same on an arm, when the fore-carriage has been attached to 
an van A vehicle. On the upper side of the chassis 29 are fixed 
guide-brackets 36 with rollers at their inner side for forming a 
seat for the longitudinal bars 38 of an auxiliary frame which is 
fixed under the body of the vehicle to be trailed. The frame 38 
has attached to its front end a cable or cables 89 which can be 
wound tight by means of a winch 40. For com and 
strengthening the assemblage between the fore-ca’ and the 
~—e vehicle an ene ae Me flexible device is provided (see Fig. 4), 

trian lar frame 43 clamped on 
to the rear axle 44 of the trailer. apex of the frame 43 is 
formed by a screw-nut 45 for the reception of a tightening-screw 
- having —_ and left-hand screw threads. yy 

screw engages in a nut 47 of a similarly constructed trian- 
gular frame 48 which is firmly secured to the chassis of the fore- 
carriage or to the axle of eked && ab the rear of Enter. 

. Forconnecting the rear part of an ordinary vehicle to 
ar enanenen won Sele GS os ee onattiasy Sema of te wiaaee 
are pushed over the rollers on the chassis 29 pan ans Se 
locked ocistias Ge caenat a ancantiaens baa 
the guide-brackets 36. The rear of the frame 38 aned tot 
pa ty A a swivel screw 50, and then the auxiliary fastening- 

48 is connected ‘up and tightened by means of the 
pf (Accepted November 4, 1914.) 

STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 
9287/14. Erith’s eering Gomeens, | Limited, 

and Charles ~— echanical Under- 
Feed Stokers. [2 3.) April 4 1914.—This invention 
relates to under-feed stokers as ‘employed in boiler and other 
furnaces in which the fuel is fed into inclined retorts or hs 
—, with tuyeres for mong air into the fuel as it 

the retorts and dy me u e eolid tops of tuyeres, the 
chief object being to provide — the automatic and continuous 
discharge of the ash and clinker produced. With stokers of the 
kind referred to as hitherto constructed, the ash and incombus- 
tible clinker usually accumulate on the dumping-plate at the rear 
of the stoker, which plate is capable of being dumped or dis- 

at intervals by manual action. In such arrangement it 
has n yo necessary to employ intermittently-actuated 
mechanism in the form of fuel-pushers, reci ng in the lower 
part of the fuel retort to push forward the fuel after dumping the 
ash, thus requiring repeated manual operations and involvin 
frequent supervision. According to this invention, automatic an 
continuous ash-discharging mechanism is provided for use in 
a with inclined under-feed having stati 
retorts, the said mechanism comprising an arrangement of ash. 
pushers adapted to be automatically recipro-ated upon an ash- 
plate at the rear of and beneath thet retorts ts of the stoker proper. 
@ represents the front wall and b the bridge wall of the furnace, 
above which an ordinary water-tube boiler is indicated. The 
stoker comprises in the ¢xample shown a number of stationary; 
a c arranged in series, fuel being fed to each retort by 

ger d worked from a crank-shaft ¢. At the 
sides of each retort c tuyere-plates / admit the air for combustion 
through tuyere openings 1 into the fuel as it rises from the 

retorts intothe zone of combustion whilst the tops of the tuyere- 
plates form imperforate fuel-bearing surfaces or dead-plates g on 
which the combustion proceeds. The fuel-bed extends over the 
whole area of the furnace, and the retorts c and tuyere-plates 
are arranged on an incline "adapted to cause the fuel to be fed 
slowly downwards and rearwards over the retorts and tuyere- 
plates. The air for combustion is positively supplied by a blower 

into’an air-ch i, the ordinary ash-pit, and a 
combustion-chamber j, the former ‘providing for the under side of 
the stoker being cooied by the air under pressure which is con- 
ducted to the tuyere openings /1. 1, In lieu of the dumping-plate 
hitherto employed in this type of furnace for receiving the ash 
and clinkers, a series of the reciprocating ash-pushers &, prefer- 
ably of stepped formation, are provided, the said ash-pushers 
having openings k! in their risers, whereby air under pressure 
may pass through the pushers and aid the combustion of the fuel 
passing over the pushers. An air-damper / arranged in the air- 
chamber i serves to regulate the flow of air to the openings k!. 
The fuel passing over the pushers or step toupee! k& move over and 
in front of nose-plates k2 on to the adjusta le ash-plate m, whence 
it is automatically disc to an ash-pit at the rear, instead of, 
as in ordinary pmo nto the ash-pit below the grates. An 
ash-conveyor m may be adapted to remove the | ash from the ash - 

it. For'the purpose of operating or recip < the h 
on harmony with the fuel-pl (y= d, an arrangement of connect- 
ing-rods, levers, and links is employed ; but whilst the traverse or 
movement of the fuel ee may be constant, the movement 
of the ash-pushers & will be capable of adjustment or variation 
according to the nature and ash content of the fuel. (Accepted 
November 11, 1914.) 

MISCELLANEOUS. 

7839/14. J. Melotte, Remicourt, Belgium. tri- 
fugal Drum tors. (2 Figs.) March 2x, 1914.—This 
mvention relates to centrifugal drum tepsrators for liquids. 
False or double bottoms have been used in connection with euch 
drums, and the invention consists in providing the false bottom 
around ite external circumference with a vertical rim perforated 
with small holes, and so arranged that the densest portion of the 
liquid is discharged along the up r edge of the false bottom and 
through the small openings a minimum discharge of the 
liquid of least density, The false bottom } in the drum a occupies 
a position identical with that occupied = the false bottom now 
in use; this false bottom is provided with a cylindrical rim ¢ 
which rises towards the top. and which is perforated with holes ¢ 
of small diameter, these allowing a small portion of the skimmed 

milk to pass through, whereas the greater — of the latter 
passes through the  ! formed by the space between 
the side of the drum the upper edge of the rim of the false 
bottom. A very small m of the skimmed milk must pass 
through the openings of the cylindrical rim of the false bottom ; 

this is represented by the skimmed milk which is located 
in the immediate neighbourhood of yard ther and which it is 
advisable at prevent from rising to the wer os edge -~ 

the 
will be oe be that the skimmed milk, which $s discharged 
from the bow! through the holes | Pertorated in the rim of the 
false bottom, does not pass throug e circular opening of the 
latter, so that the speed of the fiquid “at this — is reduced, 
and is consequently less unfavourable to ing operations, 
(Accepted November 11, 1914.) 
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MR. VICTOR WILKINS, LONDON, ARCHITECT; MESSRS. 

THE NEW BUILDING ON TOWER HILL, LONDON, OF THE 
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| HIGGS AND HILL, LIMITED, SOUTH LAMBETH, BUILDERS. 

(For Description, see Page 93.) 
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THE NEW BUILDING ON TOWER HILL, LONDON, OF THE 

INSTITUTE OF MARINE ENGINEERS. 
MR. VICTOR WILKINS, LONDON, ARCHITECT; MESSRS. HIGGS AND HILL, LIMITED, SOUTH LAMBETH, BUILDERS. 

(For Description, see Page 93.) 
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GRINDING-MACHINES.—No II. 

By JoserH Hornver. 

SPECIALISATION is now the dominant feature in 
grinding. As long as natural emery alone, more 
or less crude, was available, the selection of wheels 

was limited to the different grains and grades of 
the one material. No differences in degrees of 
hardness could be made. But the treatment of 
aluminous ores in the electric furnace has provided 
the grinder with wheels possessing varying charac- 
teristics, and also with wheels which can be exactly 
duplicated in quality. 

arded from the general aspect of this subject, 

metals and alloys are now conveniently divided 
into two great classes: those of high tensile 
strength (the steels chiefly), and those of low 
tensile strength (the brasses, cast iron, aluminium). 
Alumina abrasives are most suitable for the first 
class, and as the steels form now a very large pro- 

In this article it is egg deal with two 
particular aspects of these advances: the spe- 
cialisation io sili and the enormous growth 
in the dimensions of the plain cylindrical grinders. 
Developments of other kinds will be treated sub- 

uently. 
he difference between emery and corundum is 

one of relative degrees of impurity. The utility 
of each depends on the proportion of crystalline 
aluminium oxide which it contains, that com- 

ment alone being hard enough to cut metals. 
mery contains this in various proportions, ranging 

from 55 to 63 per cent. in the Naxos supply. The 
objectionable bodies present are iron oxide, silica, 
and amorphous alumina. Fig. 1, annexed, which 
is a photo-mi ph by the Norton Company, 
Mass., U.S.A., shows that emery grains are not so 
clean as are those of artiticial abrasives. Figs. 2 and 3, 
which are photo-micrographs by the Carborundum 
Company, of Majores Falls, show that corundum 
contains less iron oxide than emery, and is therefore 

materials are placed in a large electric furnace, 
through which a core or resistance of carbon rods 
is inserted in connection with the power cables. 
During 36 hours the separation and re-union of the 
chemical elements proceeds. At the end of that 
period the crystals are removed, rich in gorgeous 
colouring, and are crushed, washed, and sorted out 
into the different size grains in sieves. 

Another form of the carbide of silicon is 
termed ‘‘crystolon,” a comparatively recent pro- 
duct. It is suitable for grinding materials of low 
tensile strength, as cast iron, chilled iron, and 
brass. Orystolon ranks next to the diamond in 
hardness. The silicon is derived from a pure 
silica sand, and coke furnishes the carbon. Saw- 
dust is included in order to render the mixture 
porous enough to allow the gases to escape. By 
regulating the weights of each of the materials, the 
standard required is duplicated. Electric furnaces 
are used, but instead of an arc being employed, a 
filament or core of smal) coke is raised to a tempera- 

Fic. 1. Emery ; Maenirication, 
17 DraMerTeRs. 

Fie. 4. Carsorunpum ; Maonirica- 
pion 10 DiaMerTeRs. 

Fie. 56. Crystoton ; Maenirica- 
TION, 17 DIAMETERS. 

portion of the materials ground, the rapid extension 
in the use of the alumina abrasives is sufficiently 
explained. The fact that their characteristics can 
be varied is also in favour of their growing 
employment. The alumina content ranges in dif- 
ferent wheels from 70 to 99 per cent. It has been 
stated that an equivalent of aluminous ores is used 
up annually for grinding-wheels, corresponding 
to something like 10,000 tons of aluminium metal, 
and, estimated by the immense range of grinding 
operations performed at the present day, the 
supply of wheels demanded must be very large. 
Many of these lie outside engineering practice 
a8 we are accustomed to regard it from the somewhat 
narrow | panel of the machine-shop. Such wheels 
are used for the polishing of hollow-ware of various 
kinds—bath-tubs, lavatory basins, and sanitary ware 
which have to be enamelled, porcelain ware, soil- 
pipes and fittings, carbon, leather goods, soapstone, 
granite, marble, pearl, glass, concrete, mosaic, 
electrical work, rubber, and much besides. But 
even restricting one’s observations to the work of 
the engineers’ shops, the machine-shop proper, and 
others, the field occupied is very extensive. The 
1ron.and steel foundries make considerable demands 
for fettling wheels. Chilled rolls are now fre- 
quently ground instead of being turned, and are 
also re-trued by grinding. 

Fie. 6. Atunpum; MaGyirication, 
17 Dramerers. AcID. 

of a lighter tint. Emery grains are tough and durable. 
Having rough surfaces, they are retained a 
long time in the bond of their wheels. Corundum 
grains are sharper, and being also harder than those 
of emery, they retain their sharpness. Corun- 
dum is suitable for most kinds of grinding. The 
purest is mined in Eastern Ontario, Canada. It 
contains about 90 per cent. of crystalline alumina, 
and the supply is practically inexhaustible. 

But neither of these abrasives pone the 
quality of absolute uniformity in sharpness and 
hardness. These properties can only be secured 
in manufactured substances. Carborundum was 
the first of these, produced, as everyone knows, at 

Niagara. Others have followed. Carborundum, 
as shown by the Carborundum Company’s photo- 
micrograph, Fig. 4, is a crystalline formation of 
carbon and silicon—a carbide of silicon. It is 
much harder than emery, only being exceeded 
in hardness by the diamond. The grains are 
sharp and durable, and they break off before they 
become dulled, so exposing fresh cutting edges. 
Carborundum is infusible at any ordinary tem- 
perature, being produced at one of 7000 deg. Fahr., 
at which steel or marble would vaporise. It is 
prepared from a mixture of coke and sand, which 
supply the carbon and silicon respectively. Saw- 
dust is added to make the mixture porous. These 

Fie. 7. Axoxire, TREATED WITH Fic. 8. Axoxrtz, Roastep witH 
Porasstum BIsuLPHATE. 

ture of from 3500 to 4500 deg. Fahr. by a current 
at 12,000 volts. Occupying the centre of the mass 
of the materials, it produces a chemical reaction, 
not a fusion, and crystolon is the result. The fur- 
naces used are rebuilt at each time of charging, 
with loose open-jointed bricks without mortar, in 
order that the gas generated shall escape. The 
resulting pig, when cold, is broken, and ground 
and ok. Fig. 5 is a a h of the 
—— by the Norton Company, of Worcester, 

ass. 
Another valuable product of the electric furnace 

isthe oxide of alumina, termed “‘alundum.” It 
is prepared from bauxite, a soft alumina-bear- 
ing clay. Its manufacture is under control, so 
that different combinations of hardness, sharpness, 

and toughness—“tempers” —can be obtained. When 
the grains fracture, sharp cutting edges are left. 
It is highly efficient for grinding materials of high 
tensile strength, such as the steels. It is so in- 
tensely hard that it will cut the alloy steels and 
glass. The bauxite is calcined at a red heat to remove 
the moisture. Each consignment is analysed, and 
mixtures are varied in order to ensure uniformity 
in the results. It is fused between large electrodes 
until a mass of alundum, weighing 5 tons or more, 
is produced. The mass develops cleavage planes 
a8 it cools, and by taking note of these, the work- 
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man breaks it into pieces small enough to be dealt 
with by a crusher, which reduces them to pieces 
about the size of an egg, which are afterwards 
ulverised and sorted for ‘‘grain.” Fig 6, by the 
orton Company, shows the form of the grains. 
Aloxite, Figs. 7 and 8, by the Carborundum 

Company, is prepared artificially from the smelt- 
ing of a mixture of aluminous oxide and coke in 
the electric furnace. The coke is proportioned to 
reduce the oxides of silicon and of iron, but to 
leave the alumina unreduced. The first-named 
product forms ferro-silicon ; the alumina is fused 
and purified, forming the aloxite. This, when 
cold, is crushed and graded. The special value of 
this abrasive lies in grinding steel. It is hard, 
sharp, tough, and is nearly pure alumina. 

The terms ‘‘ grain” and ‘‘ grade” refer respec- 
tively to the size of the grains of the abrasive, and 
to the hardness or softness of the bond that unites 
them. The numbers by which grain is denoted 
correspond with the size of mesh through whict. 
the grains will A No. 10 means that the 
grains will pass through a sieve having 10 meshes 
to the inch. This is the coarsest made. One of 
No. 60 will pass through 60 meshes to the inch, 
and so on. 

The ‘‘ grade”’ of hardness or softness has nothing 
to do with that of the grains, but only with the 

‘*bond.” A wheel is ‘‘soft”’ when the resistance 
to the detachment of the grains is slight ; ‘‘ hard” 

when the resistance is such that the grains are 
retained for a long period, These differences, in a 
wide range, from very soft to very hard, are 
denoted by letters of the alphabet : but the lettering 
for wheels of similar grades varies with different 
abrasive materials, so that manufacturers’ lists 
must be consulted. The grade should always be 
such that it will permit the grains to become torn 
away from the bond as soon as they are dulled. 
Much of the art of the wheel-maker lies in attaining 
this result and in providing a large range of grades 
suitable for operating on numerous kinds of metals, 
alloys, and other materials, the requirements of 
which now differ so very widely. So careful are the 
manufacturers that the wheels are now tested for 
hardness by standard reference-blocks, and if they 
vary more than half a grade from standard, they are 
rejected. 

‘* Combination ’’ wheels are those which are 
composed of a mixture of grains of different sizes 
or numbers. They were made first for grinding 
automobile shafts. They will retain their shape 
better, and produce a finer finish than wheels made 
wholly of coarse grains, and they will cut more 
rapidly than those made altogether of fine grains. 

heels are bonded in three different ways, 
and the classification of the bonds corresponds 
with the wheel ‘‘ grades,” as the size of the par- 
ticles of abrasive corresponds with the ‘‘ grain.” 
The first and the most common bond is obtained 
by the vitrified process, in which the bond 
consists of suitable clays and fluxes mixed in 
certain proportions with the grains of abrasive. 
Some differences occur in the early stage in 
regard to the mixture of the grains with the 
bond. In some cases the bond, of the consistency 
of thick soup, and mixed with the grains, is drawn 
into moulds. In others it is rammed in moulds, or 
it is compressed under hydraulic pressure. In each 
case the wheels are baked in a kiln-room at a tem- 
perature high enough to vitrify or tially melt 
the clay, the baking being continued for 100 hours 
followed by slow cooling for a week. The vitrified 
wheels are porous, and therefore are free cutting. 
The bond is so hard that itis an abrasive, and 
assists in the cutting. It is unaffected by water, 
acids, oils, heat or cold. These wheels are of a 
reddish-brown colour, and are suitable for cylin- 
drical grinding, for internal grinding, for foundry 
service, and dry grinding. Ricks of cracking occur in 
the drying process, because it is difficult to control 
the temperature, and large wheels cannot be relied 
on_; 30 in. to 36 in, is the limit manufacturers will 
accept. 

The silicate bond is obtained by incorporating 
a silicate of soda or water-glass with the grains ; 
the mixture is rammed in moulds, after which 
the wheels are dried and baked in ovens. Other 
substances besides water-glass are used, and by 
their means modifications are made for wheels 
for special duties. Silicate wheels are of princi 
value for wet grinding. ‘They are ag ge y 
their light grey colour. The soda in the wheel 
assists lubrication in wet grinding. Wheels of any 
size can be made. They are less free cutting in 

the harder grades than are vitrified wheels of the 
same es. 

The third kind of bond, the elastic, is composed 
principally of shellac. The mixture is rolled or 
pressed or rammed, and baked at a low tempera- 
ture. The elastic bond is used chiefly for very thin 
wheels, and for work requiring a very fine finish. 
These wheels are neatly black. They will not 
stand much heat, can be used wet or dry, and are 
of especial value for cutter and reamer-grinding, 
saw-gumming, thinning the points of drills, &c. 
They are less open and porous than vitrified wheels. 

Besides the nature of the material being ground 
there are other factors requiring consideration 
in choosing wheels, such as the s of wheel and 
work, whether lubricants are employed or not, the 
character of the finish desired, and whether the 
highest efficiency or the durability of the wheel is 
desired. 

The volume of sparks produced is a sure indica- 
tion to the grinder of the efficiency, or otherwise, 
of the wheel he is using and of the conditions under 
which it is operating. If the sparks are examined 
under the microscope, they should appear as verit- 
able chips, resembling short cuttings or turnings. 
If they are globular or globular shells, they afford 
proofs unmistakable that too much heat is being 
generated, because the globular form indicates that 
fusion has occurred. The cause, then, has to be 
investigated. If a wheel has been cutting properly, 
and then fails to do so—other things remaining 
unchanged—it is suffering from ‘‘glazing.” In 
this condition the wheel is working down on its 
bond. The particles have lost their keenness 
and penetrative capacity, yet have not become 
detached from their matrix, which then sets up 
friction and generates heat. If the wheel is being 
tried provisionally, and heats and throws out few 
sparks, a wheel with a softer bond may be substi- 
tuted with advantage, or the grain, or the material, 
of the wheel selected may he unsuitable. Fre- 
quently more ample lubrication will solve the 
problem, or it may be that an increase in the 
number of steadies is wanted. The effect of the 
latter provision is to prevent the work from running 
eccentrically, which produces more sparks on the 
higher side, an evil which, if uncorrected, will be 
persistent. How slight the amount of eccentricity 
may be can be realised by the statement that 
sparks will be given off from a cylindrical piece of 
work when the depth of cut is only five millionths 
of an inch. 

The cylindrical grinders, the oldest type, have 
been extensively modified under the influences of 
recent requirements. 
The work-table in later machines carries the 

work past a fixed grinding-wheel. In the evolution 
of such machines this method has generally dis- 
placed the alternative system of travelling the 
wheel-head t the work, once rather common. 
That principle is wrong even in the light machines ; 
it is impracticable in the heavy ones, where a wheel- 
head may weigh between 1 and 2 tons. When a 
wheel weighing a hundredweight or two is grinding 
to within , 55th part of an inch, and revolving at 
a speed of 6000 ft. per minute at the surface, and 
operating across a cutting face from 2 in. to 4 in. 
wide, it is clearly not a good mechanical proceeding 
to traverse such a mass under such conditions. 
The present practice therefore is to put plenty of 
mass into the wheel-head, and to support it rigidly 
directly from the floor. Then the only movement 
which it receives is that of feeding inwards to the 
work. Incidentally also, the necessary travel of the 
table requires a long table, which, again, avoids 
excessive wear. In some machines a flat and a 
V form the ways of the bed, following some lathe- 
bed practice. These are lubricated with oil-rollers 
in pockets which receive the oil returned from the 
ways, in planer-bed style. Alignment of the bed 
and its steadiness are vided for in the smaller 
machines by supporting it on three feet. In 
those of great length wedge-blocks are used for 
adjustments. The belt-drives from cumbrous over- 
head shafts have disappeared from all except 
the smaller and medium - sized machines, and 
they are probably doomed for these. When 
machines grow tosuch dimensions that a crane is 
required for handling the work, the belts would 
block its movements. Some of the older, heavy 
lathes had a jib-crane located at one end. An aid 
of this kind might conceivably be fitted to a belt- 
driven grinder. But the coming of the electric 
drive and the boxes of change-speed and feed-gears 
displace this clumsy method, so that now the over- 

head-travelling crane, or the overhead tracks, can 
have free range. The large cylindrical grinding- 
machines of to-day therefore have no belt-drive 
from above. A motor is i ed somewhere 
alongside the bed, and the grinding - wheel is 
belt-driven from that; the work-speeds and the 
wheel-feeds are changed through gears enclosed in 
boxes protected from grit. That is one striking 
aspect of recent big grinders; and gradually the 
convenience of the arrangement, which is only 
rendered possible by the electric drive, is inducing 
manufacturers to adopt similar arrangements for 
the smaller machines. 

While speaking of gears, we note how the influ- 
ence of the automobile manufacture has changed 
the practice in regard to these and their fittings. 
In the best machines by the high-class makers, 
mild steel and cast iron have no place for shafts 
and gears. High carbon or alloy steels alone are 
used for these. Nickel, nickel-chrome, or chrome- 
vanadium steels ensure strength and durability, 
without which the small shafts and gears of fine 
pitches would soon show serious wear. Friction is 
reduced by the universal fitting of ball-bearings 
for taking circular and end thrust. Lubrication, 
ample and constant, is provided in various ways, 
ring-oiling to the main bearings, forced water- 
supply to the work and the wheel, and a large 
supply-tank or tanks with a circulating pump. Much 
more attention is given to the steadying of work 
than formerly. New forms of steadies have been 
evolved, and more are used, besides which steadies 
for some duties are specially designed. The neces- 
sity for supporting work almost continuously 
receives more recognition than it formerly did, and 
the work is better supported on the bottom and in 
opposition to the wheel. 

As good grinding-machines are costly, conces- 
sions to the requirements of the smaller firms, in 
the form of various attachments, are inevitable. 
But the marked tendency nevertheless is towards 
the restriction of the duties of machines. One 
of the most striking of these is the removal of 
internal grinding from the universals to machines 
which fulfil this function only. Better support is 
afforded to the wheel-head, and the work is under 
more complete control. These machines are there- 
fore in much favour now. In another direction 
specialisation is very marked in the numerous 
chucking-grinders designed for chuck-work only. 

Another feature is the increase in the numbers 
of plain grinding-machines relatively to the uni- 
versals. The latter include external and internal 
work—parallel, or taper, face-grinding, and cutter- 
grinding. Much of this is now taken in hand by 
special machines, leaving the plain grinding to 
be done by what are termed ‘‘ manufacturer’s 
machines” for external work only—parallel, and 
tapered, and shouldered. These are generally 
designed more massively than the others, and 
being limited to one set of functions, every detail 
is considered and worked out for that duty alone. 
These features are paralleled very closely in the 
general abandonment of the universal gear-cutting 
machines for those designed for dealing with 
special gears only. ax 

The expansive character of grinding practice is 
responsible for a vast increase in the dimensions 
of some recent machines. Articles are treated 
in these that are still in most shops dealt with 
in the lathes. Illustrative of this is a plain cylin- 
drical machine, by the Churchill Machine-Tool Com- 

ny, Limited (Figs. 9 and 10). Its interest is 
es not alone to its dimensions, though these are 
imposing, but also to many of the features in its 
design. It is a 36-in. by 192-in. machine (36-in. 
swing by 16 ft. between centres); it weighs over 
16 tons. The wheel-head weighs 3920 lb., and it 
carries a grinding-wheel 40 in. in diameter by 3 in. 
wide. It is a self-contained machine, driven by 4 

motor. This leaves a clear run forthe crane above 
it. All the speed-changes of the work—sixteen in 
number—are effected in a gear-box. The gears, 
of nickel-chrome steel, slide, and i | those which 
are doing actual work arein mesh. The work-head 

has a range of adjustment on the sliding table of 

about 4 ft., the drive coming through the vertical 

illar seen to the left of the head in Fig. 9 

he movements of the wheel-head nt some 

difficulties, due to its mass and those of observation, 

which have been overcome by ingenious methods. 

The wheel can be brought to spark repeatedly 
within one quarter-thousandth of an inch. To 
enable the operator to see the position of the wheel 
relatively to the work before putting on the feed, 4 
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mirror is carried on the wheel-guard, which reveals 
to the attendant the amount of space between the 
wheel and the work. The head is provided with 
& quick-power motion, for making approximate 
adjustments. The movements are observed on an 
indicator at the front of the machine. They act 
through friction, between a friction-cone and 
double-sided disc. Light pressure on a hand-lever 
sets them in motion, and the removal of the pres- 

View or Bep anp Firtrnes ror ‘*C” Mopet Macarne. 

Fig. 13. 

Fics. 12 anp 13. Ewnpurss Bett Drive to Caurcnitt Macuine. 

sure causes disengagemenc. When the indicator |had occupied about 30 hours; and the lathe-finish 
shows that the wheel is close to the work, the fine|could not be so nearly accurate as that of the 
automatic feed is put on. The levers and hand- | grinder. 
wheels for the various movements are all cen-| The view of the bed and its fittings from above, 
tralised at the front of the machine. | Fig. 11, for the firm’s ‘‘C ” model machine, will 

The piece of work shown on the machine in Fig.9| enable the general scheme of the design to be 
is a mild-steel shaft, 74 in. maximum diameter by | grasped. The surfaces have broad areas to receive 
11 ft. long. Finishing this, removing »); in., took | the sliding-table and the wheel-head, with the 
24 hours, while the same operation in the lathe provision for lubricating the slides. In front, 
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beginning at the right hand, the change-speed 
gear-box for the table travel is seen, its shaft 

ing along in front to operate an enclosed revers- 
ing motion. Adjacent to the gear-box is a handle 
for the quick hand motion to the wheel-head. The 
disc to the left is the ratchet feed-wheel for the 
automatic motion and the fine hand-feed to the 
wheel spindle-head, the pawl for the ratchet being 
seen above it, and the micrometer adjustment to 
the trip for the automatic feed on its face. Below 
it is the graduated quadrant for the automatic feed. 
Further to the left is the table-reversing lever 
which is struck by the reverse dogs on the table, 
and further to the left again the hand-wheel for 
the table reverse. The feed operates auto- 
matically at each reversal of the table. The 
graduated quadrant and graduated hand-wheel, 
the indicator, ratchet-wheel, and trip-cam, with 
the usual dogs, trip-lever, and spring-plunger 
comprise the essential mechanism. The ua- 
tions on the quadrant indicate the setting to feed 
any required number of teeth on the ratchet at 
each reversal. The hand-wheel is graduated in 
thousandths of an inch on the diameter of the 
work. The ratchet has four teeth to each gradua- 
tion on the hand-wheel, so that one tooth on the 
ratchet represents a reduction in diameter on 
the work amounting to ;g5, in. The setting of the 
trip-cam on the ratchet-wheel is effected by the in- 
dicator on the small dial in front of the index- 
wheel. When this indicator is moved a given 
number of spaces forward or back, it traverses the 
trip-cam a corresponding number of teeth around 
the ratchet-wheel. The feed motion is controlled 
by the trip-dogs on the table throwing over the 
trip-lever and depressing the spring-plunger below. 

e table speeds are independent of those of the 
work. In the machines above 12 in. by 50 in. 
both are provided through gear-boxes, with the 
advantage that the traverse movement of the table 
and work can be set to travel nearly the full width 
of the wheel per revolution of the work. This is 
a marked advance on the earlier practice in which 
a smaller proportion of the width of the wheel was 
passed per revolution of the work, thus losing the 
advantages conferred by the employment of wide 
wheels. But it was hardly avoidable at a period 
when the selection of suitable wheels was not en- 
forced as it is now, when lubrication was less ample, 
and when machines were less rigidly constructed 
than they are at present. 

A striking feature in recent design is the endless- 
belt drive applied to the heavy plain grinders by 
this firm. Hig. 13 shows a machine which has a 
capacity of 30 in. diameter and 120 in. between 
centres, grinding a Jarge piston in the works where 
it was installed. The grinding-wheel is 32 in. in 
diameter, and is driven by belt from the motor 
coupling-shaft. The other photograph, Fig. 12, 
gives a better view of the machine itself, as seen 
from the back. 

In this machine the motor (not shown) drives, 
as stated, through the coupling-shaft to the wheel, 
the feeds of which are controlled from the front 
of the machine, to which the gear-box is attached. 
It also drives through the endless belt, which, 
maintained in constant tension, travels with the 
table, to the change-speed gear-box on the work- 
head, as seen in both the figures. The two in con- 
junction give a combination which ensures that 
the maximum available power of the motor shall 
be used for actual — instead of being absorbed 
in driving. A belt owe | is obtained from three to 
four times higher than that got by an overhead 
drum-drive, and with power transmitted in the 
same proportion. And this is in addition to the 
advantage of the clear space available for the opera- 
tion of the crane. The gear-box hitherto used on 
the largest machines is one of the latest additions 
to the grinding-machines of smaller dimensivns. 

THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

An ordinary general meeting of the above Insti- 
tution was held on Friday last, the 22nd inst., at 
the Institution House, Storey’s Gate, Westminster, 
the chair being occupied by Mr. Michael Longridge, 
Vice-President. The first business of the meetin 
was the reading by the Secretary of the retiring an 
nomination liets of the Council. The President, 
two Vice-Presidents, and seven Members of Council 
retire at the ensuing annual general meeting. The 
following is the list of retiring members :—The 
President, Sir H. F. Donaldson, K.C.B.; Vice- 

Presidents, Sir John Wolfe , K.C.B., and Pro- 
fessor W. Cawthorne Unwin ; Members of Council, 
Messrs. William H. Allen, George J. Churchward, J. 
Rossiter Hoyle, Henry A. Ivatt, Engineer Vice- 
Admiral Sir Henry J. Oram, K.C.B., Mr. William H. 
Patchell,and the Right Hon. Lord Pirrie, K.P., P.O. 
Of the foregoing, the following have been nomi- 
nated by the Council for re-election, with their 
consent :—As President, Professor W. Cawthorne 
Unwin; as Vice-Presidents, Messrs. W. H. Allen 

and J. Rossiter Hoyle; as Members of Council, 
Sir John Wolfe Barry, Mr. Henry A. Ivatt, 
Engineer Vice-Admiral Sir Henry J. Oram, and 
Mr. William H. Patchell. The following gentlemen 
have also been nominated by the aoe for 
election, and have consented to stand :—As 
Members of Council, Mr. John Dewrance, Sir 
J. Alfred Suing, K.C.B., Messrs. Christopher 
William James, Vincent L. Raven, William Reavell, 
and James William Restler. By the rules of this 
Institution the members are entitled to make 
additional nominations at the meeting at which the 
Council list is read; but no additions were pro- 
posed last Friday, so that the ballot-list will stand 
as given above. 

THe STANDARDISATION OF Pripg-FLANGES. 

After the other formal business, a paper bearing 
the title ‘‘Standardisation of Pipe-Flanges and 
Flanged Fittings,” by Mr. John Dewrance, was 
read by the author. We print the paper in 
full in another part of this issue, and accordingly 
may proceed at once to the discussion. 

The Chairman, in opening the discussion, said 
that the paper, in addition to telling the method 
in which the Engineering Standards Sub-Committee 
had carried out its work, provided a somewhat 
difficult controversial problem in connection with 
the strength of flanges. It also gave an opportu- 
nity to those who had not been concerned in the 
preparation of the report to explain how much 
better they could have done it had the work been 
entrusted to them. He thought this was the first 
time that a report of one of the Engineering Stan- 
dards Committees had been put up as a —— to 
be fired at, and if the report of the Pipe-Flange 
Committee steod the fusillade, it might be assumed 
that the recommendations it contained were the 
best that could be made in the circumstances. If, 
on the other hand, valid objections were taken to 
it, he was sure that the Committee would take 
them into consideration in any future: revision of 
the report. 

Dr. W. H. Maw (Past-President), in opening 
the discussion, remarked that Mr. Dewrance had 
given a very plain and straightforward statement 
of the work done by the Pipe-Flange Committee. 
There was very little to add in regard to the 
author’s account of that work, but there were 
several points—by-products of the paper—which 
were of considerable interest. Some of these points 
related to the experiments with a flange for a 24-in. 
pipe which was cut by a saw between the bolt- 
oles down to the exterior of the pipe, the portion 

thus isolated being then tested as a separate seg- 
ment. In the case of a straight flange, if a certain 
——_ bolted up by, say, three bolts required a 
load of, say, 9 tons to produce a given distortion, 
then if the flange was divided into three parts by 
saw-cuts between the bolts, it would still require 
a total load of 9 tons, or 3 tons per bolt, to pro- 
duce the same distortion, as it would merely have 
been divided into three cantilevers with parallel 
sides, each cantilever having a width equal to the 
pitch of the bolts. Such a flange might be regarded 
as representing the flange of a pipe of infinite 
diameter. But in the case of ordinary pipe- 
flanges the division into segments by radial saw- 
cuts between the bolt-holes produced cantilevers 
the width of which diminished inwards, as shown 
by Mr. Dewrance’s Fig. 3 and on the left-hand 
side of the diagram A, annexed. In the case of the 
particular flange tested by Mr. Dewrance, the pitch 
of the bolt-holes was 2,5, in., and the width of the 
isolated segment at its root was 1,3, in., or 54 per 
cent. of its width at the bolt circle. Butthe uncut 
flange required a load of 19.2 tons, or 2.4 tons per 
bolt, to produce a permanent set of } in. ; while in 

the case of the isolated segment the same set was 
—. by a load of 1.27 tons. Now 1.27 tons is 

per cent. of 2.4 tons, so that they had the 
curious result that the fact of the flange being 
uncut enabled it to offer a resistance tically 
equal to that which would be off by eight 
segments if it were possible for these segments to 

have parallel sides and a width equal to the pitch 
of the bolts. This showed the possibility of the 
uncut flange acting asif it were made up of a series 
of pom a cantilevers, as indicated by dotted 
lines on the right-hand side of Fig. A. If this 
assumption were approximately correct, then the 

rtions of the flange metal indicated by cross- 

Patching would be subject to compound stress 
tending to distort them in different planes. 

If the conditions were as assumed, it would follow 
that the portions of the flange outside the con- 
tour of the imaginary overlapping cantilevers 
might be cut away without affecting the strength 

of the flange. At the suggestion of the speaker, 
Mr. Dewrance kindly arranged to make an experi- 
ment on this point, and the tests of the flange 
shown in Fig. 4 of the paper were the result. 
This ‘‘star-fish” flange, as it might be called, 
gave a permanent set of 4 in. with a load of 
15.27 tons, while a circular flange having a diameter 
equal to that of the ‘‘star-fish ’’ flange over the 
points of the rays required 16.99 tons to produce 
the same set. In this case, therefore, there was a 
loss of strength of 10.3 per cent., due to the cutting 
away of portions of the flange, but the weight was 
reduced in a far larger ratio. It seemed probable 
that in the flange shown by Fig. 4 of the paper the 
cutting away had been carried too far, and that a 
slight filling up of the hollows would have given a 
resistance equal to that of the circular flange. 

The point to which he had directed attention 
seemed to have a bearing on the success with which 
square —— were used. One of the troubles ex- 
perienced by the Committee was that of getting 
people to believe that four bolts were sufficient for a 
flange for 2-in. pipe. This was rather curious, be- 
cause there were a number of flanges for 2-in. pipes 
in use in this country with only four bolts ; nearly 
all the locomotive feed-pipes in the country had 
flanges of that kind. In addition, locomotive 
engineers had for many years been using success- 
fully four bolts for the flanges of 4-in. and 4}-in. 
steam-pipes. Looking into that matter, it seemed 
to the speaker that the fact afforded a sort of 
corroboration of the strength of the star-fish 
pattern of flange. Diagram B, exhibited, repre- 
sents a circular flange for a 4-in. pipe with 
only four bolts. That looked rather an undesir- 
able thing to use, but if portions of the flange 
were out away, so as to give it a square form, 
as also shown in the diagram, it looked less 
objectionable. That square tlange, it would seem, 
contained the imaginary cantilevers to which 
reference had been made, and it looked as if the 
portions of the circular flange cut off were really 
superfluous. This result had, in the case of loco- 
motive practice, been arrived at by experience, and 
not by scientific reasoning. In the case of a flange 
with eight bolts, the cutting away of the metal 
outside the es cantilevers gives the form of 
flange which Mr. Dewrance had illustrated in 
Fig. 5 of his paper. 
With to the testing of the flanges of the 

2}-in. pipe, illustrated in Fig. 2 of the paper, it 
was “ae notice that notwithstanding the flanges 
at the two ends were identical, they behaved 
differently under test. But one flange was bolted 
up tight to a thicker flange, and the other was 
separated from what he would call the ‘‘testing 
flange” by a . In that experiment the loosely- 
coupled flange to the left-hand side of the figure was 
distorted, and the other was perfectly undistorted, 
although, of course, it had the same stresses on 
it. Mr. Dewrance specifically mentioned that the 
flange on the right-hand side was undistorted, and 
he had used it for another experiment later on. In 
conclusion, Dr. Maw quite corroborated what Mr. 
Longridge said as to the desire of the Pipe-Flange 
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Committee to have the fullest criticism of what they 
had done. The Committee had had a great many 
sittings and put a great deal of hard work into 
the matter. at was gratifying to know that last 
year a letter had been received from one of the 
largest tube-makers in the country saying that 
they we e now making 75 per cent. of their output 
of steam-pipe flanges to the British Standard 
dimensions. 

Mr. W H. Patchell, the next speaker, observed 
that he thought the only reason that could be 
offered for discussing this Standard specification 
now was that some of the dissentients might be 
brought into line. He considered the Standard 
Pipe-Flanges had received more acceptation than 
any other of the British standards. . Dewrance 
knew more about the Admiralty than he did ; but 
probably the Censor would not permit him to say 
what they were doing. The last that he had 
heard was that they were not in accord with the 
British standards, and he wished they would come 
into line. 

Dr. Maw had referred to Figs. 2 and 3 of the 
paper illustrating tests which showed that a tightly- 
coupled flange stood firm while a loosely-coupled 
flange buckled. He (the speaker) thought that that 
was due to the outer edge of the tightly-coupled 
flange being kept in ition ; this edge would 
have to go inwards if the e dished. That, it 
appeared to him, was the simple explanation. Dr. 
Maw had also referred to the een of the flanges. 
This question appealed to the speaker more from 
the standpoint of jointing. The worst of a 
flange was the joint that had to be made init. At 
the time that the Pipe-Flange Committee were 
sitting, he had been engaged in buying joints and 
in using what he bought—sometimes an illuminat- 
ing experience. He had found that the thin flanges, 
which were at that time the ordinary stock, did 
not stand up. Mr. Dewrance had alluded to the 
advantage of putting the packing entirely over the 
face of the flange. That point appealed in one way 
to the man who was selling the flan and who 
probably would like it as thin as possible—and in 
another way to the man who had to make use of 
the flange. The ordinary way in erecting the 
pipes was to bolt them up in position, then take 
the top bolts out, and drop the jointing material 
in. If it was necessary to make the joint all over 
the flange, this, of course, was a much more 

difficult matter, and cost a good deal more in erec- 
tion. 

In the use of the jointing material the ideal job 
was a bona scraped metal-to-metal joint ; but 
unfortunately that was too expensive. Mr. Dew- 
rance had referred to the tests which were made for 
the Standards Committee of joints made with red 
lead, which was baked. That approximated to the 
ordinary commercial joint. The Taylor ring was, 
perhaps, used more often that any other joint, and 
the speaker thought that it was often abused by the 
corrugations in the ring being blocked up with some- 
thing which would not yield. It was best to use a 
material which did not bake hard, but retained 
a little flexibility. He remembered that it was 
possible years ago to get a cheap rubber with 
which, after the main was let down cold and then 
steam was laid on again, would leak a little bit, 
but would presently take up. Later on he had 
bought some more of the same material, but found 
that it had been altered in the manufacture and 
actually baked hard, losing its resiliency. The 
baking question was important, and for that reason 
he did not like red lead. 
He thought Mr. Dewrance might have gone a 

little further, and mentioned a very interesting 
record he had made in connection with the flange 
illustrated by Figs. 2 and 3 in the paper. The 
flange was a 2}-in. bronze one with four bolts. 
At that time it was doubted whether four bolts 
would hold for a 2-in. pipe. He believed the 
Americans now ran up to 2$ in. for four bolts, but 
here the line was drawn at 2in. He would refer 
shortly to the further tests made by Mr. Dew- 
rance, and would suggest that they might be 
put in as an appendix to the paper. In each 
case there were four j-in. bolts. ith a joint- 
ing material of Cooperite ;, in. thick inside 
bolts, the pressure at which leakage occurred was 
1500 lb. With red lead, heated before testing to 
350 deg. for twelve hours, leakage occurred at 
200 Ib. pressure. With a corru ring thickly 
coated with plumbago stuck on by spirit varnish, 
leakage occurred at 1700 Ib. 
heated to 380 deg. for twelve hours leakrge took 
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place at 1200 lb. pressure. In the case of plumbago 
stuck on with spirit varnish inside bolt circle, 
leakage arose at 50 lb. pressure. Then Mr. Dew- 
rance had tried steam joints turned and scraped to 
a perfect surface, inside bolts and eased off beyond. 
In this case, with four bolts each of } in., using as 
jointing material Cooperite ,', in. thick, full dia- 
meter of flange, leakage occurred at 1500 lb. 
pressure. Thin red lead on a scraped surface stood 
350 Ib., and 350 Ib. also when heated to 380 deg. 
for 24 hours. Using six bolts instead of four, the 
diameter being §in., Mr. Dewrance had found 
that thin red lead not heated stood 1300 lb. This 
was rather useful as showing how joints might well 
be made. 

At the same time the Admiralty made some teste 
of 12-in. and 13-in. flanges. The fi that were 
available were not thick enough to stand up to the 
work ; they all wept in the preliminary tests at 
500 lb., and the best of them stood 600 lb. Instead 
of waiting for further flanges they had cambered 
these flanges, so that when the two were put 
together there was a gap of ,; in. at the outside 
edge. The 12-in. flange then stood 1200 lb. ; that 
showed how to make the best of a bad job. He 
would not, however, recommend anyone to put in 
cambered flanges. He would be glad to hear what 
objections, if any, still existed to the general adop- 
tion of standard pipe-flanges, because he felt that 
everything was in favour of a uniformity. Nothing 
was more convenient in buying any piece of 
machinery. 

Mr. E. J. Fox considered that the Chairman had 
been quite safe in inviting engineers generally to 
criticise the efforts of the Standards Committee on 
the subject of flanges, as these standards had been 
so largely adopted, not only by manufacturers, but 
also by users. Speaking for one of the 
firms in the country manufacturing the particular 
class of material, he could say that, with one excep- 
tion, the dimensions of the Standards Committee had 
been entirely adopted and were used as the standards 
of the firm. There were, however, two large users 
in this country who, up to the present, had refused 
to come into line ; these were the Admiralty and 
marine engineers. With the exception of these 
two everyone was more or less working on the 
dimensions of the Standards Committee, and he pre- 
sumed from that that every manufacturer was also 
complying with those dimensions. The iculars 
contained in the report laid down dimensions 
which from a manufacturer’s point of view were 
economical. Nothing was thrown away. The type 
of joint obtained was as cheap as it was possible to 
sake for the duty specified. 

Those who were not familiar with the details 
contained in the report would be interested to 
know that there was one table containing dimen- 
sions for steel flanges, in connection, of course, 
with steel pipes, and as the author had mentioned 
in his paper, the thicknesses of the steel flanges 
were those which would previously have been used 
for cast iron. At first sight it might be assumed that 
steel flanges should be a good deal thinner than 
was necessary for cast iron. To some extent he, 

mally, agreed. The point to which Mr. 
wrance referred, however—a very real point in 

ractice—was that a flange, however strong in 
itself, when attached to a comparatively thin body, 
such as a steel pipe, was to some extent liable to 
distortion, and was consequently not as rigid as a 
cast-iron flange on a cast-iron pipe. For that reason 
the dimensions for thicknesses of flanges in Table IT. 
of the Standard specification were those existing 
for cast-iron pipes. As an alternative, however, a 
further table was introduced, in which smaller 
dimensions were allowed for steel flanges in con- 
junction with steel pipes for cases where the flanges 
where riveted on the pipes. 
He would like to take the opportunity of slightly 

departing from the direet subject of the paper to 
emphasise the great superiority of steel flanges 
welded on steel pipes over steel flanges either 
screwed or riveted on. From the standpoint of 
obtaining a satisfactory joint, if it were possible to 
keep down the dimensions of the flange, both in 
diameter and in thickness, it would stand to reason 
that a much stiffer joint would be obtained, quite 
apart from a connection which, as he thought all 
were agreed, was more satisfactory than a riveted 
or screwed one. A point well worth emphasising in 
connection with the welded joint was that, on the 
one hand, it was very essential te avoid a plain 

lel flange ayo | welded on to a steel pipe, 
and, on the other hand, it was equally important to 

avoid a steel flange with a large boss on it. The latter 
was a mistake more frequently committed. In the 
one case the attempt was to weld on too little, and 
in the other too much. The medium between the 
two—that was, a large fillet on the back of the 
flange—was really ideal, and represented the best 
practice of the day in welded-on flanges. 

Turning to the exception, certainly an important 
one, he had mentioned at the outset—where it had 
been found difficult and, from a commercial point of 
view, impossible to work to the standard dimensions 
—he would eay that this exception related to loose 
flange-joints, which eneere a comparatively 
large portion of the steel-pipe trade of the country. 
It was quite usual to get lines of steel pipe with loose 
flanges up to 40 or 50 miles in length. The Stan- 

Committee had adopted, and, he considered, 
rightly, as far as general practice was concerned, 
multiples of four for the number of bolts. The 
old practice in connection with loose flange-joints 
had been multiples of two, and having to 
the fact that loose flange-joints were generally used 
in longish lines, where valve-fittings and special 
material of that description was not used, it 
mattered comparatively little whether those 
dimensions were or were not departed from. To 
make the point clearer, it should be said that 
the loose flange-joint was the cheapest form of 
joint possible in connection with steel pipes, for 
the reason that it enabled the use of a thinner 
pipe than was feasible where the flange was rigidly 
attached, either by welding or riveting to the 
pipe itself. That was the only application of steel 
pipes where, as he had said, any section of 
the trade had not followed the stand laid down. 

One point he would like to allude to as of in- 
terest, although it was not directly concerned with 
the subject of the paper. After all, the flanges 
under discussion, although an exceedingly impor- 
tant part of the business, were merely a means of 
joining together two pi During the last two 
or three years there been introduced an appli- 
cation of oxy-acetylene welding for joining two 
lengths of pipe on site, displacing all forms of 
joint, inclu the old-fashioned lead joint. This 
application, which was likely to be considerably 
extended in the future, gave practically the only 
form of joint which was as strong as the pipe 
itself, which was as cheap as the ordinary fend 
joint to make where gas was available, and which, 
at the same time, was permanent. In conclusion, 
speaking on behalf of a manufacturing firm, he 
felt that a debt of gratitude was owing to the 
Standards Committee, to Mr. Dewrance, who had 
long been actively associated with the subject, and 
to Dr. Maw, for having compiled the report and 
given the trade something to work upon. 

Mr. H. F. Rutter said that, as a user of flanged 
work, he would like, in the first place, to bear 
testimony to the immense advan and conveni- 
ence which had accrued since stan flanges had 
become so general. He was sure that in time they 
would become universal. He desired to make a 
suggestion to the author for his consideration, and 
for conveyance to other members of the Committee 
—namely, that they should extend the list of 
flanges with regard to which they had already laid 
down standard dimensions. The t flan 
with which the Committee had so far dealt was, he 
believed, 24 in., or a flange suitable to a pipe of 
24 in. bore. That, no doubt, was going far enough 
for steam apparatus, especially in these days of 
superheat and small steam-pipes ; but in dealing 
with water it was necessary to go much further. 
Great inconvenience was at pia frequently 
experienced from the absence of uniformity among 
the makers of stop-valves, reflux-valves, and other 
fittings of the sort, so that it became necessary to 
drill bolt-holes on the ground, whereas these bolt- 
holes might very well have been drilled on the 
machine. He would therefore suggest that the 
sizes of pipes dealt with by the Committee should 
be extended to include pipes of 30 in., 33 in., 36 in., 
42 in., 48 in., and 54 in. : 

Mr. J. Arthur Aiton thought that the circum- 
stance that after ten years’ usage of their standards 
there was so little to criticise spoke well for the 
work of the Standards Committee. It had been 
mentioned that the largest maker of steel pipes 
used 75 per cent. of the standard, and another of 
the largest makers used the standard entirely. 
He also made steam-pipes, and when asked for 
anything outside the standard he charged more for 
it because of the extra cost of making. With 
regard to the various tables in the Standard specifi- 
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cation, he would like to suggest the removal from 
Table II. of columns 7, 8, and 9, as he did not 
think that a body such as the Standards Committee 
should countenance such an out-of-date thing as 
cast iron for steam-pipes. The other direction in 
which these particular columns were used related 
to welded pipes. In this connection he would 
point out that the Standards Committee stated 
plainly that the dimensions applied to flat welded- 
on flanges, not flanges welded with a collar. 
Flanges with a collar could be, and were, success- 
fully welded on to pipes ; it was purely a question 
of the method of welding. If welded on by what 
was termed the ‘‘fire process” —heating the flanged 
pipe in a fire and hammering—he did not think 
there was anything more successful than a good 
stiff collar on the flange. But when welding on by 
the electric or some other process, the collar was 
not an advantage at all. 

If the electric method were used—and incidentally 
he did not think the oxy-acetylene method was used 
for such heavy work as welding on yon large 
and ample fillet ought to be provided. In this there 
were two purposes. By allowing an extra amount of 
metal to bring up the strength of the joint by an 
amply heavy fillet (not a small one of # in. radius), 
the back of the flange was stiffened almost up to the 
state of a flange witha big collar on it. The other 
purpose achieved was that of strengthening the pipe 
at the point of attachment, a point raised by a 
previous speaker when referring to the attachment 
of a heavy flange to a light pipe. For the fore- 
going reasons, he urged that the three columns 
mentioned were unnecessary, and led to confusion. 
Personally he had encountered considerable con- 
fusion. When engineers specified the Committee 
standards and were given column 11, they said that 
they expected to get column 8, and it had then to be 
pointed out to them that that was for a flange with a 
collar on the back of it. He would also suggest 
that all the starred sizes should be left out except 
the 44 in., the others being what might be termed 
** bastard sizes.”” Diameters of 9 in., 11 in., 13 in., 
and 17 in. were sizes that could very well be done 
without. Table I. was very good so far as it went, 
but advances had been made during the last ten 
years, and the standard did not meet all the pur- 

required. 
The last speaker had mentioned water-pipes, to 

which Mr. Aiton would add that the standard did 
not meet the purposes of the large low-pressure 
steam-pipes used with turbines. Such pipes were 
made up either by riveting or welding, and the 
flanges were usually rolled-up rings of angle-bar, 
either riveted or welded to the pipe. e test 
pressure for such are did not need to be more 
than 30 lb., nor would he suggest that they should 
be more. These flanges, therefore, could be kept 
thin, and would have to be kept thin, because 
of the method of manufacture. It was diffi- 
cult to obtain the flanges of more than } in. 
thick, but he would suggest that it was not 
necessary to increase the size of the bolts, as was 
done regularly as the sizes went up. He further 
suggested that a 1l-in. bolt was ample for all pur- 
poses for those even up to a 72-in. flange. It was 
a question only of putting enough bolts. The pitch 
of the bolts, he thought, should in no case exceed 
7 in.—64 in. was about right. With 32 bolts on a 
60-in. pipe a pitch of about 64 in. would be 
obtained, which he did not consider excessive 
either in respect to number of bolts or pitch ; with 
these a very satisfactory joint might be made. 

In touching the vexed question of jointing mate- 
rial, he felt that he was treading on dangerous 
ground, especially in view of a previous speaker's 
suggestion that a contractor’s business was to put 
up pipes and get rid of them. Unfortunately, no 
engineer would let contractors off easily if the pipes 
leaked when put up, quite apart from the question 
of the contractor’s regard for his own reputation. 
It had been the speaker’s practice to use joints 
only inside of the bolts, and he did not con- 
sider that putting the joint all over the fla 
would strengthen the latter in the least. If the 
flange was going to cup, it would do so whether the 
joint were all over it ornot. To his mind, the only 
difference was this, that if it cupped with the joint 
inside the bolt-holes, it would tighten the joint ; 
whereas, if it cupped with the joints outside the 
bolt-holes, there would be leakage between the 
pipe and the bolt-holes, which was just as bad as if 
there were lea) through the flange entirely. 
He had found Taylor rings to be very satisfactory ; 
95 per cent, of the joints be supplied were made 

discretion. In his experience, a Taylor re- 
quired that the jointing material put on should be 
— on with a brush quite thin. To put a 
eavy putty sort of joint on it defeated the aims 

of the rings, because the stiff putty locked up 
between the corrugations and the joint was spoilt. 
On the other hand, if the joint were simply painted, 
there was a chance for the ring to squash up and 
do what was wanted. 

One speaker had referred to the oxy-acetylene 
welding of pipes in position. He (the speaker) 
had no personal experience of this practice, and 
had always fought shy of it. In his view, to make 
a satisfactory weld, the welding position must be 
at or hear the top of the pipe, and he had nt yet 
been able to see how a range of pipes, with bends 
and other difficulties, could be successfully welded 
on this process. He had never heard, and did not 
believe, that this method could be successfully 
carried out in such cases. Turning to the paper, 
he felt some diffidence in expressing his disappoint- 
ment with it. The author narrated what was done 
ten years ago, and as history that was ——— ; 
but history was not the object of the paper. He 
thought that a great opportunity had been missed, 
because there were so many vexed questions relat- 
ing to steam-pipes, such as the argument whether 
lap-welded or solid-drawn pipes should be used, 
and as to the thicknesses of pipes. Something had 
been heard about the fixing of flanges, but there was 
also the question of the method of fixing branches. 
Something also had been heard about jointing 
material. With regard to branches, ten years ago 
the oxy-acetylene and other forms of welding were 
in their infancy, while nowadays the use of cast- 
metal branches was out of date ; only two methods 
now existed—riveting on or welding on. 

There remained the question of whether welding 
should be done by the oxy-acetylene method, the 
ordinary electrical method with the carbon arc, 
or whether the system known as the quasi-arc 
should be used. Personally, he had never been 
able to find an oxy-acetylene joint that was up to 
the strength of the plate. Neither had he found a 
carbon-arc joint that was up to the strength of the 
late. With the semi-arc method, with a special 
— of electrode, the joint was up to the strength 
of the plate, due to the thickening of the joint. 
Breakage took place not at the joint, but 3 in. or 
4 in. back from it. He did not, however, claim 
that if the joint were kept to the same thickness as 
the plate it would be of the same strength, Lut, in 
depositing, the metal became thicker than the plate, 
and was therefore up to the strength of the latter. 
He would, in conclusion, suggest that the Standards 
Committee should revise the report and provide a 
larger standard, up to 72 in., for use on turbines. 
He would also ask for some statement of the Com- 
mittee’s views on the right thicknesses of pipe, 
seeing that these varied enormously. Further, it 
would be an advantage if the Institution could devote 
attention to the question of fixing flangeson branches, 
and other vexed questions which he had mentioned. 

The Chairman regretted having heard Mr. Aiton 

joint could be made that way, but he was perfectl 
satisfied, from a fairly long experience, that such a 
joint, at least with cast-iron flanges, was a very 
dangerous thing. With wrought-iron or steel pipes 
it was less risky, but the strain in the case of thick 

circle was dangerous. That, he thought, was shown 
by Mr. Dewrance’s figure. It was plain that the 
flange which had been supported all over held good 
where a flange not supported had cupped. In 
regard to putting on flanges, he had a preference 
for the flange with acollar. Experience showed, 
however, that there was some difficulty in welding 
the flanges all over; they were apt to be welded 
just on the edge of the collar, and be loose in other 
parts, and to crack away from the pipes. If rivets 
were put in, in addition to welding, as safeguards, 
a better job could not be made. 

In connection with the strength of flanges, he 
would like to refer to the interesting question 
raised by Dr. Maw. Personally, he did not see any 
connection between a cantilever and a pipe-flange. 
The sketch, Fig. C, showed the pipe- e un- 
strained in full lines. If it were strained, it tooka 
shape either like the dotted position shown at a or 
that shown at b. In the first case, at a, the dia- 
meter, which was originally that of the unstretched 
flange, was reduced. Consequently the material 

with them, but it was necessary to use them with | was considerably compressed. In the second case, 
at b, the material was stretched and the diameter 
was increased. The flange naturally offered 
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considerable resistance to the compression or 
a For that reason a round flange was 
considerably stronger than the plain cantilever. 
In the case of the cantilever formed by the small 
part cut out of the flange, the effect on its strength 
of altering its dimensions was known; the result 
on the imaginary cantilevers of altering the dimen- 
sions of the complete flange was, however, not 
known. Ifthe diameter of the flange were increased, 
it was not known how much was added to its 
strength, for the reason that there was a great deal 
more material to compress or stretch in cupping it. 
He would like to know what experiments were made 
to determine what the thicknesses of the flanges 
should be. He could conceive that on a 2$-in. 
flange matters might work out as Dr. Maw had 
said, and it might happen that the effective strength 
of the flange was the same as that of a number of 
cantilevers whose base was equal to the pitch of the 
holes. He did not see, however, that it followed 
that that relation would hold where a flange of 
different diameter was put on. The question was, 
first of all, what was the best relation between 
the diameter of the flange and thickness of flange ; 
secondly, what was the thickness of flange required 
to make an effective joint ? 

Mr. W. H. Patchell, speaking a second time, 
referred to the mention by Mr. Fox of the welding 
up of pipes, and desired to say that some time ago 
he had been engaged on a job in which a condenser 
could not be put up close alongside a turbine. 
Arrangements were made for a considerable length 
of wrought-iron pipe, of about 6 ft. 6 in. or 7 ft. in 
diameter, which had to be welded up. The con- 
tractors got on very well until the occurrence of 
a frost, when they found it absolutely impossible 
to weld the last joint. They had been unable to 
get up the temperature, and had been compelled 
to resort to a muffle joint. The incident had rather 
opened his eyes as to the possibilities and limita- 
tions of welded joints. 

Mr. E. J. Fox also added some further remarks. 
He said that, although a comparatively new intro- 
duction, oxy-acetylene joints had been adopted by 
between seventy and eighty gas and water under- 
takings in this country during the last two years. 
From a practical point of view, therefore, the difti- 
culties must have been overcome. Welding 
underneath had been mentioned, and in this con- 

say that he preferred the joint made with the ring | nection he would say that it was a difficulty that 
entirely inside the bolt-holes. No doubt a tight|had taken many years to get over. The question 

y | was how to weld underneath without dropping the 
soft Swedish iron, which was commonly used to fill 
the joint. It was, however, got over in a simple 
way, by giving a particular form of curve to the 
outside of the socket where the spigot entered it. 

flanges with the support entirely inside the bolt} There was just sufficient curvature to hold the 
molten material whilst the welding was going on, 
as illustrated in Fig. D. 

-D. 

Sc) 

On the question of difficulty in making the joint 
when in the neighbourh of other pir » it 

stood to reason that the joint could not be made 
‘unless it could be gotat. A lead joint might some- 

times be made at a distance of a couple of feet 

away, but that form of joint was only wanted 
exceptionally. Asa rule the joint could be got at 
sufficiently closely to be worked. It was no question 
of theory that the joint could be guaranteed to be 
stronger than the pipe. ; 

The Chairman further remarked on the question 

of making the joints underneath, that some time 

ago, at a he had seen an interesting pro- 

cess for welding up cracks for marine boilers on 

board vessels, One of the terminals of the are 
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was on the welder ; the other was the boiler itself. 

The bits of iron put in were held up by magnetism | 
to the boiler while the weld was being made. The 
material was put there, stuck there, and was welded. | 
The process was a German one, and he cou'd not | 
say whether it was still in existence. 

required to cup the blank flange itself without the 
pipe. That omission he would remedy by corres- 
pondence. He did not think that Dr. Maw in- 
tended the meeting to go away with the impression 
that the flange was entirely without strength, 

| although that might be almost the inference from 
Mr. Dewrance then replied to the discussion. the figures given. It did take a certain amount of 

Most who had spoken had asked him to impress power to cup the flange, and something had to be 
upon the Standards Committee the need for further 
work, and when either a committee or a person was’ 
asked to do more work,’ it was fair to assume that 
the work they had done wassatisfactory. Mr. Aiton 
had suggested that he had missed a great oppor- 
tunity of going more fully into the construction and 
methods of manufacture of pipes, but that was not 
the object of the paper. The real object was to 
get upon the Proceedings of the Institution a 
record, though a belated one, of the fact that the 
subject had not rested as left by Mr. Atkinson in 
the paper to which he had referred, The was 
therefore kept simply to the subject of the standard- 
isation of flanges. Of course, the change in the 
material of pipes and its uses that had taken place 
since the standard was fixed had been considerable. 
He did not, however, think that Mr. Aiton was 
quite right in suggesting that cast iron for bends 
and tees, and for valves and fittings, was entirely 
done away with, although these had been subjected 
to a great deal of change. There were still a great 
many fittings made with cast iron, especially for 
lower pressures, and the Committee could not be 
expected hurriedly to omit all reference to cast iron. 

Dr. Maw had given a very interesting criticism 
on the subject the speaker had brought forward : 
as to the way in which the strength of the flange 
was built up. On that point, however, Mr. 
Longridge had practically supplied what he had 
intended to say. He had been surprised to find 
that he had omitted from the paper the actual power 

allowed for that. Mr. Longridye had asked how 
the Committee had determined the thickness of the 
flanges. All the determinations were empirical. In 
every case some member of the Committee or 
another body had made actual tests. 

It was amusing to note that at the beginning the 
Committee had been bitterly condemned by pipe- 
makers for lavish waste of the material that they 
had sugested should be put into flanges. Ulti- 
mately the critics were induced to prove to the 
Committee their stupidity, and carried out some 
costly and interesting experiments for the pur- 
pose. The result of those experiments, however, 
was to convert the critics, who, in one or two 
instances, suggested that the flanges should be still 
further thickened, because it was quite clear that 
the flanges which had been in use up to that time 
could not possibly be kept tight without some 
elastic Laren 7 This packing, as was known, was 
quite unsuited to superheated steam. With regard 
to the larger pipes, up to 54 in., that was a point 
upon which he would report to the Committee, 
although it was a little beyond the scope of the 
work that they undertook originally, which related 
less to water-pipes than to steam-pipes, &c, 
The waveselings then terminated with the intima- 

tion that, on February 8 next, Sir Robert Hadfield 
would deliver a lecture on ‘* The History of the 
Metallurgy of Iron and Steel” before the Graduates’ 
Association, and that the annual general meeting 
of the Institution would be held on February 19. 

10-TON ROAD-ROLLER, 
Tue above illustration is reproduced from a photo- 

graph of one of a new class of steam road-rollers re- 
cently introduced by Meesrs. Marshall, Sons and Oo., 
Limited, of Gainsborough. This roller is of the 
single-cylinder type, and its weight is hominally 10 
tons. The design has been entirely remodelled with 
the object of producing a highly economical engine, 
capable of thoroughly consolidating road surfaces even 
on steep inclines. 

The boiler, which is intended for a working pres- 
sure of 180 1b. per sq. in., is fitted with one of the 

| firm’s patent fire-boxes with corrugated roof, which 
| was illustrated and described in our issue of Decem- 
ber 2, 1910, page 779, a construction of fire-box which 
has proved exceedingly satisfactory. The cylinder, 
which is steam-jacketed and heavily lagged, is planed 
on its base and fixed to a pressed-steel mounting having 
a planed face. The transmission gear is arranged on the 
four-shaft principle, all wheels being constructed of 
cast steel. The change-speed gears have machine-cut 
teeth, and give road speeds of 14 and 3 miles per 
hour. The engine illustrated is fitted with the firm’s 
four-pinion differential gear, which is provided with 
a spring locking-catch. 

Several improvements have been made in the design 
of the fore carriage to enable the front rollers to 
accommodate themselves to uneven roads, and to facili- 
tate the negotiation of sharp curves. The method of 
connecting the fore carriage to the boiler also enables 
the roller to be converted into a traction engine with- 
out difficulty. The rollers are all fitted with renew- 
able rims. A cast-steel winding-drum, provided with 
a swivelling guide-pulley and carrying 50 yards of wire 
rope, is fitted on the rear axle. 

e are informed that the firm are now engaged in 
completing patterns for a series of these steam road- 
rollers in both single-cylinder and compound types. 
The working of: the engines will be under close obser- 
vation for the next few months, and later on we hope 
to publish data relating to the fuel consumption and 
other results obtained. 
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induced the Cunard Com ultimately to apply this THE GEARED-TURBINE MAOHINERY pany 7 y ply ~ system to the Transylvania as well as to her sister- 
OF THE “TRANSYLVANIA. i , the Puhiotin. “ondaesd from Messrs. Alexander 

In October last (page 538, vol. xlviii.), in dealing | Stephens and Co., Limited, Linthouse, Glasgow, by 
with the trials of the Transylvania, the largest | the Anchor Line. Opportunity is thus afforded for a 
ship yet fitted with red turbines, we promised | direct comparison of the space occupied, and weight 
to illustrate the enitinery and to describe it fully. | involved, respectively, by ss machinery 
We now fulfil this promise, and publish this week the | and geared turbines, and, incidentally, by ordinary 
drawings of the general arrangement of the machinery | direct-driven turbines, as consideration was also given 
of the ship, reserving for a future issue the illustrations | to such an installation. 
of the geared turbines, the boilers, condensers, and} We are enabled to give on this page plans of the 
other details. The Transylvania, remarkable as she | machinery and the cross-section through the engine- 
is for the admirable ger arrangements and | room, illustrative of the three proposals approved, 
equipment to ensure safety and comfort—all charac- | showing, firstly, the original design of quadruple- 

Frg.7. Fu. SATs 0: 4-126" Miah eases 

THRUST 

RECESS 

an ae 
SECTION THROUGH ENGINE ROOM 

Fig.3. 

seen, too, that in both turbine arrangements the electric 
generating power-station and refrigerating plant are 
placed between the engine-room and the aft boiler- 
room, in a space which in the quadruple-expansion 
design was given up entirely to coal, so that the space 
elsewhere required for the electric and refrigerating 
machinery has been saved. 

It will be noted from the cross-sections (Figs. 1, 3, 
and 5) that the turbines require considerably less 
head room, and that the engiue-room hatch is much 
smaller, due in part to a correspondingly admirable 
system of engine-room ventilation, as a result of 
experiments by Mr. A. Galbraith, and fully describad 
by us in connection with the Aquitania,* and to be 
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teristic of the best traditions of the Cunard Company, expansion engines (Figs. 1 and 2); secondly, corre- | under whose supervision she was built—is specially | sponding drawings, to the same scale, of the geared notable for her machinery; but, before describing it, it| turbines as actually fitted (Figs. 3 and 4); and, may be well, by way of prefac:, to say that the vessel thirdly, similar illustrations of the direct - driven is 567 ft. in length over all, 548 ft. between perpen-/ turbines. In all cases the boiler arrangement is the diculars, 66 ft. 3 in. in breadth moulded, 45 ft. in depth | same. The steam-generating plant for the originally- moulded to shelter-deck, with a load draught of | designed power of 9500 indicated horse-power, includ- 27 ft. 6in. She has acoommodation for 2475 passen- | ing athwartship bunkers, ocoupied 117 ft. 6 in. of the gers, including 350 of the first-class and 125 in the | length of the ship. When it was decided to fit geared second-class rooms. : turbines ins of quadruple-ex ion engines, it When the vessel was laid down at the works at was too late to modify the stokehold arrangements, Greenock of the Scotts’ Shipbuilding and ee | although less steam and fuel were required for the Company, Limited, it was intended that she should geared turbines, owing to their higher economy, and have two sets of quadruple-expansion — collec- | therefore less space and weight were necessary. To tively of 9500 indica herse-power, driving twin take advantage of the consequent relatively greater screws, but the successive demonstrations of the boiler power, the turbines and gearing were designed economy, reliability, and suitability of geared turbines | for not less than 11,000 shaft horse-power. It will be 

or 

referred to later. It results that in a part of the ship 
specially suitable for first-class passenger accommoda- 
tion a greater area on each deck is available for state- 
rooms or public saloons. Moreover, the length of the 
engine-room, notwithstanding the increase from 9500 
indicated horse-power to 11,000 shaft horse-power, 
is considerably less than with reciprocating engines. 
Thus, for the latter the engine-room alone was 60 ft. 
long, whereas for the geared turbines it is only 
47 ft. 6 in. In other words, the cubic capacity 
originally allowed for the 9500-indicated-horse-power 
quadruple-expansion engine installation was 89,000 
cub. ft., whereas the 11,000-shaft-horse-power geared 
turbines enable a reduction of fully 10 per cent. to be 
made, and in the case of direct turbines over 5 per cent. 

See ENGrneerine, vol. xlvii., page 699. 
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ARRANGEMENT OF THE AUXILIARY MACHINERY OF THE TSS. “TRANSYLVANTA.” 

CONSTRUCTED BY MESSRS. SCOTTS’ 

ELEVATION OF ENGINE ROOM LOOKI 

SHIPBUILDING 

TO STARB®? 

4 

x ! Fig. 4. | 
‘ie 

WORKSHOP 

HEATER 

Fig .15. 
ELEVATION OF ENGINE ROOM 

LOOKING TO PORT 

WATER FILTER 

AND ENGINEERING COMPANY, LIMITED, GREENOCK. 

~~ 

CARPENTERS 

Ss 

69 ” 73 75 77 

Something like one-third of the saving is in both cases, more effectually below the water-line renders them 
available for increased first-class and second-class| more immune from gun-fire. An interesting point 
accommodation, so that the gain from the point of view | which is brought out in the drawings is that with the 
of revenue-earning is an important item. As regards | introduction of gearing it has been found possible to 
the weight of machinery, the reduction owing to the | revert to the twin-screw arrangement, which was 
use of turbines is about 15 per cent. in the almost universal with the reciprocating engine. A 
engine-room alone, but, as we have pointed out, had | comparison of Figs. 2 and 4 with Fig. 6 suggests 

e hold space 
aft with the twin-screw machinery, due to there being 

it possible to modify the design of the steam- | that there is considerable increase in 

| dies two shaft-tunnels, as com 
generating plant in view of the less consumption of the 
geared ines, there would have been a greater saving 
in weight required, as well as in space occupied for the | direct turbine drive as proposed. 
same power. From the point of view of transportservice| Deferring for the momenta description of the details 
the gain is especially remarkable, because a greater | of the turbine design, we may refer to the general 
number of troops, of guns, and of munitions of war | arrangement of the machinery of the ship. Fig. 7, on 
can be carried, while the fact that the engines are | the two-page plate, isa longitudinal section, and Fig. 8, 

pared with three in the | cond 

& FLOAT TANK 

& 

on the same plate, a plan through the two boiler-rooms 
and the engine-room. Figs. 9 and 10, on page 133, are 
cross-sections respectively through No. 1 and No. 2 
boiler-rooms. Fig. 11, on the same page, shows the 
arrangement of the pumps, &c., at the forward end of 
the engine-room, close to the bulkhead between the 
engine-room and the electric-power station. Fig. 12 
is a section showing the connection between the port 
low-pressure ah and astern turbine and the port 

enser, with its circulating and air-pumps, drain- 
tanks, &c. Fig. 13 is a section at the forward end of 
the engine-room on the port side, showing the auxiliary 
condenser plant, The sectional drawings, given on this 
and the opposite page, deal mostly with the disposition 
of the auxiliary machinery. Fig. 14 shows the arrange- 
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ARRANGEMENT OF THE AUXILIARY MACHINERY OF THE TSS. “TRANSYLVANIA.” 
CONSTRUCTED BY MESSRS. SCOTTS’ SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GREENOCK. 

Fig. 16. SECTION AT FRAME 74. LOOKING AFT. MAIN DECK 
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ment of the machinery on the starboard side of the supply, the refrigerating machinery being also shown. | aft wings of the engine-room. Fig. 20 is « section 
turbine-room, and Fig. 15 the arrangement of those Fig. 18 is a section through the turbine, on the star- | showing the position of the auxiliary engines at the 
auxiliaries which are on the port side. Fig. 16 is a| board side of the ship, illustrating the relation of the | forward end on the starboard side of the turbine. 
cross-section through the turbine-room immediately | strainer between the high-pressure and the low-pressure| A study of these plans will show that each propeller- 
abaft the main turbine looking aft, and here several | turbines, the eduction-pipe from the latter, and the | shaft is driven through gearing by @ set of high and 
more of the auxiliaries are shown. Fig. 17 is a longi- | condensers, with their circulating-pumps. On e | low-pressure turbines, and these, as will be described 
tudinal section, showing the relation of the main feed- | 136 there is a further section (Fig. 19) showing the | in our subsequent article, run at 12} times the speed 
pumps to the filters, and thence to the main boiler | gear-cases and the pumps, evaporators, &c., in the|of the propeller-shaft, The pinions coupled to the 
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turbine-shafte have flexible couplings, to give axial 
freedom, and are situated one on each side of a geared 
wheel, as shown in Figs. 8 and 19. The astern turbine 
is incorporated in the exhaust end of the low-pressure 
casing in the usual manner, as shown in Figs. and 8, 
and consists of an impulse-wheel followed by eighteen 
rows of reaction blading. We defer a detailed refer- 
ence to the turbines until our next article, and here 
may confine ourselves to a description of the general 
arrangement of the machinery, as illustrated by the 
drawings reproduced in this issue. 

Steam is supplied from six double-ended boilers, 
21 ft. in length and 16 ft. in diameter, with thirty-six 
furnaces in all. These, as shown in Figs. 7 to 10, are 

in two separate compartments, with three 
lers in each, the exhaust gases from each group 

passing to a funnel 15 ft. in diameter, rising to a height 
of 117 ft. from the fire-grates. Kight ventilators, of 
4 ft. 6 in. diemeter, with 8-ft. 6-in. by 6-ft. cowls, 
supply naturai draught to the stokeholds. A See’s 
pes oe Bron as shown in Fig. 10, is fitted in each 
boiler-room for use at sea, and steam ash-hoists for 
use in port. 

There are independent main steam leads from each 
group of boilers, and any boiler can be cut off. The 
steam passes through anti-corrosion strainers, and the 
piping is joined up to two main stop-valves on the 
engine-room bulkhead, with a cross-connection, so that 
each stop-valve may work in conjunction with either 
or both turbine sets. The separator and manceuvring- 
valves will be illustrated and described in our next 
article. There is, as shown in Figs. 8 and 18, a 
strainer between the high-pressure and low-pressure 
turbines. We shall illustrate the condenser in our 
next article. It will be seen from Fig. 18 that pro- 
vision is made in the attachment of the condenser to 
the ship, by means of spring washers, for considerable 
expansion between the turbines and the condenser 
without causing any trouble. The exhaust-bends are 
made of cast iron. Independent air-pumps of the 
** Dual” type are also fitted to this important part of 
the turbine installation to maintain the high degree 
of vacuum desired, The condensed water dealt with 

from the condenser to ‘he hot-well float-tank, 
which is fitted with automatic control-gear for regulat- 
ing the speed of the hot-well pumps. These pumps 
discharge through large twin filters to a direct contact 
feed-water heater, placed high up in the engine-hatch. 
The feed-pumps, which are automatically controlled 
from the heater, draw off the hot water and discha: 
to the boilers (Fig. 11). A condensing plant capable 
of dealing with all the steam from the auxiliary plant, 
including deck -winches, electric engines, and _ re- 
frigerating plant, has been fitted, with separate cir- 
culating, n, and auxiliary feed-pumps, automati- 
cally controlled (Pig. 18). 

Special attention been paid to the design of the 

012846 

GEAR |; CASE 

forced-lubrication systems, and separate services are 
provided for supplies to bearings and to gear-cases, 
together with an efficient stand-by arrangement. 
Thus each of the above services includes an oil-pump, 
shown in Figs. 7, 8, and 19, which discharges through 
@ four-flow cooler, the oil passing through nests of 
tubes, in which are fitted spiral-wound retarders, to the 
bearings, from which a gravity flow is arranged to the 
drain-tanks. In the case of the turbine- bearing system, 
separate drain-tanks for port and starboard engine sets 
are situated between the high-pressure and low-pres- 
sure turbines at the level of the tank top, while for the 
gear-cases special construction subdividing the space 
between the inner and outer bottom, and each side of 
the centre girder, and an arrangement of all-round 
cofferdams, has provided drain-tanks suffiviently low 
for efficient gravity drain under all conditions of rolling, 
and at the same time minimises the risk of contact 
with sea or double-bottom tank water. Twin-strainers 
are fitted on the suction side of each oil-pump for the 
two separate systems, and a third pump, which acts 
as a stand-by, is interconnected through a shut-off cock 
with both these strainers, and on the discharge side 
with -case and bearing-coolers. Strainers being 
in duplicate, it is thus possible to clear any obstruc- 
tion in the suction without shutting down the pump. 
A by-pass is fitted for the obtaining of a direct oil dis- 
charge to either system from the pump without first 
passing through the cooler, and a gravity system is 
also installed by means of which a supply of oil to the 
bearings, &c., can be maintained in the event of the 
main system being momentarily put out of working 
order. Sea-water circulation through the coolers is 
maintained by a large duplex high-duty pump, with 
cross-connection to sanitary and distiller circulating 
pumps, ensuring safeguard against failure of the supply 
at any time. The filling arrangement is such thes 
— pipes are available for the turbine and store 
oils ; a separate settling-tank is provided for each of 
the main systems, to which the oil may be pumped, to 
allow any water formed by condensation to be drawn 
off. Reserve oil is carried in large tanks situated under 
the settling-tank at the engine-room aft bulkhead. 

A large ballast-pump gives the necessary trim to 
the double-bottom tanks. As shown in the drawin 
ee age the ballast, sanitary, fire and wash-deck, 
oil-cooler, circulating, distiller and CO, circulatin 
pumps are all cross-connected in such a way that i 
any one broke down, one or other could take up its 
duties. A large duplex pump has been set aside for 
bilge duties exclusively, but other pumps are capable 
of dealing with this in any emergency. 
A workshop is provided, so that ordinary repairs 

can be quickly carried out (Fig. 14). 
The ventilation of the engine-room has received 

most careful study, and promises to repay the labour 
sospent, Two large fans working on a vertical axis 

SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GREENOCK. 
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at either end of the engine-room, situated under the 
decks at different levels, discharge 62,500 cub. ft. of 
air each per minute (Figs. 7 and 16). Complete lifting- 
gear arrangements are provided for the overhaul of the 
turbines and gearing, and arrangements for examining 
all the important bearings are made. The small sizes 
of the turbines, compared with a direct-driving set of 
turbines, render these operations comparatively simple. 

The ship is subdivided into thirteen water-tight 
compariments. The water-tight doors are worked 
on the Stone-Lloyd system ; each door is electrically 
connected to a facia, which indicates by coloured lights 
whether the door be open or closed. One of these 
facias has been placed on the bridge, and one at the 
engine-room starting-platform, from which places all 
doors can be operated by a switch. When the door has 
to be closed a warning-bell rings, allowing the party 
in the compartment time to reach a place of safety. 
There is also an individual switch at each door 
whereby its p can be arrested if anyone is 
caught inside the compartment; there, again, has 
security been made doubly sure, as a hand-gear has 
been fitted, whereby the doors can be operated from 
above the water-line. The Stone-Lloyd pumps are 
placed aft on the starboard side of the engine-room 
(Figs. 7 and 16). 

The three electric generators which supply the light 
and the power to drive the fans, &c., are placed in 
the compartment between No. 2 boiler-room and the 
—— (Figs. 7 and 8). The switchboard is 
27 ft. in length. A complete installation of cold storage 
plant is provided here also for ship’s provisions, and the 
supply of cold drinking water. This plant is on the 
CO, principle. 
Two large copper calorifiers provide the hot fresh 

water, whilst two large boilers of a similar nature 
supply all the bath-rooms in the ship with an adequate 
supply of hot salt water. Two duplex pumps supply 
the sanitary water. Two similar pumps are used for fire 
and wash-deck purposes. Two smaller pumps supply 
drinking and domestic water to all parts of the ship, 
and two evaporators, each of 50 tons capacity per 
24 hours, with a distilling plant and filter, make up 
the supply (Fig. 14). 

On page 138 there are reproduced two phot 
the turbine machinery-room, taken by Messrs. ford, 
Lemere and Co., London. Fig. 21 isa view across the 
engine compartment, looking toward the starboard 
side of the ship. Both high-pressure turbines, with 
their series of gauges for the various expansions, 
are seen, with the steam-pipe connections to the 
left, and the gear-cases to the right, while in the 
distance is distinguishable the eduction - pipe from 
the starboard low-pressure turbine te the condenser. 
On the extreme right is the ventilating-fan, with its 
shaft. Fig. 22 is a view from the of the gear-box, 

hs of 

looking forward. The eduction-pipe from the port low 
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pressure turbine is a prominent feature to the left ; 
centrally is the port high-pressure turbine, with the 
wheels operating the stop-valves and manceuvring-gear 
beyond ; while above are the electric generating sets, 
and near the top right corner the motor-driven venti- 
lating-fan. 

(To be continued.) 

NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened with a firm tone, and a good 

Cosioess of 5000 tons of Cleveland warrants was done at 
from 56s. 8d. to 56s. 7d. cash, at 56s. 9d. eight days, from 
56s. 11d. to 57s. to 56s. 114d. one month, and at 57s. 84d. 
three months. At the close sellers quoted 56s. 7d. cash, 
56s. 114d. one month, and 57s. 74d. three months. 
Buyers of hematite were offering 80s. 6d., but there 
were no sellers. The market was firmer in the after- 
noon, when 3500 tons of Cleveland warrants were 
put through at 57s. and 57s. 14d. one month, and 
at 57s. 10d. three months. Closing sellers named 
56s. 10d. cash, 57s. 2d. one month, and 57s. 10d. three 
months. On Friday morning the market was very active, 
and prices advanced about 7d. a ton. The turnover 
amounted to 10,000 tons of Cleveland warrants at 57s. 8d. 
twenty-seven days, from 57s. 4d. to 57s. 9d. one month, 
and from 57s. 10d. to 58s. 1d. three months. and the 
closing quotations were 57s. 5d. cash, 57s. 94d. one 
month, and 58s. 5d. three months sellers. The afternoon 
session was also strong, and 3000 tons of Cleveland 
warrants changed hands at 57s. 74d. cash, at 57s. 114d., 
57s. 94d., and 57s. 10d. one month, and 58s. 5d. three 
months. At the close sellers’ quotations were 57s. 64d. 
cash, 57s. 104d. one month, and 58s. 6d. three mont 
On Monday morning the upward movement made further 
progress, and dealing in Cleveland warrants amounted to 
4500 tons at from 57s. 8d. to 57s. 10$d. four days, from 
58s. to 58s. 5d. one month, at 58s. 8d. March 18, and 
from 58s. 6d. to 59s. 3d. three months. The closin 
quotations were 58s. 2d. cash, 58s. 6d. one month, an 
59s. 4d. three months sellers. A slight reaction took 
place in the afternoon, when Cleveland warrants 
changed hands at 59s. 2d. April 13, and 59s. 44d. 
three months. The turnover was limited to 1000 
tons, and sellers’ closing prices were 57s. 8d. cash, 58s. 
one month, and 58s. 1ld. three months. On Tues- 
day morning an easier tone prevailed, and Cleveland 
warrants slipped back a trifle. The business consisted of 
2500 tons at 57s. 54d. cash, 57s. 7d. twenty-three days, 
57s. 84d. twenty-seven days, and 57s. 94d. one month, 
and at the close sellers named 57s. 6d. cash and 57s. 94d. 
one month. For the three months position there were 
no sellers’ quotations, but buyers quoted 58s. 4d. Inthe 
afternoon there was a better tone, and prices advanced, 
with Cleveland warrants—2500 tons—changing hands 
at 58s. twenty-three days and one month, and at 58s. 9d. 
three months. The closing quotations were 57s. 10d. cash, 
58:. 2d. one month, and 58s. 104d. three months sellers. 
When the market opened to-day (Wednesday) the tone 
was the turn easier, and 5000 tons of Cleveland warrants 
were done at 57s. 10d. nine dee 583. and 58s. 1d. one 
month, and from 58s. 6d. to 7d. three months. At 
the close of the session there were sellers at 57s. 94d. cash, 
583. 14d. one month, and 583. 84d. three months. The 
market was nominally steady in the afternoon, but the 
dealings were confined to 2000 tons of Cleveland warrants 
at 57s. 8d. cash, 58s. one month, and 58s. 84d. three 
months. The closing quotations were called 57s. 9d. 
cash, 58s. 1d. one month, and 58s. 9d. three months. 

Sulphate of Ammonia.—Quite a considerable demand 
continues to exist for sulphate of ammonia at the present 
time, and, although the forward price is still firm, there 
is a fair amount of profit-taking at the current quota- 
tions. The position is rather difficult to read, and many 
are of the opinion that high-water mark has almost been 
reached, and that prices will ease off before long, while 
some consider that a strong tone will continue yet awhile. 
The present price for prompt delivery is 137. 10s. to 13/. 15s. 
per ton, Glasgow, and 13/. 15s. to 14/. per ton, Leith. 

Scotch Steel Trade.—Active conditions are ral in 
the Scotch steel trade, and there is little f. to note 
beyond the fact that there is a fair amount of pressure 
for deliveries. Shipbuilders keep asking for plates, | and labou 
structural engineers for sections, and makers of sheets 
also report a brisk demand. There is an excellent outlet 
for all classes of material at the present time, mostly for 
home vequiceneas, and the fear of further increases in 
prices is bringing out backward buyers, which in itself is 
helping to keep the — up. On the other hand, what can | best 
producers do when hematite iron has advanced so much, 
and is now quoted round 90s. per ton? Dear fuel and 
scarcity of labour are also serious factors with which 
nanagements have to contend. The export trade has 
varied very little during the week, and although inquiries 
are fairly good, the eg bee being asked and the heavy 
cost of transport are, between them, keeping back busi- 
ness. Another advance has been made in prices, and the 
iollowing are the current quotations :—Ship-plates, 8/. 5s. 
‘o 8/. 105. per ton ; boiler-plates, 8/. 15s. to 9/. per ton; 
nd angles, 8/. 5s. to 81. 7s. 6d. ton, all less 5 per cent. 

tor Clyde or equal delivery. The export rates are :—For 
hip-plates, 82. to 82. 5s. per ton; and angles, 8/. 5s. to 

8/. 78, 6d. per ton—both less 24 per cent. f.0.b. Glasgow. 

Scotch Pig-Iron Trade.—The Scotch pig-iron trade 
continues good, as the local demand shows little signs of 
falling away, and buyers in the South are also taking 
‘air quantities. Of course, there is not very much shipping 
ousiness meantime, but that branch may out botore 
long. Prices are firm at last quotations, and the following 

are the current rates for makers’ (No. 1) iron :—Cl 
73s. 6d.; Calder, Gartsherrie, and Langloan, 74s. ; 
Summerlee, 75s. (all shipped at Glasgow); Eglinton, 
67s. 6d., and Glengarnock. 73s. 6d. (both at Ardrossan) ; 
Shotts, 75s., and Carron, 77e. (both at Leith). Hematite 
is in steady demand, and is quoted ab 90s. per ton, 
delivered at the local steel works. 

Malleable-Iron Trade.—The state. of thi in the 
malleable-iron trade is fairly satisfactory, employ- 
ment is good. Specifications against contracts are coming 
in freely, and the outlook is bright. Prices are firm, but 
are unchanged at 8/. 2:. 6d. per ton, less 5 a cent. for 
** crown ” bars, while steel bars are nominally 8/. 10s. per 
ton. 

Scotch Imports of Iron and Steel.—The uphesval of 
things in general, and the disarrangement in shipping 
through the war, is seen in our imports and exports. 
The following figures are of peculiar interest, showing, as 
they do, the registered imports and value of certain kinds 
of iron and steel manufactures for the month of December 
last, into the ports of Glasgow, Greenock, Grangemouth, 
Leith, Dundee, and Aberdeen. The Continental con- 
tribution consisted of wrought iron in bars, angles, 
and sections from Sweden, amounting to 13 tons, an 
valued at 146. The United States of America sent us 
73 tons of steel bars, angles, and sections, valued at 5661. 
yf! Lo a of iron and steel hoops and strips, valued 
at 12, . 

NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippLessprouGH, Wednesday. 
The Cleveland Iron Trade. — Outside speculation in 

Middlesbrough warrants influences values of Cleveland 
pig to some extent, and the fluctuations in warrants is 
interfering with genuine business in makers’ iron. This 
week warrants have touched 58s. cash buyers, and have 
been down to 57s. 5d. cash buyers. No. 3 g.m.b. Cleve- 
land pig is 57s. 9d.; No. 1, 59s. 9d.; No. 4foundry, 57s. 3d.; 
No. 4 forge, 56s. 9d.; and mottled and white iron, each 
56s. 3d. Considerable orders for Cleveland pig are due 
for shipment, but deliveries are delayed on account of the 
extraordinary freights demanded, Customers north of 
the Tweed continue to take supplies by rail, and very 
little iron is now goi 
customers. Italy is drawing supplies from America, as 
under existing freight conditions she can buy cheaper 
from the States than from this district. it Coast 
hematite pig is very strong, and further advances are 
anticipated. Makers are in no great hurry to make 
further contracts, as the supply of foreign ore threatens 
to be curtailed. As it is, several furnaces, Cleveland 
as well as hematite. are already on slack blast, the 
former owing to short supplies of local ironstone and 
the latter in consequence of inadequate supplies of im- 
ported ore. Mixed numbers of hematite range from 90s. 
to 95s. The suggestion to bring foreign ore to the West 
Coast and convey it to the East Coast by rail has been 
followed by negotiations, with the result that the carriage 
rate of ore from Liverpool to this district has been re- 
duced from 1¢s, to 6s. 6d., and the rate from Heysham, 
pag og and other Western ports has been fixed at 
5s. 10d. to the whole of the North of England. These 
rates apply to carriage in owners’ trucks, but as no such 
trucks are available, further negotiation is proceeding. 
Foreign-ore quotations are very difficult to fix. Nomi- 
nally they are based on round about 29s. 6d. ex-ehip Tees 
for best Rubio. Ore freights, Bilbao-Middlesbrough, are 
16s, to 17s. Imports of foreign ore to the Tees to date 
this month were to-night (Wednesday) officially returned 
at 94,633 tons. 

Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 115,606 tons. 
Since the beginning of the month the stock has been 
increased by 7090 tons. Shipments of pig-iron from the 
Tees are on only a very moderate scale. 

Manufactured Iron and Steel.—Excellent accounts con- 
tinue to be given of all branches of the manufactured iron 
and steel trades. Works are fully employed, and most 
producers are pressed for delivery. New business con- 
tinues to come in, and manufacturers have orders booked 
to keep them in full operation for some months to — 
providing there is an adequate supply of raw materi 

r. Prices of several descriptions have been 
advanced. Iron and steel bars, iron steel ship-plates, 
iron and steel Lene ae packing iron, and joists 
have been advanced 10s. each, whilst steel boiler-plates 
have gone up 15s., and steel sleepers 20s. Princi 
market quotations now stand : —Common iron bars, 8/. 10s; 

8l. 178. 6d.; best best bars, 97. 5s. ; packing- 
iron, 7/.; iron ship-plates, 87. 10s.; iron ship-angles, 82. 10s. ; 
iron ship-rivets, 97. to 92. 5s.; iron eo Ss 
bars (basic), 8/.; steel bars (Siemens), 8/.; steel ship-plates, 
81. 10s.; steel ship-angles, 8/. 5s. ; steel wt 91. 10s. ; 
steel strip, 7/. 10s.; steel hoops, 8/. 5s.; joists, 
81. 7s. 6d. to 81. 10s.—all less the customary 24 per cent. 
discount ; cast-iron columns, 7/. 7s. 6d.; cast-iron railway 
chairs, 41. 7s. 6d.; light iron rails, 71. 15s.; heavy steel 
rails, 6/. 10s.; steel railway sleepers, 8/.—all net f.o.b.; 

vanised sheets, 24 gauge, in bundles, 117. 10s. 
to 122. f.o.b.—less the usual 4 per cent. 

Iron Trade Statistics.—According to the quarterly 
returns of the Middlesbrough Chamber of Commerce, 
the number of furnaces in blast within the port of 
Middlesbrough at December 31, 1914, was 49, as com- 

red with 52 at the end of 1913. The output of pig-iron 
uring the last three months of 1914 was 594, tons, 

322,000 tons being Cleveland pig-iron, and 272,000 tons 
hematite, spiegel, basic, and other ial irons. In the 
previous quarter the make amounted to 572,000 tons, of 

to Italy, one of Cleveland’s best y 

i production 
during the year 1914 amounted to 2,391,000 tons, of which 

Cleveland, and 1,084,000 tons bema- 
n the previous twelve months the make was 

being Cleveland iron, and 
t during the year 

largest on record, and ear’s was the 
second best. Imports of iron ore to i ae 
during the fourth oer of 1914 reached 325, 
tons, as =e with 484,371 tons during the previous 
uarter, and 552,392 tons during the last three months of 

previous year. The total imports for the past year 
were 1,819,813 tons, against 2,297,586 tons in 1913. 
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Tue InsTiTvTION OF Navat Arcuirects.—The annual 
meeting will be held in the Hall of the Royal Society of 
Arts, on ee March 24, and the following day. 
Owing to the war, the usual dinner and reception will not 

ALMANACKS AND OALENDARS.—In addition to the 
various al: and calendars already acknowledged 
in our columns, we have received wall calendars from 
Messrs. Leyland Motors (1914), Limited, of Leyland, 
Lancashire ; Messrs. Charles Churchill and Co., Limited, 
of 9-15, Leonard-street, Finsbury, London, E.O.; and 
Miss Ethel Christian’s Syeorees Office, of 36 and 38, 
Southampton-street, Strand, London, W.C. The former 
-_ daily pull-off sheets, and the two latter monthly 

eets. 

SIEMENS AND HALsKE.—It was stated at the general 
meeting of this company that almost one-third of its 
employees had been led to the front; so far, 112 
officials and 216 men had fallen, Considering the reduced 
number of hands, the eueey was still satisfactorily 
employed. Ordinary peace rs, of course, had de- 

d, but orders for war purposes had been all the 
more plentiful. Should nothing special occur, a relatively 
satisfactory result might also be ex for the current 
ear. The company paid about 300,000 marks per month 

in aid, which sum would have to go to the debit of the 
current expense. As is some of the company’s more 
important work, the Kiruna electrification was about 
ready; the delay was due to some Swedish works being 
behind time. opening of the express line Halle- 
Leipzic had been postponed at the instance of the autho- 
rities in question. Outstanding amounts were coming in 
satisfactorily, and all payments from Japan had also 
been received punctually ; the com 
in Japan had also been allowed to go on with their work 
without being molested in any way. During the first 
period after the declaration of war the men had withdrawn 
some 10 per cent. of their savings deposits, but these 
had since been paid in again with additional sums. 

pany’s representatives 

Norta-East Coast INSTITUTION OF ENGINEERS AND 
Suipsvitpers.—A scholarship will be offered for com- 
petition among graduates of the North-East Coast Insti- 
tution of Engineers and Shipbuilders in September next. 
The scholarship is tenable for two years, and is of the 
annual value of 50/. It will be a led on the results of 
an examination held in Newcastle during the month 
of September, simultaneously with the matriculation 
examination of Durham University, in the followi 
subjects: —(a) English ; (6) Mathematics; (c) Experi- 
mental very candidate for the larship 
shall be a British subject, and a member of the graduate 
section of the Institution of not less than one year's 
standing, and shall have served or be serving an appren- 
ticeship on the North-East Coast. The succeesful candi- 
date shall undertake to remain a member of the aforesaid 

duate section during the tenure of the scholarshi 
successful candidate shall attend a or tech 

nical school on the North-East Coast of Englan 
under ial circu 
any application to attend a college or technical school 
elsewhere. Further information can be obtained from 
the secretary, North-East Coast Institution of Engineers 
and Shipbuilders, Bolbec Hall, Newcastle-on-Tyne. 

Patent Sarety Latue-Carrier.—Lathes are the cause 
of many accidents in engineers’ shops, and each serious 
accident entails considerable expense to the owner. In the 
year 1913 there were 3932 lathe accidents in the United 

pal | Kingdom, and of these six were fatal. There are many 
parts of a lathe which cannot be provided with guarde, 
and in connection with which accidents can on) pre- 
_— b ~~ — s0 es of the men. 

e ess, ingenuit igners is steadi} 
reducing the points a4 yond , the latest cupteibution 
being the Ransome and Jones safety lathe-carrier, manu- 
factured by Messrs. A. Ransome and Oo., Limited, of 
Newark-on-Trent. This com i 
the old carrier, hut on the f of it there is a disc, and 
around this disc a rim, like the rim of a pulley. The face 
of the disc is not continuous, for it is pierced in the 
centre to pass over the work, and near the edge there is 
an oper which the set-screw can be turned. 
‘There is also a in the rim through which a box-key 
an tee to the set-screw. The important point is 

and edge carry no projecting parts to catch 
@ man’s sleeve ; aber ey which is the usual cause of 
accident, carriers are 
made of a steel alloy, and are sent for a free 
fortnight’s trial to those Wap ouiee to make the experi- 
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NOTICES OF MEETINGS. 

Tus InstrruTion oF Execrrical Enernmers (BIRMINGHAM LocaL 
Sxction).—Friday, January 29, at 7.30 p.m., at the University, 
Edmund-street. Professor Andrew Gray will deliver his Kelvin 
Lecture on “Lord Kelvin’s Work on Gyrostatics.” 
Tue Associamion oF Munine Exgorrica, Exemeers: LanNca- 

SHIRE, CHESHIRE, AND NORTH STAFFORDSHIRE BraNcr.—Saturday, 
January 30, at 6.30 p.m., in the Grosvenor Hotel, Deen ‘ 
Manchester. Mr. Bolton Shaw will read his Presidential Address, 
and a paper by Mr. T. J. Nelson, entitled “ Prevention of Elec- 
trical Accidents in Mines,” will be read and discussed, 
Tue Soctery or Encineers.—Monday, February 1, at the In- 

stitution of Electrical. Engineers, Victoria Embankment, W.C. 
r. H.C. H. Shenton (President, 1914), will present the pre- 

miums awarded for — published in the journal during 1914. 
Mr. Norman Scorgie, the President for 1915, will then deliver his 
a address. The chair will be taken at 7.30 p.m. pre- 

y. 
Tue Roya. Socisty or Arrs.—Monday, February 1, at 8 p.m. 

Cantor Lecture: ‘Oils, Their Production and Manufacture,” by 
Dr. F. Mollwo Perkin, F.L.O. (Lecture IIL). Tuesday, Feb- 
ruary 2,at 4.30 p.m. Colonial Section. “ Sugar and the War.” 
by Mr. Edward R. Davson. The Right Hon. Lord Desborough, 
K.C.V.O., will preside. Wednesday, February 3, at 8 p.m. 
thn oy Industrial Development After the War,” by Mr. Octavius 
Charles Beale, Vice-President of the Australian Manufacturers’ 
Association. Mr. George R. Parkin, O.M.G., LL.D., D.O.L., 
Organising Secretary to the Rhodes Scholarship Trust, will 

le. 
Tus Réntesn Sociery.—Tuesday, February 2, at 8.16 p.m., at 

the Middlesex Hospital, W. (by kind permission of the authorities), 
Dr. Sidney Russ will read a paper on ‘‘ Measurements of the Radi- 
ation from the Coolidge and Other X-Ray Tubes in Olinical Use.” 
D-. OC. R. C. Lyster will show a Coolidge tube. A *‘ Victor” inter- 
rupterless transformer will be exhibited. 

8 NorrixeHaM Socrery or Excinwars.— Wednesday, February 
8, at 7.30° p.m., at the Welbeck Hotel, Mr. W. Ralph Bates, of 
Alfreton Iron Works, will deliver a paper on ‘‘ Cast nm,” with 
special ref in ite application to pipes. 
Tae InstiruTs or Sanitary Exommemrs.—Wednesday, February 

8, at 8 p.m., at Caxton Hall, Caxton-street, Westminster. A 
paper will be read on * Problems in Modern Illumination,” by 
Mr. Valentine H. Mackinney. 
Tue Roya. Isstrrotion or Great Barrain.—Friday, February 5, 

at 9 p.m., a discourse will be delivered by Professor Arthur 
W. Crossley, D.Sc., F.R.S_, on “‘ Science and Industzial Problems.” 
Afternoon lectures next week at 3 o'clock. On Tuesday, February 
2, Professor Charles S. Sherrington, M.D., LL.D., D.Se., F.R.S., 
Fullerian Professor of Physiology, R.I., on ‘‘Muscie in the 
Service of Nerve” (Lecture III). On Thursday, February 4, Mr, 
Henry G. Plimmer, F.R.S., M.R.C.S., M.R.1., on ‘* Modern 
Theories and Methods in Medicine—Methods and Results” (Lec- 
ture IIL). On Saturday, February 6, Mr. Henry Walford Davies, 
Mus. Doc., LL.D., on *‘ Music—to Untrained Listeners.” (Illus- 
trations by lecturer.) (Lecture 1.) 
Tue Concerts InstirvTe.—Thursday, February 4, at 7.30 p.m., 

at Denison House, 296, Vauxhall! Bridge-road, Westminster, when 
there will be adiscussion on the Report of the Science and Rein 
forced-Concrete Practice Standing Committees, on ‘A Standard 
Specification for Reinforce: d Concrete.” 
Tus Institution or MunicreaL aNp County ENGINeERS.— 

Friday, February 5, at 8 p.m. (Metropolitan district), at 92, Vic- 
toria-street, Westminster. Paper by Mr. H. D. Searles Wood, 
F.R.LB.A., on “ Building By-Laws and a Oourt of Appeal” 
(which will be taken as ead). Adjourned discussion on paper 
by Mr. W. H. A. Court, on “ tae gpa the Housir g Question,” 
presented at the meeting at Hinckley, on October 3, 1914. 
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THE OUTLOOK FOR BRITISH ELEC- 
TRICAL MANUFACTURE. 

Tue manufacturing branch of the British elec- 
trical industry is usually looked upon as a cheerless 
sort of subject for discussion. Many times has it 
been pointed out that our total production of 
electrical material compares very unfavourably 
with that of the United States or Germany, and 
that a large proportion of our important electrical 
manufacturing companies pay no dividend on their 
ordinary stock. by way of explanation of this 
state of affairs, it is usual to blame foreign compe- 
tition, our financial class, and the Electric Lighting 
Act of 1882. It is also sometimes, but not often, 
we think, in this connection, suggested that our 
manufacturers are backward in their methods, and 
in their appreciation of scientific research. The 
present time, when so much is being said about 
the capture of German trade, affords an oppor- 
tunity of looking at the subject from a new point 
of view. 

Past discussion of this matter has had to deal 
with a set of conditions which appeared unlikely to 
change. Present discussion finds itself in an 
altered world. It is not surprising, therefore, to 

a find much difference of opinion on the likely 
effect of the present upheaval. Considering the 
effect of the war on British manufacture in general, 
we find extremes of opinion. On the one hand 

149| we have the enthusiasts, who speak in glowing 
terms of the world trade waiting our pleasure ; on 
the other the cautions, who tell us that the per- 
manent effect will be nil. The position of this 
second school is that, no matter what may happen 
temporarily, we must ultimately face German com- 
petition again, possibly of a keener nature than 
ever, owing to a smaller proportion of that nation’s 
energy spending itself in military preparations. 

They suggest that the so-called “capture” of 
German trade can do no good in the long run, and 
that, unless our methods are altered, our ition 
in the future will be no better than it has been in 
the immediate past. 

Confining ourselves to the question of electrical 
manufacture only, we think neither of these posi- 
tions altogether sound. It is obvious enough that 
the pronethncs ay wu capture of German trade in no 
way n ily involves its retention, but at. the 
same time we do not admit that if that capture 
takes place it will be as easy for Germany to regain 
her position as it would have been for her to hold 
the position had she never lost it. This may be 
indirectly illustrated from the history of the very 
electrical industry with which we are dealing. 
The United Kingdom was at one time in the 
forefront in electrical manufacture. Our fall has 
been variously explained, as we have already said, 
but much weight has been laid on the Electric 
Lighting Act of 1882. There is much in the idea. 
If a business can build up a large connection in 
the early days, when pioneering profits can be 
made, it is likely to establish a financial and 
technical position from which it is difficult to move 
it afterwards. The Act referred to is certainly 
reflected in our present condition, in that it ham- 
pered our manufacturers just at the time when 
they were establishing the premier ition. 
Having lost that position, they now find it extra- 
ordinarily difficult to make headway against the 
stand secured by the manufacturers of other 
countries. Briefly, it is generally easier to keep 
the lead than get it. In this case we had it, but 
failed to retain it. 

The application of this lesson to the present 
state of affairs is obvious. Germany is neces- 
sarily for a time going to lose export trade in 
electrical apparatus worth over 10,000,0001. a year. 
This is a blow to her established position which our 
manufacturers in the ordinary cuurse could never 
have hoped for. If theyuse their opportunity aright, 
they may not only obtain some of this trade tem. 
porarily, but, what is more important, may build 
up an improved position for themselves in home 
and overseas markets which will enable them in 
the future to face German and other competition 
on a surer basis than in the past. There is an 
opportunity of doing something to retrieve the 
position thrown away thirty years ago. \ We are 
guilty of no immoderate enthusiasm in this matter, 
and do not imagine that our manufacturers have 
but to turn round to add Germany’s annual elec- 
trical output of 60,000,0001. worth of apparatus to 
their own. We suggest that the occasion is one 
for improving our position in our home market 
and in some of the foreign markets. More than 
that is hardly to be hoped for. 

It is difficult to say, but probably electrical 
manufacture is the branch of engineering in which 
Great Britain stands worst in reference to the 
other great manufacturing countries. It is cer- 
tainly among the branches in which it stands 
worst. This, as we have just pointed out, may be 

tly explained as the result of unwise legislation, 
but that is not the whole story. In considering 
the possibility of a better future one must not 
omit to look at other causes of past failure if there 
are any. One of the explanations quoted in our 
first paragraph, which has been offered to account 
for our poor position, was foreign competition. 
This actually is merely another aspect of the 
greater advance of some other nations with which 
we have just been dealing ; but there are some 
further considerations which appear to belong more 
directly to the matter when it is stated in that 
way. 

Kiectrical engineering is a business which is 
peculiarly dependent on other businesses. Apart 
from traction, the great part of ite products, and 
the products of those products, are intended for the 
assistance of other branches of manufacture. As 
a consequence the state of electrical manufacture 
is at all times a reflex of the general trade level 
-—not the level of any special trade, or trades, but 
the general level over all industry. A natufpl result 
of this has been that in the last thirty years, when 
the manufactured output of the United States and 
Germany increased to such an amazing extent, 
their electrical output correspondingly increased. 
Each has had a great and rapidly-growing home 
market, which has helped to build up a command- 
ing position in electrical work. There has been no 
such p ionate increase in manufactured out- 
put in Britain, and, as @ consequence, our 
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electrical firms have not had the same home 
demand to meet. A further point, often men- 
tioned, is that much of our manufacture is pro- 
duced by more or less old plant and factories, so 
that, both on questions of capital outlay and 
existent practice, it has been difficult for our 
electrical manufacturers to a = amount of 
a tus proportionate to t sold in countries 
- Myhich the rise of general manufacture has been 
later. 

This does not exhaust the reasons why we are 
somewhat behind in electrical work. ere is 
another, which takes us back to our question of 
established businesses. Electrical work is quite a 
new trade. Although thirty years ago we had 
the front position, that position cannot be looked 
upon as having been of great importance, from the 

int of view of the output which the front position 
in electrical manufacture means nowadays. When 
electrical work began to be of importance, there 
was no very formidable established position demand- 
ing attack by new-comers. One obvious result of 
this was that when other countries came to enter 
more and more into the manufacturing field, they 
found themselves in electrical work more on a level 
with us than in many other important branches of 
msnufacture. Oapital having no preferences, and 
taking the line of least resistance, tended to assist 
the development of lines of manufacture in which 
there was a fairly open field, rather than to attack 
strongly-established positions. We are aware that 
there have been plenty of attacks on established 
positions, but that does not alter the fact that the 
tendency has been, and must be, to attack un- 
defended positions, or ones in which the defenders 
have had little or no time to establish themselves 
strongly. In electrical work it was easier for 
other countries to establish themselves than it 
would have been, say, in shipbuilding. The results 
have been what we see to-day. 

The third cause—lack of proper support by capi- 
talists—which has been put forward to — our 
poor position in the electrical world is not altogether 
just. No successful business need lack support by 
capital, and no unsuccessful one has a right to 
expect it. Much capital has been sunk in electrical 
manufacturing in this country, and the results have 
not been such as to attracta great deal more. The 
capital question is merely a result of other causes, 
and is nota cause in iteelf. This does not alter 
the fact that more capital will be necessary if we 
are to take proper advantage of the present position. 
The existing situation is undoubtedly a very difficult 
one. As we see matters, there are great oppor- 
tunities for our electrical manufacturers at the pre- 
sent time. We do not imagine that they will be 
able to obtain an entry into the great home markets 
of Germany and the United States, but they should 
be able to much improve their positions in these 
islands and in South America, parts of Europe, our 
Colonies, and the Far Kast. We have heard talk 
about doubling the size of works and other heroic 
measures to meet the present situation, but it is 
not clear where our manufacturers are to get the 
requisite money from. Even in unprecedented 
times like this, we fear ress will have to be 
slower than this sort of thinking indicates. 

Although the situation is difficult, it is hopeful. 
For some years our electrical manufacturers have 
been working very hard to improve their condition, 
and their efforts have not been in vain. Advantage 
drawn from present conditions wil] be an assistance 
to a movement already in progress. It will not 
necessitate the starting of a movement. The 
annexed diagram shows British electrical exports 
and imports from 1904 to 1914. Exports are 
shown by a full line, and imports by a broken 
one. e@ ordinates are plotted as monthly 
averages for each year, and for 1914 the first 
seven months only have been taken, as the figures 
current during the war are of no interest from our 
present point of view. It will be seen that the 
export curve is in no way unsatisfactory, and shows 
& progressive improvement in overseas markets. 
One might have liked to see the import curve rising 
less steeply, but as it is there is a proportionate 

in in exports. The import curve is remarkably 
ree from peaks and valleys. This is probably to 
be explained by the imports being in the main 
made a of the smaller of electrical supplies, 
in which a fairly steady business is evidently done 
by foreign manufacturers. The irregular character 
of the export curve may largely be explained by 
several large contracts falling in certain years. In 
view of the large manufacture of electric lamps, 

which has been started in this country in recent 
years, the increasing slope of the import curve is 

rhaps rising. In this connection, however, 
fone may drawn from the present situation. 
Much of the material represented by this curve 
demands less plant and capital to make than does 
heavier machinery, and there should be no great 
difficulty in our manufacturers obtaining much of 
the trade, bearing in mind that it has been largely 
German. We should say that the import curve 
shown in the diagram would be to some extent 
modified, but not seriously, were re-exports sub- 
tracted from it. Another point is that the capital 
invested in electrical manufacturing in the United 
Kingdom did not increase in anything like the 
proportion that the exports did between 1904 and 
1914. The capital increased some 30 per cent., 
against an increase of exports of about 300 per 
cent. 

The conclusion of the whole matter appears to 
us to be that real progress can only be made com- 
paratively slowly, that progress has been made for 
some years past, and that the present upheaval 
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offers a great opportunity for the rate to be acce- 
lerated. As progress is made the position of com- 
panies will improve, and there will be no difficulty 
about capital. It may be necessary in some cases, 
for important extensions of business, that payment 
for machinery should be taken in stock of the 
company supplied. One remembers the oft-quoted 
case of the Victoria Falls and Transvaal Power 
Company, in which the work went to Germany for 
this reason. It is useless to blame our financial 
people for this. If British companies can build 
them<elves up to a sufficiently strong position, they 
will find no difficulty in doing the same sort of 
thing. 

Seeking light on this subject, we turned to a 
discussion held by the Sales Managers’ Association 
last month, but our opinions were not modified by 
anything that was said. There was a good deal of 
talk about representatives in foreign countries. 
Such representatives are very useful, but they are 
expensive, and companies can only employ them in 
so far as their resources allow. We take it that 
no one suggests that our manufacturers have had 
no such representatives in the t. The most 
useful speech was made by Mr. H. Scholey. He 
pointed out that to a great extent our electrical 
manufacturers are specialists. They consist largely 
of comparatively small tirms making one or two 
things only. Such firms cannot undertake the 
large general contracts in which so much important 
foreign work is given out. Further, the size of 
their businesses will not permit of the employ- 
ment of special oversea representatives. To bring 
firms of this class toa wider market combination 
is clearly necessary. Whether amalgamations or 
working agreements would be be-t depends on 
many things. The subject is too large to enter on 
at the tail end of an article. 

GASEOUS EXPLOSIONS. 
A.ttHoucH the working agent in a gas-engine is 

a very much less singular body than that employed 
in the steam-engine, which is almost unique in 
very many of its physical properties, the thermo- 
ee theory of the gas-engine is still in a not 
wholly satisfactory condition. In the case of the 
steam-engine we have now very definite knowled 
as to how great a proportion of the “‘ availab 
energy”’ is actually recovered as useful work, and 
this “‘ efficiency ratio” is the recognised standard of 

comparison by which the merits of steam-operated 
prime movers may be estimated. Given a pound 
of steam ata certain initial pressure and superheat, 
we know quite definitely how much work should be 
obtainable from this if expanded in a perfect engine 
down to any stated exhaust pressure ; the ratio to 
this of the work actually accomplished is defined 
as the efficiency ratio. 

An attempt to furnish an equally illuminative 
method of estimating efficiencies was made by 
the Committee of the Institution of Civil Engi- 
neers, who proposed a kind of efficiency ratio for 
gas-engines. On this basis, the performance of an 
actual engine was compared with that of an ideal 
engine in which air was compressed, suddenly heated 
to the highest gas-engine temperature, and expanded 
down to its original volume before compression. At 
the date when this proposal was made it was believed 
that the specific Feat of the gas-engine working 
fluid was sensibly constant. Recent labours, in 
particular those of the British Association Com- 
mittee on Gaseous Explosions, have established the 
fact that this view was mistaken, and that the 
specific heat increases very considerably with the 
rise of temperature. As a consequence it appears 
that the efficiency ratio of a gas-engine is very 
much higher than was at one time assumed, and 
that the margin for further improvement in its 
economy is relatively small. Comparative figures 
given in the last report of the Gaseous Explosions 
Committee are as follow :— 

Theoretical Thermal Efficiency 

Clearance 

Volume at Discharge 
Ca:culated from 

Air Standard with 
Constant Specific 

Calculated from 
Actual Specific 

Heat. Heat. 

} 0.187 0.242 
4 0.273 0.356 

3 0.337 0.426 

4 0.884 0.475 

The greater knowledge we now posse:s as to 
the nature of the working fluid shows thus very 
clearly that the gas-engine designer has been getting 
avery much larger proportion of the work theo- 
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retically due than was hitherto realised. The 
newer determinations as to the value of the specific 
heat have, moreover, made it possible to establish 
a fairly good heat balance, a point which was 
emphasised in the highly instructive Canet Lecture 
delivered to the Junior Institution of Engineers 
last year by Dr. Dugald Clerk, F.R.S., who has 
done so much to elucidate the true theory of the 

-engine. 
Unfortunately, however, there appears to be 4 

slip in the illustrative calculation given in the 
lecture in question. Taking the diagram, repro- 
duced in Fig. 1, Dr. Clerk calculated, by means of 
the curve in Fig. 2, the internal energy at the 
different characteristic points of the stroke. He 
thus found that between B and D there was an 
apparent heat loss of 31 per cent. of the heat 
due from the combustion, and as the work repre- 
sented on the card was equal to 27.5 "mal cent. 
of the heat supplied, the loss to the exhaust, by 
difference, came out at 41.5 per cent. On the other 
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hand, calculating this exhaust loss from the tem- 
ture at D, it amounted to 32.9 cent. 

ere was thus, it will be seen, a somewhat 
discrepancy, but an examination of Dr. Clerk’s 
data would seem to show that a mistake has been 
made in the calculation. 

According to Dr. Clerk the internal energy of 
the fluid at the points ABCD of Fig. 1 is as 
follows: — E, = 310 ft.-lb., E, = 1506 ft.-lb., 
E,, = 21,800 ft.-lb., and E, = 9510 ft.-Ib. 

On referring to the corresponding temperatures 
as given in Fig. 1, it will be seen that the energies 
thus tabulated are inconsistent with each other, Ex 
being about one-half its true value. By careful 
measurement of the original of the diagram repro- 
duced in Fig. 2, we find that the internal energy 
of 1 cub. ft. (measured at 0 deg. and 760 mm.) of 
the mixture to be as follows :— 

Internal | Internal Energy of 
Temperature. Ene of Volume Actually Ratio: °%. 
Centigrade. 1 Cub. Ft. Used, ¢. (According E 

| E. to Clerk.) 
} 
| 

deg. ft.-Ib. | 
20 472 310 0.660 
214 4,910 1,506 0.307 
651 15,000 9,510 0.634 
1380 | 33,800 21,800 0.644 

It will be seen the second number in the last 
column is quite inconsistent with the remaini 
figures. Dr. Clerk does not state what the actua 
volume of his cylinder was, but an average of the 
three consistent figures gives 0.646 cub. ft., and 
taking this figure the corrected values of the internal 
energy-of Dr. Clerk’s mixture become :— 

EK, = 305 Es, = 3170 Eo= 9690 E. = 21,880. 

The work done between C and D on the diagram 
is, Dr. Clerk states, 10,900, so that the heat loss 
on this part of the curve becomes :— 

21,880 — 9690 — 10,900 = 1290 ft.-Ib. 

The total energy added between B and C is 

E. — Es + work done between B and O, 

and this last term is said to be equal to 249 ft.-Ib. 
Hence, of the 28,000 ft.-lb. stated to be due 

from the combustion, the amount accounted for 
up to C is 

21,880 — 3170 + 249 = 18,959 ft.-Ib., 

as against Dr. Clerk’s figure of 20,543 ft.-lb. 
Hence some 32.2 per cent.of the heat of combus- 

tion is unaccounted for when the temperature 
reaches its maximum value. 

The internal energy at the point D, according to 
our measurement, is— 

F > = 9690 fo.-lb., 

and the work done along the expansion line C D is 
10,900 ft. 
The heat loss between C and D is therefore :— 

21,880 — 9690 — 10,900 = 1290 ft.-lb., or 4.6 per 
cent. of the total heat of combustion. 

Hence the total heat missing between B and D 
is 32.3 + 4.6 = 36.9 per cent. 
The balance-sheet now becomes :— 

Per Cent. 
Indicated work pen 27.5 
Heat loss, B toD ... se 36 9 
Exhaust loss by difference ... 35.6 

Taking E, as 9690, the actual exhaust loss is 
9690 

28,0U0 

There would thus appear to be a very little dis- 
agreement between the exhaust loss (by difference) 
and the measured exhaust loss, whilst, owing to 
an error in measurement, Dr. Clerk found a con- 
siderable discrepancy, his values being 41 5 per 
cent. by difference, and 32.9 per cent. as measured. 
Though a satisfactory heat balance appears to 

be thus attained, the puzzle still remains as to 
what becomes of the missing heat between B and 
C. The assumption at one time favoured—viz., 
that the defect of ayer was entirely due to a 
great increase in the specific heat of the mixture 
as the temperature rose—is obviously untenable, 
since when the best experimental values are 
taken for the specific heat there is still the large 
defect of 32.3 per cent. Another suggestion that 
has been made is that combustion is not com- 
plete at the moment the maximum temperature is 
attained, but continues along the line CD. This 
may no doubt be true to some extent, but it appears 
probable that another cause must be at least par- 
tially responsible for the defect of pressure, and 

= 34.6 percent. 

In a paper ‘<A published in the Philosophical 
Magazine, Dr. W. Thornton s ts that the 
molecules of the gas immediately aie the act of 
combination have not attained the normal state 
corresponding to the temperature, and we are in- 
clined to think that this is highly probable, though 
for certain reasons, to be given later, we are dis- 
posed to question whether Dr. Thornton has hit 
upon aa | grange wl type of abnormality which is 
responsible for the discrepancy. 

As is well known, in a mass of gas having di- 
atomic molecules, the internal energy is made up 
of two factors. In the first place, the molecules 
are darting hither and thither in every direction, 
and each, therefore, has a certain kinetic energy 
of translation. As was shown by Joule, this ene 
of translation is responsible for the pressure of the 
gas, which is, in fact, given by the relation 

PV=3.%, 
g 

where P denotes the pressure in pounds per square 
foot, V the volume A 1 lb. of the gas in cubic feet, 
and c*® the average value of the square of the 
velocity of a gaseous particle. 

In addition to this kinetic energy of translation, 
however, the molecules (unless they are monatomic) 
are each in rotation, having thus a kinetic energy 
of spin. In the case of diatomic molecules, in 
normal state the spin energy thus represented is 
exactly equal to two-thirds the energy of translation, 
since the spin of a diatomic molecule can be resolved 
into two component spins, and its motion of trans- 
lation into three component velocities. The energy 
attributable to each component is, in the normal 
state of a gas, the same; this being, in fact, the 
famous principle of he tata of energy between 
all the degrees of freedom possessed by the mole- 
cule. Dr. Thornton’s suggestion is that the very 
act of chemical combination tends to produce a 
temporary excess of the energy of rotation, and 
this, of course, does not in any way contribute to 
the pressure of the gas. 

In his argument he assumes one spherical par- 
ticle meeting another and adhering thereto. If 
the two strike together fairly in line, there is no 
conversion of translatory motion into rotational, 
but part of the “translational energy is con- 
verted into vibrational.” If, however, the impact 
does not take place in line, then, if the two 
particles adhere, the translation energy will be con- 
verted into rotational, and the compound molecule 
formed will take a spin about the common centre 
cf gravity. He concludes that if the action of 
combining atoms were of this kind, the transla- 
tional energy of the gas after combination would be 
exactly one-half of that normally due, and it has 
generally been considered that the defect of pres- 
sure actually observed is of this order; hence he 
claims a certain numerical agreement between actual 
observation and the theory proposed. There are, 
however, other facts which appear to us to throw 

doubt on its validity. 
In the first rank stand certain purely chemical 

considerations. It appears to have been pretty 
detinitely proved that the act of combustion is not 
merely a dubieg together of two combining atoms. 
A catalytic agent is always required, which seems to 
indicate that in the initial stages a somewhat com- 
plicated molecule is formed in the first instance, 
which breaks-up later on. Secondly, gases ‘such, 
for example, as carbon monoxide and oxygen exist 
in the explosion vessel as diatomic molecules. In 
breaking up into separate atoms prior to combin- 
ing in the fashion pictured by Dr. Thornton there 
would be a conversion of rotational energy into 
translational, which would tend to offset the con- 
trary process assumed to occur in the subsequent 
combination. 

Another very important point is, however, the 
length of time during which such an abnormal con- 
dition of affairs as that imagined by Dr. Thornton 
could exist. If the distribution of energy in a gas 
is abnormal, it tends to revert to the normal state 
with extreme rapidity. An exact calculation of the 
length of time required to convert to the normal 
condition a mass of gas in which the spin energy 
was 50 per cent. more than that corresponding to 
the actual temperature could probably be made. 
The equations relating to the movement of colliding 
elastic solids moving in three dimensioned space are, 
however, exceedingly complicated, and an attempt 
to solve the problem by direct attack would, even 
if successful, require a very great expenditure of 

this may perhaps be the main factor involved. 

would seem that an abnormal excess of spin en 
should correct itself very quickly It is ton 
for two rotating bodies to come into contact without 
their receiving a certain amount of velocity of 
translation, whilst, on the other hand, two non- 
spinning bodies can collide in certain favourable 
conditions without the generation of any spin 
en - Hence an abnormal excess of spin energy 
should be corrected in a time comparable with that 
needed to correct an abnormal partition of trans- 
latory energies. 

In their article ‘‘ Molecule ” (Encyclopedia Brit- 
annica, 9th Edition), Messrs. Burbury and Watson 
calculate that an abnormal distribution of transla- 

tional energy would be corrected in ...’ 
60,000,000 of bad 

second in the case of a gas at standard tempera- 
ture and pressure. It would take place in cor- 
respondingly less time in an actual gas-engine 
where the compression of the charge reduces the 
mean free path of the molecules and the tempera- 
ture greatly increases the mean velocity of motion. 
It would seem therefore that an abnormal excess of 
rotational energy, even were it possible for it to 
arise, would be corrected practically instantan- 
eously. 

In short, we are disposed to believe that the 
defect of pressure actually observed is in no way 
due to the action suggested by Dr. Thornton, 
but is really to be attributed to an excess of the 
‘* vibrational energy” mentioned. This vibration 
is, however, we should conceive, an electrical one, 
the “valency corpuscles” surrounding the atomic 
nucleus being set in oscillation during the act 
of combination. Indeed, Professor A. Smithells 
takes the view that the energy resulting from 
chemical combination does not appear in the first 
instance as heat, but as oscillations of this character, 
the molecules being subsequently heated by the 
radiation set up. A vibrating clectric charge is held 
to be the source of all radiation, and it is a recognised 
experimental fact that the radiation from atoms in 
the act of combination is very greatly in excess of 
that normally due to their temperature. In other 
words, if a molecule is heated up toa given tem- 
perature by an external source of heat, it radiates 
out energy much less copiously than when it 
attains the same temperature as a consequence of 
entering into a new chemical combination. We 
would suggest, therefore, that the defect of pres- 
sure actually observed is due to the circumstance 
that the chemical energy liberated by the explosion 
requires time to pass into the form of heat, and 
that a considerable fraction of it still exists in the 
form of vibrating corpuscles at the moment the 
maximum temperature is attained. These vibra- 
tions give rise to radiation, which continues so long 
as they are maintained. This radiation will be in 

rt transferred to the molecules of the gas in the 
orm of heat, thus tending to maintain the pressure 
exactly as if combustion were still proceeding ; and 
in part will pass direct to the cylinder-walls. Itis 
to be noted in this connection that Professor B. 
Hopkinson found that the radiation !oss during the 

rise of the explosion pressure was only 3 per 
cent., whilst it was 30 per cent. during the rest of 
the stroke, 

AERIAL NAVIGATION. 
Tue first of a course of two lectures on ‘‘ The 

Scientific Principles of Aerial Navigation” was 
delivered at the Royal Institution last Saturday 
afternoon by. Dr. R. T. Glazebrook, F.R.S., 
Director of the National Physical Laboratory. 

In opening his discourse, Dr. Glazebrook said 
that in accordance with a suggestion from the 
Secretary of the Royal Institution, he would not 
attempt to cover the whole field of aerial naviga- 
tion, but would confine himself to the scientific 
aspect of the subject-matter, and would accord- 
ingly not concern himself with the many engineer- 
ing problems involved. 

The subject, he proceeded, naturally divided itself 
into two sets of problems—viz., those relating to 
airships and those connected with the theory of the 
aeroplane. In the present condition of affairs, it 
would no doubt be of much interest had he been 
able to give a full and complete account of those 
airships which had recently created so much stir, 
and which some people feared might be a source of 
danger. His own ignorance as to these airships 
was, however, considerable, and he deemed it best 
accordingly further to limit his lectures to a dis- 
cussion of the scientific principles governing the 

time. From general considerations, however, it design and construction of an efficient aeroplane, 
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which was one form of the heavier-than-air machine. 
All heavier-than-air machines derived their support 
from motion of some kind or other. In the case of 
the aeroplane this support was derived from the 
motion of the machine as a whole ; but in another 
class the machine was supported by the motion of 
serew-propellers mounted on vertical shafte. This 
latter type had hardly undergone any development, 
and he intended, accordingly, that afternoon to 

discuss the aeroplane only. 
The principal component parts of such an aero- 

plane were, he said, well shown in Fig. 1, repre- 
senting a b'plane. In flight the machine was sup- 

AEROFOIL 
uPres mcweee 

horizontally at a uniform speed the propelling 
power was shut off. It would at once begin to 
glide down along a path inclined to the horizontal 
at the ‘‘gliding angle” of the machine. It was 
very important that this gliding angle should be a 
small one, as the smaller this angle was, the wider 
was the choice open to the aviator as to where he 
would alight. If he were a mile high, and the 
gliding angle were 1 in 5, then, if his engine failed, 
he would come down at a point not more than 
5 miles away. If the gliding were 1 in 7, he could, 
however, come down7 miles away. Thus, if at the 
time of the engine failure he were 5 miles behind 
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orted by the upper and lower “‘ aerofoils” shown. 
"he body of the machine supported the propellin 
machinery, and towards the rear was provided with 
a ‘‘tail” plane, as indicated. Of this tail plane the 
rearmost portion was movable, and was known as 
the ‘‘elevator,” the machine being made to point 
upwards or downwards in flight by suitably thiting 
the elevator. The ‘‘alighting chassis” was shown 
beneath the fore body, and was provided with the | 
‘*skids” or ‘* runners” shown, on which it slid 
when landing after a flight. 

As the machine went forward through the air it 
was lifted by an upward force, due to the pressure 
of the air on the aerofoils. The resultant upward 
pressure was known as the ‘‘lift'” of the machine, 
whilst the resistance to horizontal motion was 
known as the “‘drift.”” This resistance was in part 
due to the horizontal component of the air pres- 
sure on the planes, and in part due to the frictional 
drag of the air as it streamed over the surface. 
Suppose that while 4 machine was travelling 

the enemy’s front he would be caught if the gliding 
angle were 1 in 5, but would reach his own lines if 
this angle were 1 in 7. 

The “lift” of the machine in steady flight was 
necessarily equal to the total weight of the machine. 
Calling this lift L, and denoting by D the ‘‘ drift,” 

then the gliding angle was equal to - and to 

secure an efficient aeroplane this ratio must be 
made as small as possible. An aeroplane, more- 
over, did not fly with its axis horizontal, and 

the angle between this axis and the horizontal 
was known as the ‘‘angle of attack,” or the 
“attitude” of the machine. Like a ship, too, an 
aeroplane was subject to ‘‘ pitching ” about a trans- 
verse axis, and to ‘‘ rolling” about its longitudinal 
axis. It was also liable to ‘‘ yaw,” by which 
was implied moving obliquely instead of moving 
straight. Again, in turning a circle it was neces- 
sary to tilt the machine about its longitudinal 
axis, and this was known as “‘ banking.” 

A satisfactory aeroplane should, Dr. Glazebrook 
continued, not only be ‘‘eflicient”—that was to 

say, having a small value of 7 but should also be 

safe, implying thereby stability and strength. 
Small ratios of drift to lift, resulting in an effi- 

cient machine, had been secured by scientific 
investigation and experiment. To enforce the 
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importance of these, Dr. Glazebrook quoted from 
the articles recently contributed to our columns by 
Mr. F. W. Lanchester, to the effect that the not 
uncommon view that science had been found useful 
in aeroplane design merely to afford plausible 
explanations of achieved results, was the very reverse 
of the truth, and that the main factor in the 
superiority of the British to the German aeroplanes 
was due to the greater scientific knowledge and 
ability of our designers at the Royal Aircraft 
Factory. 

Dr. Glazebrook also read an extract from a letter 
received by him about a fortnight ago, in:which his 
correspondent, writing from the Front, said that 
events had impressed on him the great value of 
the aerodynamic studies made at the Royal Factory 
and at the National Physical Laboratory, since he 
had discovered that the British machines fitted 
with 70 horse-power engines for the most part 
(a few have 80 horse-power engines) regularly over- 
hauled the enemy’s aeroplanes fitted with engines 
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of 100 horse-power. The ascendancy established 
in the earlier days of the war was, the writer said, 
still maintained, and, as a consequence, the passage 

of a German machine over our lines was quite rare, 
not a single one having been seen for some days 
prior to the despatch of the letter. This result was 
due, Dr. Glazebrook continued, to the efficiency of 
our machines. 

In any machine the lift depended, the lecturer 
continued, on a number of factors, such as the 
wing surface, the speed, the shape of the wings, 
and in particular on the curvature of their upper 
surfaces. . It also varied with the angle of attack. 
Very approximately the lift was given by the 
expression 

L = kps V2 ° - 

where s denoted the wing surface, p the density of 
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the air, and V the velocity of the machine, whilst k 

was an experimental coefficient. The formula was 
not strictly true, since the lift was not exactly 
proportional to the square of the velocity, but the 
assumption was sufficiently exact. for present 
purposes, 

To determine k a wind channel was employed, and 
the lecturer showed a slide re mting the 4-ft. 
channel erected at the National Physical Labora- 
tory, where, however, he said, there was alsoa larger 
channel. A fan maintained a current of air through 
the channel, and to this current models of wing 
surfaces and the like were exposed, the resultant 
forces being measured by an appropriate balance. 
The air speed could be varied ugh wide limits, 
and in the larger channel speeds up to 60 miles 
= hour nacre attain a _ actual wind velocity 

48 accurately measured by appropriate methods. 
In this way data were obtained for plotting curves 

‘gram, which showed how the ratio ” 

of the kind reproduced in Fig. 2, which showed 
how the lift on a particular aerofoil varied with the 
angle of attack. As would be seen, the lift was a 
maximum with an angle of attack equal to some 
14 deg. to 15 deg., a further increase of angle giving 
(for a certain range) a reduced lift. Ina similar way 
the “‘ drift” of the aerofoil at different angles of 
attack could be determined, and by combining the 
two sets of results the second curve in the dia- 

lift . 
drift varied, 

with changes in the angle of attack, could be plotted. 
This ratio, it would be seen, had a maximum value 
for an angle of between 4 deg. and 5 deg. Ifa bigger 
angle than this were used, the lift, it was true, 
increased, but the efficiency, as measured by the ratio 
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determinations could be made was well illustrated, 
the lecturer continued, by Fig. 3, which showed 
the results obtained with one and the same model 
when tested first in a 4-ft. wind-channel and then 
in a 3-ft. channel. It would be seen that the two 
sets of observations were practically coincident. 

For a certain portion of the curve near the 
origin, the lift was sensibly proportional to 
the angle of attack, and it was for some pur- 

, therefore, convenient to write equation (1) 
in the form :— 

» was reduced. The precision with which such 

Lift = k, aps V%, 

where a denoted the angle of attack, and k, a co- 
efficient independent of this angle. Though this 
expression was not strictly accurate, it was for some 
purposes convenient. 

Proceeding, Dr. Glazebrook asked why it was 
that, when the angle a attained a certain limit, the 
lift suddenly fell off ? The reason, he said, would 
be apparent on reference to Figs. 4, 5, and 6, which 
were photographs of an aerofoil exposed at dif- 
ferent angles to a current of water, having a mass 
of shining particles suspended in it. These par- 
ticles were illuminated by a powerful electric 
light, and as they moved with the stream gave 
the bright lines shown in the figures, thus mapping 
out the nature of the flow. At low fone 5 of 
attack the fluid streamed pretty uniformly over 
the two surfaces of the aerofoil, as shown in 
Fig. 4, where the angle was 8 deg. With a larger 
angle of attack (12 deg.), however, a tendenc 
to form eddies became apparent, traces of whic 
were visible in Fig. 5. Finally, with a still larger 

Inclination of 

angle of about 20 deg., we got, instead of a 
steady streaming motion, the state of turbulence 
round the tail of the aerofoil indicated in Fig. 6, 
and the forces on the plane were thereby very 
seriously modified. The lift coefficient ——— 
very greatly, since the formation of the ies 
involved the expenditure of a good deal of energy. 

The lift coefficient, he continued, had a very 
important bearing on the speed range of a machine 
—that was to say, on the range between the maxi- 
mum and the minimum speeds at which flight was 
possible. Thus, referring back to Fig: 2, suppose 
it were possible to fly a machine with an angle of 
attack equal to 12 deg., and also when this angle 
was 4 deg., in the former case, the value /,, say, 

of the lift coefficient was twice as great as in the 
second case, and thus, since— 

Weight = lift = kps V®, 

the machine would at the larger angle be supported 
at a considerably lower speed than when the angle 
of attack was 4 deg. A machine with a large range 
of lift coefficient would thus have a large range of 
flying speeds, and it was obviously advantageous 
that a machine capable of flying at 70 to 80 miles 
an hour should also be capable of flying at 40 when 
about to alight. As showing the progress made in 
this direction, Dr. Glazebrook said that Cody’s prize 
machine of 1912 could fly at speeds of 72 miles 
an hour and also at 48 miles an hour, whilst the 
Sopwith machine of 1914, with a maximum speed 
of 92 miles per hour, could also fly at 36.9 miles an 
hour. 4 

As already stated, the “drift” was measured in 
the same way as the ‘‘ lift,” but it should be 
observed that the total ‘‘ drift” was the sum of a 
number of components. Of these, one component 
arose from the fact that the air pressure on the 
serofoils had a horizontal component, and this 
component was known as the aerodynamic drift. 
In addition to this, air, not being a perfect fluid, 
exerted a frictional drag on the surfaces past which 
it streamed, and this was measured in the air- 
channel at the same time as the true aerodynamic 
drift. In the case of aerofoils this frictional drag 
was, however, not very large. A complete machine, 
however, inc the body and the tail planes, 

| the engine, &c., and the flow of air past these con- 
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tributed to the total drag on the machine. So far 
as the wing surfaces alone were concerned, the 
total drift was equal to about 7 per cent. of the 
weight supported when flying in the best condi- 
tions. 
~ The ratio of drift to lift depended on various factors 
—viz., the aspect ratio, the curvature of the aero- 
foils, and also on the velocity of motion. A number 
of results showing the influence of these different 
factors were plotted in Figs. 7,8, and 9. In Fig. 7 
the effects of changes in aspect ratio were illustrated, 
and showed that with small aspect ratios inferior | 
results were obtained. Hence a wing long trans- | 
verse to the flight-path, and narrow in the direction 
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of that path, was desirable. In Fig. 8 the effect of 
changes in the camber of the upper surface of the 
wing were shown. In this case all the aerofoils tested 
had the same aspect ratio and the same bottom curve, 
but the camber of the upper surface was varied. 
By the use of these curves the effect of wing form 
could be determined prior to the building of a 
machine. In Fig. 9 the effect of variations of velo- 

city on the lift coeflicient were shown. With low 

angles of attack the lift was nearly independent of 
the speed, but the breakdown point at which the 
lift suddenly drop commeel, Dr. Glazebrook 
stated, earlier with the lower velocities. The 
sudden drop in the lift coefficient appeared, as 
already explained, when eddies began to form. 
After these were fairly established, a further in- 
crease in the angle caused the lift to increase again. 

The resistance to the motion of the complete 
machine was, the lecturer proceeded, not merely 
due to the drag of the aerofoils, but also to the body 
resistances, and these latter varied very approxi- 
mately with the square of the velocity, and could be 
expressed in terms of the pressure on an equivalent 
plane normal to the flight-path. In other words, it 
was possible to calculate what area, of such a plane 
surface, would oppose the same resistance to onward 
motion as the whole of the body resistances. Ina 
good aerofoil the due to the wings only was 
about 7 per cent. of the lift, and this drag did not 
vary much with the ve'ocity, since with higher 
velocities a smaller area would suffice to support 
the weight. Mr. Lanchester, the lecturer con- 
tinued, in a recent lecture given Fig. 10, where 
the horizontal line represented the resistance due 
to the wings at different s which, as stated, 
was approximately constant, whilst the curved lines 

showed the resistance to be overcome when the 
normal plane equivalent to the body resistance 
ranged from 1 sq. ft. up to 10 sq. ft. 

In actual machines this ogy plane had an 
area of about 5 sq. ft., which it might prove pos- 
sible by further improvements to reduce to 3 sq. ft. 
With 5 sq. ft. the total resistances at 90 miles per 

ift 
hour were equivalent toa ~~ ratio of 17 per cent., 

and was thus much greater than that due to the | 
winge taken alone. It was therefore most im- | 
portant to reduce these harmful resistances as much 
as possible. Even at 70 miles an hour they amounted 
to 12 per cent. of the weight, and Lanchester had 
compared this ‘‘ traction” coefficient with those 
appertaining to other means of transport. Thus in 
road traction the resistances might be taken as 
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From pressure measurements made in this way 
the resultant lift and drift could be calculated and 
compared with direct measurements of these quan- 
tities made in the air-channel. Fig. 14 showed 
the results of such a comparison in the case of lift, 
drift, and position of the centre of pressure. 
the case of the drift the agreement was not so close 
as in the case of lift. This arose because in calcu- 
lating ‘‘ drift” from the pressure observations no 
allowance was made for the effects of surface 
friction, which were recorded as ‘‘ drift’ in wind- 
channel experiments. 

Curves of pressure distribution and resistance 
had been determined for all parts of an aeroplane 

Fig. COMPARISON OF RESULTS FROM PRESSURE DISTRIBUTION AND FORCE 
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2 per cent. of the weight, and on railroads it 
averaged 1 per cent. of the weight. In sea trans- 

rt a high-speed liner had a traction coefficient of 
.7 per cent., and with a tramp steamer it fell as 

low as 0.1 per cent. Considered, therefore, merely 
as a weight-carrier, the aerial locomotive was very 
inefficient. 

Before proceeding, he should note that as the 
angle of attack altered, the position of the centre 
of pressure on an aerofoil also shifted, the connec- 
tion between the two being as indicated by the 
curves in Fig. 11. 

From the experimental data acquired in the 
wind-channel it was ible, Dr. Glazebrook said, 
to calculate the lift of a pro machine, 
though this might be modified by eddies pro- 
—— the “. the air did not stream 
uniformly t. e due to ev 
of the machine could shee ‘be ps Bm 
mentally, and Fig. 12 showed the distribution of 
pressure round a circular rod exposed to an air cur- 
rent. The pressure was a maximum directly oppo- 
site the direction of the wind, and then fell off, 
becoming negative at points making an angle of 
about 39 deg. with the direction of the wind. This 
was shown by the pressure curve lying within the 
circumference of the circle of reference. Most of 
the surface of the rod was therefore subject to a 
suction, and not to a pressure. When the pressure 
on the surfaces of an aerofoil were similarly deter- 
mined, results similar to those plotted in Fig. 13 
were observed. These showed that with a properly 
curved wing there was suction over the upper 
surface, and when this was measured up it turned 
out that a large 0 re sg of the total was due 
to this suction, thus the shape of the w 
surface of an aerofoil was much more im- 

| portant than that of the under side. 

including wires and stays, and it had lately been 
found that by replacing the circular sections 
formerly used for these wires and stays by a section 
of least resistance of equal strength the horse- 
power required to fly at 70 miles per hour was 
reduced by some 10 to 12 percent. This one result 
was, he concluded, itself sufficient to show the 
value of the experimental researches made. 

HYDROGEN AND THE RARE GASES. 
Tue series of Friday evening discourses at the 

Royal Institution was once more opened this year, 
on January 22, by Sir James Dewar, F.R.S., by a 
lecture on ‘* Problems of Hydrogen and the Rare 
Gases.” Last year* Professor Dewar, discoursing 
on ‘* The Coming of Age of the Vacuum Flask,” and 
on researches which the use of his vacuum vessels, 
of charcoal, and other modern e ients had ren- 
dered possible, had dwelt on the difficulties of 
separating and eliminating the rare gases and upon 
the ——— ubiquity of the lightest of all gases 
—hy en, In the lecture of Friday last he 

ve a brief, essentially ee résumé of 
farther researches, by himself and others, in this 
field. At 20 deg. Cent. absolute, he pointed out, 
nitrogen and oxygen were frozen hard, and their 
vapour tension was so low that they meee 
from the air, leaving only the uncondensable 
gases, representing about month of the volume 

of the air, nding to a barometric pres- 
sure of } mm. When air was deprived of its 
oxygen by chemical means, and the remaining 

were condensed at 20 deg. Cent. absolute, gases } 
there should be 29.7 parts per million of uncon- 
densable rare gases left. But much larger amounts 

* See ENGINEERING, vol. xcvii., page 189. 
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were often found ; it depended upon the chemical 
used for absorbing the oxygen. Of these reagents 
sodium hyposulphate answered best, as it gave 29.7 
parts of residual gas. Copper also answered well, 
yellow and red phosphorus less well ; in the latter 
case the gas, after the removal of the hydrogen in 
it, amounted to 26.7 parts. Chromous chloride was 
one of the most striking cases ; from 68 to 26,300 
parts of gas were found in different experiments, 
and after removal of the hydrogen, 31 parts re- 
mained. The excess of gas was, as already indi- 
cated, hydrogen, which found its way into the 
apparatus with the reagents or by other means. 

In order to investigate these problems it was no 
good to start with large volumes of gases. Sir 
James exemplified this by showing a skeleton cubic 
metre with a cubic centimetre inside. Special 
means had to be devised to experiment with small 
quantities at the time, to accumulate the effects. 
The gas absorption by cooled charcoal was very 
serviceable. Sir James showed, with the help of 
two barometric tubes, how much more quickly 
the absorption proceeded when liquid hydrogen 
was used than when liquid air was used. Study- 
ing the air respired by eight different persons 
in this way, and working again at 20 deg. 
Cent. absolute, he found from 23 to 52 parts per 
million of uncondensable gas in the respired air, 
of which sometimes only two parts, sometimes 
more than 20 and 30 parts, were hydrogen ; the 
amounts varied with the time of the day and other 
conditions. Animals also produced hydrogen in 
similar quantities, and ordinary air contained about 
0.8 part of hydrogen per million. The identifica- 
tion of the gases was effected by passing the electric 
discharge through them and studying the spectra. 
In a pretty, novel experiment Sir James passed the 
discharge through a tube containing a mixture of 
gases, first at too high a pressure to show a good 
glow ; he then touched one portion of the tube with 
a sponge dipped in liquid hydrogen. So much 
was condensed inside at that spot that the dis- 
charge strize of the gases at once began to appear 
iu the other parts of the tube. 

Unfortunately, Professor Dawar proceeded, char- 
coal absorbed even the rare gases to some degree, 
and it had its uliarities. Two tubes were pro- 
vided with charcoal bulbs, and charged with air ; the 
air in the one tube only had been dried by being 
passed through liquid air. When the bulbs were 
afterwards heated (by being dipped into warm water 
instead of liquid hydrogen}, the liberated gas in 
the one case was essentially oxygen, and in the 
other essentially nitrogen, the gas extinguishing a 
burning taper in the latter case. Passing to the 
occurrence of the rare gases in air, water, thermal 
springs, sea-water, &c., Sir James pointed to the 
researches of Moureu and Lepape, according to 
whom the ratios of krypton to argon, and of xenon 
to argon, were the same both in air and in the 
French thermal springs, some of which are very 
rich in rare gases, whilst the ratio of helium to 
argon varied enormously ; that might be connected 
with a radioactive source of helium. As regards 
the proportions of these gases, city air contained 
22.5 parts per million of helium and neon and 2.6 
of hydrogen, country air similarly 22.8 and 0.5 
parts respectively ; the air liberated from charcoal 
at 85 deg. Cent. absolute contained 1.64 and 0.1 
parts, and air from a steel bottle (likewise liberated 
from charcoal at 85 deg. Cent. absolute), 1.53 and 
9.8 parts. Gautier had only found a trace of helium 
1n sea-alr. 

The question arose in such determinations 
whether the frozen oxygen and nitrogen did not 
occlude any other gases. Under ordinary con- 
ditions, Sir James stated, they did not, apparently ; 
but when certain mixtures of gases were tested, an 
occlusion seemed to occur. Thus all the nitrogen 
condensed at 20 deg. Cent. absolute under high 
exhaust could be regained at + 15 deg. Cent.; so 
could carbon dioxide ; but in mixtures of nitrogen, 
or of carbon dioxide with much hydrogen (20 : 80), 
there was some occlusion, though almost all the 
occluded gas was liberated again at + 15 deg. Cent. 
Hydrogen and carbon dioxide, therefore, became 
together volatile when they had formed a solid 
solution which was more volatile than carbon 
dioxide, but less volatile than hydrogen. The 
minimum gas pressure of chemical nitrogen seemed 
to be 0.33 . 10-* mm. (the usual unit of pressure in 
Sir James’s experiments); but with the aid of the 
molecular air-pump [of Gaede] the pressure could 
be reduced to 0.07 . 10-* mm. 

The next series of experiments of Professor Dewar 

concerned the permeability of metals (hot or cold), 
like platinum, palladium iron, and also quartz, to 
— This permeability was a source of trouble. 

© experiments were so conducted that a tube of 
platinum, e.g., closed at one end, was evacuated and 
joined to a discharge tube, which would not allow 
the discharge to pass as long as the gas pressure 
was too low. An oil-pressure gauge was joined to 
the apparatus and the time was measured, so that 
the rate of the rise of pressure could be watched. 
When the platinum was heated in a gas-burner, 
the discharge began to pass, because the hot plati- 
num was permeable to the hydrogen in the gas- 
flame, so that hydrogen entered the platinum 
tube. When a quartz tube was pushed over the 
hot og tube, so as to form a jacket 
round it, the manometer went back, because the 
quartz was not permeable to hydrogen. This was 
still more striking when the quartz tube was 
drawn out so as to allow the introduction of diffe- 
rent gases into the annular space. The experi- 
ments proved that platinum, heated by a Meker 
burner, was most permeable te some gas (chiefly 
hydrogen) when placed in the lower part of the 
flame, where hydrogen predominates; the curves 
obtained when the tube was in the middle or in 
the top portion of the flame indicated a smaller 
rise of pressure, and a less abrupt fall of pressure 
again when the flame was removed. An iron tube 
proved permeable to hydrogen, like platinum ; in 
@ palladium tube the rise of pressure was, under 
the same conditions, much more rapid. When 
carbon monoxide (supplied strongly compressed) 
was burned in a Bunsen burner with a pale blue 
flame, no gas (neither the CO, nor the CO, pro- 
duced by the burning of the CO) penetrated through 
the hot palladium. Experiments were then made 
with helium; it was demonstrated that helium 
easily passed through hot quartz, whilst hydrogen 
would not diffuse through hot quartz, though it 
would readily pass through hot platinum. 

The permeability of skins or films of rubber 
0.01 mm. in thickness, stretched over a metallic 
frame, was also demonstrated, and some surprising 
results were shown. Oxygen passed more readily 
through a rubber skin than hydrogen, and argon 
more readily than nitrogen, so that rubber would 
appear to be more permeable to gases of high atomic 
weight than to gases of low atomic weight. The 
wet film was much less permeable ; and dry air 
(dried by being bubbled through liquid air) passed 
more quickly through the dry film than humid air 
(from the lecture-room). Dipping the film itself 
into liquid air would make it impermeable ; 
the same impermeability resulted when the rubber 
was dipped into glycerin, which could only be 
done properly with a dry film. Water vapour 
found its way also through hot palladium and 
platinum. These various features, the occlusion | ; 
of gases, the ubiquity of hydrogen, the permeability 
of metals and rubber, &c., render the investiga- 
tion of the rare gases still more difficult than it is 
otherwise. In his researches on respired air Sir 
James makes his apparatus entirely of glass and 
metal ; rubber connections and greased stop-cocks, 
which might give off gas, have to be avoided. 

THE LATE ENGINEER-CAPTAIN 
CHARLES G. TAYLOR, R.N. 

Ly a full report of Sunday’s action between British 
and German fleets, issued on bang rs ape last, 
Vice-Admiral Sir David Beatty, K.C.B , announced 
the death of Engineer-Captain Taylor, ‘‘ whose ser- 
vices have been invaluable,” and he expressed the 
deep regret of all connected with the Fleet. This 
feeling is shared not only by Captain Taylor’s colleagues 
in the Navy, but by 4 very — circle of construc- 
tive engineers, who recognised his — engineering 
skill and resourcefulness, while wing also his 
great administrative and educational ability as dis- 
played in conuection with the training of officers, for 
which he was at various periods of his career directly 
responsible. Engineer-Captain Taylor was the only 
engineer who lost his life in the engagement. From 
September last he accompanied the first Battle-Cruiser 
Squadron, and was present during all its recent services 
as engineering expert and adviser to Vice-Admiral Sir 
David Beatty. He was present in this goveetty on 
board the Tiger on Sunday, when he met his death by 

n-fire. is loss to the Service is a great one, 
use of his sound judgment and the wide experi- 

ence gained during the course of his career. 
Born on May 8, 1863, he entered the Navy 

on July, 1, 1885, serving first as an engineer 
student in the Training School at Portemouth, and at 
the Roys! Naval College, Greenwich. He was granted 

& commission as assistant-engineer, with seniority 
July 1, 1886. He received an appointment to H.M.&. 
Caryefort, employed on particu service, in May, 
1887, and remained in that ship on her being recom- 
missioned for the Mediterranean Station. © was 
invalided home ian May, 1890, suffering from malarial 
fever, and was not found fit for active service until 
the end of September in that year. On October 30, 
1890, he received an appointment to H.M.S. Gosss- 
mer, where he continu until Jan , 1891, when 
he went to H.M.S. Imperieuse, on the China Station. 
He had previously been promoted to engineer with 
eeviority September 1, 1890. He remained on the 
China Station over three years, returning to England 
in June, 1894. Comm tion was expressed for the 
ratisfactory state of the machinery of H.M.S. 
Imperieuse on paying off. His next appointment was 
to H.M.8. 8t. George in June, 1894, where he 
was for three months, being then transferred to 
H.M.8. Banshee. A year later (September, 1895), 
he was appointed to H.M.S. Quail. He remained in 
that ship on her transfer to the North America and 
West Indies Station. 

In February, 1898, he received an appointment to 
H.M.S8. Renown, additional for service in Halifax 
Dockyard, where he did useful service for five years. 
While holding this position he was appointed Chief 
Engineer, with seniority December 30, 1900. He 
returned to England in March, 1903. Under the 
new nomenclature as regards engineer officers he 

e an Engineer-Lieutenant, with seniority Sept- 
ember 1, 1890, and was appointed in this rank to 
H.M.S. Aurora in April, 1 In August, 1904, he 
was transferred to H.M.8. Racer for duty at the Royal 
Naval College at Osborne. While holding this 
office he received, as a Member of the Committee 
on the Extension of the Training of Officers’ New 
Scheme, an expression of their Lordships’ cordial recog- 
nition of the energy and capacity displayed by the 
Committee. He was promoted to Tisotncer-Oom- 
mander, with seniority December 30, 1904. 

In ~ me 1907, he went to sea again in H.M.S. 
Cumberland (cadets’ training-ehip), in the follow- 
ing April was appointed to H.M.S. Espiégle, addi- 
tional for service at the Royal Naval College, Dart- 
mouth, where he continued, for nearly three years. 
- work in the B agen senn of, and in out in 

its stages, the engineering instruction o' 
officers entered i the Shee scheme, sieal 
commendation of the Lords of the Admiralty. 

On February 10, 1911, he was appointed a member 
of the 4th Claes of the Royal Victorian Order. 

In March, 1911, he received an appointment to 
H.M.S8. Superb, in the Home Fleet, where he remained 
until promoted to Engineer-Captain (with seniorit; 
February 7, 1912). On promotion he was re’ 
at the Admiralty for duties in connection with the 
new scheme of training officers for the Royal Navy. 

In October, 1912, he was appointed to H.M.S. 
Hercules, additional for service on the staff of the 
Vice-Admiral commanding the second Battle Squad- 
ron, and in the following August proceeded to the 
Royal Naval College, Keyham, as Ragtace-Contein 
in mand, on the ess A being re-opened for the 
training of officers specialising in engineering under 
the new scheme. He remained in this appointment 
till September, 1914, when he joined the staff of the 
Vice-Admiral Commanding the first Battle-Cruiser 

uadron. 
togineer-Captain Taylor was in his early years a 

great athlete, and in all his earlier appointments a 
valuable leader in athletic exercises, a fact which 
greatly assisted him in the work of training officers for 
the Service. He was a fine cricketer and an Inter- 
national Rugby football player, dag yee mn 
back for Wales on many occasions. © was also a 
great pole-jumper, excelling in this all competitors 
in Army and Navy circles. He was a popular and 
highly efficient naval officer, whose loss will be much 
felt. He leaves a wife and three children. He will 
be chiefly remembered in the Royal Navy for the part 
he took in connection with the engineering training 
of officers entered under the scheme, originated in 
1903, for supplying one class of officers for the Navy, 
which has recently been accentuated by embody- 
ing the engineer officers (separately entered under the 
ol system) in the Military Branch. 

Canapian Carita, —The capital embarked in 153 
jan companies is retu at 4,074,889,285 dols. 

This great total is made up as follows :—14 railways, 
957,008,765 dols. ; 57 industrial undortakings, 1,985,995, 601 
dole.; 64 public utilities, 733,913,450 dols.; 13 mining 
compini+s, 320,797,615 dols.; and 5 oil companies, 
77,183,952 dols. 

EXPERIMENTAL Pexton Wurst rok THK RegGERT 
Sraxxet Potytecunic: Erratum.—lu our issue of the 
15th inst., page 85, we gave an account of an experi- 
mental Pelton wheel i at the Regent Street Poly- 
technic for i: i a. Iu was constructed by 
Mr. Percy Pitman, whose was given as Acton. It 
should have been 25, Victoria-street, Westminster, 8.W. 
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THE GERMAN PIG-IRON UNION. 
Tur Essen Pig-Iron Union, according to the present 

ar ment, is © go on until the end of the year 1917. 
The llotment of 1912—viz., 2,788,000 tons—was raised on 
account of some additional works joining, pee pontine 
allotment for last year being 2,840,796 tons, which aggre- 

tte also holds good for the t year, w the 
res for 1916 and 1917 were fixed respectively at 2,955,796 

tons and 2,985,796 tons. It now remains to be seen how the 
war will affect the actual output. The increase is not 
brought about by a proportionate general rise, hut is rather 
confined te comparatively few concerns, and some few 
works have dropped out, or are disappearing, at the end 
of the current year. Thus the ay yt Hiitte and the 
Bochumer Union do not figure in the list for 1916, the 
former withdrawing, and the latter having sold its allot- 
ment to the Gelsenkirchen concern, while a couple of works 
disposed of their allotment to ths Pig-Iron Union at a 
rice of 3 marks per ton. Including these, the original 
ist for the current year comprises thirty-eight concerns, 

of which the largest allotments (for 1915) are those of :— 

Tons. 
Gelsenkirchever Company .... 234, 483 
Liibeck Blast-Furnace Company 167,500 
German sapumbars Sengesy 163,000 
Kraft Kratzwieck Company ... 160,000 
Kraft Nether Rhine Company 158,600 
Iron Works Meiderich... ae 157,009 
a ay a Pa saa fee 
an der Zyppen- Wissen Company ... ’ 

Dollguacehattee Works bee bs 105,000 
Gutehoffnungshiitte __... of ws 101,197 
North German Iron Works, Bremen 100,000 
East German Pig-Iron Syndicate 100,000 

All the other allotments are of less than 100,000 tons, 
the lowest on the list being :—Geisweiler Iron Works, 
12,000 tons. 
The Kast German Pig-Iron Syndicate only figures | P? 

with 75,000 tons for 1916 and 1917, whilst the North 
German Iron Works in Bremen advance from 100,000 
tons in 1915 to 150,000 tons for the following two yeers. &c. 
There are numerous special arrangements; the allot- 

ment of the Gelsenkirchen concern, the figure for which 
increases 43,000 tons for 1916 and 1917, only refers to the 
company’s production at the blast-furnaces of the Schalker 
section (Gelsenkirchen and Vulkan-Duisburg), and it does 
not comprise the same company’s production in Luxem- 
burg and Lorraine. The Gelsenkirchen concern, it will 
be seen, comes second to the aggregate of the two Kraft 
companies. 
There is, perhaps, no more striking example of the 

disposition to establish and maintain system and 
method in the prosecution of commerce, industry, of 
everything in fact, than their immense structure of kartels 
and combines, the formation and working of many of 
which have entailed endless labour and the most patient 
perseverance. 

Epmonton.—The Electric Light Department of the 
Edmonton City Council showed a surplus of 40,000 dols. 
in 1914; the water works also yielded a surplus of 
28,000 dols. On the other hand, the Street Railway 
Department added 220,000 dols. in 1914 to a previous 
deficit of 504,000 dols., and the Telephone Department 
added 37,000 dols. to a previous deficit of 56,000 dols. 

Tue American Locomotive INpustry.—Figures _re- 
lating to recent locomotive construction in the United 
States are of rather peculiar interest at the present time, 
in view of the efforts made in some quarters to hold Great 
Britain and the action of our Fleet res ible for the 
business depression on the far side of the Atlantic. In 
1914 there were built in the United States only 1265 
locomotives, compared with 5332 built in the previous 
year. Itis very clear from these figures that, supposing 
no engines to have been built after the outbreak of war, 
the industry was badly depressed throughout the first 
half of the year. This country cannot have had much 
to do with causing a » Caren which was really serious 
before the internati complications of the latter half 
of the year. Its real cause is rather to be found in the 
country itself, and so far as the railways are concerned, 
is due largely to the harassing manner in which they 
have been treated in recent years. The effect of disturb- 
ing the purchasing power of so large an industry as the 
railways is felt, of course, throughout the country. 

Conrracts.—The Coventry Corporation has placed an 
order with Messrs. Ed. Bennis and Co., Limited, of 
Little Hulton, Bolton, for a complete coal and ash hand- 

cone cetivagen aishehion ecietten nit poke tee Vveyor, dis ing conveyor, - i - 
veyor, ‘sh-dincharging comers, nad all —_ : sup- 

accessories ; whole of the steelwork 
bontained in the boiler-house, overheed bunkers, boiler. | 24 
house roof, economiser floor, and boiler-house floor. The 
order further includes eight Bennis patent chain-grate 
stokers, each 7 ft. wide by 13-ft. 6-in. centres, for eight 
Babcock and badag. ew tyr stm en wd Manufac- 
turing Company, Limited, Aston, Birmingham, inform 
us that they have received from a | ordnance works 
an order for she equipment of their aluminium foundry. 
The order is for fourteen Monometer furnaces for melt- 
ing 140 lb. of aluminium ; three Monometer furnaces for 
melting 1000 lb. of aluminium; and three Monometer 
furnaces for aluminium swarf, turret type, 1000 lb. 
capacity, equipped with the Monometer water-cooled 
ingot mould, and bases constructed with tramway 
tro ae J This poe gr om by —_— from — aluminium 
me:al-melting engineering firms in this country, the 
United States, and Australia. “y 

NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has shown rather more 

activity, and most descriptions of large and small have 
been firmer. Asa result of heavy arrivals, coal- 
a — . more favourable state ¢ — 

are or increasing pressure for i 
As & consequence of thie, concessions for immediate load- 
ing have been obtained with more difficulty. The best 

iralty large steam coal has made 20s. 6d. to 21s.; 
best secondary qualities have brought 19s. to 19s. 6d.; 

descriptions, 18s. to 18s. 6d ; best bunker 
. to 143.; and smalls, 11s. to 12s, 

ton. The best household has been quoted at 
190. to 20s. ; households have t 17s. to 183. ; 
No. 2 Ri} ida large has made 15s. to 16s.; and No. 2 
smalls have been quoted at lls. to 12s. per ton. 
current quotation for patent fuel is 19s. 6d. to 20s, 6d. 
per ton. Special foundry coke has realised 28s. to 32s.; 
fed foundry coke, 24s. to 27s. 6d.; and furnace coke, 
9s. to 21s. per top. As regards iron ore, Rubie has 

been quoted at 2¥s. to 23s. per ton, upon a basis of 50 
per cent. of iron, and charges, including freight,’ insur- 
ance, &c., to Cardiff or Newport. 

The Tin-Plate Trade.—Two-thirds of the production of 
tin-plates in the United Kingdom are exported, and 

y to countries now engaged in war. The pquence 
is that exports have been reduced, and works which had 
laid themselves out for German trade have had to face 
altogether changed conditions, and to endeavour to de- 
velop a new connection. It is feared that many years 
will be required to repair the bavoc occasioned by the 
war, but it 1s hoped that a state of affairs will ually 
emerge which will revive settled, and possibly even 
increased, trade. 
that the exports of tin-plates and tin-sheets in all direc- 
tions last year declined to 435,497 tons, as compared with 
494,497 tons in 1913, and 481,123 tons in 1912. The ex- 

rts to Germany have now, of course, wholly ceased. 
They amounted for the whole of 1914 to 17,910 tons, as 
compared with 34,739 tons in 1913, and 41,379 tons in 1912. 

Newport,—Monmoutbshire steam coal has shown firm- 
ness for both and small descriptions, and prices 
have been generally maintained. Best Newport Black 
Vein large has made 17s. 9d. to 18s.; Western Valleys 
have ised 17s. 3d. to 17s. 9d. ; and Eastern Valleys 
16s. 6d. to 17s. per ton. 

Welsh Mining Fatalities.—There were 1173 fatal acci- 
dents in coal mines in the United Kingdom last year, as 
compared with 1220 in 1913. South Wales headed the 
last year’s list with 364 fatalities, as compared with 321. 

Work for South Wales.—During the past few months 
there have been some comments upon the question of 
work for the Admiralty and War Office being largely 
confined to English firms, while several Welsh firms have 
had no opportunity given them of tendering. A deputa- 
tion from the Welsh Engineers’ and Founders’ Associa- 
tion, consisting of representatives from Messrs. Richard 
Novell end es iw mS Ghamer poser md 
pany, Limi and Messrs. mas ement, Limi- 
ted, Lianelly. Messrs. Taylor and Sons, Limited, Briton 
Ferry, and Messrs. John Evans and Sons, Limited, 
Morriston, visited London on Friday last, and had an inter- 
view with Mr. Beveridge, manager of the Board of Trade, 
and Sir G. Gibbs, director of contracts, at the War Office. 
The deputation was:received with courtesy, and as a 
result of the interview and the representations made, it 
is ee are | expected that part of the armament and 
other kindred work will now be diverted to Wales. 

NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—All conditions make for 
higher pee There is - ey A! men, ——_ — 
wagons, and consequently supplies. tract de- 
liveries absorb the bulk of the output. What is left over 
for the open market is eagerly snapped up. Quite a big 
part of the surplus on contract output of house coal is 
going to London. Though local prices are high, London 
merchants are generally prepared to pay 1s. more, and 
on that account find the South Yorkshire market 
responsive to their demands, subject, of course, to 
the limitations of available tonnage. Orders are 
reaching district dépdts freely, but merchants are 
badly handicapped, and find it difficult, if not impos- 
sible, to bring deliveries reasonably up to date. Best 
grades are 6d. to 1s. dearer. There is a heavy run on 
steam hards. Oontract buyers are pressing for supplies, 
and local industrial consumption, particularly at big 
armament-making factoriés, tends to expand rather than 
diminish. sak to this, ory — ——— on 
an improved stale, despite freight difficulties. utputs 

ing very much reduced, collieries in both the Yorkshire 
ire areas are asking 1s. 6d. more. Gas fuels 

are going away freely. The extension of lighting restric- 
tions relieves the requirements of inland works. Slacks 
are a strong market. The demand is well up to the level 
of the current supply, and prices are on up grade. 
Lancashire cotton-spinners are good customers. Like 
every other section of the market, coke is affected by the 
reduction in output, and ome are decidedly firmer. 

tions :—Best branch -picked, 17s, to 18s. ; 
Barnsley best Silkstone, 15s. to 16s. ; byshire best 

ts, 14s. 6d. to 15s. 6d.; Derbyshire house, 13s. 
to 14s. 6d. ; best 

8s. ; seconds, 5s. 6d. to 6s. 6d. ; 
Tron and Steel.—Prices in the raw-material market 

showing extraordinary activity under the infi 

| of 

Meanwhile the fact must he recorded of 

scarcity of shipping tonnage, and a consequent shortage 
ore. Auctiie Whaler of great local importance is 

the record consumption of hematite pig at the gun, shell, 
armour-plate, and special-steel works. The rise in Hast 
Coast rates has been exceptional. Mixed numbers placed 
on the market at the beginning of the month at 83e. 
are now offered at 92s. 6d. to 95s., and in some instances 
more is being asked. Tike oe ee eee senaned 
in the South Yorkshire market for East brands 
for over two years, and though manufacturers fail to see 
how it can be supported, the opinion among producers is 
that a higher level will be reached before the upward 
movement itself. Thus for once in man expends 
months the West Coast quotation of 88s. to 90s., whic 
in turn represents a substantial rise on the past fortnight, 
is ex - New busi in common irons is on the 

The | slow side, despite the number of inquiries about, but a 
confident tone vails among producers, and prices are 

held at Sactlenal advances. Tincohallien No. 3 
foundry is quoted at 59s., Lincolnshire at 58s., 
Derbyshire No. 3 foundry at 56s. 6d., and byshire 
forge at 54s. A steady state of activity exists at 
the bar-mills. Owing to the increased cost of pig- 
iron and fuel, the South Yorkshire Bar-Iron Associa- 
_ has advanced its basis price = oe 8l. ag The 

engineering concerns are employing every device 
within their reach to expedite the output of heavy 
armaments. Work for the Government is on an un- 
precedented rcale. The labour difficulty is partly 
yielding under arrangements arrived at between the 
men’s union and the masters’ federation, though there is 
still an urgent call for skilled men which cannot be 
met locally. At the present moment remunerative 
employment could be. found for one thousand artisans. 
Several Belgian refugees with an expert knowledge 

engineering are a in armament- making. 
France and Russia are taking big tonnages of steel goods 
for ordinary use, and Russia particularly would take a 
great deal more if transport facilities were available. As 
regards ordinary steel branches, a more active inquiry 
prevails in the beavy sections, both on home and export 
account. The axle, tyre, and spring departments have 
substantial orders on hand for shipment. Special steels 
are commanding increased attention by America and 
New Zealand. Crucible steel is making steady headway, 
and there is a heavy run on machine and field tools and 
es agen Steel billets are commanding very much 
higher prices now that pig-iron has advanced sharply. 
An all-round addition on the previous week’s advance of 
5s. per ton has brought Siemens acid steel up to 9/. 10s. ; 
Bessemer acid steel to 9/.; basic hard steel to 7/. 10s. ; 
and basic soft steel to 7/. 

Exports to the States.—The Consular returns of Shef- 
field iron and steel exports to the United States 
for the past year show a severe falling off in several 
important sections... Shipments of steel sheets, bars, 
wire, &c., declined from 3,110,297 dols. in 1913 to 
2,129,552 dols, and of machinery from 31,893 dols. to 
19,552 dols. On the other hand, edge and other tools 
advanced from 3864 dols. to 7991 dols. No comparative 
figures are afforded for agricultural implements, returned 
at 1112 dols.; files, returned at 1043 dols.; and metal and 
metal compositions, returned at 2584 dols. 

_ Royat Agricutturat Sociery.— This Society has 
issued the regulations for the exhibition and trial of agri- 
cultural implements, machinery, &c., at the seventy- 
sixth annual exhibition, to be held at Nottingham from 
Tuesday, June 29, to Saturday, July 3, next. These can 
be obtained from the Secretary, 16, Bedford-square, 
London, W.C. 

German Meratiurcy.—The production of pig iron in 
pees & the first eleven months of last year was 
13,535,666 tons, as compared with 17,697,922 tons in the 
corresponding eleven months of 1913. The war accord- 
ingl reduced the output to November 30 to the extent of 
4,162,256 tons; but e decrease was ler than was 
probably anticipated. The output of steel in Germany 
in the first eleven months of last year was 4,023,713 tons, 
of which 900,201 tons were made in October and 900,026 
tons in November. 

Sm H. 8. Hour.—Sir Herbert Samuel Holt, who has 
been recently knighted, is a civil engineer and es 
and was born at Dublin in 1856. He went out to Canada 
in 1875, and acted opine as engineer to the Credit 
Valley, the Lake Limcoe Junction, the Ontario and 
Quebec, and other Ontario railways. In ership with 
Messrs. Ross, Mackenzie and Mann, he built, in the three 
years ending with 1892 inclusive, the Regina Qo’A e 
and Long Lake, and the Calgary and Edmonton railways. 
The length of the two lines is approximately 550 miles. 
Sir Herbert Holt has latterly devoted his attention more 
to banking than to engineering. 

AUSTRALIAN Finance.—The total expenditure of the 
ian Commonwealth for 1914-15 is estimated at Al 

37,583,715/., of which 11,742,050/. is re ted b: The estimates balance off with 2. deci war outlays. The estima’ off afic 
for the year of 13,088,314/., to meet which the British 
Treasu to advance 10,500,000. It is pro- ry 4 
posed to contmue, as far as possible, the construction of 
railways and other public works, and with this object 
the Commonwealth Government has offered to lend 
18,000,000/. to five States—viz.:— New South Wales, 
7,400,000. ; Victoria, 3,900,000/.; South Australia, 
2,600, 0007. ay woe a 3,100, 0002. ; a e. 
mania, 1,000,000/. rate of interest proposed 

to the States for these advances has not been 
fix at present; it is contingent upon the cost of the 
oversea loan agreed to be made by the Imperial Treasury. 
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INDUSTRIAL NOTES. 

Wirs reference to the leading article in our last 
iseue (see page 109 ante), we have received from one of 
the leading British shipbuilding firms a statement 
giving the detail of the absentees from work for the 
twenty weeks commencing with the week endi 
September 1 down to that the 12th inst. The 
statement gives the rtion of absentees firstly till 
9.45 a.m. and soasntiy or the whole of the day. The 
average all-day absentees works out as follows :— 

Anglesmiths : Per Cent. 
Journeymen 7.6 
Labourers 5.3 

Platers : 
Journeymen . 8.6 
A tices . 15.0 
Helpers 9.1 

Riveters : 
Journeymen .. 13.0 
A tices . 23.0 
Holders-on 20.0 
Rivet-boys 14.7 

Caulkers : 
Journeymen ... 12.2 
Apprentices ... 18.5 

Borers : 
Journeymen ... 9.3 
Apprentices ... 4.1 

These figures confirm the tenor of our article in 
question. e may add that in most of the trades 
here reviewed the proportion of absentees till 9.45 a.m. 
has frequently been double and treble the above per- 
centages. In view, perhaps, of the large amount of 
overtime, there may be excuse for some of the men 
not coming on an occasioral — until breakfast 
time, but there is far too much of this. The loss in 
output corresponding with the all-day figures given 
by the firm in question must evidently be consider- 
je Ag and means a dead loss to the whole Empire at 
a time of very serious crisis. 

The shortage of labour in the agricultural districts 
was duct at the fifth annual ceantees of the York- 
shire Farmers’ Union, held at Doncaster, on Saturda 
last, the 23rd inst., Mr. T. Harrison (Marr Hall) 
presiding. Mr. H. W. Palmer, secretary to the 
National Union, was present, and in the course of his 
remarks he stated that the hours constituted only 
one portion of the problem. So far as the agricultural 
labourer was concerned, the trouble was that there was 
not a picture palace in every village. They — 
laugh, but it was a serious trouble which weighed as 
much as anythimg—wages, hours, and conditions of 
life. As to the suggestion that they should co-operate 
with the Labour Exchange, he admitted a prejudice 
against Labour Exchanges. Dealing with the employ- 
ment of Belgians, he said there were a large number in 
this country with a or of agriculture, and 
others in Holland who might brought over. The 
question of Belgian employment would have to be 
administered through the Exchanges. 

It was agreed that the secretary of each branch 
should keep in touch with the Labour Exchanges, and 
Mr. Passmore, assistant divisional officer, Doncaster, 
who had been —— with a list of secretaries, 
romised to notify the m rs of all Labour 
ixchanges of the importance of the matter, and of 
the necessity of co-operating with the Union. 

There is good news in the Birmingham Daily Post 
concerning the British flint-glass trade. The journal 
says that one of the few industries in Birmingham 
which have not participated in War Office orders is 
that of flint-glass manufacture, and makers have been 
able to devote themselves entirely to the exploitation 
of new markets, which the cutting off of Continental 
~— has left to them. What has happened to that 
trade is encouraging as showing what may be done in 
other trades when the present absorption in the manu- 
facture of war stores gives the opportunity to take up 
the business. The high-class decorative-glass business, 
it must be admitted, has suffered greviously from the 
war, and for the cutter the immediate prospect is 
bleak. But, on the whole, manufacturers have been 
able to adapt their works to other lines which afford 
steady employment and remunerative prices. The 
difficulties of supplies of sand and potash have very 
largely been overcome, and one result is that 
for certain classes of goods an English sand is likely 
permanently to displace Continental material. During 
the past few days, too, a consignment of an Indian 
sand new to the district has been experimented with, 
and is said to yield an “‘ antique ” quality which may be 
remuneratively deve There is an immense 
open to the glass-maker in the cheaper classes of light- 
ing glass, and a smaller one for decorative moulded 
ware. At first, London houses which had controlled 
the trade from abroad in these lines looked askance at 
the prices which Birmingham and Stourbridge quoted 
them. The orders placed were very small in com- 
parison with the inquiries ; butas it @ apparent 

that there were no other sources, merchants began to 
buy, and have now taken local designs into their 
catalogues. This is accounted a big gain to the British 
maker, and as his labour becomes more used to the 
production of these wares, and processes 
upon, the feeling grows that he will be able to retain 
the trade. He will probably never get down quite to 
the prices that have been ruling for Austrian, German, 
and Belgian glass, but he is confident that his 
better-class goods, having made its market, will 
retain it when conditions Seems competitive. Local 
manufactures are almost entirely for the British 
market at the present time, but already exporters are 
inquiring for goods in substantial quantities for 
foreign markets. A Birmingham firm has equipped a 
new factory for the production of cheap g 
ae, to replace those formerly supplied from 
the Continent, and it has been entirely staffed by 
Belgians. The experiment has so far proved very 
successful. Some slight improvement is reported in 
the demand for glass for mounting, but the business 
is still small. Mounters do not take kindly to 
Birmingham manufacturers’ prices for the cheaper 
class—in some cases 100 per cent. and 200 per cent. 
more than they have been Paying ; but since there is 
no other source of supply, they are having to place 
orders for such glass as they want locally. 

are improved 

It is estimated, says Steel and Iron, Pittsburg, that 
fully half a million of our. industrial labourers have 
migrated to their European fatherlands since the 
middle of 1914. The same situation has occurred 
before in this country during dull periods, but never 
in connection with so dubious an immigration pros- 
pect as we face to-day. The situation deserves instant 
attention, for the reason that America seems likely to 
need this supply of day-labour within six months. 
It cannot be expected that any tide of European 
immigration to America will set in so long as the 
present conflict lasts, or for months thereafter. There 
will probably be legislation in the countries south of 
Europe, immediately after the declaration of peace, 
to stop any migration westward. ‘‘ Europe’s hordes” 
will be needed at home for the work of rehabilitation. 
The situation is certain to inspire further effurts 
towards the devising of labour-saving appliances in 
our great industries. We will not have a plethora of 
common labour for years to come in this country. 

At a South Wales Housing and Town- Planning 
Conference, held at Cardiff on Thursday, the 2lst 
inst., the City Engineer (Mr. W. Harper) entered 
@ vigorous protest against wage demands put for- 
ward by Cardiff masons and carpenters. He said at 
Cardiff they had given notice of an inorease in w 
all roundof 14d. an hour from March next. e 
thought it was as despicable an act as that of the manu- 
facturer, builder, or tradesman, who raised his prices 
as the result of the war, and he was of opinion that 
the Conference should pass a resolution condemning 
an action of that kind. In these days of war almost 
every man was trying to make some sacrifice, but it 
was evident that the men employed in the building 
trade were not prepared to make any. 

It is stated that the present demand for carpenters 
is greater than the trade has ever known. War Office 
contractors are paying men Is. an hour, with 30s. a 
week for expenses, and imposing no restriction as to 
the number of hours they shall work, if they will 
engage to go to France. en who go abroad to erect 
the thousands of huts required for the Army are 
receiving double wages for Sunday work, double — 
for night work, and time-and-a-half for Saturday 
afternoon work, and can easily earn between 5/. and 
6l. a week. Electricians, especially skilled men, can 
hardly be obtained for any money. Plumbers also are 
extremely busy, and engineers declare that they 
cannot now obtain assistants at wages which formerly 
have been undreamed of. For plasterers, bricklayere, 
painters, and house decorators the demand is not 
great. Owing to railway congestion, bricks cannot be 
delivered ; the supply of wood is also limited, condi- 
tions which place heavy restrictions on all building 
operations. 

We are informed that a meeting of representatives 
of Scottish municipal gas committees was held last 
week in Glasgow, when it was agreed to approach the 
Government with the object of putting into operation 
Section 4 of the Coal-Mines Regulation Act, 1908, 
which practically means the suspension of the miners’ 
— hours’ day, in the expectation of improving the 
deliveries of coal to gas works by allowing the miners 
to work longer. The object in view is to remove the 
difficulty in obtaining from the collieries the delivery 
of coal supplies contracted for, and to be used in, gas- 
making. 8 difficulty due to the large proportion of 
miners who have joined the colours. 

An agreement was signed on the 4th inst. between 
the Engineering and Allied Trades’ Societies’ Federa- 

, tion and the employers for an advance of ls. per week 

on all time rates; it has also been decided to allow 
to all men who have not received any advance 
since 1911 and to machine operatives and bench hands 
in engineering and trades allied thereto, ls. per 
week additional advance on day rates and 5 per cent. 
on current piecework prices. 

The advances are re tive to the first full-pay 
day in December, 1914. e agreement is to remain 
in force without alteration for a period of twelve 
months from the first pay day in December last. It 
applies to members of the following societies and 
unions :— 

United Kingdom Pattern-Makers’ Society. 
Tool-Makers’ and Machinists’ Society. 
National Brass-Workers and Metal Mechanics. 
Smiths’ and Strikers’ Society. 
Coach-Makers’ Society. 
Workers’ Union. 
Electrical Trades Union. 
Amalgamated Society of Wheelwrights, Smiths, and 

Motor-Body Builders. 
Associated Blacksmiths and Ironworkers. 
Boilermakers’ Union. 
Tin-Plate Sheet-Metal Workers’ 

Society. 
Amalgamated Union of Cabinet-Makers. 
National Amalgamated Furnishing Trade Associa- 

tion. 
Amalgamated Society of Wood-Cutting Machinists. 
Railway Vehicle Builders’, Wheelwrights’, and 

Mechanics’ Domestic Engineers. 
The United Machine Workers’ Association. 
A similar arrangement was signed on Wednesday, 

the 20th inst., between the Engineering and Allied 
Trades’ Societies’ Federation and the Engineering 
Employers’ Association in all the above societies, 
wit! exception of the Toolmakers, Brass-Workers, 
Smiths and Strikers, and the United Machine Workers, 
who have already agreed with the Engineering Em- 
ployers’ Association for a 2s. advance and 5 per cent. 
on piece-work prices, with a two years’ agreement. 
This settlement affects between 15,000 and 20,000 
workers in the engineering and allied trades in Bir- 
mingham. Under the agreement a clause gives the 
men who profited by the *‘ bottom dog” strike Is. 
advance and other men 2s. 

and Braziers 

A meeting of the ~~ employed in the Clyde 
district was held on Sunday last, the 24th inst., to 
consider the present position of the wages question. 
The meeting, which was convened by the Sho 
Stewards’ Committee, was attended by about 4000 
men. Mr. William Brodie, organising delegate, and 
Mr. Sam Bunten, secretary of the Ghaaer District 
Committee, reported on the negotiations which have 
taken place with the ep on the application of 
the men for an advance of wages from 84d. per hour 
to 10}d., and they also replied to a number of ques- 
tions by the men. In the course of the proceedings, 
a resolution was carried by about five to one recom- 
mending the men to stop all overtime for the present. 
It was stated in the discussion that the employers had 
offered an advance of $d. per hour as from January 13, 
but that this had been refused by the men. The men’s 
application for an advance of 2d. per hour is now to 
be placed before the Central Conference for further 
consideration. 

We understand that the Leith dockers and their 
employers have been negotiating of late concerning 
the conditions of labour at the docks. At a general 
meeting of the dockers in the Leith Assembly Rooms 
on Sunday last, an agreement drawn up by com- 
mittees representing both sides was approved. Under 
this agreement the standard rate of wages has been 
increased from 7d. to 8d. per hour. Various other 
rates have been increased, and conditions generally 
improved. 

An interesting report has been prepared by the 
Australian Commonwealth Statistician (Mr. G. H. 
Knibbs), giving particulars for the whole Common- 
wealth regarding changes in rates of wages and the 
methods by which ee Rr ee effected. The infor- 
mation has been tabulated according to both States 
and industries. The number and effect of changes 
in wages during 1913 were as follow :— 

. | Number - wa Total | pe 

= | Persons | "crease | oor Head 
Changes. tected. | Per Week. | Pe week. 

& s 4 
New South Wales 149 «=| 80,618 | 21,789 | 410 
Victoria... 81 | 49,254 | 9890 | 4 0 

Ee 41 16,645 | 8,702 | 4 5 
th Australia 2% 86| «(4,576 1,279 5 7 

Western Australia 20 «| 3,036 42x | 210 
Tasmania | a2 | 8,005 6385 | 438 

Commonwealth 329 | 166,182 | 37,718 46 

Of the 166,132 persons who benefited by increases 
in wages, 13,698 were females, No decreases were 
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recorded during the year. The changes in wages are 
classified seensting to the method by which they were 
effected, and also according to whether they occurred 
after stop of work or without stoppages of work 
—i.e., with or without a strike or lock-out. The fol- 
lowing shows the number of changes in the whole 
Commonwealth classified according to the method by 
which they were effected :— 

No. of 
Method. Changes. 

By voluntary action of employers ... 2 
+» direct negotiations aos Oia 30 
+» intervention of third part a 4 
»» award under Commonwealth Act _... 3 
»» agreement under Commonwealth Act 24 
» award, &c., under State Act -- «2313 
+» agreement under State Act 36 

Total 312 

Of these 312 changes, 276 were effected without 
stoppages of work, and 36 after s of work. 
The a class affected 161,513 pe ers, = = 
tained increases ing 36,219/. per week ; the 
latter affected “tl pie who obtained increases 
aggregating 1494/. per week. It is pointed out in the 
report that the total effect on the annual wages bill 
cannot be obtained merely by multiplying the agare- 
gate weekly increase by 52 without pan J due allow 
ance for short time, unemployment, and seaso 
industries. 

With reference to the para; h on page 103 ante, 
concerning the West Yestublon enintog controversy, 
we now hear that the ballot has given the following 
results :—26,676 men voted in favour of handing in 
notices, and 7211 voted against. The membership in 
the affected area is 37,812. The required majority has 
therefore been obtained, and the Council a the 
Yorkshire Miners’ Association met on Wednesday at 
Barnsley, when it was decided to tender fourteen 
days’ notices on making-up day next week in West 
Yorkshire, in cases in which the owners have not given 
a written ——s to pey according to Jud, 
Amphlett’s award of July 28 last, together with the 
amount due under the Conciliation Board’s resolution, 
and also to pay all arrears. 

By a further resolution it was decided that a letter 
should be written to the secretary of the Miners’ 
Federation stating that the Council were willing to 
meet the coal-owners. Mr. Wadsworth was also 
instructed to inform those owners who had given the 
written undertaking that their men will be instructed 
to continue work. 

NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 13. 

AFTER several months of dulness, the railoads are 
again in the market for large quantities of rails, 
engines, cars, and fair amounts of structural material 
for bridge- work. The rail orders for the current 
month will probably not fall below 1,000,000 tons, and 
may materially exceed it. Car orders since January 1 
reach about 9000, and with pending inquiries for 
very many more. Orders for Geometiens are rather 
restricted. Bridge steel is more active. Steel exports 
fall far below expectations, but material for war pur- 
poses is very active, and it would be only guesswork 
to give figures. The Bethlehem Steel Company is 
monopolising the distribution of orders. All incoming 
business is booked at very low prices. Manufacturers 
hesitated this week on booking a few large orders for 
second-quarter delivery. Wire-rods are sold up well 
into the second quarter. Barbed wire for export is 
under very active negotiation for quantities. 
Sheet is now advancing. The Uni States Steel 
Corporation shows a gain of 512,051 tons over the pre- 
vious month. The market is decidedly stronger, and 
inquiries are pouring in. Coke is active, correspondin 
with pig-iron. The disposition is not to load up wi 
too much business at present low prices. Pig-iron 
users have, as a rule, covered only the first quarter, 
and therefore must soon be in the market again, prob- 
ably to pay 25 to 50 cents a ton more. No additional 
furnaces have gone into blast. The general policy 
still prevails among consumers of not buying more 
than enough to provide themselves for three months. 
Unemployment still prevails in many industries. 

CnemicaL Inpustry.—The formation of a powerful 
Central Committee, representing chemical manufacturers 
and scientific societies, has been decided upon, and a 
meeting of all concerned has been convened, and will be 
held next , to consider the present situation. A 
preliminary meeting hasalready been held. The meeting 
1s to take place at the offices of the Institute of Industry 
and Com Exhibition Buildings, Aldwych Site, 
Strand, W. ,*% ical ae bi age 
can attend meeting by making application to 
Secretary at the above address. The fact that eminent 
men of science} are the movement, and are seek- 
ing the co-operation of the manufacturers, should 
ensure & successful issue to the movement. 

believe 
nal | shat 

**WORKMEN AND WAR MUNITIONS.” 
To THE EpiTor oF ENGINEERING. 

Srr,—Those enguged on Government contracts for war 
material at the present time will, I am sure, be much 
indebted to you for calling attention to the position 
labour has taken up, for it is not a question which affects 
the contractor only, but it is of the utmost importance 
to the whole country. No one will grudge the workmen 
earning substantial wages and some increased rate of pay 
to cover increased cost of living, but there have been too 
many examples of the trade unions taking advantage of 
the emergency to obtain al unreasonable ad vances. 
There were cases in the first days of the war when 

demands were made, and it was stated that if they wers not 
met the transports should not sail. In many parts of the 
country where work has had to be carried on continuously, 
the men, after putting in a Sunday at double time, make 
a t of losing a day later in the week. 

‘he old demarcation questions have been brought up 
again, and where there are serious shortages of men for 
particular jobs there have been point-blank refusals to 
allow a, members of a particular society, to operate 
tools which they are quite capable of ~\-3 3 
The situation has beén aggravated by vernment 

ials attending at various parts of the country, who 
eee been quite ignorant of the true 
state of affairs, and congratulating 
have done. 
The daily Press has led the workers of the country to 

that industry in Germany is at a standstill, and 
war is going spendidly for us. The truth is 

that we were not equipped at the outbreak of the war, 
and our utmost efforts are needed to produce the neces- 
sary equipment of all sorts of war material to put us on 
an even footing with our enemies. 

© reports of well-informed engineers who have means 
of knowing are to the effect that the industries in Ger- 
many are being carried on without a fraction of the 
disorganisation which has taken place here, and that there 
has been no increase in the rate of pay for labour, the 
only change being that the workers have all been willing 
to put more energy into their work. ; 

firmly believe that before the war is concluded it will 
be for some strong man to appear in the 
Government and take charge of the labour situation, and 
— 2 in wh ne pod sense, 80 + oe all — ma, 
properly discipli to carry out their particular work to 
the best of their ability pow f the utmost of their capacity. 

Yours faithfully, 
London, 8.W., January 27, 1915. HIPBUILDER. 

COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign agneng, projects, taken from the Board of 
Trade Journal. urther information concerning these 
mag = be obtained from the Commercial Intelligence 
eo h, Board of Trade, 73, Basinghall-street, London, 

Canada : The Imperial Trade Correspondent in Toronto 
notifies that tenders are invited by the Toronto Depart- 
ment of Street-Cleaning for the installation of furnaces 
and appurtenances for refuse-incinerating plant. Sealed 
tenders, on the proper form, must be sent by registered 
oa to reach the Chairman of the Board of Control, City 

all, Toronto, not later than noon on February 16, and 
must be accompanied by a cash deposit or a marked 
cheque for 24 per cent. of the value of the offer, made pay- 
able to the City Treasurer. The Imperial Trade Corre- 
spondent at Toronto also reports that a company has been 
formed in Ontario with a capital of 1,000,000 dols. (about 
205,500/.) for the purpose of manufacturing and dealing in 
me and metal products, including iron and steel. 

South Africa: The Imperial Trade Correspondent at 
Johannesburg reports that an agent in that city, claiming 
twenty years’ connection with the South African mines, 
wishes to secure the representation of United Kingdom 
manufacturers of mining machinery and general su 
plies. With reference to the loan of 960,000/. for public | the 
works to be carried out by the Durban Corporation, the 
Imperial Trade Correspondent in that city reports that 
the Corporation, with a view to maintaining the standard 
of expenditure of the past few years and diminishing un- 
employment, has decided to appropriate a sum of 
350,000/. froin the loan funds for the extension of the 
water supply, electric lighting, tramways, telephone 
system, and other municipal en ises. 
New Zaland : With reference to the call for tenders 

for heating and ventilating plant for the new Parliament 
Buildings, at Wellington, H.M. Trade Commissioner for 
New d has telegraphed that the time for the re- 
ceipt of tenders has been extended to February 26. 
Tenders, made out on the proper forms, should be 
addressed to the Public Works Office, be ay New 
Zealand. It will be observed that the time for the receipt 
of tenders is limited, and therefore this intimation will 
be of use only to firms having agents in New Zealand 
who can be instructed by cable. 

Australia: H.M. Trade Commissioner for Australia 
reports that tenders are invited by the Railways Branch 
of the Commonwealth Department of Home Affairs for 
st attediog 8 ft. s in. long, < =, 
ype i i fastenings), to iv at Port 

= ied b eclints a Kh. Fm accompanied by a ‘iminary deposit per cent. 
value Tt the offer. The tenderer, if not resident in 
Australia, or if a company registered outside the Common- 
wealth, must name an agent in Australia to receive 
notification of acceptance and other notices under the 
contract. 
Spain: The Gaceta de Madrid notifies that tenders 

ing the menon what they | Rail 

be | ing any possible intervention on the 

will be opened at 11 a.m. on February 6at the Direccién 
General de Obras Publicas, Ministerio de Fomento, 
Madrid, for the construction of a bridge over the River 
Guadiamar on the Seville- Villamanrique road. ) esti- 
mated value of the first section of the contract, which is 
for the execution of the metal of the bridge, is 
114,672 pesetas (about 4540/.). other works are to 
be carried out at an upset price of 180,558 pesetas (about 
7150/.). Although this contract will doubtless be awarded 
to a Spanish firm, ne the carrying out of the 
works — oe the purchase of material outside 
Spain. Gaceta also contains a law au ising the 

inisterio de Fomento to proceed with the construction 
of the Balaguer-Camarasa section of the international 
railway from Lérida to Saint Girons via the Noguera- 
Pallaresa Valley. The Gaceta further publishes a law 
authorising the Spanish Government to make \. 
ments for the irrigation of the districts of cache, 
Somonfano and Monegros, in the Province of Arragon, 
by means of the waters of the rivers Gallego, Cinca, 
Sotén, Aztén, and Guatizalema. A maximum period of 
25 — is allowed for the completion of the necessary 
wor! 
Siam: The Acting British Consul-General at — 

reports that tenders are invited by the Siamese al 
Railway De ent, Broad Gauge (the name under 
which the Administration of the Siamese Northern 

ilway is now known), for the supply of a steel bridge 
consisting of five 40-metre spans. Sealed tenders, marked 
**Tenders for Steel Bridge,” giving ce ton c.i.f. 
delivered on railway wharf at Bangko be received, 
up to 10 a.m. on June 1, by the Director-General, Royal 
Railway Department (Broad Gauge), Bangkok, at which 
office jes of the specification and drawings may be 
obtai on payment of 5 ticals (about 7s. 8d.) each. 

Argentina : e Boletin Oficial, Buenos Aires, pub- 
lishes a decree approving an ad referendum ent 
entered into between the Director-Gieneral of Irrigation 
and the Government of the Province of Catamarca for 
the execution of irrigation works in Huillapima and 
Capayan. 

Tue German Coat Synpicate.—The question of the 
renewal of the Rhenish- Westphalian Coal Syndicate con- 
tinues to e' much attention in pomp ol Concern- 

of the State, the 
Kohinische Zeitung says :—‘‘ Whether the State, as to 
whose desire to see the Coal Syndicate prolonged there 
can be no doubt, will step in should the syndicate not be 
continued, is very questionable ; and whether the regu- 
lations which the State in such case would introduce will 
please the private mineowners better than what they 
could arrive at by mutual agreement, is much to be 
doubted. The State would, especially under the existing 
circumstances, much regret if an organisation which, 
in its opinion, had become a head corner-stone in German 
industry, should fall to the ground.” 

JAPANESE LocomOTIVE ENGINEERING.—A new epoch 
in the annals of Japanese railway engineering was marked 
on October 30 last, when a successful trial trip was made 
of a new locomotive for the South Manchurian Railway. 
This engine, which is the first standard-gauge locomotive 
to be designed and built by Japanese engineers, was con- 
structed in the company’s shops at Shahokou, near 
Dairen, the terminus and headquarters of the railway, 
and one of the most flourishing ports in the Far East. 
It is true that Ja -built engines are already in use 
on the Imperial Japanese Government Railways, but 
these are all narrow-gauge lines. The Shahokou shops, 
which were only opened in 1911, are naturally on a com- 
paratively small scale. They are, however, well equipped 
with modern machinery and up-to-date eppliances of all 
kirds, and —-7 nearly 3000 hands under the superin- 
tendence of Mr. H. Mori, formerly superintendent of the 
workshops of the Imperial Japanese Government Rail- 
ways. ey have already produced a number of saloon 
carriages, passenger-cars, goods-wagons, tramway-cars, 
&c., and have also constructed plant, such as winding- 
engines, for use at the company’s collieries. Hitherto 

trains on the South churian Railway have 
been hauled by British and American engines, but the 
new engine, it is stated, has given better results, 
under ordinary running conditions, than any previously 
in use on the company’s lines. The shops are therefore 
now constructing five more engines of exactly the same 
design, as _well as six double-ended tank nes for the 
Chosen (Korean) Government Railways. oreover, it is 
intend agen | to increase the capacity of the works 
to construct new locomotives and carriages. We regret 
that our lent omitted to send us the principal 
dimensions weight distributions of the new loco- 
motives, but he informs us that the design has aimed at 
embodying all the best features of British and American 
engines, and ing them to suit the conditions exist- 
ing on the company’s lines. The boiler is of the Belpaire 
type, and is fi with a Schmidt superheater and a 
special reinforced brick arch. Plate frames with under- 

tion is effected by means of the ordinary ‘Walschaert valve- 
, and the cyli steam-c! and air-pumps are 

fabricated by a Michalk i i mechanical lubricator. Further 
particulars of this 
to hand, and we 

tter 

interestin: ine will doubtless come 
‘ shall then be able to deal, with the 
at 
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STANDARDISATION OF PIPE-FLANGES 
AND FLANGED FITTINGS.* 

By Joun Dewrance, Member, of London. 

Tue standardisation of pipe-flanges and of — 
fittings is a matter of AR, ne — to both manufac- 
turers and users, and it has during recent years received 
much attention in thisand other countries. On April 18, 
1902, Mr. Rebert E. Atkinson, of Leicester, read before 
shis Institution a paper in which he dealt in a most tho- 
rough and painstaking way with the position of the subject 
at that date. y as a result of Mr. Atkinson’s paper, 
and of the valuable discussion to which it gave rise, the 
matter was, in the following year, taken up by the Engi- 
neering Standards Committee, who appointed a i 
Committee on Pipe Flanges to deal with the question. 
This Committee included cupoesentatios of the Ad- 
miralty, the Institution of Mechanical Engineers, the 
North-East Coast Institution of Engineers and Ship- 
builders, the Institution of Engineers and Shipbuilders in 
Scotland, the Institute of Marine Engineers, the Insti- 
tution of Heating and Ventilating Engineers, the Institu- 
tion of Electric Engineers, the Aesociation of Railway 
Locomotive Engineers, and the British Tube Trade Asso- 
ciation, besides representatives of many im t manu- 
facturing firms engaged in the construction of pipes, 
valves, &c. This Committee held its first meeting on June 
30, 1908, and from it there was formed a smaller Sub- 
Committee, entrusted with the ae - is ying details and 
carrying out any experiments which might be necessary. 

The Sectional Committee and Sub-Committee held in all 
thirty meetings, at which yn bere and discussed a 
great mass of information relating to existing practice, 
and also the data derived from various experiments carried 
out in the course of the inquiry. As a result, they 
embodied their conclusions in a reportt in which the 
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consideration was given to standards in which 
the number of bolts increased one at a time, and others 
where the number in two at a time, and the 
opinions of a great number of engineers were asked and 

— will be that hydraulic- veryone t aware 1) press 

egitabee end hanks exe ein ccanneted tay two bolts, and 
—- by a than four. — pipes up to 7-in. 
bore for hydraulic power up to 1200 lb. pressure per sq. in. 
are made with two bolts.* Fig. 1 shows the 7-in. size. 
The reason only two bolts are used in the case of 

hydraulic mains is that several pipes are laid side by side 
in trenches in the streets, but in order to be able to run 

Fig.1.7-INCH CAST IRON PIPE FOR 
HYDRAULIC POWER. 
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flanges, &c., are standardised in four classes—viz.: (1) 
low-pressure standard, for steam pressures up to 55 Ib., 
and water pressures up to 200 1b. per sq. in.; (2) inter- 
mediate-pressure standard, for steam pressures over 565 lb., 
but not exceeding 125 lb. per sq. in.; (3) Nag oye 

t standard, for steam pressures over 125 lb., not 
exceeding 2251b. per sq. in. ; and (4) extra +e 
standard, for steam pressures exceeding 225 lb., but not 
exceeding 325 Ib. per sq. in. The report also gives stan- 
dard dimensions for short bends and tees of cast metal 
and for long bends of wrought iron and steel. 
The work of the committee necessarily demanded the 

careful consideration of a number of points of detail, it 
being especially desired to arrive at such standards as 
would, on the one hand, ensure efficient joints, and, on 
the other, avoid undue weight ; while, moreover, it was 
necessary—in order to realise the full value of standard- 
isation—that the standards arrived at should be such as 
would be suitable for stocking in a by the makers 
of pipes, valves, &c. Some of these points may be con- 
sidered separately. 

Diameters of Flanges and Bolt-Hole Circles.—In the 
British Standard Tables of Pipe Flanges, the diameters 
of flanges and bolt-hole circles are uniform for all 
intended for steam pressures ranging from 55 1b. to 325 lb. 
per sq. in., slightly smaller flanges, however, being given 
for the low-pressure flanges forming Class 1, and intended 
for steam gee up to 55 Ib. per sq. in. The dia- 
meters of bolt circles decided upon were the smallest 
permissible in the case of cast fittings, after making due 
allowance for the fillet at the root of the flange and with- 
out resorting to pin-drilling to secure a flat ing face 

“hears 0 he of Bolts.—One of the most important points 
that came before the Sub-Committee for decision was 
whether or not the number of bolts employed should in 
all cases be a multiple of four, and a great deal of dis- 
cussion occurred ore @ conclusion was arrived at. 

* Paper read before the Institution of Mechanical 
Engineers, January 22, 1915. 
+ British Standard Tables of Pipe Flanges, No. 10, 

November, 1904. 

= 

the pipes in any direction, the standard T bends and the 
valves must be made in three variations : one with the 
flanges vertical, another with the flanges horizontal, and 
still a third with one flange vertical and the other hori- 
zontal. This leads up to the conclusion arrived at by the 
Sub-Committee—that there can practically be no standard 
. all unlees the numbers of boits used are multiples of 
our. 
It follows from the preceding paragraph that four bolts 

would be sufficient for even the largest steam-pipe flanges, 
but in the larger sizes the use of four bolts only would 
osine Smo my the ~~ Lp as is — =: _ 

raulic-pipe flanges. 18 WO require ger bolts, 
whieh, of course, would have to be larger to stand the 
strain, and would entail a greater cost than the use of 
the number of smaller bolts that was adopted. In this 

as in others, the Sub-Committee departed as little 
as possible from existing practice, and followed the rule 
that whenever room for four more bolts occurred they 
were added. 
The sizes of the bolte were calculated throughout to 

allow an ample margin of safety, assuming that in the 
case of a joint on the point of leaking the full pressure 
might be exerted on the area ofa circle just touching the 
inside of the bolt-holes. 

clearance of ;y in. in the bolt-boles for }4-in. and 
f-in. bolts, and of 4 in. for sizes, was, in the 
opinion of the Sub-Committee, the smallest allowance 

was practicable for commercial manufacture. 
_ Thickness of Flanges.—A considerable amount of the 

time o-cupied by the Sub-Committee was given to the 
consideration of the thickness of flanges. any theories 
as to the formule put forward on this subject were 
considered, but the Sub-Committee did not agree as to 
en that could be accepted for general use. 

author’s view is that two separate stresses have to 
be considered. The first is the stress necessary to distort 
the flange and the pipe considered as a cantilever, and 
the second is the stress necessary to cup the flange itself. 

* See British Standard ow nes for Cast-Iron 
Pipes for Hydraulic Power, No. 

Fig.4. FLANGE WITH € BOLTS 
43 TONS PERMANENT SET Yes INCH. 

To demonstrate this, a short piece of 2h-in. bronze pipe, | i 

with two of the standard i 
ib ie Seteh, was made end Gxt with eight holes to the 

ritish standard. One flange was bolted up toa cast-iron 
pane aay the other flange was connected by bolts to 
ano thick cast-iron flange, leaving a space between 
the bronze and cast-iron flange, as shown by Fig. 2. The 
cast-iron were then pulled apart in a teating- 
machine. Abt 17.28 tons the last-mentioned bronze flange 
set wy in., and at 19.2 tons it set 4 in. 
Two radial saw-cu's were then made in the undistorted 

flange, as shown in Fig. 3. These cuts bisected the dis- 
stances between one of the bolt-holes and the holes on 
| either side of it, and ran down the radius from the out- 
| side circumference of the flange until they met the barrel 
| of the pipe. In this way, one-eighth part of the flange 
was isolated from the rest. 

A bolt was passed th h the hole in this isolated 
the ing hole in 
cantilever of the 

portion, and another th 
the complete flange, and 

| small portion was tested between the centres of a testing- 
machine in the ordinary way, as shown in Fig. 3. A set 
of 4 in. was obtained with a load of 1.27 tons. 

| "his experiment proves that the flange owes 1.27 tons 
| for each section of an eighth, or 10.16 tons in all, to the 
| cantilever strength, and the balance of the 19.2 tons, or 
| 9.04 tons, to the strength of the flange itself. 
| A flange 64 in. in diameter for 2-in. pipe, and having 
| four bolts, was then taken and pulled in a similar way ; 
| at 14.3 tons there was a permanent set of »; in., and at 
| 16.99 tons a permanent set of 4 in. An exactly similar 
flange was then reduced to the shape shown by Fig 
At 13 tons there was a permanent set of ;, in., an 

| 15.27 tons a permanent set of 4 in. 
| This result was extremely interesting, as the metal 
| between the bolts on the line of the based on etronget 

3 it 

. 4. 
at 

been cut away, it proved that formule based on s' 
|of the girder between the bolts are not correct 

Fig.5. FLANGE WITH 8 BOLTS. 
518.10 OZ, SAVEO IN WEIGHT. 

» Ya INCH. 

roved that there is an ample margin of strength when 
our bolts are used for a 2-in. e. 
The result of this experiment suggests that if it be 

very important to keep the weight down as low as pos- 
sible, flanges need not be round, but might be of a sha 
similar to that shown by Fig. 4, or, in the case of eight 
bolts, by Fig. 5. Such flanges could be bolted to round 

to the British standard, and not be very un- 
or; In the 5-in. size shown by Fig. 5, 5 1b. 10 oz. 
would be saved in the weight of the flange. 
The thicknesses of the flanges embodied in the standard 

tables were arrived at by the Sub-Committee as the result 
of actual experiments conducted forthem. ‘These experi- 
mental flanges were jointed with red- paint and 
baked for twenty-four hours above steam heat ; ae | were 
then tested till they leaked, and the thickness adopted 
in all cases showed a satisf margin of strength. 
The Sub-Committee, however, did not provide for test- 
pressures more than 100 Ib. in excess of the working 
pressures ; and if greater test-pressures of the complete 
pipe-lines were required, the thickness of the flanges 
would have to be increased. Hydraulic tests of indi- 
vidual units can, however, be made, with temporary 
elastic packings, to test the soundness of the material. 
a It will _ ——— that the — of any given 
ange is largely de ent upon the distance between 

the exterior of the ape or valve-body and the bolt-circle, 
and it follows that any reduction in the thickness of the 
metal of a pipe or valve-casing weakens the flange. This 
effect is noticeable in the case of steel or wrought-iron 
Pipes having welded-on flanges, a form of construction 
which is now so largely used. If the welded-on flange is 
poe with a boss or collar round the pipe, the con- 
itions approximate to those of a casting ; but if the 

flange is a plain disc, as is very ly the case, 
the increase in the distance between the bolt circle and 

Seo 

t 

| 
| 
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intended for use on long pipe-lines free from advisable to give them in the form of wave- ing resist- 
valves, &c. In this case the eatin of the Gongee RESISTANCE OF SHIPS. ance per on displacement in terms ge ta 
are similar to those in the other standard tables for! pre Expansion or Contraction of Dimensions and the |*tio. For any particular case the surface friction is 
: my pape from wt thd per sq. in.; but Effect wpon Resistance.* psneny heey wy! ane wien us a 
or 2-in. upwards, 81288 O! flanges used are ‘ consi results ma: erent from those 
those ca the next smaller sizes of pipes in the other| By Professor Hersert C. Sapien, Member of Council. | due to wave-resistance ain ib is the latter which is 
standard tables. Thus the pipe-line size of flange for a 
6-in. pipe is that for an ordinary 5-in., and so on. 

Jointing Material.—The Sub-Committee did not make 
any recommendations as to packing, though they dis- 
cussed these. The author would, however, like to point 
out that the strength of a flange is much ter if the 
packing extends over the whole face. Packings that 
only extend over the surface inside the bolts throw an 
unnecessary stress on the flange and tend to cup it and 
cause it to away from the pipe. 
Some manufacturers hold that by using their own 

standard sizes of flanges they influence r customers 
to come to them for renewals and additions of plant; but 
as they must also be ores to supply to British stan- 
dard sizes, it is probable that any advantage they gain by 
retaining their own standard is counterbalanced by the 
extra cost of using two standards. 

In cases of breakdown, the enormous advantage to 
large users of a of a standard, cannot in general 
be over-estimated. ittings of subsidiary machinery 
can in yan ped - —— to the most ——— 
uses. Spares are fewer more generally useful, 
merry | can often be — from eet Mle agp | 
special flanges uire special fittings throughout, a 
this, in the case of cist steel, involves a delay of weeks, 
that may be serious. 
The British standard for pipe-flanges is certainly the 

most largely adopted at the present time, and it is 
suggested to those members of the Institution who have 
not already adopted it, that they should give the matter 
their careful consideration. 

The author wishes to thank the Engineering Standards 
Committee for the permission granted to him to quote 
from the reports issued by that Committee ; and he is 
much indebted to Dr. Maw for his assistance in the 
preparation of this paper. 

Tue American Cornacre.—Gold coins amounting to 
53,457,817 dols. were minted in the United States last 
year in 4,194,112 pieces. The total coinage of all money 
minted by the United States last year was 61,750,162 
dols., in 4,850,157 pieces. 

Tuprovine St+ xi-Ram Manuracturge.—The Enginecr- 
ing News, New York, gives publicity to a new process 
which is bsing developed by the Lackawanna Steel 
Company for improving the quality of steel rails. The 

is described in a paper read by Captain R. W. 
Hunt before the American Society of Mechanical Engi- 
neers. It consists in removing from the top and bottom 
surfaces of the billet which is to form the finished rail a 
skin of partially decarburised metal containing blow- 
holes and imperfections which were formed when the ingot 
was originally poured in the mould. These imperfec- 
tions become longitudinal surface-seams as the ingot is 
drawn down under the action of the rolls to a billet. and 
finally to a finished rail. The skin of metal is cut off the 
surface of the white-hot billet by a large milling-cutter 
running at a speed of 2500 ft. minute, and cutting off 
metal at the rate of 500 cub. in. to 890 cub. in. per 
minute. The removal of metal at this enormous rate is 
possible re - the fact that the work is done upon the 
metal in a plastic condition. The milling-cutters are 
much more durable than they would be if used for cutting 
the metal cold. The process has no effect upon any 
internal defects of the ingot, such as piping or segrega- 
tion, to which undoubtedly many rail fractures are trace- 
able. The new process claims at eliminating the rail 
fractures known as split heads or split flanges. 

Coat AND Warer-Power 1n ITaLy.—We read in the 
Rassegna dei Lavori Pubblici e delle Strade Ferrate that 
the coal imports into Italy during the five years from 
1909 to 1913 have increased from 9,303,506 tons and 
260,498,166 lire (10,419,0002)., or an average price of 
28 lire (22s. 6d.), to 10,810,860 tons and 389,190,960 lire 
(15,567,000/.), or an average price of 36 lire (283. 10d.) per 
ton. In the year 1912 the coal imported was utilised as 
follows :— 

Tons. 

Railways .. ee ee ee 2.500,000 
Various furnaces and glase works 1,300,000 
Gas works .. oe ee ee 1,400,000 
Pig-iron production 550,000 
Steel works. . as 65 ,000 
Steam-boilers 800,000 
Factories .. 600,000 
Nav. 200,000 
Mercantile shops 1,500,000 
Domestic purposes 600,000 
Various uses 57,000 

eae 10,057,000 

If one horse- power year be taken as correspond- 
ing to 2.5 tons of coal, then the total consum ion 
for the Italian railways of 2,500,000 tons, given above, 
tends to show that one million besab power eupgues 
electrically by utilising a portion of water-power 
available in the country—would suffice for working the 
Italian railways. The utilisation of electrical energy 
would further save the whole of the coal expenditure on 
steel-making, and two-thirds of that on pig-iron produc- 
tion. The saving on services might be greatly 
reduced also, according to our contemporary, which con- 
cludes by stating that the coal imports into Italy might 
be brought down to half their present figure, owing to 
Ttaly’s water-power resources, 

In the preparation of the plans for a new vessel it 
frequently happens that the designer has at hand the 

data as to and power for a vessel similar, so 
far as the coefficients of form are concerned, but whose 
ratios of dimensions are not the same as those of the pro- 
posed vessel. From former experience and results of model 
tests already published, it may be possible to estimate 
the effect of ge in ratios of dimensions with a fair 
degree of accuracy ; but in order to obtain additional data 
upon this subject, and to bring the results into a more con- 
crete form, the following investigations were undertaken : 
Three different types of ordinary mercantile forms were 
designed, ranging in longitudinal coefficients at the deepest 

usually the unknown quantity. The fact that the re- 
sid resistance is obtained by subtracting the frictional 

the total resistance, together with possible minor 
experimental errors, would probably account for certain 
inconsistencies which appeared in the final results. In 
general, however, within the limits of economical speed 
for each type, or before the region of the first ‘‘ hump” 
in the resistance curve, the results were fairly consistent, 
and the following curves represent the average variation 
in each case. Beyond the above speeds the variation in 
resistance did not seem to follow any simple law, but 
varied somewhat with the speed. 
The curves shown in Fig. 2 represent in general the 

Fig.l. CURVES OF SECTIONAL AREAS. 
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draught from 0.551 to 0.674. Each model was tested at | 
three different draughts, but the same actual draughts 
were used in each case. A number of models of each 
type were made of varying breadths, by simply expand- 
ing or contracting the parent form in this direction only, 
the length and draught in each case remaining constant. 
Ia a similar manner the length and breadth were held 
constant, and the under-water form changed by varying 
the distance between the original water-lines only—i ¢., 
expanding or contracting the draught Also, the breadth 
and draught were kept constant, and a series of models 
made by expanding or contracting the distance between 

transverse stations—1 ¢.. expanding or contracting the 
length. Finally, the three forms were tried of the same 
displacement, th and draught, but of different 
lengths, and hence different coefficients of form. The 
coefficient of midship section was kept constant through- 

OMe all at the f theref the displacemen n ing, ore, di t for 
each type was allo to vary in the same ratio as the 
ee 

particulars o three types i in th 
“>! in the next ——-, - pa a 

varying ratios of length breadth and draught 
are shown on the respective curves. 

t forms are The curves of sectional areas of the paren 
om in a. a. _ ae three = types 
of varying constant displacement. In t- 
ing the results of the experiments it has heen Gestnetl 

* Paper read before the American Society of Naval 
Architects and Marine Engineers, 

variation of residuary resistance per ton of displacement 
with respect to breadth. They are the results for the 
medium draught (b) for each type, but the same charac- 
teristics were found to hold for the other draughts at 
which the models were tried. Within the limits of 
the variation of breadth shown, the residuary re-istance 
appears to vary as about the 1.65 to the 1.7 power of the 
breadth, or the residuary resistance per ton of displace- 
ment as about the 0.65 to 0.70 power of the breadth, if 
the lines are ae | expanded or contracted, and the 
displacement allowed to vary accordingly. 

Type 1. Type 2. Type 3. 
Traught. . . — 

o,|9 |e, | 0, |) ¢ | o& |Cc io, |o, 

a. 936 | .674| .68 | .936 | .606 | .567 |.936|.551|.515 
bd. = 665 | .612 | .92 | .598 | .587 |.92 | .544/.501 
e. . . . . . | 

The effect of variation of draught due to expanding or 
con ing the dimension in this —- did not 
appear to uite as consistent as in previous case, 
but in oumseal the average results are yogi i 
They are for the forms represented by the medium 
a (). Up to the limit of economical speed the 

resistance uary varies as about the 0.65 to 0.7 power 
of the ht. Above these speeds the index gradually 
increases. residuary resistance per of displace- 
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breadth and draught being kept onan we have simply 
a combination of the foregoing; for if all dimensions were 
varied proportionately, the residuary resistance per ton of 
displacement would be constant at Constent epeed-length 
ratios. Increasing, pend aw pm is therefore equi- 
valent tosedusing both bound ib end demeght of the pocems 
form simultaneously. 
As a check upon "thie, exch of the forms was expanded 

centage of parallel middle body, this part, which 
sents a practically rectangular form, wun cies telall @8 
different breadths. The ratio of breadth to draught was 
the same as for the previous forms, but in this case the 
residuary resistance appeared to vary directly as the 
beam, or the residuary resistance per ton of displacement 
was constant at corresponding 

In conclusion, a word of caution should be given about 
or contracted longitudinally, and the results are shown | extending the above results beyond the limits of the ex- 
for the medium ranght () in ris. 4. If the length be = both with regard to dimensions and speed. 

say, n times, breadth and draught remaining limits of, say, 20 per cent. variation no 

Fig. 4. : N? 206) N°S 7b) 

(02830) 30% 100% a0% 

t a0 bo 10 72 jong ee 60 

20 § 20 20 2-5 

constant, we obtain a similar form to that of the t 
ps he in which the breadth and draught have each been 

se yo ne peed oe residual resistance 
per ton o bat varies as 
Sees power of the beam and inversely ac the 0.3 power 
of the draught, the combined result would be that this 

factor will vary as n‘® + n‘7 or av In other words, we fen 

residuary resistance per ton at constant speed- my ry ratio 
will vary approximately inversely as the (length) An 
examination of the above curves, Fig. 4, will , de Ph 
this is roy ractically the case. 

e three at ba orms were made of the 
ann displacement, of Paiteren lengths, the effect of 
influence of length for this particular series could be 
readily obtained. The curves, Fig. 5, show the — 
for the oe different draughts at w hich the models 
i 4 represent constant speed me for rand wend 

constant beam, draught, and d 
a illustrate the well-known influence of as affect- 
ing residuary resistance. resistance curves 
— i oo — such ould — yey > rv) 

© longer form, t ner, W ve a greater fric- 
tion than the epen ta fuller fo: 
ode Types.—In connection with some ex- 

upon certain types of river ey Fa such as 
those of of "he Mississi stern-wheel type, occasion 
had to determine the effect of variation of toondth cute. 
These are rather extreme where the ratio of length 
to draught was from 40 to 50, and the ratio of breadth to 
draught varied from about 8 to 12. Two My = ee ib ty 
were 

he tows either 
or “scow” form. oe Se ee 

resistance at pa Te” speeds, witbin 
limite ot speed at which these TRIE normally be 
Tun, appears to vary as about the 0.75 power of the beam, 
pod hn displacement inversely as the 0.25 power of 

As the models of the above contained a large per- 

t, | 1914, was 5,317, 

a man 
25 25 oe 40 30 

serious error will be involved if the residuary resistance 
res ton of displacement at constant speed-length ratios 

acqumned to vary aoakent the G7 powsret Go leandih, 
inversely as the 0.3 J ng od of the draught, and inversely 
pete poy length ; or the residuary resistance 
be assumed to vary se the 1.7 power of the breadth and 
as the 0.7 power of the draug 
length, for similar normal mercantile types at correspon: 

ent of a given type is desired. For 

East Indian Railway in ae = Ly ended vember, 

or the East Indian undertaking, 564, 
carried for the public, 3,737,073 tons. The corres 
movement in six months ended 
Ce om, The up-and-down 

was 4,752,190 pared with 4,620,229 tons. 
was | outbreak of the Pwd Son op 

cating Sey September, 191 1914, was 332,919 tons 

28, 3d. per tan 8 the pit’s mouth. 

t, and 0.6 power of the are follo 

eB wide an = forms, a the influence S apparatus and 
residuary resistance does not to 

eaten in the case of the move normal ferme. 

his total was up as/| Parsonage, 
follows ag ae for oth other aw lines, 1,015,117 tons ; | fittings and other articles 
carried f 892 and i 

the 
, 342 tons and | water boilers, low-pressure steam-v 

1,036,028 tons respectively. The output of coal at the | loaded safety-valves, hydraulic test Ly gp or 
East Indian Company’s collieries in —_ half - year | gauges for measuring the thickness of boiler- 

(of which, | pressure-gauges, water-gauges, — 
coal), raised at an average cost of ow lage Toe accessories for 

CATALOGUES. 
Insulated Wires, &c.—The India- Rubber, Gutta-Percha, 

and Tele Works Company, Limited, of Silvertown, 
London, E., have sent us a copy of their latest price-list 
Ty. — silk or cotton-covered wires, tele- 

one cords an jexibles, tta-percha-covered wires, 
Shot firing wires, and jolnting toate and materials. 

Bending-Machines.—The Wallace Supply Company, of 
233, Broadway, ew Som U.8.A., have sent us a cata- 
ions —— particulars, with of a number of 
hand-power ee eee machines for and pipes. Ma- 
ay ~ suitable for f U’s, angles, rings, eyes, i 

lealt with, and some of the machines are 
yan for reinforced-concrete work. Rod- celtoen, 
portabie punches, shears, &c., all operated by hand-power, 
are also ncluded ‘ in the catalogue. 

Gear Cutting.—We have received from Messrs. J. 
Parkinson and Son, of Shipley, a circular which enables 
anyone to calculate the time required to cut a spur-gear 
ay ee of teeth of from j in. to 14 in. circum- 

pitch on the “Sunderland” gear - 
machine. The times are gle ye tooth per 
inch width of cae, oe. for Sg and f 
steel. Full particulars of the *‘Sunderlan ” gear- 
ing-machine will be found in our issue of September 9, 
1910, on page 352. 

Lathes. —Messrs. Buck and Hickman, Limited, 2 and 4, 
Whitechapel-road, E., have issued a new sectional cata- 
logue givi i! full iculars of the many different 
types of m igh British and American ne 
and accessories handled by them. Almost every t a 
lathe is ste, for a in the list, ranging from anal ‘oot- 
power lathes for amateurs, to heavy tools for turning 
railway wheels. A selection of automatic screw 
machines is also included. Specifications, dimensionr, and 
ry 2 oem! for each ‘type of lathe, and each machine 

a code word assigned to it to facilitate telegraphic 
inquiries. 

Commercial Motor Vehicles.—Messrs. J. I. Thornycroft 
and Co., Limited, Caxton House, Westminster, 8. W., 
have sent us a copy of their latest eee, ae gives 
very full particulars of the motor vehicl y make for 
commercial work. The various models listed are suitable 
for loads of from 15 owt. to rather over 5 tons, and the 
particulars given include ~ ig dimensions, 
prices, and yy | data of each model. Standard types 
of bodies are al ustrated in the on. the and some 
useful tables of running costs are given. ‘Lhe — will 
doubtless be found very interesting and useful to pro- 
spective users of Thornycroft cars, and will als be of 
- assistance to trade firms when dealing with their 

iente. 

Time-Switches.—Messrs. W. Geipel and Co., Vulcan 
Works, Sv. Thomas’-street, 8.E., have issued a new list 
of time-switches. Two distinct types of switches, having 
capacities varying from 1} to 260 amperes, are dealt with. 
One type is intended to be switched on by hand and 
switched off automatically, and is particularly suitable for 
the —— — ~d two- ae stems, wh i... other 
type, which is u or street- ting, controlling signs, 
&c., switches on and off may The test also 
includes a special wire of time-switch for staircase or 
eorridor lighting. With this device, the lampsare lighted 
by push-buttons placed in —— positions, and, after 
boning for any desired pee up to five minutes, are 
automatically extinguished by the time-switch, which is 
self-winding and requires no attention. 

Electrical tind be Mines.—The latest publica- 
tion of the General tric Company, Limited, 67, 
Queen Victoria-street, E.C., isa bulletin relating to their 
electrical machinery for mines and collieries. Some 
examples of large generators, w~* -generators, rotary 
converters, synchronous motors, induction motors, and 
continuous-current motors are first illustrated, and these 

wed by particulars of motor-starters and con- 
trollers, high-tension and low-tension switch-gear, light- d- 

The results also emphasise the fact that the ning-arresters, ange coils, high-tension fuses, measur- 
pews nod is the more economical dimension to increase, if | "8~ “Instruments, &c. he bulletin also deals with fans, 

arc-lamps, incandescent a and fittings, and —— 
lighting, tracti 

aqneline. as well as with wires and cables, i oom, 
and cells. Prices are stated for all these 

Boiler Fatti &c.—We have pasctens from the Sales 
Inp1an Coat.—The quantity of coal carried over the | Department o the ¢ National Boiler and General — 

ance Company, Limited, National ee ye So. 

traffic for railways compressors 1s often carried forward with the air into the 
and the ree tenn en cent cmnee Soeenmes, TE, pik ont seperate, ont if allowed to accumulate, is 

an adverse effect upon lindane heosme aul ciently high. This may arise from defective 
ee eg Bet ee Seo Been business from ing arrangements at compressor, several 
Calcutta docks. caused a diversion of tee quae disastrous explosions have, in fact, occurred from this 
tities of coal for Bombay, and also of some for Karachi, | cause. §:; a plugs arom been designed, 
to theall-rail route. The quantity of coal ex d from |so that if the air should rise to a 
Calcutta by sea Bren the half-year ended September, dangerous extent, OES teaible alloy an ons piney melts 
1914, was 1,287,934 Se eet with 1,421,869 tons | allows air to escape, thus warning 6. 

the half-year ended , 1913. es coal catalogue sleo includes dend-weight enfot = Se my hot- vaives tor 

vanele, &c., spring- 

yi thermometers, 
for boiler i 

rices are stated for all the articles included in 

if 

4 

: 

y 
i? 

; 
; 

gs 

Se ee 



152 ENGINEERING. [JAN. 29, 1915. 

STABILITY OF VESSELS AS AFFECTED 
BY DAMAGE DUE TO COLLISION.* 

By Wii11am Gatewoop, Member. 

STaBI.ity is a subject which should receive considera- 
tion before the dimensions of a vessel are settled. The 
height above base line of the initial metacentre can be 
determined, with a fair degree of accuracy, by the use of 
coefficients. A convenient formula is— 

Metacentre above base = a H + ¢ fr. 

nts the draught and B the 
is the height of the centre of 

buoyancy above base, and c H is the height of the meta- 

centre above the centre of buoyancy. For coastwise pas- 
senger and freight steamers of modern design, havirg 
fine load water-line forward and full midship section, the 
coefficient a will vary between 0.57 and 0.54, em | 
on coefficient of fineness and exact shape of lines, 
decreasing for the same vessel about 0.01 as the draught 
increases from 12 ft. to 24 ft. For the same wpe of 
vessel, the coefficient c will vary between 0.078 and 0.082, 
depending on the exact shape of the load water-line and 
the fineness of the vessel. For the older vessels, with 
considerable dead-rise and with V-sha) lines for 4 
both coefficients will be found to be greater. If they had 
not taught that increase in beam does not, ipso facto, 
imply increased resistance to motion, the model tanks 
pon f be blamed for a reduction in metacentric height on 
passenger steamers, use they are responsible for 
small dead-rise and for fine load water-lines forward on 
vessels which are designed to obtain a good speed on 
small horse-power. ; 
The determination of the height of the centre of gravity 

above base cannot be -_ Eo so readily. The 
vessel, as completed and loaded, can be considered as 
composed of six items :— 

1. The hull and fittings below the highest continuous 

In this formula H re 
beam of the vessel, a 

2. The hull and fittings above the highest continuous 
eck. 
3. The machinery. 
4 The fuel and water. 
5. The pastengers, crew, and stores. 
6. The cargo. 

In the preliminary stages of the design, an approxima- 
tion of the weight and vertical centre of gravity of each 
of these items may be made, and the results combi 
in order to get an approximate figure for the height of 
the centre of gravity of the loaded vessel. An inclinin 
experiment made on the vessel, when completed, will 
serve to eliminate uncertainty as to some of the items, 
generally the first three. The last three items are variable 
quantities, and must be figured, at best. It has been 
papas to determine the metacentric height of vessels 

fore each voyage by inclining them as soon as the cargo 
is on board. Experience in inclining vessels ata shi 
yard indicates that the results would not be likely to 
reliable, as the readi are affected so greatly by loose 
water and moving people. Greater accuracy is likely to 
be obtained by determining beforeband how much weight 
of cargo is to be stowed in each division of the vessel in 
order that the centre of gravity of the cargo may not 
exceed a certain height above base, considered desirable 
in order to obtain a predetermined minimum metacentric 
height under the most unfavourable conditions of bunkers 
likely to occur on the voyage. 

This leads up to the question: What is the minimum 
metacentric height for any vessel consistent with safety ? 
The — is susceptible of several answers, dependin; 
on whether the vessel is considered as intact and ex 
to storm and waves, or as ‘‘damaged” either in still 
water, in a moderate sea, or exposed to storms. 

In it may be stated that passe prefer a 
vessel with a long iod of roll, as the discomfort is 
much reduced thereby. To obtain o eng period, it is 
neceesary to have a large vessel or a metacentric 
height ; and the combination of the two requisites in the 
large Atlantic liners ers travel on them a pleasure, 
instead of a bugbear to the with a ‘‘sympa- 

i If the small metacentric height is 
accompanied by a high free and a considerable 
range of stability, there is small d of capsising, due 
to wind and waves, while “‘ intact.” is *‘comfortable” 
condition of a vessel, howeve-, may be a source of great 
danger, even in still water, if the vessel is damaged by 
collision. 

To illustrate the conditions obtaining, a coastwise 
senger steamer, 37) ft. long, 49 ft. 6 in. beam, and 35 ft. 
deep to hurricane deck, has selected. The vessel 
is considered as subdivided in accordance with the regu- 
Jations pp by the International Convention on 
Safety of Life at Sea of 1913-14, as a vessel engaged 
mixed cargo and passenger service. The load-draug’ 
allowed with bulkheads extending to the main deck (the 
lowest point of which is 26.92 ft. vbove base) and with 
machinery compartment 65 ft. in length, is 21.7 ft. At 
this draught it is assumed that the cargo is so loaded 
that the metacentric height is 6 in. The range of 
stability, as shown on Fig. 1, figures out at 82 deg., and 
the maximum righting arm is 1.9 ft. at 48 deg. inclina- 
tion. It would be a pleasure to sail on this vessel under 

ou 1 that the machi ow let us suppose that inery compartment is 
to the sea by collision, that the permeability of 

this compartment is 0.80, that the water surface in the 

* Paper read before the American Society of Naval 
Architects and Marine Engineers. 

in a| and 
ht 

damaged compartment at all stages has an inertia coeffi- 
cient of 0.80, and that the water has free access across 
the compartment. As the compartment fills, the centre 
of roe Fa elem pe mel poner per 
indica by the line marked “* Locus of centre of gravity” 
in Fig. 2. The centre of buoyancy would rise as indicated 
by the line marked ‘‘ Locus of centre of buoyancy.” The 
metacentre would fall as indicated by the line marked 
** Locus of metacentre.” ; 
A condition of unstable equilibrium is indicated 

as soon as the water ins to enter the v : 
vessel remained upright, so that the centre of gravity of 
the entering water would be on the centre line of the 
vessel, this condition of instability would continue only 
until the compartment was one-third full and a draught 
of 23.1 ft. was attained. The metacentric height would 
rapidly increase as additional water entered, and would 

almost 
If the 
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become as much as 1.1 ft. at 25.9 ft. draught, when the 
water would cease to flow in, having attained its level. 

pas- | The freeboard to main deck in this condition would be 
about 12 in., and there would r no reason why the 
vessel not mf afloat in a perfectly calm sea, 
although the margin of safety as free would 
seem insufficient except under ideal conditions of sea 

_ But the combination of unstable equilibrium and the 
inflow of water from one side would surely cause the 
vessel bo list toward the side. This list would 
re to increase even after there was a positive meta- 
centric 
fact that centre of gravity of the flooding water 
would Ly tounres : the low — as obstructions would 
prevent a rapid flow across compartment. Fig. 1 
shows that the list caused ry oe negative GM aed 
cause the main deck at the side to be submerged. When 
the main deck at the side is submerged, the water will 
flow forward and aft along the deck and flood the adjacent 
ny Tal as well as 
The list will continue to increase, and 
deeper in the water, and finally sink. The time 
from moment of damage to complete submergence 

ight indicated by the diagram, owing to the | increased scale, and 

depend on a number of circumstances, but recent colli- 
sions have shown that not over fifteen minutes s sufficient. 

After complete su there would be a righting 
moment due to the fact that the materials of the houses, 
a Soe be of less ey pe — am ey | of the main 

e cargo might such varying density as to 
give a righting moment also. It is probable. therefore, 
that as the submerged vessel rests on the bottom she 
— approach a vertical position, with masts upright, or 
nearly so. 
From Fig. 3 it will be noted that the conditions are not 

far different when No. 2 hold, 76 ft. in length, is flooded. 
Permeability is taken at 64 per cent. 

It would appear, then, that in order to prevent this 
vessel from overturning when one compartment is open 
to the sea by collision, it is necessary that the initial 
metacentric height should be sufficient to prevent a con- 
dition of instability in any stage of the flooding. For 
the particular vessel which has been investigated, the 
initial metacentric height must exceed 1.4 ft. by a in 
sufficient to allow for the upsetting moment caused by 
the fact that in the process of flooding an excess of water 
will be on the damaged side. 

If this vessel has an initial metacentric height of, say, 
2 ft., and is subdivided in accordance with the rules of 
the International Convention, and when at the draught 
allowed by those rules is injured in a collision, with the 
consequent flooding of the machinery space or of an ad- 
jacent hold, the danger of overturning would seem to be 
eliminated, provided the sea is smooth. But if the 
permeabilities established by the Conference represent 
average tice, the freeboard to the top of the bulk- 
heads will be only about 12in. It would appear that, if 
the cut in the side is of any size, a very moderate sea 
would serve to send the water forward and aft of the 
damaged compartment, over the tops of the bulkheads. 
The results of this investigation would seem to show 

two things :— 
First: for a coastwise passenger and freight-vessel of 

the hurricane-deck type, subdivided in accordance with 
the rules of the International Convention as a Clas B 
vessel, and having a machinery space or holds of about 
one-fifth the length of the vessel, an initial metacentric 
height of not less than 18 in. should te an important 
element of the design. 

Second : greater safety would be obtained by extending 
the bulkheads to the hurricane deck, or by otherwise 
es the flow of water fore and aft on the main 

** ANNUAIRE DU Bureau Des Lonerrupss.”—We have 
received a copy of this French annual for 1915, which is 
published by the Bureau des Longitudes, and is issued 
at the price of 1.50 francs by Messrs. Gauthier- Villars et 
Cie., 55, Quai des Grands Augustins, Paris. It contains 
astronomical data, a large number of tables of statistics 
covering the whole world, information concerning the 
population, money, weights and measures, &c., of all 
nations, notes on meteorology, and so forth. It appeals 
to technical men, physicists, mathematicians, and also 
to a very wide circle of industrial and commercial men. 

Tue Luxempurc Iron Inpustry. — The war was 
bound to have a serious effect upon the Luxemburg 
iron industry, and such has proved to be the case, 
inasmuch as the connection with its many forei 
customers suddenly was brought to an end. With the 
exception of some not very important quantities to 
neutral countries, there literally are no export possibilities 
at present, and at the commencement of the war the out- 
put fell to as little as 5 to10 percent. With a calmer 
view of events and an increased regularity and efficiency 
of the railway system, the output in Octuber rose to about 
25 per cent. of the normal ; whilst in Westphalia, where 
the industry does not depend so much upon export, the 
production was not very much below 75 per cent. of the 
normal. The modest improvement in the Luxemburg 
industry is principally caused by German military require- 
ments, for which material consideration has been given 
to the Luxemburg works. In the meantime matters 
eee very unsettled, and prices, owing to the high cost 

raw materials and half-finished are not re- 
munerative. The iron ore used is of an inferior quality 

usual, on account of it having been necessary to 
employ unskilled labour, unaccustomed to the sorting of 
it; and, worse still, the reduced output of the blast- 
furnaces means increased cost. Still it is considered 
preferable to keep the furnaces going with a smaller 
— than to close them altogether; more espe- 

y as the plant in the mines in any case would 
have to be kept at work on account of the water. 
The Luxemburg undertakings are much interested in the 
Briey mines, which at one time threatened to become 
entirely swamped. Thanks, however, to timely measures 
and to military assistance a catastrophe was averted. 
French ore is not much likely:to be used by the Luxem- 
burg works for some time. Part of the Luxemburg 
minette ore is exported to Western-and Central Germany, 
and this is the present wpe aged, Signa ng 

work on an 

from shortage of coke; but the su of this com- 
i ela ceose of the 

t-furmaces were, it was 

eee "ieenided ing and Iron pany it seems, 
run the Differdi blast-furnaces on an increased scale 
in preference, the 
Riimelingen ore is a comparatively easy matter. 
stock of pig at the works is by degrees getting smaller. 
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ELECTRICAL APPARATUS. 

5587/14. Electrical Power Storage Co’ Limi- 
ted, London, and R. Rankin, Liford. Btorage 
Batteries. (2 Figs.) March 5, 1914.—Se tor diaphragms 
for storage batteries are usually made of wood, threaded through 
vertical slote in uprights or dowels, usually also of wood, and 
placed between the plates of the cells. This invention consists in 
an improved method of supporting the separators by the utilisa- 
tion of the slot in the upright, made for the reception of the 
se r, for the insertion of a piece of celluloid, ebunite or 
other acid-resisting and insulating, or insulated, material, of such 
a shape that the separator and upright are supported by it on 

7) 
one or both of the two adjacent plates which they are used to 
separate, or on special traverse rods laid across the top of the 
plates. a, @ represent two battery plates, and 5 a separator 
placed between them. c is oneof the uprights, having a vertical 
slot d therein through which the separator passes. The slot 
needs to extend somewhat above the top of the separator, and in 
the space so left is placed a sup ing piece ¢. In the form of 
the invention shown the piece e ite end f cranked at a t 
angle, and extending over the top edges of the plates. By 
method the strips serve to —— the uprights, and through 
them the separators. (Accepted November 18, 1914.) 

22,198/13. St. Helens’ Cable and Rubber Company, 
Limited, and J. C. White, Warrington. Junction- 
Boxes. (2 Figs.) October 2, 1913.—This invention relates to 
peer | systems for buildings and the like—i.c., systems of pro- 
tec cables whereby current is led from place to place, more 

ally in house-wiring and the like, of the kind in which all 
the parts of the cables exposed for connection are disposed within 
the sealed chamber of a self-contained junction-bex, switch-box 
or the like. It will be clear that two essential conditions must be 
fulfilled by such boxes : first, all the bared parts of the cables 
must be efficiently sealed up, but, second, this sealing must be 
such that the complete operations of assembling, opening up, in- 
Fp ay removing the cables can be readily performed while 
the wiring is in situ. According to the present invention, an 
arrangement is provided in connection with such apparatus 
whereby the essential cables of the system are led, for connecting 
purposes, from an exposed position directly into the self-contained 

oj} 7 jo 

(22198) 

sealed box through a (J-shaped or sinuous path, the bound! 
walls of which sreauied Sith e com, in id 
or molten condition. In one form ee 
are ho auld contained in» single (j-chaped eval The ca 
are first connected as required by means of the 
connecting-blocks 3, and are then forced into the com 
over the outer walls § of these compartments. In this 
pm hn 
compartments 4 are arranged 
ably there 

or any other metallic support. The compartments 4 
ably formed integral with the boss 6, which bas a threaded portion 
10, and at the base may be attached a projecting portion 11 of 

than the section of thewover 12. This cover 
filled, bar gy ay emmy ee ep 

g high insulation. This cover is pro with 
adapted to screw over the threaded 

ul that all that is necessary is to have sufficient sealing 
compound in the cover to reach over the lower bend of the cable, 
and to allow the projecting wall 5 to enter the sealing compound, 

12 is filled, or 
preferably ha 

projecting portions of the cables. By ha’ the fixing- 
emerge on the boss 6, its end will be cov with the sealing 
compound, which will be forced a considerable way up the screw, pou: 
due to the head of liquid in the compartments 4. The projecting 
portion 11 is, preferably, of dimensions exceeding those of the 
section of the cover by a similar amount to that with which the 
cover exceeds that of the outer walls 5 of the compartments 4. 

these a and must accordingly be suitably bent to 
it is advisable to have this projection as far away from the outside 
of the cover as the inside of the cover is from the _e jecting wall 
5. In this way too sharp a bend of the cable is av . (Accepted 
November 18, 1914.) 

GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

482/14. The Warwick Company (1908), 
Limited, London. (General Electric Company, Schenectady, 
U.S.A.) Gas-Turbines. (2 Figs.) January 7, 1914.—Th 
invention relates to apparatus for aes powdered fuel of the 
type in which a stream of powdered fuel and air is blown in a 
tangential direction into a combustion-chamber. According to 
this invention, the combustion-chamber is provided with a conical 
top and a central discharge-pipe leading from the lower part of 
the chamber out through the top. The mixture of powdered 
fuel and air is blown into the busti hamber at or near 
the top of the conical portion, and any ashes or unburnt par- 
ticles are collected in laterally-arranged pockets at the bottom. 
The coal-dust 1 is stored in a receptacle 2, which has a filling 
opening at the top closed by a lid 3. A clamping screw holds the 
lid in 80 that fluid pressure led through a ey gag 4 from 
amain pipe 5 may fill the — above the fuel. By thus 
subjecting the fuel to pneumatic pressure, it can be easily and 
successfully fed down into the air-pipe to be blown into the com- 
bustion-chamber. This feature of the invention requires a larce 
plant to have a good sized receptacle capable of holding a suppl 
of fuel sufficient to last some 12 hours even when the turbine is 
running under full load. A receptacle of this ity will not 
be more voluminous than the combustion-chamber itself, and 
can be opened and refilled once or twice in 24 hours during shut- 
down periods of the combustion-chamber to which it is con- 
nected. With large units more than one busti ham b 
is necessary, and the load usually fluctuates enough to allow 
one or more chambers to be shut down now and then cleani: 
and refilling The receptacle 2 has a h r-shay bottom wh 
opens into the pipe 5. The delivery end of a suitable compressor 

is connected to the pipe. In the opening between the hopper 
and the air-pipe oe eal toothed roller or valve which can be 
rotated at a varying speed by any suitable device. The 5; 
of this rotary charging device can be regulated in any suitable 
manner. A stop-valve is opened to start the flow of air through 
the pipe 5 when jthe apparatus is to —_ operating. The cur- 
rent of air picks up the coal-dust fed in ry the rotary valve and 
blows it into the circul sti ber 11, entering it 
tangentially, as shown in Fig. 2. This chamber is made of 
lined with a thick layer 12 of refractory material. 
conical, and the air-pipe enters at the upper end, so that the 
—Se and coal-dust rapidly as it whirls around 

pipe 
k-plug 13 connected to a suitable source 
r once being fired, the incoming stream 

of combustible continues to burn steadily. The products of 

the gases upon the buckets 17 of the turbine 18. The cen’ 
force due to the whirling motion of the contents of 
throws the ashes and unconsumed fuel against the walls of the 
chamber, where they drop into the pockets 19 formed in the bottom 

the busti h . At the bottom of of 
oa 20, from which a pipe 21 runs down to a receiver 
in which the ashes and other refuse collect. The pipes 21 

receivers 22 are, preferably, water-jacketed, as shown, and each 
pipe can be closed by one or more water-cooled gate-valves 23 
j= ode the receiver is to be cleaned out through the manhole 24. 
(Accepted November 18, 1914.) 

25,516/13. Societe © des Automobiles 
Dela ~ France. Car- unay Sain 
burettors. (2 Figs.) February 1, 1913.—In carburettors pro- vided with a compensating reservoir, the latter is furnished with 
a conduit of large cross-section, opening into the choke-tube, in order to bring the spirit into contact with the suction-air over a 

surface. The purpose served by this reservoir is pre- 
dominant at the starting of the engine, when each suction draws 
in a large quantity of spirit, which is delivered freely by the out- 
pa Na t of ee — the te yon | reservoir 
emptying in proportion. At low aon, when compensating 
reservoir is again able to fill, it 1 ensures efficient carvuration 
of the air, owing to the large amount of spirit ht into con- 
tact with it. However, the compensator being us prismatic 
in shape, the quantity of the is exhausted slowly, and the 
—_ae continues to supply fuel for a certain time after the 
establishment of normal , thus increasing the fuel consump- 
without any profit being derived therefrom. The wy) or 

ig’ compensating reservoir also been formed with a slightly 
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conical base. The invention has for its objects to avoid waste of 
fuel in carburettors of this type, and consists in using a com- 
pensator, the reservoir, or well, of which is flared at its upper 
parte, so that at low speeds the quantity of fuel in reserve and 
eupplied to the outlet decreases ——- during an acceleration, 
whereby the mixture supplied to the engine gradually becomes 
Jess and less rich in proportion as the speed increases. The car- 
burettor, having a subme’ Sprayer, comprites a constant-level 
reservoir 1 supplying through a conduit 2, a subm fuel 
outlet or yer 8 located in a conduit 4 opening at the lower 
part of a choke-tube or mixing-chamber 5 and supplied by a com- 
ay reservoir 6. A ing to the invention, this reservoir 

flared at its upper part, its section increasing from bottom to 
top according to any law. It may, for example, have a shape of 
A >. ee This com ~~ supplies 
at the moment of starting or speeding-up a su nt quantity of 
fuel, and, moreover, owing to its particular ~\— its output of 
fuel decreases rapidly in proportion as the noreases. Thus 
soe aa none _— of fuel is avoid (Accepted Novem- 

GUNS ‘AND EXPLOSIVES. 

77114. Societe © des Etablissements 
Delaunay-Believille. Saint. France. - 
Propelled fl .) January 29, 1918.—The 

t invention relates to means for obtaining dynamic equili- 
rium in a self-propelled torpedo. A dynamic equilibrium 

controller for self-propelled joes, according to this invention, 
in a centrifugal pump, the delivery of which is controlled 

by a valve so as to equilibrate by the reactions of the mass of 
water delivered by the pump, the whole of the reactions produced 
by the operation of the turbine. The shaft of the rotor A carries 
at one end a small pinion B for driving we ye: of the pump D in 

pod t the opposite direction to the turbine. water pum rom 
the hull th: the orifices E is delivered by the pump D to a 
distributing nel H provided with vanes, thence this water 
passes to the generator or to the heater (not shown in the 

= -_= 
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drawing) & pipe F provided with a valve G, operati 
when the desired p s has been attained. This valve G permite 
of varying, as desired, the output of the pump in order to 
equilibrate by the reactions produced by the setting into motion 
and the wovement of this mass of water, the ons 
due, for instance, to the expansion and the escapement of the 
motive fluid. It is also possible in the case where the different parts 
in movement are not matuatty Cogesss eum the t of view of 
the engendered gyroscopic actions, to make use of the total reaction 
produced by the rotation of the pump-whee! and by the movement 
of the mass of water in order to compensate the total sum of the 
reactions due to the movement of the other elements of the 
torpedo. The driving-turbine Ais provided with one diso only ; 
its angular being very it is necessary to in terpose 
—S gearing in that the Hh rotate 
at a suitable speed. tacenpted November 18, +) rare _— 

1913.—This invention relates to lock- 
which the lock-frame is connected to the breech-actuating 
mechanism in such a manner that the lock-frame moves Le spay 
to the vent axial during the opening of the breech as 
usual, but during the closin; the breech in the open 

ition and has to be closed by hand. According to this inven- 

‘ism in such manner that device, as well as mechan 
serving SS eS eee ee 
closed position, automatic displacemen 
frame into the open position. A is the breech-screw carrier and 

; 
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B the lock-frame. C represents a link, C! ite actuating handle, 
and C2 the guide-bolt connecting the link tothe lock-frame. D 
represents a cam for effecting the automatic movement 
of the lock-frame. In the example shown, the link C is disposed 
in a recess a in the rear face of the carrier A so that it can be 
readily assembled and withdrawn for replacement or repair; itis 
preferably a at a small angle to the horiz ntal so that it 
clears the axis-pin A‘ of the crank-pinion A*. The actuating 
handle C! is shown as in the form of a double-bandled lever 
poe ob ER A and connected at a point below 

e pivot to the link ©. The ion of the lever C! above the 
pivot carries a roller Cla to co-operate with the cam D, 
which in the example shown is formed on the head of an axis-pin 
D! to which a pinion, termed the intermediate pinion of the 
breech-actuating mechanism, is connected. During the opening 
movement of the breech mechanism, the cam D is dieplaced in the 

Gl) (COPS lle fy 
Brin =a @ ro re wa, 

By a c 
dir.ction of the arrow in Fig. 1, and thereby imparts an anti- 
clockwise movement to the lever C!, which, through the link O, 
shifts the lock-frame to the open ition. A portion of the cam 
is concentric with the axis-pin D! and prevents the lock-frame 
from being moved to its closed position during the time the 
breech is open or y open. During the closing of the breech, 
the cam D moves in the reverse direction to that indicated above 
until it reaches ite original position, shown in Fig. 1, the lever C! 
remaining in its displaced tion, indicated by chain lines in 
Fig. 1. e lock-frame can then be returned toits closed tion 
by manually moving the lever C! in a clockwise direction, this 
movement of the lever bringing the roller O!z close to the cam D, 
but leaving slight clearance to allow a certain amount of idle 
movement of the cam to take before the lock commences its 
opening movement, during which idle movement the striker is 
automatically retracted in any suitable manner. (Accepted 
November 18, 1914.) 

MACHINE AND OTHER TOOLS, SHAFTING, &c. 

27,297/13. A. M. Arter, E. Arter, and Marshall 
Limi [8 Figs.) 

November 27, 1913.—This invention, which ot seletenss to shaft- 
ing, has relation to the ting or coupling of two lengths of 
shafting end to end or in line, and has for ite object to provide 
simple and efficient means to this end. In connecting or poor | 
means, in accordance with this invention, there are provid 
means adapted to maintain the alignment of the two lengths of 
shafting, means ac positively to prevent end-wise movement 
of the lengths of ‘ting in relation to one another, and means 
separate from the len of shafting inte: between the 
ends thereof serving wholly for, and acting positively in, the 
transmission of torque. 1, 2 are the two len of that 
are to be connected or coupled together. The end 3 of the length 
of shafting 1 is of greater diameter than the remainder of the 
length thereof, and is hollowed or bored out to form the female 
member of the connection or coupling. The end of the length of 
ehafting 2 fits snugly in the recess in the portion 3 of the length 
of shafting 1, and forms the male member of the connection or 
coupling. The end-face of the length of shafting 2 is preferably 

Fig.h, 5 
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in contact with the end-face of the recessin the portion 3 of the 
len of shafting 1. an three in pumber, are 
drilled through the male and female portions of the shafting, and 
these holes are so positioned that a portion of each hole is com- 
prised and contained between the male and female portions. Pins 
are driven through the holes, and the outer ends of each pin are 
contained within the portions of the holes com or contained 
wholly within the female portion, whilst portions of the pins are 
contalned in those portions of the holes com and contained 
between the male and female portions. 4 is a pin which fitea 
hole bored diametrically of the shafting and so situated that one 

rtion of the hole is comprised and contained between the end- 
ace of the recessed portion 3 of the shafting 1 and the end-face of 
the shafting 2. The pin 4 serves wholly to transmit torque, while 
the pins 5, 6, which pass through holes symmetrically 
in relation to a diametral plane, serve to connect the two lengths 
of shaftin ether and prevent end-wise movement thereof. 
The pins 5, 6 form re connectors, and the 
” peeve esting, Sve. pins 5, 6 also serve partly to 

it ue. holes may be parallel or taper; the pins 
and may be solid or split. will be of a correspond’ 

(Accepted November 18, ink) 

MOTOR ROAD VEHICLES. 

¥F. H. Ro and Ree Revee, Limi 
Der icon Road Vehicles. {1 Fig.) t 
1918. — Y is invention relates to _—— for power- 
Se oe vehicles of the type described in iotios No. 28,114, 
.-t.' and it has for its object to »nable the ne ae 

number, mounted on pins d carried by and between 
et-discs ¢ and ¢!, the former of which is in driving con- 

n with a sleeve A revolubly mounted on the shaft } and 
carries part friction-clutch s, and the latter of which is 
revolubly mounted directly upon the shaft ) ; and the internall, 

dri shaft b ; planet-pinions c, of which there may be any 
rultabl = 

S 

brake j operating on its . The second train 
consists of a sun-wheel & revolubly mounted on the sleeve A, 
having an extension k}, on which ismounted the brake-drum p. 
which carries the other part of the friction-clutch s, and which 
is in driving connection with the extension, but is also movable 
omer thereon ; planet-pinions / mounted on ™ carried 
by between two planet-discs n and n!, the former ef which 
is mounted on or forms part of the sleeve h, and the latter of 
which is revolubly mounted on the sleeve k! ; and the internally- 

annulus o which is carried by and is in driving connec- 
tion with the shaft b. The sleeve k! is capable of oe held 
stationary by the application of a band-brake 7 or ite equivalent 
on the brake-drum The third train of gearing, which pro- 
vides the reverse drive, consists of a sun-wheel ¢ which is in 
driving connection with, but capable of endways movement on, an 
extension e2 of the boss of the t-dise ¢! ; an annulus w which 
is rigidly connected to the driven shaft z; and planet-pinions u 
mounted on pins wv! carried by a disc v and annular ring v!, the 
former being revolubly mounted on an extension ¢! of the sun- 
wheel ¢, but having no sliding movement thereon. By endways 
movement of the sun-wheel ¢ and the disc v either the sun-wheel 
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can be coupled to the driven shaft z by reason of the engage- 
ment of clutch-teeth on the sun-wheel ¢ and clutch-teeth on 
the driven shaft z forming dog-clutch g, or the disc v can be 
held stationary by as it to an annular disc y carried by any 
convenient fixed part, which may, as shown, be the casing y! 
enclosing the gearing, by the engagement of clutch-teeth z on 
the disc v with clutch - teeth z! on the annular disc y. To 
obtain the first or lowest , the brake-band j is tightened on 
the annulus /, whereby the motion of the driving-shaft } is 
transmitted to the planet-disc ¢!, and thence to the driven shaft z, 
through the sun-wheel ¢t and the dog-clutch g, the whole of the 
elements of the reverse train rotating en bloc with the planet- 
disc e!. To obtain the second speed, the brake-band r is tightened 
on the drum p (the brake j having been released) and sun-wheel k 
is held stationary. The annulus o therefore drives the planet-discs 
n and nl, and through the disc n the planet-discs ¢ el, From 
the disc e! the motion is transmitted to the driven shaft z in the 
same manner as for the first speed. To obtain the third speed or 
direct drive, the brake-drum p is ¢é , by means of the 
clutch s, with the planet-disc e!, thereby locking the said planet- 
disc ¢ to the sun-wheel k, through the extension k!, whereby the 
whole of the gearing becomes locked together and rotates en bloc. 
A neutral ition of the gear is provided by disengaging the 
sun-wheel ¢ from the driven shaft 2 by sliding the said sun-wheel 
along the extension ¢? so as to disengage the clutch g, which 
allows the two forward speed trains to rotate en Lioc and the 
reverse train to run idly. To obtain the reverse, the sun-wheel ¢ 
is slid along the extension ¢? until the dog-clutch g is disen- 
gaged, and the clutch-teeth z and z! become eng: . The effect 
of this, is to hold the planet-disc v stationary engagement 
with the annular disc y, and thus cause a reverse motion—relative 
to the planet-disc ¢!—to be imparted to the annulus w, and thus 
to the driven shaft x. (Accepted November 18, 1914.) 

9125/14. The Birmingham Small Arms Com . 
Limited, and 8. Cooper, Motor 
Vehicles. [4 Figs.) April 11, 1914.—This invention relates to 
detachable wheels for motor-vehicles, and has for its object to 
provide an improved construction and arrangement of such 
wheels whereby the outer detachable hub is mounted and 
securely locked on the inner permanent hub in a simpler and 
more effective manner than heretofore. The invention consists 
in providing the outer screwed end of the inner permanent hub, 
or the protruding end of the hub axle, on either of which said 
parts is mounted the usual locking-ring which abuts against the 

(9'23) 

outer face of the detachable hub, with a stepped or reduced part 
which is provided with a screw-thread of opposite and preferably 

eaid uced being adapted to receive a locking 
brake which would be necessary to deal with vy load of | nut which abuts against the aforesaid locking-ring and serves 

—~ her of Te nd ae ‘to simaplif the of the permane: fund ye my nF ay vided num we and consequen' er nt hub 1 

trai ve eet me ght —  -y ‘coking-ting 3, which, _ pitch as n pr con- | adapted to a locking- wi moun’ 
scruction the aun-wheel a of the fiat train, which gives the fist position, abuts the tant tabs of the detachable bub 4, 
or lowest speed, is mounted in driving con with the forces the latter against the shoulder or collar 5 on the inner 

hub 1. The locking-ring 3 has mounted thereon a collar or 
ring 6 which engages with a d part 7 on the outer 
hub 4, and in known manner serves to withdraw the outer from 
the inner hub during the unscrewing of the locking-ring 3, and 
also rotatably connects the latter to the outer hub. screwed 

; it cet tt ao ‘ane mea Send, td, preterahiy : arran, 80 ti it does not exte: 4 iy, 
lies below, the outer face 3a of the locking-ring 3 » hen the same 
is mounted in tion. The extreme outer end 8 of the inner 
hub 1 is further reduced to a diameter not exceeding that of the 
bottom of the screw-thread of the part 2 with which the teins. 
ring 3 engages, and is screwed with a left-hand thread preferab! 
of smaller pitch than that of the locking- 3, and on this 
mounted a second locking-collar or nut 9, which abuts against 
the face of the main locking-ring 3, and effectively prevents any 
movement or tendency of the latter to come unscrewed. The 
outer end of the inner hub 1 is preferably provided with a central 
hole or oil-aperture 10, which may be closed by a screw-plug 11. 
(Accepted November 18, 1914.) 

PUMPS. 

11,816/14. La Societe a’ tation des Appareils, 
Rateau, Paris, (2 Figs.) May 14 
a een seme bo == —— eng seep an 
method of assembli.g parts of t’ eels of rotary fans, compres- 

and centrifugal pumps, mc : particularly those having a 
output. Amording to this invention, the rear disc of a 

wheel is constituted by a member having a flat or slightly conical 
front face and a rearwardly-extending prolongation to form a 
hub for securing it to the shaft, the bottom ef the fluid inlet being 
ese me by a distance-piece in the form of a sleeve having the 
required shape for guiding the fluid. This arrangement permits 
the direct insertion of a tool for use in joining the front and rear 
discs together, and thus enables wheels to be constructed as 
flat as may be required. 6! is the rear disc of a flat or slightly 
conical formation which hasa rearward extension f to form a hub. 

When the vanes d have been riveted to the disc b! and the outer 
disc a@ has been placed in position as before, access to the front of 
the disc b! remains quite free; hence the holding-up hammer ¢ 
can then be introduced straight in to a sufficient distance within 
the wheel for enabling the rivet-heads situated towards the inlet 
of the wheel to be held during the operation of riveting them to 
the disc a. The rivets close to the periphery of the wheel 
can still be held by 4 by holding-up hammer through the 
outer end. For finishing the wheel after it has been mounted 
upon the shaft, a distance-piece g, in the form of a sleeve having 
the required profile to constitute the bottom of the inlet, is 
mounted in front of the disc b! ; this sleeve serving, in addition, 
to maintain adjacent discs b! of successive wheels at the required 
distance apart in cases where a number of wheels are employed in 
a single apparatus. (Accepted November 11, 1914.) 

7520/14. E. All and T. H. Plummer, Birming- 
Cen' ust Fans. (3 Figs.) March 25, 

1914.—This invention relates to centrifugal exbaust fans and 
pressure-producing fans or blowers. According to this inven- 
tion, the centrifugal exhaust-fans and -producing fans 
or blowers are arranged in juxtaposition, or e by side, and 
preferably on the same shaft, and in the latter case a flange is 
provided on the inner side of the exhaust-fan casing to overharg 
the inner half or part of the runner so as to catch a part of the 
dust-laden air and waste gases delivered by the runner. On the 
inner side of the exhaust-fan casing curved guiding webs or 
vanes are provided so as to lead the air trap by the over- 
hanging flange described to the axial inlet of the pressure-fan 
casing, the runner of which brings the dust-laden air or waste 
= up to the requisite pressure. a is the exhaust or suction- 

, and b is the pressure-producing fan, both being arranged on the 
same shaft c. The inlet openings a! in the casing of the exhaust 

mal Fig1. 
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connected by the pipe d to a conduit ¢ into 
all the waste gas and fume pipes and pipes for dust-laden 

air in the works pass, so that the waste gases, fumes, and dust- 
laden air produced in the works will be sucked into the casing of 
the exhaust-fan by the action of the runner in the same. a is 

of the suction-fan casing. On the innerside of the 
is a flange / envelopinga of the 

80 Cs) air which is expelied from the 
of the blades of the runner a will be trapped ~ dyad 

Vv ng flange f and will be conducted by curved webs or 
to or >: queue ~3 the yocmsese-qosduces ne 

The fumes and dust-laden air under e in; 
ito the main g, from which they may be taken by 

branch pipes h, A, A to the hearths of blacksmiths’ forges 
races 

i, i,t, 
or other appliances in which the same may be used. 
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THE USE OF LIQUID AIR IN 
INDUSTRY. 

(Concluded from page 100.) 

Tue development of the liquid-air machine is of 
considerable interest. It is well known that the 
first investigators to accomplish the liquefaction 
of oxygen, nitrogen, and air were Cailletet and 
Pictet, who, working independently of each other, 
announced their successes simultaneously in 1878. 
Pictet employed the cascade method ; that is to 
say, by evaporating carbon dioxide at — 80 deg. 
Cent., he was able to condense ethylene under 
pressure, and to re-evaporate it at — 130 deg. 
Cent., which temperature, combined with a pres- 
sure of from 20 to 30 atmospheres, was found to 
be sufficient to liquefy oxygen. In Cailletet’s ex- 
periments, on the other hand, no intermediate 
agent was used. The gas, under very high pressure, 
was cooled, and was then allowed to liquefy itself 
by its own expansion. Both of these processes, 
however, were purely scientific towrs de force, and 
the first real achievement in making liquid air into 
a commercial article was the patent taken out by 
Dr. Carl von Linde in 1895. It is true that this 
patent was anticipated in this country by the pro- 
visional specification taken out by Hampson a few 
weeks — but Hampson’s specification was 
never developed. 

Previously to 1895, Siemens, Solvay, and Wind- 
hausen had been granted patents for the obtaining 
of very low temperatures > the expansion of air in 
a suitable cylinder, the cold expanded air being 
used to cool the incoming air in a regenerator. 
But none of these patents, chiefly owing to 
lubrication difficulties at such low temperatures, 
was found to be workable. In Linde’s invention 
the lubrication difficulty is avoided. He replaced 
the expansion cylinder by a simple expanding 
nozzle, and made the cooling effect obtained by ex- 
pansion through this nozzle the basis of his pro- 
cess. The cooling effect, discovered in the well- 
known experiments of Joule and Thomson, is 
very small, but was found in combination with a 
good regenerator to be quite sufficient. Actually 
at 17.1 deg. Cent. there is a drop in temperature 
of 0.225 deg. Cent. per atmosphere. 

The action of the apparatus is simple. Air at a 
pressure of, say, 100 atmospheres is cooled as far 
as possible by water, and passed downwards through 
a long spiral of copper tube. At the end of the 
spiral it escapes through the expanding nozzle, and 
its temperature at once drops by about 25 deg. 
Cent. The cooled air then passes up over the 
outside of the spiral, and in its passage cools the 
air inside the spiral, which is descending towards 
the nozzle. Theair arriving at the nozzle is there- 
fore colder, and since the expansion through the 
nozzle makes it colder still, it is clear that a cumu- 
lative cooling effect is obtained which will reduce 
the temperature of the air below the nozzle further 
and further until it liquefies. Naturally the heat 
leakage at low temperatures is considerable, but, 
on the other hand, the Joule-Thomson effect is very 
much greater. Its value, according to its dis- 
coverers, is given by the formula :— 

t= 0.276 (mp) (7) = 
where 

= fall in temperature in degrees ~~ 
p; and py = hvotlling atmospheres before and after 

rot ° 

7 = absolute temperature in degrees Centigrade 
before throttling. 

In actual practice, using a copper enerator, 
Linde obtained liquid air after re ge running, 
one-fifth of a gallon of liquid air being then ob- 
tained per hour. The pressures on either side of 
the throttle-valve were usually 200 and 50 atmo- 
spheres respectively. 
It was this apparatus which formed the basis of 

Linde’s patent of 1895 for extracting oxygen from 
air. Since the boiling point of nitrogen is 195.5 deg. 
Cent., and that of oxygen 181.5 deg. Cent., or 
14 deg. Cent. higher, it seemed probable that if 
liquid air was slowly evaporated, its two con- 
stituents might be separated. In actual practice 
what happened was that vapours rich in nitrogen 
and oxygen respectively were given off by two 
different orifices, and by allowing a rather large 
proportion of the whole liquid air to escape 
through the first or nitrogen orifice, a gas con- 
taining some 50 or 60 per cent. of oxygen was 
obtained through the second or oxygen outlet. To 
accomplish the slow evaporation an extra coil of 

copper tube was fitted below the main regenerating 
spiral, and immersed in a small reservoir, contain- 
ing the liquid air. The air leaving the regenerator 
passed into the small copper spiral, and gave u 
the remainder of its heat in evaporating the liqui 
air in the bath. It then expanded through the 
nozzle, liquefied, and drop into the bath sur- 
rounding the spiral. Gradually, as things reached 
a settled state, the liquid in the bath, owing to the 
difference in boiling-r~ ts, became rich in oxygen, 
while the vapours passing off became rich in nitro- 
en. The liquid and the vapour streamed over 
ifferent parts of the regenerator on their way to 

their respective outlets, and the liquid in its pas- 
sage turned into the gas rich in oxygen, already 
mentioned. A noteworthy economy in the process 

Fig.t. 

is the cooling of the air approaching the nozzle by 
_ — has already passed the nozzle and been 
iquefied. 

nfortunately this was the best separation which 
the apparatus could effect, and pure oxygen was not 
obtained until the brilliant application by Linde, in 
1902, of the rectifying tower. Other ingenious 
improvements, giving increased economy, have 
since been made by M. Claude, of the Société de 
l’Air Liquide, and these two apparatus, the Claude 
and the Linde, are those at present in use. M. 
Claude’s plant is the more economical of the two, 
but in the smaller sizes requires rather more 
constant supervision. There has been considerable 
dispute, not altogether edifying, as to the merits of 
the two inventions, and the patents have been the 
subject of much litigation ; but there can be no 
doubt that the two central discoveries on which the 
whole process rests—namely, the re-evaporation of 
the liquid air to separate it into ite constituents, 

and the further separation of these constituents by 
means of a rectifying tower—are due to Professor 
Linde. These two inventions are embodied in his 
patents of 1895 and 1902 respectively. On the 
other hand, valuable improvements, as explained 
below, have been effec by M. Claude, and con- 
siderable credit is due to him for his researches in 
connection with neon lamps, liquid oxygen explo- 
sives, and the production of exceptionally pure 
nitrogen. The whole affair, as regards the inven- 
tions themselves, was most ably summed up and 
elucidated by (the then) Lord Justice Fletcher 
Moulton in 1908, when passing his judgment on the 
Appeal which was lodged by the British Oxygen 
Company against the British Liquid Air Company. 

The action of the Linde oxygen separator for 
producing oxygen of 98 to 99 cent. purity will 
be understood by reference to Figs. land 2. The 
regenerator spiral, as will be seen from Fig. 2, 
consists of three small pipes d, inside a la i 
c, one of the smaller pipes d being surroun “4 “ 
a larger pipe e. The in-coming air is conveyed b: 
the small pipes d to the smaller spiral d, which is 
immersed in the liquid-oxygen bath B. From this 
spiral d, the air by way of the throttle-valve 
G to the top of the rectifying column A. Pure 
oxygen is collected at e,, and through the 
regenerator by the pipe ¢ to the outlet E. At F 
— containing 7 per cent. of oxygen is col- 
lected, and finds its way through the main pipe c 
of the regenerator, or interchanger, to the outlet 
C; b, is a gauge containing a coloured liquid to indi- 
cate the level of the liquid oxygen in the bath B, 
and J and K are test-cocks communicating with 
the liquid air and liquid oxygen suppties respec- 
tively. L is an emergency release-valve on the 
low-pressure system. 

Before reaching the inlet D, which communicates 
with the delivery of the compressor, the compressed 
air has been cooled to — 20 deg. Cent. by an 
ordinary refrigerating plant and has been purified 
of carbon dioxide by a slaked-lime purifier on the 
compressor suction. The purpose of the fore- 
cooler is to freeze out the atmospheric moisture ; 
and if a fore-cooler is not used, a calcium-chloride 
ro agg must be placed in the compressor- 
delivery. Even these precautions do not prevent 
freezing up, so that the fore-cooler and separator 
are pom duplicated. In practice, the separator 
takes about six days to freeze up, and the fore- 
— about two. tin stn, cle cs lO 

n starting u e plant, air a . per 
sq. in. rome Eo is admitted at D, after being 
cooled and purified, and passes through the pipes d 
and the spiral d, to the throttle-valve G, whence 
it is discharged by the Pipe d, to the top of the 
rectifying column A. It finds its way out by the 
collectors F and ¢,, through the pipes ¢ and e of 
the regenerator, to the outlets C and E. A step 
down in temperature, owing to the Joule-Thomson 
effect, takes place at the throttle-valve G, and a 
Pp ive cooling goes on till the air liquefies and 
okuaily accumulates in the reservoir B, The 
pressure of admission is then reduced by d 
to the working pressure of 50 to 60 atmospheres 
by opening the throttle-valve G. 
When the apparatus has steadied down to its 

work, the li aid air in the bath B is continuously 
evaporated - the hotter compressed air passing 
through the spiral d,, the hotter compressed air 
being thereby further cooled and liquefied. This 
is in accordance with the description already given 
of Linde’s 1895 apparatus. The vapours coming 
off from B will, as mentioned in the same descrip- 
tion, be rich in nitrogen, while the liquid remain- 
ing will be rich in oxygen, owing to the boiling- 
point of the nitrogen being 14 deg. Cent. below 
that of oxygen. e have therefore two re 
streams in the rectifying column; a downw 
stream which starts as liquid air at 81 deg. Cent. 
absolute at the top (emerging from +.” d,), and an 
upward stream which starts as a liquid rich in 
nitrogen at the bottom, being then at about 
91.5 deg. Cent. absolute (the boiling-point of 
oxygen). 

e action of the rectifying tower and its 
baffle plates is to change the descending cur- 
rent into oxygen of 98 to 99 cent. purity, 
which goes off at the outlet E, and to change 
the ascending current into nitrogen of 93 per 
cent. purity, which passes through the collec- 
tor F. In the case of the gases ascending, the 
oxygen is constantly finding itself in contact with 
liquids, whose temperature farther up the tower 
grows lower and lower. It therefore condenses, and 
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joins the downward stream as a liquid. Atthe same 
time, the nitrogen in the downward stream, which 
starts as liquid air, coming into contact with gases 
that grow warmer and warmer farther down the 
tower, and which are constantly giving off heat, 
owing to the condensation of the oxygen, gradually 
evaporates and upwards to the outlet F. 
The final result is as stated above ; and there is, 
it will be seen, at each stage of the tower, a con- 
stant exchange both of substance and heat. The 
necessary temperature gradient, between 81 deg. 
Cent. absolute at the top of the tower, and 91.5 deg. 
Cent. at the bottom, is obtained by means of the 
Joule-Thomson effect at the throttle-valve G, the 
pressures on the lower and upper side of this being 
50 to 60 ee, and 4 lb. to 5 lb. per sq. in. 
respectively. e Joule- Thomson effect also 
accounts for losses due to leak through the 
insulation (which is of sheep’s wool cased in with 
timber) and losses due to the inefficiency of the 
regenerator. In practice it is found that the pres- 
sure of 50 to 60 atmospheres is just sufficient to 
fulfil all these pu . It is also far more than 
is necessary to liquefy the air at the temperature 
of 91.65 deg. Cent. absolute, which exists in the 
oxygen bath. 

Fig.4. 

The action of Linde’s rectifying tower is similar 
to, and based on, that of the Coffey still for recti- 
fying alcohol. In the Coffey still the wash, weak 
in alcohol, was admitted at the top, and steam was 
admitted at the bottom ; while, ker rectification, 
steam off at the bottom, and a vapour rich 
in alcohol at the top, there being, as before, an 
exchange at each stage both of substance and of 
heat. In Coffey’s apparatus the temperature 
gradient is provided by the excess in temperature 
of the steam over the weak alcohol wash, and it is 
in this respect that Linde’s apparatus, by using 
the throttle-valve to give the necessary step-down 
effect, differs from Coffey’s. 

It may be asked, Why should nitrogen of only 
93 per cent. purity be obtained at the top of the 
tower? The explanation of this fact, and of the 
a‘tion of the tower itself, will be made clearer 
hy reference to the experiments made in 1900 by 
Baly, on the nature of the evaporation in liquid 
mixtures of oxygen and nitrogen. In Fig. 3 the 
Baly curves, which exhibit the results of his 
experiments, are shown. Baly found that, given a 
mixture of oxygen and nitrogen in any Sefnite 
proportion, equilibrium between the liquid and 
vapour is ble only when the vapour contains 
a definite proportion of the two constituents ; but 
this proportion is not the same as that in the 
liquid mixture. The curves show the percentages 

which exist in the liquid and vapour respectively 
at various absolute temperatures. For instance, 
if the liquid mixture is half oxygen and half 
nitrogen, the vapour in contact with it will, we 
see from the curves, consist of 22 per cent. oxygen 
and 78 per cent. nitrogen. Similarly, when the 
liquid has the constituency of liquid air—namely, 
79 per cent. of nitrogen and 21 per cent. oxygen— 
the proportion of oxygen in the vapour coming off 
will be a little less than 7 per cent. For this 

Cc’ a1 

g38 Percentage dosagen. 

reason only nitrogen of 93 per cent. purity can be 
obtained with the Linde rectifying tower described. 
And it is also easily seen that, since the ascendin 
vapours are always richer in oxygen than they should 
be for equilibrium with the descending liquids 
which they meet, there must be a progressive con- 
densation of oxygen from the vapour, and evapo- 
ration of nitrogen from the liquid, to enable that 
equilibrium to be established. 

To meet the demand made for pure nitrogen by 
the cyanamide process, the Linde apparatus had to 
be modified, when used for producing nitrogen, 
to the form shown in Fig. 4, used in conjunction 
with two compressors, for low and high-pressure 
respectively. The main regenerator spiral C 
encloses three spirals, made from smaller tubing, 
e,fandd. e conveys the oxygen collected by the 
pipe e, to the outlet e. C conveys pure nitrogen 
from the top of the tower to the branched outlet C ; 
the pipe d takes the delivery of the low-pressure 
compressor to the liquefying spiral d, immersed in 
the oxygen bath B, and thence to the middle of the 
column by way of the throttle-valve G, and the pipe 
d,; and, finally, the pipe f (which is generally re- 
placed by several pipes) takes the delivery of the 
igh-pressure compressor to the liquefying spiral f,, 

and, by way of the throttle-valve H and the 
pipe f,, tothe topof thecolumn. As in the oxygen 
ee a fore-cooler and purifiers are used, and 

there is also a liquid gauge j. 
The preliminary cooling is effected either by 

charging the plant with liquid air separately made, 
or by compressing air at 2000 lb. per sq. in. into 
the pipe /, and, after expanding it through the 
throttle-valve H, sucking it back again through the 
pipes C and e. In actual steady operation air is 
delivered from the low-pressure compressor at 
60 lb. per sq. in. through pipe d, and throttled and 

discharged by pipe d, at the middle of the column, 
thus rectifying the vapours, which are ascending 
from the oxygen bath B, till they contain only 
7 per cent. of oxygen. The reetified vapours 
escape by the outlet OC, and a part of them is taken 
by a branch to the inlet of the high-pressure com- 
pressor. From the high-pressure compressor this 
portion is delivered to the pipe f, and discharged 
as a liquid containing 7 per cent. of oxygen hy 
pipe f, at the top of the column. The effect, 
according to Bayly’s curves, is to rectify the ascend- 
ing vapours, which have 7 per cent. of oxygen when 
they pass the outlet from pipe d,, till they contain 
2 per cent. of oxygen only. A part of the ascend- 
ing vapours is once more taken from the branched 
outlet to the inlet of the high-pressure compressor, 
and discharged by pipe /f., this time as a liquid 
containing only 2 per cent. of oxygen. The ascend- 
ing vapours are thus rectified still further, till 
finally only pure nitrogen is given off. Part of this 
nitrogen continues to circulate through the high- 
pressure system for ‘‘scrubbing” or rectification 
purposes, but the major portion is collected for use 
through the vertical branch on the outlet C. The 
oxygen vapours meauwhile pass out by pipes e, and e. 

The advantages of Claude’s apparatus are, firstly 

—— 

Ox 

that by a progressive liquefaction of the air, he is 
able to obtain more complete separation than in 
Linde’s oxygen apparatus ; secondly, that by using 
a part of the incoming air to do work in an ex- 
pansion cylinder, he obtains his drop in tem- 
perature more easily, and can do with an initial 
pressure of 25 to 35 atmospheres only, thus doubly 
economising in power. The saving in power 
amounts to some 20 per cent., but is partially 
counterbalanced by the complication of the 
apparatus. ; 

ig. 5 shows the complete Claude plant. Air, 
after purification in slaked lime, is compressed and 
cooled, and passing through the calcium-chloride 
drier G, reaches the two regenerators A and B. 
The regenerator B, through which the nitrogen 
passes on its way to the outlet Az, is three or four 
times as large as the regenerator A, by means of 
which the oxygen arrives at the outlet Ox. The 
air at the bottom of the regenerators has a tempera- 
ture of about — 100 deg. Cent, and is then divided 
into two , abouta quarter of it going by way of 
the pipe T, to the liquefier L, the function of which 
will be described later, and the remainder being 
admitted bya pipe T, to the expansion engine D. 
This engine is used to drive a dynamo, and the 
lubrication difficulty experienced by Siemens has 
been overcome by the use of petroleum ether. 
During expansion the temperature of the air falls 
to about — 170 deg. Cent. (103 deg. Cent. absolute), 
and its pressure to about 4 atmospheres, which is 
sufficient to liquefy it at the temperature of 91 5 deg. 
Cent. absolute existing in the bath of oxygen. 

| Under these conditions the air arrives at the 
|vaporiser V. The vaporiser consists of two sets of 
\ odken F and F,. all connected at the top, but 

| opening at the bottom into the receptacles J and I 

|reepectively. Air thus passes into J, up the tubes 



FEB.’ 5, 1915.] ENGINEERING. 157 

F, down the tubes F,, and into the receptacle I, 
and in its p e it becomes liquefied, the part 
liquefied in the tubes F draining back into the 
vessel J, and the part liquefied in the tubes F, 
draining back into the vessel I. Vessel I will contain 
a liquid rich in nitrogen, and vessel J a liquid rich 
in oxygen. This will be clear if we consider that 
since the liquid condensing on the sides of the 
central tubes F is scrubbed by the up-coming 
vapour as it trickles down, the liquid and the vapour 
may be said to be in such close contact us to be in 
equilibrium. Hence, according to Baly’s curves, 
since the vapour contains 21 per cent. of oxygen, 
the liquid must contain 48 per cent. Of course, 
the liquid formed in the upper part of the central 
tubes consists mainly of nitrogen, but as it trickles 
down the interior of the tubes, exchanges of heat 
and substance take place between it and the ascend- 
ing vapours, exactly as in the rectifying tower, so 
that all the liquid arriving at the bottom contains 
48 per cent. of oxygen. To this draining-back 
M. Claude gives the name of ‘‘ retour en arriére.” 
When the 48-per cent. liquid is discharged into the 
rectifying column at M, it naturally produces a 
vapour which has the same composition as air (21 
per cent. oxygen), so that the function of the part 
of the column between M and N is to take out as 
much of this 21 per cent. as possible. This is 
done by means of the liquid from I, which consists 
almost wholly of nitrogen, and is discharged into 
the rectifying column at N. Thus practically pure 
nitrogen vapour is given off by the pipe Q. 

If this pure nitrogen vapour at a temperature of 
77.5 deg. Cent. absolute were taken direct to the 
interchanger B, it would make the air so cold that 
it would enter the expansion engine mostly in the 
liquid state. Hence it is passed firstly —— 
the liquefier L, and in liquefying a part of the 
compressed air the nitrogen becomes heated itself 
to —130 deg. Cent. (143 deg. Cent. absolute), and 
can safely be discharged into the interchanger B. 
The compressed air liquefied in this way is 

expanded through the valve R into the vaporiser, 
and is known as the “‘liquide d’appoint.” In 
ractice about one-third of the air is discharged at 
M, and two-thirds at N, the M supply, as stated 
above, containing about 48 per cent. of oxygen. 
In the N supply the proportion of oxygen is only 
about 6 per cent. 
By a modification of his apparatus, M. Claude 

has been able to produce nitrogen of exceptional 
purity for the cyanamide works, such as is turned 
out by the Linde process already described. The 
tubes F and F, in this modification are led into 
one common receptacle instead of into the two 
separate reservoirs I and J. From this receptacle, 
as before, the liquid rich in oxygen is discharged 
at a point, such as M, into the rectifying columns. 
But the nitrogen, which condenses with difficulty 
in the oxygen bath in the ordinary apparatus, is 
taken off from the top of the tubes, and con- 
densed in a small condenser situated about one- 
quarter or one-third of the way up the column, 
where the temperature is cold enough. It is then 
discharged as a liquid in a high state of purity at 
the top of the rectifying column, and rectifies the 
ascending nitrogen vapour to such an extent that 
they reach the outlet witha purity of 99.8 per cent. 

In conclusion, it is interesting to note that the 
critical temperature of air, above which it cannot 
be liquefied, is —90 deg. Cent. (170 deg. Cent. 
absolute), and the corresponding critical pressure 
is about 40 atmospheres. 

Re-Furtinc Warsuips at Sza.—Messrs. Lidgerwood, 
Limited, of Caxton House, Westminster, inform us that 
they are the representatives of the Lidgerwood Manu- 
facturing Company, of New York, who are the makers 
of the apparatus for re-fueling warships at sea, described 
in the paper read by Mr. Spencer Miller before the 
American Society of Naval Architects, and reproduced 
in our issues of January 15 and 22. 

“British Progress Journau.” — This publication, 
which is edited by Mr. W. St. John R and pub- 
lished by the Liverpool Daily Post and Mercury, at the 
Daily Post Buildings, Liverpool, contains a number of 
articles by well-known writers explaining how and where 
British firms may increase their trade. Italso contains 
the advertisements of a | number of British engi- 
neering and other firms, with alphabetical and classified 
indices, which thus constitute a useful trade directory. 
The latter will be of considerable service to the com- 
mercial community generally, and especially to those 
firms who, having previously obtained their supplies in 
4Germany, now wish to obtain them in this country. The 
book contains over 500 pages, pocket size, and is pub- 
lished at the price of 1s., post free: 

THE WORKS OF CANADIAN VICKERS, 
LIMITED, AT MONTREAL. 

THE one certainty regarding the issue of the 
present crisis is a bigger conception of the future 
of the British Empire. There will be changes. No 
one can determine the lines along which such 
changes will develop, but it will certainly be in 
the Tirection of closer union between the Mother 
Country and the Dominions beyond the Seas. By 
their participation in the war they are further 
emerging at an increased pace from the position 
of dependencies to the vigorous manhood of 
nationality, and consequently in the future the 
Dominions will be brought into a position of greater 
equality with the Homeland. This means not 
only Federalism, or some such amalgamation on 
a more or less equal basis so far as Imperial 
government is concerned, but a development 
also in industrial responsibilities. It is with 
this latter that we are mostly concerned for 
the moment. Australia has moved forward, for 
instance, not only by the possession of its own fleet, 
but by being able to repair their ships, and even 
to construct the smaller units; the launch the 

other day of the first ship built for that fleet in 
Australian works by Australian workmen is the 
beginning of what may develop into great events. 
We have no intention here to enter into the ques- 
tion of the advantages or otherwise of separate 
fleets for se te Dominions ; no doubt, when the 
full lessons of the war are analysed, and when the 
hopes and aspirations of the Dominions are com- 
pletely enunciated, the problem will be solved in 
its relation to all interests. Broadly, there must 
be a fuller awakening of the Empire as a whole to 
its highest ideals and greater responsibilities, 
bringing changes of far-reaching co uence. 
Canada, like Australia, has the desire to develop 
its resources. The Dry Dock Act of 1910, 

by the Canadian Parliament, to make 
rovisions for subsidising ship-repairing estab- 
ishments in the Dominion, was one of the 
beginnings. This beginning has progressed, per- 
haps, far beyond the expectations of those who pro- 
moted the Act. It has been further stimulated by 
the war, and there isa natural pride in Canada that 
the Dominion has been able not only to help the 
Homeland by sending troops, but also by providing 
some of the material without which the war cannot 
be carried to a successful conclusion. 

The Act ‘‘to encourage the construction of dry 
docks” for the repair of merchantmen and naval 
ships, passed in 1910, authorised the payment, 
under certain stipulated conditions, and for a 
period not cunelinn thirty-five years from the 
completion of the work, of a subsidy not exceeding 
34 per cent. of the cost of either a graving dock 
1150 ft. long, with an entrance 110 ft. wide and a 
depth of 37 ft. over the sill, or, alternatively, a 
floating dry dock to take ships of at least 25,000 
tons displacement. The same subsidy was offered 
for a period of 25 years for a graving dock 650 ft. 
long, with a width of 85 ft., and a depth over the 
sill of 30 ft., or, alternatively, for a floating dock 
to take vessels of 15,000 tons displacement. A 
subsidy of 3 per cent., tenable for 20 years, was 
offered for a dry dock of a length of 400 ft., a width 
of entrance of 65 ft., and a depth of water over 
the sill of 22 ft., or, alternatively, a floating-dock 
to take ships of 3500 tons displacement. 

The principal establishment resulting from the 
passing of this Bill is the Canadian Vickers Works, 
which are now in full working operation, and, 
fortunately, are in a position, as has already been 
stated, to meet the highest ambition of the Canadian 
Government in the present time of Imperial crisis. 
Amongst the Canadians actively associated with 
this enterprise, and to whom the Dominion gives 
full credit, are Mr. F. Orr Lewis, who is president 
of the company, Sir Montagu Allan, who is vice- 
president, Mr. J. G. Lewis and Mr. P. Mackin- 
tosh, two of the other directors of the under- 
taking. As it was soon recognised that the 
scheme could not fulfil the fullest aims of the 
people of Canada, unless shipbuilding, as well aa 
ship-repairing, were undertaken, the Montreal 
people were successful in securing the co-operation 
of the Vickers Company ; and thus, as a Canadian 

engineer pointed out in a recent article, the project 
is ‘‘ the embodiment of great and ripe experience,”’ 
as well as the outcome of a patriotic enthusiasm. 
The same writer said :—‘‘In their estimate of the 
possibilities of the project, in the arrangement and 
equipment of the works, in the construction and 

completion for service of ships to be built in the 
establishment, the projectors have thus the co- 
operation and technical assistance of the greatest 
naval firm in the home country,” a statement 
which he supported by a narration of the enormous 
amount of naval and armament work undertaken 
in recent orders by this company. Mr. Albert 
Vickers, Sir A. Trevor Dawson, and Sir Vincent 
Caillard are directors of the Canadian Vickers 
Company. 

The construction of the establishment was com- 
menced in May, 1910, the Montreal Harbour Com- 
mission lending the project not only great sup- 
port, but active co-operation, particularly in the 
reclaiming of the site, which is at Maisonneuve, 
about 4 miles east of Montreal, on the north bank 
of the St. Lawrence River. The engineer to the 
Commissioners supervised the civil engineerin 
work. The St. Lawrence at this point has a widt 
of over a mile, and the deep-water channel has a 
depth, when the river is at its lowest level, of 35 ft. 
The site reclaimed, having a total area of 30 acres, 
is triangular, as shown in the plan, Fig. 1, page 158, 
projecting into the river, so that the vessels leaving 
or entering the basin in the works require to be 
slewed only to a slight angle with the main line of 
the channel. It was necessary to build on the 
foreshore a concrete wall to form the outer em- 
bankment of the basin, and another along the 
banks of the river as an inner wall. 

The mode of construction used for the basin 
walls is one peculiarly characteristic of jetties in 
the large North American lakes. Large cribs of 
12-in. logs well spiked together and having a width 
of about 45 ft. at the base were built on land, in 
lengths of about 200 ft., launched and floated to 
the site of the works. After a flat surface had 
been prepared on the river-bed, these were placed 
in ition and filled with broken stones and 
earth until they sank and rested on the prepared 
bed. Immediately this was ecsongiteh the 
work of constructing the concrete wall on the 
top of this was commenced and carried up to 
the required height. During the construction of 
the concrete-work the earth backing was filled in 
behind the wall. The walls round the basin of the 
Montreal Works have been carried to a depth of 
37 ft. below extreme low-river level, and to a 
height of 28 ft. above same. This enables the 
_— steamers frequenting the St. Lawrence to 
be brought alongside the quays of the basin. The 
completed wall for the river leendacy of the basin 
has a width of 150 ft. at the coping-level. The 
river-side is formed of a sloping bank with an eas 
angle of rest. The works boundary and river-ban 
are retained by a continuation of this sloping bank 
right up to the shore at the western end of the 
works. To form the landward boundary of the 
basin a similar quay-wall was constructed. Alon 
the top of the walls there are placed the onal 
bollards, fairleads, capstans, and railways neces- 
sary for the quick handling of ships and material. 

e basin has a width of 500 ft., and a length of 
1000 ft. Atthe inner end of the basin are situated 
the building-berths, the ground being graded to a 
suitable declivity, and in way of the Lathe special 
precautions have been made to exclude the winter 
floods by means of portable cofferdams incorporated 
with the structure of the building-shed itself. 

The first part of the scheme, the provision of a 
floating ship dry dock to meet the requirements of 
the Act, was completed in the autumn of 1912, the 
concrete walls being completed, and repairing- 
shops erected and equipped. The floating ship 
dry dock, which was constructed at the Barrow 
Works of Vickers Limited, is named the Duke of 
Connaught, and is shown clearly iu its working 
position in Figs. 3 and 4, on Plate XII. This 
dock is of the self-contained, double-sided, bolted 
type, and was fully described and illustrated in 
Enaineerinc.* The lifting pertion is divided 
transversely into three complete sections, which, 
when bolted together, form a complete dock. This 
was arranged to enable the three parts to be used 
separately, and, therefore, to provide three docks, 
each able to accommodate ships of the class which 
predominate in the St. Lawrence River, and lake 
traffic. It may be said that this arrangement has 
proved most serviceable. Moreover, any two 
sections can be used for docking the remaining 
third section for re-painting and overhaul. The 
general dimensions of the dock may here be 
given :— 

* See ENGINEERING, vol. xciv., page 228. 
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Contemporaneously with the completion of the 
dock there was installed at the works a complete 
ship-repairing plant for dealing with all classes of | 60 
vessels, with engine and boiler-shops and foundry. 
It may be added further that the tariff and - 
tions in connection with the dock work has 
authorised by an Order in Council of the Canadian 

Government as provided for in thé Act of Parlia- 
ment. 

Another useful accessory for repair and new 
construction is the floating crane, which is the 

minent feature of the view, Fig. 2, annexed. 
is crane is fitted on board of a specially-con- 

structed pontoon, and is capable of coming along- 
side of, and transferring heavy weights to and from, 
ships lying in the harbour or at any point in the 
river, and of placing guns and machinery, &c., on 
board of new venue after being launched. It is 
of the following lifting capacities :— 
75 tons at 51 ft. radius, with a lifting speed of : ft. per min. 

” .” ” ” ” ” 

” 72 ’”” ” ” ” 20 ” 

The hook of the crane is about 100 ft. above 
water-level, with the jib of the crane at a radius of 
51 ft. The crane is designed to slew through an 

10 

Borer Works. 

angle of 360 deg., and is firmly secured at its base 
to a table revolving on a strongly-supported roller- 
path fitted on the deck of the pontoon. The jib of 
the crane is hinged at the top of large steel 
uprights, and is elevated and depressed by means 
of a screw of massive proportions. The pontoon 
is arranged to pass through the Lachine Canal, 
and, being consequently limited in dimensions, is 
specially designed and ballasted to minimise the 
angle of heel under working conditions, while a 

— movable ballast-truck, actuated by special 
racking-gear, is fitted on the crane to assist the 
balancing under varying loads. The pontoon \s 
provided with a steam warping-capstan, and is 
lighted throughout by electricity, the deck of the 
pontoon being illuminated by large arc-lamps. An 
electrically-driven grain-elevator, of a capacity of 
80 tons per hour, is available for salvage purposes, 
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and can be suspended from the jib of the crane for 
transferiing ships’ cargoes to lighters alongside. A 
large vertical boiler is installed on board for pro- 
viding steam for the crane and warping capstan, 
and a steam-driven dynamo is provided for supply- 
ing current for driving the grain-elevator and for 
lighting purposes. Thus the crane is entirely self- 
contained. 

After the scheme for a repairing establishment 
had been arranged, the further development of 
having an extensive shipbuilding establishment was 
evolved, and proof of the efficiency of the establish- 
ment is afforded by the fact that not only have 
many of the largest ships trading to Montreal been 
docked and overhauled, but there is in an advanced 
state of construction a large ice-breaking steamer 
and an exceptionally large dredger, along with 
naval work, of which particulars cannot be pub- 
lished. On Plate XII. there are two views 
of the basin, Fig. 3 being from the east end, | 

showing the landward wall of thé basin and the | 
engine-shops, the floating-dock lying inside the 

undary of the basin. | shown in Fig. 6, on thesame plate. In this way, it is 
| possible to build ships cf great Leam and of lengths 

quay, forming the outer 
The floating ship dry dock is warped out to the 

ELe&cTRICALLY-DRIVEN A1R-COMPRESSOR. 

centre of the basin for the docking of ships, 
the depth of water here being over 50 ft. ; shi 
from the St. Lawrence River enter direct into the 
dock without any difficulty in navigation. In the 
distance there is seen the covered shipbuilding 
berth, and alongside it the open shipbuilding 
berths. Fig. 4, on the same plate, is a view 
from the west end, and there will be seen to the 
left the quay forming the landward boundary of 
the basin, and the engine and bdiler-shops; and 
to the right the outer quay of the basin, and along- 
side it the floating dock. It may be explained 
here that there is no daily tidal influence in the 
St. Lawrence River at Montreal, the range of water- 
levels being due to periodical floods. The difference 
between the extreme low-water level of the winter 
and the normal summer level is about 3 ft. 

The width of the shipbuilding berth, which is 
illustrated in Fig. 5, on Plate XTII., is 105 ft., and 
it is entirely closed in, so that work can proceed 
independently of weather. As to the length, the 
ironworkers’ shed forms a continuation of it, as is 

up to 1000 ft. For the present the arrangement 
enables two cruisers or merchant ships to be built 
side by side within the one shed. The view, Fig. 5, 
shows one large vessel in course of construction in 
the shed, and since this view was taken another 
vessel has been laid down alongside. The clear 
height of the shed is 87 ft., and it will be seen that 
the construction is of a substantial character. It 
may be further added that the building was erected 
by Canadian labour. Indeed, the whole of the con- 
struction of the works has been done by Canadian 
firms and workmen. 

The equipment for the shipbuilding shed includes 
six electric cranes, each of which has the three 
motions — travelling, traversing, and hoisting— 
actuated by independent motors. There are three 
lines of crane gantries; that in the centre, 
suspended from the roof principals, has a span of 
60 ft , with two cranes, one of 35 tons and one of 
5 tons lifting capacity. The two side gantries have 
each two 5-ton cranes. By this arrangement 
cruisers and other vessels can have their boilers 
and machinery shipped before launching 

The available width for ships in the open berths 
is 250 ft., and here it is ible, as shown in 
Fig. 1, page 158, to build a vessel of ovor 700 ft. in 
length. 

The iron-workers’ shed, as we have said, forms 
a continuation of the covered-in shipbuilding berth. 
The average length given up to the platers’ 
machine-tools is 370 ft., and the average width 
120 ft. The machine-tools are capable of dealing 
with the largest plates used in the construction of 
passenger steamers and war vessels. The bending 
rolls are capable of bending and setting plates 
up to 36 ft. long and 2 in. in thickness; the 
straightening-rolls for plates have a breadth of 
8 ft.; the plate-edge planers can deal with material 
up to 36 ft. in length ; the punching and shearing- 
machines, with side tools, take plates up to 2 in. 
in thickness. The manhole-punching machines, 
multiple punches, friction and band saws, as 
well as one of the joggling-machines and the 
drills, are all electrically driven by independent 
motors. Although the majority of the machine- 
tools in this and the other departments are worked 
hy electric motors, there are some processes 
in the hull and boiler construction which cannot 
be so effectively carried out by electrically- 
driven machines as by hydraulic power, and amongst 
the hydraulically-cperated machine-tools may be 
mentioned a large 200-ton vertical press, keel-plate 
bender, channel - cutter, joggling, flanging, and 
manhole-punching machines, and the hydraulic 
frame -setting machines. The disposition of the 
foregoing machines is such that the plates can be 
handled from one machine to another by means of 
electric jib-cranes, having lifting capacities of 
5 ani 7} tons. Ult mately they are transported 
on narrow-gauge railways to the building-berths. 
For furnacing and setting the frames, floors, and 
stern plates, an independent set of machine 
tools have been installed, so that several ship 
can be under construction without in any way 
hampering progress ; the plate furnaces can take 
plates up to 30 ft. long, and the frame furnaces 
have a length of 50 ft. The area of the scrieve- 
boards is over 8000 sq. ft., and of the bending 

slabs 5000 ea. ft. 
Fig. 7, on Plate XIV., gives a good idea of the 

equipment of the smithy, which occupies the south 
end of the iron-workers’ shed, and provides for the 
manufacture of all the smithwork in the establish- 
ment, including, in addition to the blacksmiths, the 
angle and beam smiths. There are five pneumatic 
hammers, of powers ranging from 5 ewt. to 2 tone, 
the heaviest served by a 74-ton electric jib-crane. 
The forges, thirty-four in number, are all of the 
down-diaught type. A system of underground 
piping supplies the necessary blast, the exhaust 
being carried away by asimilar arrangement. Two 
blowing-fans, each of the single-inlet type. and each 
driven by a separate motor, supply the blast ; 
the exhaust-fan is of the same type. This system, 
which keeps the shop practically free from all 
fumes and smoke, is much appreciated, par- 
ticularly in hot weather. The supply and exhaust 
fans also provide draught for the plumbers’, tin- 
smiths’, and coppersmiths’ fires. An annealing- 
furnace is arranged in close proximity to the 
smithy, and adjacent are the gas-producers, the 
latter capable of supplying the whole of the fur- 
naces—i.e., the annealing furnace, the bar furnace, 
the plate furnace, and the forgef urnace. 

The sheet-iron workers’ and plumbers’ shop, 
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Fig. 8, on Plate XIV., is also arranged at the south 
end of the ironworkers’ shed, and, in conjunction 
with the smithy. The equipment includes an 
hydraulic pipe-bending machine, an hydraulic 
flanging-machine, three screwing-machines, 4 ft., 
5-ft., and 8-ft. plate-rolls, a band-saw, a planish- 
ing- hammer, several punching and shearing- 
machines, rotary shears, drilling-machines, and a 
full complement of grinders. A _ galvanising 
plant on the hot system is arranged in an adja- 
cent building, and an acetylene generator is 
also provided for the cutting apparatus and the 
use of the sheet-iron workers. Notable in the 
equipment are the pipe-setting machines, by means 
of which the various bends, bevels, branches and 
angles can be fitted to the pipes before the pipes 
are taken to the ship for fitting in place. 

The joiners’ shop, the mould-loft, and the riggers’ 
and sailmakers’ departments occupy a building of 
150 ft. by 100 ft. This building has a separate 
heating system, so designed as to consume the 
refuse. e joiners’ shop occupies the ground 
floor, the machine-tools being arranged on the one 
side, and the joiners’ and pattern-makers’ benches 
on the other. Fig. 9,on Plate XV., gives a fair idea 
of the siz and capacity of theshop. The machine 
seen in the centre of the shop is a universal wood- 
worker of the latest type, which is invaluable to 
the pattern-makers, as, in addition to mortising, 
dovetailing, trenching, &c., all kinds of spindle 
and circular work can be executed. A full outfit 
of wood-working machines is provided, including 
two heavy circular saws, suitable for heavy log- 
work, a planing and moulding-machine, surface 
planer, circular moulding - machine, small uni- 
versal machine, band-saw, fret-saw, sand-papering 
machine, turning-lathe, facing-lathe, dimension 
saw, tenoning machine, mortising machine, three 
grinders, and glue-heater. A feature of this shop 
is the method of driving the machines, the line 
shafting being arranged in the basement, to reduce 
the quantity of belting, &c., and at the same time 
to eliminate the possibility of accidents. The 
ehavings, saw-dust, &c., are carried away from the 
machines by a system of underground suction- 
pipes direct to the boiler. 
The mould-loft (Fig. 10, on Plate X V.) is arranged 

on a gallery over the joiners’ shop, and provides a 
clear floor area of over 11,000 sq. ft., ample lighting 

_ being provided by means of a top light, in addition 
to windows. 

The riggers and sail-makers’ shop (Fig. 11) is also 
arranged on the ground floor, and is provided with 
a full outfit of the latest machines for dealing 
with all classes of ship-work, including hydraulic 
cutters, &c. 

The electrical shop is illustrated in Fig. 12, on 
Plate XV. Here small electrical repairs are 
carried out, and a number of small machine-tools 
have been installed for this purpose. In the 
centre a group of Vickers’ motors will be seen 
ready for putting down for driving machines in the 
works. Behind this group is a Vickers’ motor 
coupled to a low-voltage dynamo, which is now in 
use for galvanising boiler-tubes. Upward of 300 
Vickers’ electric motors are installed in the shops, 
the larger machine-tools being provided with sepa- 
rate motors, while the small machines are usually 
grouped together on line-shafts, the machines illus- 
trated in Fig. 12 being typical examples. As 
might be expected, all the oes planing-machines 
are fitted with Vickers’ patent reversing device for 
reciprocating machine - tools. This well-known 
attachment provides for automatic reversing of the 
machine, rot a three-to-one speed variation on both 
the cutting and reverse strokes. All belt losses 
are eliminated, and a much larger output of work 
is obtained ina given time with the minimum con- 
sumption of power. The lighting of the large shops 
and yard is carried out by means of mercury-vapour 
lamps. One of these lamps can be seen between 
the roof princi in Fig. 12. In the stores and 
other low-roofed buildings miniature arcs and metal- 
filament lamps are installed. Offices are lighted on 
the semi-indirect system by means of high candle. 
power metal-filament lamps. 

The engine and boiler-shops are situated in a 
building some 380 ft. by 155 ft., and arranged in 
three bays of 65 ft., 51 ft., and 39 ft. width respec- 
tively. e building is shown in Fig. 2, on page 158. 
The machines for use in the construction of pro- 
pelling machinery, both steam, turbine, and recip- 
rocating (including internal-combustion engines), 
are arranged at one end of the building, whilst those 
for boiler-work, both cylindrical and water-tube, 

arearranged at the other. Amongst the numerous 
machines comprised in the workshop outfit, and 
in connection chiefly with marine-engine work, 
may be mentioned the 72-in. by 72-in. by 14-ft. 
laner, the compound planer, the turbine-casing 
ring-machine, two horizontal boring, drilling, 

tapping, and milling-machinea, three 6-ft. radial 
drills, the 72-in. turbine lathe (50-ft. centres), the 
36-in shafting lathe (90-ft. centres), the 8-ft. 
chuck-lathe, the eight-speed surfacing, boring, 
milling and drilling-machine, and the 36-in. ver- 
tical turret boring-mil], whilst in addition to these 
there is a full complement of capstan and turret 
lathes and other machines to cope with any class 
of marine-engine work. 

The portion of the building which is devoted to 
boiler work is equipped with a 6-ft. duplex radial 
drilling and boring-machine, a six-spindle multiple 
drill, a circular and oval-hole boring-machine, a 
16-ft. plate-edge planer, a combined punch, shear 
and angle-cutter capable of dealing with 1}-in. 
plates, a set of horizontal plate-bending rolls for 
§-in. plate, an hydraulic boiler-shell plate-bending 
machine capable of bending plates cold 12 ft. 6 in. 
wide by 1} in. thick to a complete circle, an hydraulic 
fixed riveter of 9 ft. gap and 80 tons power (for 
rivets up to 1} in.), a set of 5-ft. plate-straightening 
rollers, a a machine, a pipe-flange drill- 
ing and facing-machine, and many others parti- 
cularly adapted to boiler work. 

In the small bay are arranged the special 
machines for detail work of every description, 
including brass-finishing, and comprise vertical, 
= and general and universal milling-machines, 
ind-saw, key-way cutting- machine, portable 

milling-machine, bevel-gear generator, as well as a 
large number of useful lathes and other machines. 

An overhead gallery is fitted up as a turbine- 
blading department, and fully equipped with all 
the necessary tools for this particular class of work, 
including two presses, a section-saw, blade-nicking 
and tipping machines, and sensitive drills. The 
whole of the department is particularly well 
equipped in the matter of buffs, tool-grinders, &c. 
An electro-depositing plant is also provided, with 
all the necessary baths, &c. 

The engine and boiler-shops are provided with 
overhead electric travelling cranes, two, each of 
25 tons capacity, being arranged in the main 
erecting bay, and one of similar capacity in the 
heavy-machine bay, whilst the light-machine bay 
is provided with one of 5 tons capacity. All these 
cranes have the motions of hoisting, travelling, 
and racking, each operated by a separate motor, 
controlled from a cage suspended from the under- 
side of the crane girders. 

A powerful travelling electric crane is bein 
constructed to travel on the quay, and to dea 
with the manufactures from the engine and _ boiler- 
shops, which will be loaded on trucks, running on 
railways traversing the shops, and brought within 
the radius of the new crane on the quay. 

The brass foundry is situated in a corner of the 
engine and boiler-shop, and is fitted with six 
crucibles, two hand jib-cranes being arranged for 
the handling of the material, &c. 

Electricity is supplied by the Montreal Light, 
Heat, and Power Company, who have two inde- 

ndent generating-stations. Alternating current 
is brought into the works on the three-phase 
system at 11,000 volts at a frequency of 60 cycles 
per second, and converted at the power-station by 
means of step-down transformers and rotary con- 
verters to a three-wire direct-current supply at 
440 volts. Owing to the advantage en of 
variable-speed motors on a large number of 
machine-tools, it was considered desirable for the 
low tension supply to be a direct-current one. 

A good idea of the power-house plant will be 
obtained on reference to Fig. 13, on page 159. 
The three rotary converters, which are each of 
650 kw. capacity, were manufactured at the Shef- 
field works of Messrs. Vickers. Each machine is 
fitted with an induction motor for starting pur- 

and the machines are arranged to be self- 
synchronising. The direct-current switchboard 
consists of three rotary panels and a number 
of feeder-panels. Between the rotary and feeder 
portions of the switchboard an earth testing-board 
is erected for localising faults in the feeders to the 
various outlying shops. 

Some idea has already been given of the exten- 
sive use to which hydraulic power is put, and for 
maintaining the power there are two sets of elec- 
trically-driven three-throw pumps, situated in the 

power-house, the water being obtained from an 
overhead tank. The pumps discharge against an 
accumulator pressure of 1500 Ib. per sq. in., the 
accumulator being of the case-loaded type, and 
placed in close proximity to the pumps. 
Two air-compressors are fitted, each capable of 

compressing 2000 cub. ft. of free air per minute 
to a pressure of 100 lb. per sq. in. Pneumatic 
power is extensively usei for portable tools in 
the ironworkers’ department for riveting, caulk- 
ing, drilling, chipping and cutting. In the 
foundries compressed air is used for ramming 
and cleaning out the moulds, while the plumbers 
and nters are also provided with portable 
tools for boring and scrunting. The hammers in 
the smithy and forge are also actuated by com- 
pressed air. The Vickers motors (see Fig. 14) 
driving the air-compressors are of the slip-ring in- 
duction type, the armatures forming the crank- 
shafts of the compressors. Each motor is of 350 
horse-power, running at 146 revolutions per minute. 
The alternating-current voltage at the motor ter- 
minals is about 2200 volts. The hydraulic-pump 
motors are of the same type and make, developing 
90 horse-power at 495 revolutions per minute. 
Only one of the air-compressors is in the power- 
station; the other is clese to the ironworkers’ 
shed. The reason for this is that the electrical 
losses in transmission at the high voltaye to this 
point, where most of the pneumatic power is used, 
are much Jess than the air losses would have been 
if the two compressors had been put down in the 
power-station. 
Owing to the extreme climatic conditions and to 

the frost penetrating for a distance of from 4 ft. to 
5 ft. into the ground, it was found advisable to run 
a tunnel from the power-stations to each of the 
various shops, in which is placed the electric, 
hydraulic, pneumatic, water, fire service and steam 
mains. This tunnel has more than justified the extra 
expenditure incurred, as during the coldest weather 
no trouble has been experienced. The tunnel has 
a width of 8 ft. and a depth of 7 ft., and the roof 

is under the frost level. Another great advantage 
of having all the various mains placed together in a 
tunnel is that any leakages occurring can be easily 
traced. 

The test-house is incorporated with the electrical 
workshop, and is equipped with a 100-ton hori- 
zontal testing-machine of the latest pattern, 
operated by hydraulic power at 1500 lb. pressure, 
and capable of admitting a maximum stretched 
length in tension of 19 ft., in compression of 
3 ft. 6 in., and in deflection of 3 ft. 

The shops throughout the works are heated by 
a hot-air system, the steam being generated at a 
pressure of 200 lb. per sq. in. from a battery of 
water-tube boilers situated in a central heating- 
station. The steam is supplied to the various units 
in the shops at a pressure of 75 lb. per sq. in. 
The boilers are fitted with mechanical stokers and 
conveyors, and are also fitted with superheaters, 
imparting 150 deg. Fahr. superheat to the steam. 
From the boilers the steam is carried by means of 
pipes along the tunnel to the various shops, in 
which are situated air-chambers, which have a 
steam-coil, and are fitted with a fan and motor for 
driving the cold air through the coil and thence 
through galvanised iron air-pipes to various parts 
of the shops. The heating system is designed to 
maintain a temperature of 45 deg. Fahr. in the 
shops when the external temperature is 15 deg. 
Fahr. below zero, The boilers are also capable 
of supplying steam for testing the marine turbines 
before these are placed on board ship. 

There is an efficient fire service laid throughout 
the yard, the main being carried to the various 
shops through the tunnel. Branches are taken to 
different parts of the yard. Special precautions 
are taken at the hydrants against frost. On the 
outer embankment there has been erected a pump- 
house, in which is installed two centrifugal pumps, 
each capable of delivering 1500 gallons per minute 
against a total suction and delivery head of 
350 ft., which means that several jets of water can 
be easily thrown over the highest building erected. 
There is also a connection from the town main, 
the water being supplied at a pressure of 75 lb. per 
sq.in., which provides an ample pressure for all 
ordi > 
The  Dbulabietion Department, as will be 

seen from the general plan, Fig. 1, page 158, 
has been located alongside Notre Dame-street, 
which is the main highway to Montreal. The 
offices embrace not only the administration and 
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commercial branches, but also the drawing-offices, 
with a suite of rooms for inspectors. Every con- 
venience has been arranged for, with telephone 
communication to all departments in the works. 

The plan of the works is in itself proof of the 
care with which the establishment has been laid 
out, in order to minimise the movement of 
material during the process of construction. Such 
material as is not sea-borne is conveyed by 
a railway track which is laid into the works ; 
and for handling goods there are two locomo- 
tive cranes, having a lifting capacity of 10 and 
15 tons respectively. Direct connection is made 
to the main-line systems of Canada ; the Canadian 
Northern and Harbour Commissioners’ tracks, 
as will be seen from Fig. 1, on page 158, pass 

llel with the main roadway. Branches have 
| oven made at various points giving direct com- 
munication into the ironworkers’ department and 
into the engine and boiler shops. In this connec- 
tion it should be said that the railway companies 
and the authorities of Montreal, as well as the 
Dominion Government, have given every assistance 
towards the project in order to ensure the highest 
efficiency. This is only a recognition on the part 
of all concerned of the national importance of the 
undertaking, which, as we said at the outset, 
promises to have an important influence in the 
realisation of the ambition of the Dominion towards 
the industrial development of Canada. 

INDUSTRIAL NOTES. 
Tue Management Committee of the General Federa- 

tion of Trade Unions have issued a manifesto with 
regard to the high prices of food. They state that 
congestion of the ports may be remedied by organisa- 
tion and decentralisation. Under efficient and national 
guidance incoming ships might be better distributed 
and more rapidly unloaded; there is no absolute 
necessity for attracting all of them to London or 
Liverpool; there are other ports with excellent 
railway facilities which do not appear to be fully 
utilised. Particularly is this the case with ports 
which in normal times are mainly occupied with pas- 
senger or tourist traffic. Wagons, trucks, and cars 
are also said to be insufficient for present railway 
requirements, while the commandeering of carts, 
lorries, horses, and motors by the military authorities 
intensifies the difficulties of general transport. 

The increase in freight charges is enormous, and 
very seriously affects all prices; this particular con- 
sequence of war might very easily have been antici- 
pated by the Government, and provision made for 
meeting the situation. The Government knew that 
it would commandeer and divert from its —— 
work an extensive and important section of the Britis 
mercantile marine, that success at sea meant the 
voluntary or compulsory internment of all enemy 
ships, and that this internment would create lucrative 
opportunities on new or unusual routes for hundreds 
of ships flying the British flag, ships which, under 
ordinary circumstances, would look to this country 
for business. Had there been a Ministry of Com- 
merce, some organisation capable of necessary ee 
sion might have been in existence, and the evils of 
the — situation mitigated. There was, in effect, 
neither anticipation nor organisation. 

The Government must move immediately and 
wherever movement is possible. The procedure of 
Prize Courts must be expedited ; all captured ships 
must be valued, claimed, manned, and utilised by the 
State for the purpose of transporting supplies pur- 
chased directly from producers, and such supplies 
must be placed upon the markets at prices to cover 
only costs and distributive charges. 

The Committee find that it is the duty of the 
Railway Board to get goods away from the railways, 
as well as along the railway lines, and add that if this 
Board cannot perform the work, a competent organiser 
of local transport facilities should be appointed, and 
he ought speedily to discover and utilise the thousands 
of partially employed horses and carts and their 
owners, 

The manifesto further adds that the Government 
could undoubtedly take over the whole of the insur- 
ance on ships and cargoes and make a profit on its 
transactions ; it could also act in regard to those who 
speculatively withhold stocks from market. The 
manifesto concludes by stating that the situation is 
not yet desperate, but it is serious, and will become 
increasingly so unless the Government moves quickly. 
a & country, it states, is like running a busi- 
ness ; if success is to be achieved in either task, all 
resources must be utilised, all wastes checked, all 
slackers superseded, and all illegal or unscrupulous 
commissions cut out. 

The Government must act; the whole country de- 

efforts outside the ordinary de ental work, but 
by this time even the slowest Government department 
should realise that the nation is at war, and that 
~ appa circumstances necessitate extraordinary 
efforts. 

At a meeting of the Mayor of Rochdale’s Committee 
for the relief of distress, held on Monday, the Ist inst., 
Mr. John Moore moved a resolution asking the 
Government to take steps to prevent the food of the 
people from rising to famine prices. In order to secure 
this the Government should secure the control of 
sufficient ships, British or enemy, to food sup- 
plies to this country. In addition, the Government 
were asked to regulate food prices generally, as they 
had done in the case of —_. 

The motion was strongly opposed by Mr. J. M. 
Thomas, who said the action of the Government in 
controlling certain articles of food had sent up the 
prices of those commodities over 12 per cent. He 
added that sugar could be bought cheaper to-day in 
neutral countries than in England. In controlling 
_ commodities the Government had made a mess 
of it. 

The resolution was defeated by a large majority. 

A different note was struck at a labour meeting held 
on Monday, at Bristol, when Mr. W. C. Anderson, 
M.P., said there ought to be public control of mer- 
chant shipping, the same as of railways. There had 
been no increases of freights on the railways, but the 
shipowners were in a position to demand practically 
their own terms. The supply of wheat and coal should 
also be under public control, to avoid extortions by 
middlemen. American speculators, British farmers, 
and shipowners were all having a share of the plunder, 
at the expense mainly of the working classes. 

A resolution was passed strongly protesting and 
calling upon the Government to assume control over 
all the necessaries of life. 

On January 30 the secretaries to the Board of Con- 
ciliation and Arbitration for the manufactured iron 
and steel trades of the North of England published 
the report of the accountants to the certifying 
the average net selling price of iron rails, plates, bars, 
and angles for the two months ended mber 31 
last at 7/. 1s. 1.38d., as compared with 6/. 19s. 0.56d. 
for the previous two months. In accordance therefore 
with sliding-scale arrangements, the ironworkers’ 
wages for Teme and March will be the same as 
prevailed during the preceding two months. 

On the same day, the ascertainment on the average 
selling 5 omy was issued by the Midland Iron and 
Steel Board. It applies to all the Midlands, 
South Yorkshire, and Lancashire, The average rate 
was 7/. 8s. ld. per ton, equal to 2s. ld. above the pre- 
ceding return. It gives 9s. 9d. per ton for all tonnage 
men, except puddlers, who receive a 6d. allowance, 
and whose rate will be 10s. 3d. per ton. It is an ad- 
vance of 2) per cent., to come into force in & week’s 
time. The largest increased selling average was that 
of plates and sheets at 8/. 12s. 7d., an increase of 
33. 4d. Bars were 7/. 8s. 4d. The total production of 
the selected firms was 28,077 tons, or a decrease of 
2912 tons, owing to & great many of the men havin 
joined the colours. Bars made showed a total o 
20,395 tons. 

It was stated at a meeting of the Midlothian and 
East Lothian Miners’ Federation Board, held at 
Dalkeith, on Friday last, January 29, that great 
activity was being enjoyed at the ttish collieries, 
and miners to the extent of 90 per cent. were getting 
full-time employment—i.e., eleven days a fortnight. 
Orders for the shipping trade were also increasing 
steadily, and the despatch of coal from the docks was 
being facilitated by the curtailment of restrictions. 

A dispute which had arisen between the Cheltenham 
Gas Company and those of its workmen who belong to 
the Amalgamated Society of Gasworkers, Bricklayers, 
and General Labourers was settled on Friday last by 
the withdrawal of the men’s notices to determine their 
services on Saturday, January 30, the company having 
conceded practically their three demands. These 
were: For the recognition of the union ; an advance 
of wages in cases which had been passed over when 
previous increases were conceded ; and for a schedule 
of work. The general manager (who conducted the 
negotiations with a deputation of the workmen), 
solennt to recognise the union, to the extent of 
meeting any of its officials either in the present or any 
future dispute that may arise, but agreed to communi- 
cate with the members of the union through the agency 
of the union. 

At the annual meeting of the Ross branch of the 
South Herefordshire Farmers’ Union, held at the 

mands, and will support, remedial action, no matter 
remedies suggested require how drastic. Some of the 

Belgian labour, and said he had just received from 
the of Trade information as to the liabilities of 
employers who engaged Belgians, and the Board set 
out the following points :—The rates of wages offered 
should not be less than the current rate of pay to 
English labourers of a similar grade. It was desirable 
that suitable accommodation should be available for 
the workmen, and it will be even more satisfactory it 
—— could be made for housing workmen and 
amilies. The liabilities imposed on the employer by 
the National Health Insurance Act and the Work- 
men’s Compensation Acts would be the same for 
Belgian as for British workers. 

r. Taylor added that in the Ross district a very 
arrangement was made for paying these men. 

eir wages were paid to the local Belgian Com- 
mittee, and the men were housed at the model lodging- 
house, which was kept up by various ladies and 
gentlemen in the town, and 5s. was allowed them for 
their housing. The remainder of their money was 
placed in the bank, to a separate account for each 
man, so that when they left this country to go back 
to their own, they would have a good lump sum to 
start them in life again. That, he thought, was an 
excellent arrangement. With such a tremendous 
shortage of labour in Herefordshire, he advised 
farmers to apply to the Committee for these men, and 
from his own experience these men, in some cases, 
were too careful over their work. 

The miners of West Yorkshire commenced handing 
in their 14-days’ notices on Tuesday last, and are to 
continue that course until service is complete to all 
colliery-owners who refuse to allow the men’s claim 
for the 15 per cent. advances of the Coal Concilation 

—i.e., three advances of 5 per cent. each to the 
underground men who fail to earn the minimum 
wage, in addition to Judge Amphlett’s new minimum 
— The handing in of notices is to extend until 
to-day. A full fortnight has to elapse before the 
notices can be put into practical operation. In the 
meantime the points at issue are to be discussed by 
the Miners’ Federation of Great Britain, and a 
rupture may be averted by finding a way to settle 
the differences which have for over six months been 
responsible for the mining unrest in West York- 
shire. Both parties have expressed their willingness 
to hold joint meetings, and the hope is ex that 
they will lead to a working agreement. The coal-pits 
in West Yorkshire seuber 250, belonging to 120 
firms. The total number of workmen employed is 
about 50,000, of which total 7000 to 8000 are serving 
with the Colours ; other men are enlisting regularly. 
It is estimated that there are about 25, workers 
who are paid by contract, and who come within the 
operation of the Conciliation Board resolutions. Of 
the latter number, it is stated that only small per- 
centage fail to earn the minimum wage. Those who 
thus fail are, page generally, indifferent workmen ; 
the wages of the better workmen are not affected by 
the dispute. ; 

BritisH-Mapg Siipe-Rvuies.—Messers. John Davis and 
Son (Derby), Limited, All Sainte’ Works, Derby, inform 
us that they have recently put down a slide-rule factory, 
and are therefore in a position to offer Bae na! similar 
rules to those hitherto supplied by the tinent. 

ContTracts.—Messrs. Joseph Kaye and Sons, Limited, 
inform us that since the war they have had orders 
from the War Office for 29,436 oil-cans, and that, without 
competition, the Admiralty have renewed their three years’ 
contract, which ended in November last. In addition to 
the above, they have now 7170 oil-cans on order for H.M. 
Navy, making a total number of oil-cans ordered by the 
Government since the war broke out of 36,606, with 6228 
extra of their patent seamless spouts.—The Underfeed 
Stoker Company have recently booked orders for eighty- 
eight of their various types of stokers for this country, 
the British Colonies, the Continent, and China, several 
being repeat orders.—Messrs. Richardsons, Westgarth 
and Oo., Limited, have placed an order with Messrs. 
Ed. Bennis and Co., Limited, Little Hulton, Bolton, for 
a chain grate stoker to be installed in the Middlesbrough 
works of the Egglescliffe Chemical = pe Several 
orders have also recently been received by Mesers. 
Ed. Bennis and Co. for re-linking chain grate stokers of 
another make with their patent durable link. Amon 
such orders is one from the Powell Duffryn Steam Corl 
Company, Limited, Middle Duffryn Power Station, 
Mountain Asb, another from the British Xylonite Com- 
pany, Limitcd, Brantham Works, near Manningtree, and 
a third from the West Ham tion Hlootrici 
Station.— Messrs. J. Dampney and Co., Limited, Cardiff, 
state that the following orders have recently been received 
for their “‘ Apexior” com for venting corrosion 
and pitting, and the adhesion of hard scale in steam 
boilers :—Assam Bengal Railway Company, for treating 
a number of locomotives; Victoria Falls and Transvaal 
Power Company, Rhodesia, for twelve months’ mupply 
for their entire plant of Babcock and Wilcox boilers ; 
OC. A. Parsons Co., Limited, Newcastle-on-Tyne, the 
sixth order for treating the rotors and casings of steam- 
turbines ; Metropolitan Asylums Board ; London County 
Council; Royles, Limited, Irlam, for ‘coating tubes of —< Head Hotel, Ross, on Friday last, the 29th ult., 

Mr. Taylor, of Everstone, introduced the question of water-heaters. 
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TANK LOCOMOTIVE FOR THE GREAT 
CENTRAL RAILWAY. 

(Concluded from page 72.) 

ConTINUING our description of the large 2-6-4-type 
of tank locomotive recently turned out of the Gorton 
Works of the Great Central Railway, to the designs 
of Mr. J. G. Robinson, M. Inst. C.E., Chief Mechanical 
Engineer, we give on this and the opposite page 
details of the two and four-wheeled trucks, fh ps 
page 164 drawings of the connecting-rods. 

At the leading end is a two-wheeled or pony truck, 
of which we give illustrations in Figs. 11 to 14. The 
centre for the two-wheeled truck is a flanged steel 
casting of considerable depth, extending between the 
frames. On the underside it is poovided with a large 
flat boss, 9} in. in diameter, fitting into the cup of the 
swing-bolster. Between the centre and the bolster-cup 
is a j-in. brass bearing liner. The, king-pin is 2 in. in 
diameter. The bolster is also of cast steel. It is hung 
from the truck-frames by four ‘‘ three-point” hangers, 
1 ft. 11} in. apart. This design nas the advantage of 
avoiding the tilting of the bolster involved when in- 
clined swing-links are employed. The upper suspen- 
sion-pins are 24 in. apart, centre to centre, and 14 in. 
in diameter ; the lower are 2in. The links are 108 in. 
long from centres to centre. The truck is composed 
of plate-frames jin. thick and 3 ft. apart, with outside 
horn-blocks. The cross-stays between the frames are 
of 3-in. and j-in. plate. At the back of the axle isa 
horizontal stay of }-in. plate. The radius-bar is a 
V-shaped wrought-iron forging bolted to the rear 

WORKS, GORTON, FROM THE DESIGNS OF MR. JOHN G. ROBINSON, M. INST. C.E. 
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cross-stay. The radius of the truck is 4 ft. 11 in., distance-piece. Rail-guards extend from the truck- 

and the total side play 64 in. The radius-pin, 2} in. | frames to within 3 in. of the rails in front of the 

in diameter, is ede | in a wrought-iron plate-stay | truck. The truck-wheels are 3 ft. in diameter. oe 

extending between the engine-frames. The springing journals are 7 in. in diameter, and have & length o 

of the truck includes a pateageing and two spiral 11 in. The axle-boxes are of brass with cast-iron keeps. 

springs to each axle-box. At the front end ma | The ,four-wheeled truck at the trailing end, illus- 

truck the frames are braced by @ rod-stey and| trated in Figs. 15 to 18, also has wheels 3 ft, in 
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diameter. The truck is built up of frames 1 in. thick, | The bolster is a casting hung from the bogie transverse | 
acd transverse steel eT with stays between the | stays by three-point hangers 2 fc. 9 in. apart, of 
frames at thefront and back. The centre attached to| which the upper pins, 3} in. apart, are 2} in. in dia- 
the engine-frames has a bearing surface 1 ft. 9% in. in | meter, and the lower 2§ in. in diameter. The total side | 
outside diameter. The cup in the bolster is slightly 
larger, and between the upper surface of the cup and the 
under face of the centre is a washer-plate, 1 in. thick. | centres to centre is 1 ft. 3 in. The horn-blocks and axle- | 

1HE DESIGNS OF MR. 

| over each axle-box. 
| with blocks on both sides of the wheels. There are 

play allowed is 9} in. The king-pin is 2} in. in dia-| 
meter. The length of the three-point hangers from | 

JOHN G. ROBINSON, M. INST. C.E. 
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boxes are iuside the frames. There is a plate-sprin 
The four-wheeled truck is brake 

two brake-cylinders, fixed one on either side outside 
the framesin the centre. Each cylinder contains two 
istons, which operate the gear for the front and 

k wheels. The piston-r are coupled to short 
brake-levers, which are pivoted on the lower ends of 
the brake-hangers, and at their lower extremities are 
cross-connected by brake-beams. A central brake-rod 
runs from the brake-beam on one side of a wheel to 
that on the other, and draws in the blocks on the side 
away from the cylinder, the gear being thus equalised. 
The illustrations, Figs. 16 and 17, show, in addition, 
in dotted lines, the main brake-beam for the gear for 
the coupled wheels in its two extreme positions. 
This can be worked by hand as well as by power. At 
the trailing end the bogie is fitted with rail-guards. 

The connecting-rods, which are illustrated in Figs. 
19 to 27, on page 164, are of standard design 
adopted with other classes of Mr. Robinson’s engines. 
In this class they are 7 ft. 8 in. long centre to centre. 
The rods are of I section, the web being j in. thick. 
They have a depth of 44 in. near the small end, and 
64 in. near the bigend. The flanges are 1 in. thick 
and 24 in. wide. The small end is solid, and is provided 
with split , with wedge adjustment and lock- 
plate for thenut. The big end is of the marine type, 
the cap being held by two 2j-in. bolts. The bolts are 
bored out for part of theirlength. On the ends of the 
bolts are screwed nuts, with slote cut in them for 
cotters. The big-end brasses have an internal diameter 
of 9} in. and a width of 4j in. The small-end brasses 
are 3% in. in diameter inside, and have a width of 
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314 in. The big-end brasses are lined with white metal. 
To complete the particulars we may give the detailed 
weights of this engine, which are as follow :— 

In working order :— Tons Cwt. 

Weight on leading truck we ae 9 5 
% leading coupled wheels ... 19 3 
es driving-wheels_.... oh 19 17 
e trailing coupled wheels ... 19 15 
‘“ trailing truck us 8 

Total ... ine oe se 9% 8 

Weight empty ... wd re -« WT 

The engine weighs no less than 96 tons 8 cwt. in 
work‘ng order, and constitutes, we believe, a record 
for English railways for a road-engine of the tank 
type. The only class of approximately the same 
weight is the 0-8-4 type, with three cylinders, 
employed in marshalling work on the same railway. 
The principal dimensions are given in the complete 
drawings which we have been enabled to publish 
through the courtesy of Mr. Robinson. They will be 
found in our issue of January 15. 

NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with an easier tone, and business 
was limited to 1000 tons of Cleveland warrants at 57s. 6d. 
cash and 58s. 5d. three months, and closing sellers quoted 
57s. 6d. cash, 57s. 10d. one month, and 58s. 5d. three 
months. In the afternoon Oleveland warrants were the 
turn stronger, and 2000 tons cha hands at 57s. 7d. 
cash, 57s. 11d. one month, and 58s. 7d. three months. At 
the close there were sellers over at 57s. 7d. cash, 57s. 11d. 
one month, and 58s. 64d. three months. On Friday morning 
the market was nominally steady, and Cleveland warrants 
amounting to 2500 tons were put through at 57s. 6d. five 
days, 57s. 74d. seventeen days, 58s. . April 14, 58s. 3d. 
April 21, and 58, 6d. three mon liers’ closing 
quotations were 57s. 6}d. cash, 57s. 104d. one month, 
and 58s. 7d. three months. The afternoon session was 
@ little more active, but price; were almost unchanged. 
The turnover consisted of 4000 tons of Cleveland war- 
rants at 57s. 5d. seven days, 57s. 6d. fourteen days, and 
583. 4d. three months, with closing sellers at 57s. 6d. 
cash, 57s. 10d. one month, and 58s. 6d. three months, 
On Monday morning the market became weaker, and 
Cleveland warrants were from 64d. to 7d. down in value. 
The dealings totalled 2500 tons at from 57s. 6d. to 57s. 3d. 
one month, and closing sellers named 56s. 114d. cash, 
57s. 3hd. one month, and 57s. 11d. three months. In the 
afternoon weakness again prevailed, and 1000 tons of 
Cleveland warrants were done at 57s. 1d. fourteen days 
and 57s. 3d. one month. The session closed with sellers 
uoting 56s. 104d. cash, 57s. 2d. one month, and 57s. 104d. 

5d. to 54d. The turnover amounted to 4000 tons at 56s. 4d. 
cash, 56s. 6d. seventeen days, 56s. 9d. and 563. 84d. one 
month, and 57s. 3d. and 57s. 4d. three months, and sellers’ 
closing prices were 56s. 5d. cash, 563. 9d. one month, and 
57s. 5d. three months. The afternoon session was quiet, 
but Cleveland warrants advanced sharply, and 2500 tons 
changed hands at from 563. 10}d. to 57s. one month, 
and from 57s. 9d. to 57s. 104d. three months. Abt 
the close sellers named 56s. 10d. cash, 57s. 2d. one 
month, and 57s. 114d. three months. When the market 
opened to-day (Wednesday) the tone was firm, and busi- 
ness amounting to 5000 tons of Cleveland warrants 
was put through at 57s. 44d. one month, and 58s. 
three months, with sellers over at 57s. O4d. cash, 
57s. 44d. one month, and 58:. 1d. three months. In the 
afternoon Cleveland warrants eased off, and a small turn- 
over of 1000 tons was done at 57s. 3d. and 57s. 14d. one 
month. The session closed with sellers naming 56s. 11d. 
cash, 57s. 3d. one month, and 57s. 104d. three months, 
— buyers were quoting 3d., 3d., and 24d. less respec- 
tively. 

Sulphate of Ammonia.— Considerable activity has taken 
place in the sulphate of ammonia market during the nest 
week, and the demand has sent the prica away up. For 
prompt lots the price is now 14/. 5s. per ton, Glasgow, 
and from 14/. 2s. 6d. to 14/. 5s. per ton, Leith, while for 
forward delivery the quotation is firm at 14/. per ton. 

Scotch Steel Trade.—The Scotch steel industry con- 
tinues to be very actively engaged, and full order-books 
are general. The different Government departments are 
pressing for deliveries, and so also are industrial con- 
cerns ; but although the various works are going at full 
speed, | are unequal to the heavy pa ssen | The 
main trouble is the scarcity of suitable hands, and 
coupled with this is the shortage of coal, which is due to 
the number of miners who have enlisted in the Army 
and Navy. The home demand is very good, and it is 
interesting to note that a fair amount of material is also 
on order for both the French and the Russian Govern- 
ments. Ship-plates are active and specifications show no 
falling off, so that the rolling-mills are kept going con- 
stantly. The makers of black sheets report good business, 
but state that they are being somewhat hampered through 
difficulty in securing raw material as as fuel. 
the whole there is no lack of orders for home consumption, 
and a steady run is assured for some months, but the 
export trade is decidedly poor. In this case everything is 
against improvement in the shipping business. High 
freights, war risk, and the high prices demanded for steel 
have combined to put a check on export orders ; but as 
conditions may be worse before they are better—from the 
buyers’ point of view—those who have business to place 
might be well advised not to delay too long. Prices 
all show an upward tendency, and although certain 
prices are quoted, there is frequently little chance of 
coouring lots at these so-called current rates, as every- 

depends on the seller's ability to deliver. The 
following may be taken as to-day’s prices :—Ship-plates, 
8i. 10s. per ton ; boiler-plates, 9/. per ton ; angles, 8/. 5s. 

three months. On Tuesday morning the downward trend 
was more accentuated, and Cleveland warrants declined 

ton—all less 5 ~ cent. delivered Clyde or equal ; 
1 b.g.), 9. 7s. 6d. per ton, less 5 per 

per 
| and sheets (7 to 1 

MR. JOHN G. ROBINSON, M. INST. C.E. 

Fig.24. 

cent. Glasgow, this latter quotation being 12s. 6d. higher 
over the week, and 203. up since the turn of the year. 

Malleable-Iron Trade.—The conditions in the malleable- 
iron trade show little change, and employment is good. 
The makers have quite a lot of business booked, and 
these contracts ensure steady running for some time, but 
the recent advance to the basis price of 8/. 2s. 6d. per ton, 
less 5 per cent. for ‘‘ crown” bars, has caused a check 
in the flow of new business. This, however, may only be 
a temporary lull. Steel bars are going very well. 

Scotch Pig-Iron Trade.—A strong position is still 
general bea ag the Scotch pig-iron trade, and makers 
are exceedingly busy. The demand is almost wholly con- 
fined to local and English requirements, as the high costs 
are, militating against export business. One factor which 
may yet prove rather serious is the probable shortage of 
ore, which will reduce the output. For hematite iron 
there is a steady outlet, and the figure now mentioned is 
923. 6d. per ton. The following are the market quotations 
for makers’ (No. 1) iron:—Clyde, 75s. 6d.; Calder and 
Gartsherrie, 76s.; Langloan, 77s.; and Summerlee, 77s. 6d. 
(all shipped at Glasgow); Eglinton, 7(s., and Glengar- 
nock, Tbe. (both at Ardrossan) ; Shotts, 76s., and Carron, 
77s. 6d. (both at Leith). 

Wages in the Iron Trade Increased.—Mr. John M. 
MacLeod, C.A., Glasgow, has made the following inti- 
mation to Messrs. James OC. Bishop and James Gavin, 
joint secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board :—‘‘ In terms of the 
remit I have examined the “pg? books for November 
and December, 1914, and I certify the avirige net 
selling price brought out is 6/. 18s. 8.80d. per ton. This 
means an increase of 24 per cent. in the wages of the 
workmen.” 

Blast;wrnacemen’s Wayes Increased.—As a result of the 
—_ of Mr. John M. MacLeod, C.A., Glasgow, to 

essrs. James C. Bishop and James Gavin, joint secre- 
taries of the Board of Conciliation between the owners 
of the blast-furnaces in Scotland and the blastfurnace- 
men as to the price of Scotch pig-iron warrants in the 
Glasgow market for the months of November, December, 
and January, there is an increase of 24 per cent. in the 
wages of the wor! 

Shipbuilding.—The Scotch shipbuilding returns for the 
month of January are quite up to the average, and amount 
— vessels, with a total of 23,235 tons, made up as 
‘ollows :— 

Vessels. Tone. 

The Olyde .. - se os 7 21,295 
The Forth .. ee oe a ee 1 1,740 
The Dee 1 200 

Total 9 23,235 
Last year the Clyde total was 22,272 tons. Work in the 
different yards is fairly plentiful, and quite sufficient to 
keep the present tafe fully employed for a considerable 
time, as order-books are well filled. Several additions 
have been made to these during the month, the contracts 
being estimated to amount to between 20,000 and 30,000 
tons. 
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NOTES FROM SOUTH YORKSHIRE. 
SuErrieLp, Wednesday. 

South Yorkshire Coal Trade.—There is a strong feeling 
in the trade that the strike threat of the West Yorkshire 
miners will not be allowed to materialise, but in the 
absence of any definite knowledge the demand on all 
classes of fuel has increased and prices have made a 
general advance on the week of from 1s. to 2s. A few 
collieries have withdrawn lists. House-coal is the most 
difficult section. Supplies are coming forward badly, and 
local consumers are having to go short. Several pits are in 
arrears with contract deliveries, and customers have been 
notified that there is no c of improvement while 
pene yn is so materially reduced, and the oe shortage 
and railway delays have to be contended with. London 
makers are paying as much 
prices to secure priority of treatment. Steam fuel is 
firm, with prices 1s. 6d. higher on the week. For the 
moment slacks are more difficult to obtain than steam 
hards. Though the output has further declined, bigger 
tonnages are required in the iron and steel trades to 
support expanding industry. There has been a decided | 56s,; and 
improvement in coke. Quotations :—Best branch hand- 
picked, 18s. to 19s.; Barnsley best Silkstone, 15s. 6d. to 
16s. 6d.; Derbyshire best bri 3 
Derbyshire house, 14s. 6d. to 15s. 6d. ; best large nuts, 
14s. 6d. to 15s. 6d.; small nuts, 12s. to 14s.; Yorkshire 
hards, 186. to 14s.; Derbyshire hards, 12s. 6d. to 13s. 6d. 
best slacks, 7s. 3d. to 8s. 3d.; seconds, 6s. 6d. to 7s. 6d. 
smalls, 4s. 6d. to 5s. 6d. 

Iron and Steel.—No relief has been afforded to the 
hematite market. With a scarcity of shipping tonnage 
and ore, makers are asking sensational prices, but apart 
from sales to armament makers to cover requirements in 
excess of contract deliveries, little business has been 
transacted. Makers of steel goods for ordinary commer- 
cial purposes candidly state that prices are prohibitive. 
East Coast mixed numbers have been sold as high as 96s., 
a rise on the month of 11s., while quotati ve reached 
the extraordinary level of 105s. West Coast makers 
have also made an important revision in their —— 
which stands at 98s. for delivery at Sheffield. Increased 
pressure is experien in common irons. The un- 
certain state of the market has caused Lincolnshire 
makers to withdraw their lists. Derbyshire brands are 
from 2s. to 3s. 6d. higher than a fortnight ago. The 
a for foundry is 60s., and for forge 57s. 6d. 

reater activity is shown in bar-iron, but the stove grate 
trade of Rotherham is decidedly quiet. The continued 
pressure on steel billets, coupled with the higher cost of 
production, is sending prices up, and another all-round 
advance on the week of 5s. is to be 
Government requirements are met, however, only a small 
tonnage is left at the disposal of P on the 
open market. The output of shell-steel is being severely 
taxed to meet the requirements of the Allied Govern- 
ments. Undiminished activity prevails in the engineering 
sections devoted to the manufacture of armour-pla 
guns, shells, and swords. Overtime restrictions 
to before the war are not allowed to stand in the way of 
continuous day and night, weekday and Sun- 
dayalike. The pecegest of big wages has attracted many 
skilled workers to the heavy-engineering districts, but there 
is still scope for the employment of several hundred more 
artisans. Though inquiries for high-speed and other 
special steels, railway and tramway material, and light 
forgings and castings are on the increase, makers of an 
but war necessities have to encounter numerous 
increasing difficulties in the way of delivery, and these 
difficulties are seriously hampering the expansion of 
ordinary commerce. Thus, with the additional difficulty 
of rising prices to face, a considerable volume of trade 
with ex-German customers is deferred, with the Snag msg 
in the meantime, of alert competitors turning the oppor- 
tunity in their favour. Some orders have 
booked in the lighter sections. 
for Calcutta, Ca 
goon and Hong Koi 
for South Africa. 

Town, and the Congo ; files for Ran- 
; tools for Lagos, and sheep shears 

PeRsONAL.—The firm of Messrs. Vaughan and Son, 
Limited, Manchester, will in future be known as the 
Vaughan Crane Company, Limited, Manchester. This 
involves no —— in the management or business policy 
of the company, but is intended solely to distinguish the 
special line of manufacture. 

Tue Locomotive Encinegrs’ Pocket- Book AND 
Diary, 1915. London: The Locomotive Publishing 
( or Pang. Limited, 3, Amen-corner, Paternoster-row, 
H.C. [Price 2s. 6d. net.]—This useful little book has 
undergone slight modifications since it appeared last year. 
Most of the c wnges, we think, may be c as improve- 
ments, though in some cases we are sorry to see matter 
disappear to make way for new. The locomotive material 
Specifications cover a greater variety of material than 
hitherto, There is additional matter on laminated springs, 
= new Cogvems * Some new —_—- ae contributed on 
ouer practice, and so on. e gene’ arrangement 
of the pocket-book is now fairly well known. After 
remarks of an historical nature, a portion of the book 
1s given up to locomotive engineering treated in a manner 
which, though necessarily brief, is unique in books 
published in this country. This material forms a very 
concise and up-to-date treatment of the various problems 
to be solved, and if expanded into the form of a text-book 
would, we thimk, be popular in the drawing-office and 
among would-be locomotive engineers. The pocket-book 
further contains a review of modern practice, while the 

as 2s. in excess of current} the first three da 

jhovels are being made | best 

NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mupp.LesBRrouGcH, Wednesday. 
The Cleveland Iron Trade.—Business in pig-iron is 

quiet. The majority of consumers have contracts made 
sufficient to cover requirements for a while at prices 

disposed to place orders just at present. r con- 
siderable outside speculative operations in warrants is 
causing some fluctuation in them and is having a disturb- 
ing influence on Cleveland pig-iron quotations. There 
are continued complaints of inadequate supplies of local 
iron-stone, and attention is largely centred in the in- 
sufficient deliveries of foreign ore. The latter are im- 
proving, 17,570 tons having arrived in the Tees during 

rs' of the month, but the quantities 
coming to hand still fall considerably short of what could 
be desired. Owing to the shortage of raw material, quite 
a number of both Cleveland pig and hematite furnaces 
are running on slack blast. Ke. 3 g.m.b. Cleveland pig 
is 57s.; No. 1, 59s.; No. 4 foundry, 6d.; No. 4 forge, 

; mottled and white iron, 553. 6d. There 
have been reports of small odd lots of Nos. 1, 2, and 3 
East Coast hematite pig having been pu from 
t t second hands have practically no 
iron to dispose of. Makers, as a rule, do not quote below 
95s., and one er two parcels have been put through 
at that figure. Foreign ore quotations are now based on 
32s. 6d. ex-ship Tees for Rubio of 50 per cent. quality. 
Ore steamers are still very difficult to fix, and ts are 
very high, up to 20s. being demanded, Bilbao-Middles- 
brough. Coke is steady. The slackening of blast- 
furnaces has reduced local requirements, but there is 
less on the market, a few coke-ovens having been put 
out, thus adjusting supply to demand. Durham beehive 
blast-furnace coke of average quality is 17s. 9d. to 18s. 
delivered at Tees-side works. 

Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 118,145 tons. 
During the month of January stocks were increased by 
8136 tons. are warrants in circulation for 108,000 
tons of Cleveland pig-iron. op eee of pig-iron from 
the Tees during the month of January were on only a 
very small scale, averaging 735 tons per working day, the 
total despatches Lr | returned at 19,110 tons, all of 
which went from Middlesbrough. For the first time for 
many years were no pig-iron shipments from Skin- 
ningrove. In December the Tees clearances were given 
at 21,480 tons, or a daily average of 859 tons, and for 
the month of January, a year ago, the loadings reached 
89,451 tons, or an average of 3417 tons working day. 

the pig-iron loaded at Middlesbrough during the past 
month, 15,194 tons went abroad, and 3916 tons coast- 
wise. France was the buyer, receiving 6221 

Male tone Hollned 1660 tons, 

re 

tons, whilst Norway took 
Denmark 1385 tons, and Sweden, 1250 tons. Scotland, 
once the largest customer for Oleveland pig-iron, received 
only 840 tons. Tees loadings of manufactured iron ye | 
last month amounted to 9287 4030 tons of whi 
went foreign, and 5257 tons coastwise, and those of steel 
reached 26,095 tons, of which 23,529 tons went abroad, 
and 2566 tons to home customers. India was the eee 
buyer of both manufactured iron and steel, i 
tons of the former and 6945 tons of the latter. Other 

incipal buyers of steel were :— Victoria, 5490 tons ; New 
2511 tons ; West Australia, 2008 tons ; Egypt, 

1721 tons; France, 1612 tons ; and Siam, 1074 tons. 

Manufactured Iron and Steel.—There is little new to 
concerning the manufactured iron and steel trades. 

orks are busy, and producers have good order-books. 
Messrs. Bolckow, he and Co. have just booked an 
order for rails for Melbourne. Obher rail orders are 
expected to be placed in this district shortly. Principal 
market quotations stand :—Common iron bars, 8/. 10s. ; 

81. 17s. 6d.; best best bars, 9/. 5s. ; packing- 
iron, 7/.; iron ship-plates, 8/. 10s. ; iron ship-angles, 8/. 10s. 
iron girder-plates, 7/. 5s.; iron ship-rivets, 9/. to 9J. 5s.; 
steel bars (basic), 8/.; steel bars (Siemens), 8/.; steel ship- 
?——~ 81. 10s.; steel oor 82. 5a. ; steel ——s 
10s ; steel joists, 8/. 7s. 6d. to 8/. 10s.; steel hoops, 

cent. discount; cast-iron columns, 7/. 7s, 6d.; cast-iron 
railway chairs, 4l. 7s. 6d. to 4/. 10s.; light iron rails, 
ja En heavy — Y - 6d. to 7/. 10s8.; steel 

ilway sleepers, net f.o.b.; vanised corrugated 
sheets, 24 gauge, in bundles, 11/. £&: 121. f.0.b.—less 
4 per cent. 

Tue Iron anpD Sree. Instrrute.—The Institute now 
announce that the annual meeting will be held at the 
Institution of Civil Engineers, Great George-street, 
London, 8.W, on Thursday and Friday, May 13 and 14. 
The date of Thursday, May 13, has been provisionally 
fixed for the annual dinner, and a further announcement 
will be made if it is found desirable for the dinner to take 
place. It been provisionally decided to hold the 
autumn meeting in London during the week ending 
September 25. 

AMERICAN RaitRoap Earninoes.—The earni 

per mile worked last year were 12,921 dols., as compared 
with 13,978 dols. in 1913, showing a decrease of 1057 dols. 
fon} mile, or 74 per cent. 
12, 423,729 dols., or 3580 dols. mile worked. 

or dols. per mile worked, showing a decrease of 
running-shed notes are not the least interesting feature. dols., or 9 per cent. 

below those now ruling, and consequently they are not | prod 

81. 5s.; steel strip, 72. 10s.—all leas the customary 24 per 

gross earnings 
of American railroads last year were 2,930,493, 169 dols., 
as compared with 3,132,015,598 dols. in 1913, showing a 
decrease of 201,522,429 dols., or 62 per cent. The receipts 

The net receipts last year were 

NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam coal has shown a firm tendency. 

With good supplies of tonnage in dock and heavy 
arrivals anticipated, colliery-owvers are looking forward 
to a more favourable state of affairs. They also con- 
sider that there will be a scarcity of supplier, seeing that 

uction is somewhat more likely to fall off than im- 
prove in consequence of the constant drain of men for 
Se the South Wales coal-field. Meanwhile, 
rices have shown little material change, although 

coal of all descriptions bas been firm, particular] 
Monmouthshire, while smalls have been vcbtain 
with difficulty. House coal has exhibited strength ; 

tent fuel been steady, and coke has ruled 
rm. The best Admiralty large steam coal has made 

20s. 6d. to 2ls.; best secondary qualities have brought 
198. to 19s. $d.; other secondary descriptions have made 

Pete ws . to ; 68 to per ton. 
The best houschold coal has been quoted at 198. to 20s; 

households have realised 17s. to 18.; No. 2 
large has brought 15s. to 16s.; and No. 2 

made lls. to 12s. per ton. current 
patent fuel is 19s. 6d. 20s. per 

coke has been quoted at 30s. to 

Wages in Wales.—A special conference of the South 
Wales Miners Federation is to be held at Oardiff 
to-morrow (Saturday). The most important business for 
consideration is what is known as a general rate 

t. The delegation will be asked to consider the 
sdivisability or otherwise of giving three months’ notice 
in April to terminate the preeent Conciliation Board 
agreement. 
Newport.—Monmouthshire steam coal has shown con- 

tinued strength, and, if anything, the tendency is towards 
further hardening, the tonnage outlook being considered 
more favourable. The best Newport Black Vein large 
has made 18s. to 18s. 3d.; Western Valleys have realired 
7s. 9d. to 18s ; and Eastern Valleys, 16s. 6d. to 17s. 3d. 

per ton. 

Newfoundland Pitwood.— Newfoundland pitwood is 
replacing shipments from the Baltiv, and +everal cargoes 
are expected at Cardiff and Swansea. One hase already 
arrived at Oardiff 

The Swansea Valley.—Nearly all the collieries are in 
full operation. Pig-iron plant at Landore has been 
working full time, and there has a good deal of 
activity in the copper industry. The galvanised sheet 
trade has shown some slackness, and many mills are ata 
complete standstill. There has been a good demand for 
home-rolled tin-plate bars. 

. ARCH Comeamane 28 rs nes of the Const 
nstitute on Thursday, January 2], a r entitle 
“Some Modern Methods of Arch Caloulation ” was 
me Se Ewart 8. Andrews, B.Sc. In the | a ad 
meth were discussed for the calculation of three- 
hinged, two-hi and rigid arches, considered as 
elastic structures. methods advocated were semi- 
graphic, upon the ueual assumptions as to the in- 
variance of the span, the absolute freedom of the hinges, 
and the perfect rigidity of the springings, when hinges 
are not provided. 

Tue Society or Encinggrs (INconPporRaTED).—At the 
meeting of the Society of Engineers (Incorporated), held 
on February 1, the premiums award by Council for 
papers at meetings fn yg: in the as ay 

uring 1914, were presen retiring President, 
Mr. "Et. C. H. Shen as follows:—The President's 
gold medal to Mr. A. 8. E. Ackermann for his paper on 
‘The Utilisation of Solar Energy.” The Bessemer pre- 
mium, value 5/. 5s., to Mr. A. Stewart Buckle for his 
paper on ‘‘ Cylinder Bridge Foundations in the East, and 
the Construction of the Sittang River Bridge, Burma 
Railways.” The premium, value 3/. 3s., for members of 
affiliated Societies, to Mr. R. H. Cunningham for his 
paper on “Irrigation in India.” A Svciety’s premium, 
value 2 2s., to Mr. James Tonge for his paper on ‘‘Some 
Uses of the Hydraulic Mining ridge.” Mr. Norman 
Scorgie, M. Inst. C.E., President for the year 1915, was 
then invested with his badge of office, and delivered his 
Presidential address. 

Power Surry ror THE Lonpon County Counc. 
Tramways.— New high-tention cables are to Le laid con- 
necting the London County Council generating plant at 
Greenwich in parallel with some of the plant in the Dept- 
ford station of the London Electric Supply Corporation. 

Tn gee aM Lf smear mf, deen 4 ion, su enting output from Green > 
to be increased to 3500 kw. A been 
furnished from the Corporation for some 

t a consider- 

saf in view of the serious interruption of supply 
which followed the breakdown at Greenwich on Decem 
ber 11 last, and partly to cover the period during which 
one of the reciprocating-engine sets is removed and a 
turbine set substituted. hen the necessity for the 
supply from this latter consideration no longer exists, the 

he t will serve asa stand-by. The power is to be 
————e net receipts for 1913 were 881,927,036 dols., Soules abe cam of 31. a kilowatt a year, plus 0.4d. a 

553} unit, but when the suppl y becomer a stand-by only the 
charge is to be reduced to 2J. a kilowatt a year. 
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EMERGENCY 

CONSTRUCTED BY MESSRS. JOHN L 

SHIP-LIGHTING SET. 

THORNYCROFT AND ©O., LIMITED, BASINGSTOKE. 
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Tue annexed illustrations show an emergenc 
electric-lighting plant for ships, examples of Which 
have recently nm supplied to the Canadian Pacific 
Railway Company’s new steamers, Missanabie and 
Metagama, by Messrs. John I. Thornycroft and Co., 
Limited, of Caxton House, Westminster, and of 
Basingstoke. As an outcome of the Convention on 
Safety of Life at Sea, such emergency lighting sets 
have come to be looked upon as essential parts of the 
equipment of passenger liners, of which the Canadian 
Pacific ships are important examples. These boats are 
each 520 ft. long, have a ton: of 13,000, and 
carry 1720 passengers and a crew of They were 
built by Messrs. Barclay, Curle and Co., Limited, of 
Whiteinch, Glasgow, and are engaged on the service 
between Liverpool and Canada 

Apart from the obvious matters of reliability and 
yy an essential of such emergency lighting sets 
is that they should be entirely self-contained. This 
applies not. only to the fuel supply, but also to the 
cooling-water service. The reason for this is clear, 
since the sets are mounted on the highest available 
part of the ship, which may be 80 ft. above the 
water-line, so that it is not ible to fit them with 
pumps drawing from the sea. ‘The general arrangement 
is shown in our engravings. It comprises a six-cylinder 
engine of 70 brake horse-power, and a 40-kw. 110-volt 
shunt-wound dynamo. The engine has a vaporiser, 
and is designed to work with kerosene (paraffin-lamp 
oil), and to start on petrol. Separate tanks for the 
two fuels are fitted. At first the —— must ruo for 
ten minutes or so on petrol until the vaporiser is 
warmed up, when the change over may be made. If 
necessary, the vaporiser may be warmed by a lamp. 
The guaranteed consumption with either fuel is 0.9 
pint per brake horse-power per hour. Starting is by 
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hand, half-compression cams being fitted. The cooling 
water is circulated round a closed system by a rotary 
gear pump. From the engine it to a cooler 
which consists of a drum, belt-driven from the engine, | 
and dipping into the water. A current of cool air | 
is blown over the surface of the drum by a fan driven 

by the same gear. The water is efficiently cooled, 
and any evaporation is made up by the addition of 
fresh water. Tests have shown the loss of water after 
four hours’ running to be not more than 2} gallons. 
The plant is contained in a steel compartment on the 
boat-deck, a3 shown in Figs. 2 to 4. 
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will be read on “‘ Paint Dipping and Spraying as applied to Engl 
neering,” by Arthur Seymour Jennings, F.1.B.D., editor of 

or. 
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in the hall of the Cleveland Literary and Philosophical Society, 
Corporation-road, Middlesbrough, at 7.30 p.m. A paper on ‘The 
Manufacture of Electric Steels,” by Mr. Victor Stobie, Sheffield, 
will be read and discussed. 
Tue INSTITUTION OF MECHANICAL ENGINEERS : GRADUATRS’ ASSOCIA- 

TIoN. —Monday, February 8, at 8 p.m. The annual lecture will be 
delivered by Sir Robert A. Hadfield, D.Sc, D.Met., F.B.S8., 
Member of Council, on “‘The History of the Metallurgy of Iron 
and Steel.” The lecture will be illustrated by lantern (and 
= a views. All classes of members of the 
nstitution are invited. 
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The adjourned discussion on the papers delivered by Mr. J. G. 
Head (Fellow) and Mr. Joshua Bury (Fellow), on ‘* The Report of 
the Land Enquiry Committee on Urban Land Tenure,” will be 
opens by Mr. J. D. Wallis. 

INSTITUTION OF ELECTRICAL ENGINEERS : M \xciiestER LOCAL 
Secrion.—Tuesday, February 9, at 7.30 p.m., in the Laboratories of 
Applied Electricity, Liverpool University ; entrance in Brownlow- 
street, Professor E. W. Marchant will read a paper entitled ‘ Con- 
ditions Affecting the Variations in Strength of Wireless Signals.” 
Tus Royat Sanrrary Instirutx.—Tuesday, February 9, at 

7.30 p.m., at 90, away mony Palace-road. A discussion will take 
place on “ Tall versus Short Men for the Army,” to be opened by 
Mr. M. 8. Pembrey, M.A., M.D. 
Tus InstirvTion or EvecrricaL Enoineers (Scorrisn Locs. 

Secrion).—Tuesday, February 9, at 8 p.m., at the Rooms, 207, 
Bath-street, Glasgow. The paper entitled *‘ Distribution and 
Rise of Temperature in Field-Coils,” by Professor — 
Maclean, Messrs. D. J. M‘Kellar, and K. 8. , will be read by 
Professor Maclean. 
Tus.InstiTvTion Or Civit Enoineers.—Tuesday, February 9, at 

8p.m. Paper to be read and discussed :—‘* Engineering Opera- 
tions for the Prevention of Malaria,” by Mr. Frank Dudley Evans, 
Assoc. M. Inst. 0. E. 
Toe AssociaTION OF ENGINEERS-IN-OnARGE. — Wednesday, 

Feb 10, at 8 p.m., at St. Bride’s Institute, Bride-lane, Fleet- 
street, E.C. A per will be read on “ Boilers and Boiler- 
Mountings,” by Mr. Vernon Smith. 
Tus InerituTion oF ExvscrricaL Enemsgers: Yorksuire Locan 

Sxcrion.—Wednesday, February 10, at 7 p.m., at the Technical 
College, Bradford. A lecture will be delivered by Professor 
E. W. Marchant, D.Sc., on ‘* Wirelesg Telegraphy.’ 
Tae InsTITUTION oF AUTOMOBILE ENGINeERS. — Wednesday, 

February 10, at 8 p.m., at the Institution of Mechanical Engi- 
neers, Storey’s Gate, St. James’s Park, London, 8.W., when Mr. 
J. F, Henderson, B.Sc., A.LE.E., will read a paper entitled 
** Magneto Ignition.” 
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8p.m. “ British Litho; y in 1915,” by Mr. F. Vincent Brooks, 
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LA. Lieut.-Colonel Sir Francis Younghus' » K.O.LE., LL.D. 
D.S8c., will preside. 
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the Chemical Society’s Rooms, Burlington House, Pi ly. 
Annual general meeting, followed by discussions on : (a) “ Lay 
cheriscopes,” introduced by Mr. W. A. Dixey ; (0) “‘ Testing for 
Astigmatism,” introduced by Dr. y 

Studies : War and Evolution—Nations as Species” (Lecture L.), 
On Saturday, February 13, Mr. Henry Walford Davies, Mus. Doc. 
LL.D., on ‘‘ Emergency Music.” (Illustrated by a small choir.) 
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M. Inst. O.E. (8) ‘‘ An Investigation on the Pho ic Effect 
of Recoil Atoms,” by Messrs. A. B. Wood, M.Sc., 
M.A., B.Sc. 
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THE PREMIUM APPRENTICE. 
Amonest manufacturing firms generally pre- 

mium apprentices have acquired a reputation far 
from enviable, and many such firms now refuse to 

shop discipline, often keep bad time, and devote 

‘ differ _freatly 
Firms engaged in ‘‘ manufacturing,” using the term 
in its limited sense of producing repetition work 

in taking as apprentices youths who desire to be 
mechanical engineers. Trade apprentices are really 
all they require, or can give an appropriate training 
to ; and a premium apprentice, who, through the 
ignorance of his parents or guardians, is bound to 
a firm of this type, has some small excuse for an 
indifferent degree of application to the dull routine 
training in a limited number of operations, which is 
all that can be offered to him. Similarly, firms of this 
kind seldom feel the need of the technical-college 
man, though it is by no means certain that their 
policy in this regard is not in the end a short-sighted 
one. It may be quite true that for the daily round 
of work, past experience is a much surer and more 
certain guide than necessarily imperfect theoriee, 
but few manufacturers can escape the fate of having 
sooner or later to launch out into new departures, 
where experience is lacking and a knowledge of 
scientific principles. may save the expenditure of 
large sums in misdirected experimental work. 
We have knowledge, for example, of a large ex- 

penditure having being made not long ago in the 
endeavour to develop a type of steam turbine, the 
novelty in which consists in the addition of elements, 
which if they functioned as intended, would do so 
in violation of the principle of the conservation 
of energy. Actually they merely produce useless 
friction. Those responsible are excellent mechanics, 
and have cleverly turned certain constructional difti- 
culties involved, but lacking adequate scientific 
equipment, they do not realise that they are wasting 
their energies in pursuing a chimera. 

Although, as stated, there is much prejudice 
against the premium apprentice amongst mechani- 
cal engineers in general, it cannot be denied that 
certain firms, particularly those engaged in work of 
a less routine character, prevent their pupils idling, 
and do give them a good return for the premium 
paid. By appointing a superintendent of appren- 
tices on their special behoof, fair treatment is 
assured, the youth being passed on from depart- 
ment to department in due order, whilst he is also 
compelled to acquire, by attendance at classes, 
some knowledge of theoretical principles. Since, 
however, the cleverest youths are often to be found 
amongst those somewhat inadequately equipped 
with worldly gear, it is fortunate that there are 
important firms who make a similar provision 
for the adequate training of their apprentices 
without requiring the payment of —_ premiums. 

It is, of course, possible to argue that, in acting 
thus, the firms in question are actuated by merely 
enlightened self-interest, and it certainly would be 
a national misfortune if all our mechanical en- 
ineering establishments simply regarded their 

youths as dividend-earning ae At to be kept at 
that work which, in the immediate present, chanced 
to be most fitable to the firm. Other firms, 
though less shortsighted than these, throw diffi- 
culties in the way of a youngster acquiring such 
knowledge as may enhance his ultimate value in 
the general employment market. They will give 
him, for example, facilities to attend certain 
evening classes, but will oppose his competing for, 
say, & hitworth scholarship, for fear that success 
might lead to the clever. youngster leaving their 
service, and that they themselves would accordingly 
reap no benefit from any assistance given him. 
The difficulty which arises here would aaa 

from the report of the Special Committee on Prac- 
tical Training appointed by the Institution of Civil 
Engineers to even more accentuated in the 
civil branch of the profession than in that of 
a oy cageeuent Here eal conan be- 
tween the pupil and his principal is much more 
intimate oat Rirest than te is in the case of the 
mechanical branch of the profession, and very 
much depends, therefore, on the selection made by 
the apprentice’s parents or guardians; there are, in 
fact, cases of mere premium-hunters in no whit 
better than Mr. Pecksniff, but where engineers 
of standing do take pupils they certainly give 
them very good value for their money. 

Whilst admitting that insistence on a premium 
barred the way to many very able young men, the 
civil engineers who gave evidence before the 
Institution’s Committee were practically unani- 
mous in maintaining the system, expressing the 
view that they could not be expected to give the 
personal attention they now give to their pupils’ 
education were premiums abolished. Where the 

. | civil engineer's pupil scores is in the arrangements 
made for giving him a variety of experience. At 
the Mersey Docks, for instance, such a pupil 

in large quantities, are, indeed, y warranted spends six to eight months in the shops getting a 



| 

LE A a NN Cr rl 

a EE NR I eels RES. Poa 

168 ENGINEERING. (FEB. 5, 1915. 

general idea of shop practice, then goes to the = 
and chain-testing department, from which he 
proceeds to the drawing-office, having by this time 
acquired some knowledge of the names and 
functions of parts. After. working on different 
branches of design here he is sent out on to 
works; but, independently of this, he is in- 
structed whilst in the office to go round work 
in hand at least once a week, and study some 
particular part of it—trenching or dredging, as the 
case may be. By being employed in measuring up 
work apprentices obtain, moreover, an idea of 
costs. It will not be denied that a varied training 
of this character must be of the utmost value, and 
gives the pupil many advantages over the man, of 
possibly greater natural ability, who is compelled to 
come as a salaried employee, and is, accordingly, 
kept at that class of work in which his services 
are more immediately of value. An equally excel- 
lent training is provided by other civil engineers 
for their premium pupils, and most of them de- 
clared frankly that they could not undertake the 
supervision and forethought involved without some 
direct return from the young men who benefited 
by it. The contention that it was to the national 
advantage that the best men should get the best 
training was too altruistic to be welcomed, the view 
being expressed that, as the universities took fees 
for their services, the engineer by whose teaching 
the pupil benefited to at least an equal degree was 
pon entitled to reap a reward for his labours. 

Of course, it is true that the teaching at most 
engineering colleges is largely gratuitous, the feet 
from the pupils being wholly inadequate to cover 
the Powel | costs. Nevertheless, as matters stand, 
the premium system, as Bacon said of usury, must 
be considered a concession to man’s hardness of 
heart ; and, so far as the civil branch of the profes- 
sion is concerned, there seems little prospect of an 
early change in the situation, although it remains 
true that it is unknown in Germany or America. 
All the civil engineers examined testified to the 
reat value of the training given in technical col- 
some and most of them expressed themselves as 

strongly opposed to taking pupils who had not 
a y taken an engineering degree or its equivalent. 

In mechanical engineering, on the other hand, 
the weight of opinion against the premium ap- 
prentice is steadily increasing. A most excellent 
system is in operation at the Midland Railway 
p ommen and was described to the Committee by 
Mr. Fowler, the chief mechanical engineer to 
that company. Both pupils and ordinary apprep- 
tices are taken, but neither pay any fees, and 
the more promising of the ordinary apprentices 
are transferred to a class of privil appren- 
tices, who are accorded similar facilities to the 
pupil class. Mr. Fowler prefers that a youth 
should, in the first instance, come to the works 

for twelve months, and then proceed to college. 
On his return from the latter, he passes another 
year in the shops, in addition to six months on the 
foot-plate and six months in the drawing-office. 

GERMAN SYSTEM AND METHOD. 
THE significance of the two words ‘‘ system ” and 

** method,” and of all that these words connote, has 
been demonstrated to the full in the present war by 
the Germans, who, with much pride and asatis- 
faction, make ot gee references to them in 
the Press, in lic meetings, and in private con- 
versation. We all know that Gunale, in every 
conceivable field, has carried her principle of 
systematizing to a length and a degree of perfec- 
tion unapprvached and, perhaps, even hardly 
attempted in other countries, and however difficult 
her position may be at the present day and in the 
future, it would have been infinitely worse had she 
not had her system of systems to fall back upon. 
Its immense machinery was at once put in action, 
and the Germans claim for it that, when put to the 
tremendous test set it by the var, it has done all 
that could possibly have been expected from it. 

At the recent general meeting of the Allgemeine 
Elektricitats Gesellschaft a statement was made 
that ‘‘ the first task for the German industry, 
which through the war had experienced an unpre- 
cedented ‘ narrowing in,’ was that of standing on its 
legs. To do this, a transformation of the entire 
industry was to some extent n . Although 
it certainly was by no meansa simple matter for 
a country with many imports suddenly to get 
substitutes, the necessary t:ansformation or altera- 
tion within the whole industry has been com- 

pleted with admirable ease.” Commenting upon 
these remarks, a writer in a Berlin journal says 
this only confirms what every day and every hour 
they see and hear and read. ere is hardly an 
industrial report which does not bear out that, 
after the shock, work has been resumed with 40, 
50, or 70 per cent. of the usual staff, and that 

rt of the work, directly or indirectly, has been 
, waa to war pur A factory for incan- 
descent lamps all at once took up the manufacture 
of cartridges; machine works made ‘‘Gullasch- 
cannons ;” a maker of artificial flowers went in for 
bread-bags, a bijouterie concern for knapsacks ; a 
hotel kitchen was turned into a jam factory. It 
only took a couple of weeks, and the necessary 
plant was available. Hands were trained, and 
energetic merchants looked to the supply of raw 
materials, or where the usual ones were unobtain- 
able, of substitutes, and to means to bring producer 
and buyer in contact, though often by a roundabout 
way. The system has worked admirably, and at a 
time when people were compelled to work with the 
utmost economy it has managed to call forth from 
the darkest and narrowest corners raw materials, 
to secure that nothing was wasted, and that no pos- 
sibly accessible foreign source of supply was neg- 
lected. The fact that a number of earnest and 
financially strong business men were compelled to 
*pply themselves to opportunistic dealings has also 
helped to augment the exceptional work done in 
this connection. 

In examining into the reasons why German 
industry has escaped being brought to a standstill 
by the war in nearly every one of its more important 
sections, and, after a short reorganisation and with 
partly altered objects in view, has worked on with 
an imposing certainty and without any suspicion of 
nervousness, it becomes clear that the most potent 
factor is that the German army quickly succeeded 
in carrying the war into foreign countries. In addi- 
tion to this the industrial and financial authorities 
succeeded, by wise measures, in establishing 
confidence in the power of resistance of the 
German industrial organisation, which, in its turn, 
rested upon the German military successes. The 
causes of the uniform continuity in German 
industrial wth, however, in the last instance 
are to be found in the fact that German develop- 
ment, more than that of any other country, has 
grown systematically, and shows no gaps of any 
moment in the manufacturing processes. With re- 

to certain raw materials which the German soil 
oes not produce, or, in any case, not in sufficient 
—, Germany will also in the future have to 
epend upon foreign countries, even if the efforts 

of its scientifically-working industry are systematic- 
ally centred upon replacing artificially the natural 
raw materials which Germany lacks. In this con- 
nection mention is made of the successful attempts 
at ucing artificial nitrogenous manure instead of 
Chile nitrates, at producing home-manufactured 
benzol in place of foreign benzine, and of the not 
et quite successful attempts at producing artificial 
eather and rubber. 

Still more important than the raw - material 
uestion for the maintenance of the collective 
erman industry under the present conditions 

is the fact that no indispensable intermediate 
link is missing in the large processes of produc- 
tion. Germany produces herself all her half- 
finished goods, and she utilises the residuary pro- 
ducts of her industrial processes for the manu- 
facture of valuable auxiliary commodities with such 
financial results that no other industrial nation in 
the world even approaches her in this respect. 
What these auxiliary products mean to Germany 
at present is more especially demonstrated by sul- 
phate of ammonia and benzol. How much the want 
of important links in production can harm a country 
‘in her industrial processes is demonstrated in 
England, where the inadequate development of 
many auxiliary and vital industries has almost 
crippled some of the country’s chief lines of manu- 
facture. Thus the stoppage of the German dye- 
stuff import, which, in money, only represents 
about a million sterling, threatens the English 
textile industry, the English wall-paper industry, 
and many other branches, with a turn-over of 
many millions. In the same way the absence of 
cheap German half-finished goods has deprived the 
English iron industry of an important intermediate 
link. Further, the stop of mining timber has 
gravely inconvenienced the collieries. 

Industrially, the long established and wi 
British principle of producing entirely finished 

goods, and importing the raw and intermediate 
products of great industries, has proved inferior 
to the German method in time of war. This latter 
aims at a complete organisation cf an entire 
manufacturing — in comprehensive works, 
which, separately or together, cover the entire 
series of operations needed. The industrial expan- 
sion of Germany, although it is much younger than 
that of England, has been laid out on more syste- 
matic lines, and in such a way as to render the 
country more independent of foreign aid. Under 
the difficult and strenuous conditions of war it has 
demonstrated the extreme value of system and 
method, and the —e- which they confer on a 
nation when it is cut off from the lands from which 
it draws its raw materials. 

GASEOUS EXPLOSIONS. 
In his discourse on “Gaseous Explosions,” de- 

livered at the Royal Institution on Friday, the 29th 
ult., Dr. Dagald Clerk, F.R.S., had to limit himself 
to features bearing upon the engineering problems 
of internal-combustion engines. Giving a résumé 
of the work of the British Association Committee 
(appointed at Leicester in 1907), of which he is 
now President, and referring to some yet unpub- 
lished researches, the lecturer pointed out that a 
distinction had to be drawn between combustion in 
an open vessel or in a cylinder closed by a piston, 
and combustion in a closed vessel. In a closed 
vessel, he proved, with the aid of many slides 
illustrating his own work since 1900 and the re- 
searches of Petavel, Bairstow and Alexander, and 
others, the pressure rose slowly at first, then 
more rapidly (the curve becoming concave with 
respect to the time abscissa), and slower again 
afterwards to a maximum, finally to fall off. e 
pressure variations were studied by means of 
sensitive indicators. The time elapsing between 
the beginning of the pressure rise and the maxi- 
mum pressure was ed the time of explosion. 
The rate of rise was more rapid in rich than in 
poor gas mixtures, but it was little influenced by 
the initial pressure; Petavel had experimented 
with initial pressures of 1000 lb. per sq. in. Ina 
mixture of 1:4 (volumes, gas to air) the time of 
explosion was, ¢.g., 0.045 second, and in a mixture 
of 1: 11, 0.29 second. 

The pressure increased, the lecturer continued, 
because the flame spread, raising the temperature 
and thus the pressure within the vessel of constant 
volume ; the rate of pressure rise was thus broadly 
a measure of the rate of the travel of the flame ; 
and if it were assumed—which was not quite 
justified, we shall see—that the maximum pressure 
would be attained when the flame filled the whole 
vessel, the flame velocity could be deduced. The 
flame velocity thus estimated ranged from 2 ft. to 
13 ft. per second in small vessels. In a cylindrical 
vessel of 23.4 in. (in diameter) by 28.5 in. Hopkin- 
son had found 5 ft. per second for a mixture of 1:9. 
The dimensions of the vessel and the chemical com- 
position of thegasinfluenced the result ; much hydro- 
gen in the gas gave high velocities. What was actu- 
ally happening on the line of rise? Dr. Clerk asked. 
As the flame spread, the temperature rose, also 
because the expanding gas was being compressed ; 
but the rate of travel of the flame was soon checked 
by the accumulation of the combustion products, 
and combustion (and chemical combination in 

meral) proceeded at a wn ae more —onge rate 
uring the later stage, and was, perhaps, never 

complete. It had been believed that nothing but 
the cold walls checked the increasing rate. That 
the flame entirely filled the vessel, before the 
maximum pressure was attained—in other words, 
that combination still went on when the vessel was 
full of flame—had been predicted ry the lecturer, 
but had been first demonstrated by Hopkinson with 
the vessel illustrated in Fig. 1 (dimensions already 
mentioned). The spark passed in the centre at A, 
and platinum resistance thermometers were fixed 
at B, C, D; the pressures and temperatures, explo- 
sion and cooling-curves, are optically recorded in 
Fig. 2. At first the pressure rise (A line) was very 
small, although the temperature curve B rapidly 
departed from the B zero line ; the pressure rose 
for 0.22 second, rapidly and more slowly to its 
maximum after 0.26 second. After 0.23 second 
thermometer D rose suddenly, the flame having 
then reached that thermometer in the wall, while 
the pressure continued to rise. The platinum 
(melting point, 1750 deg. Cent.) of the thermo- 
meter at the centre B always melted, not of those 
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at Cand D. The mean temperature in the vessel 
was 1600 deg. Cent. ; at B it was 1900 deg., at 
C 1700 deg., at D 1100 deg. to 1300 deg. Cent. ; 
within the wall at the side it was 850deg. These 
reat differences could not be accounted for by 
ser losses alone; the compression of the gas 
towards the centre of the vessel was largely respon- 
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sible. The experiments clearly established that 
even within a vessel of absolutely non-conducting 
materials there were great temperature differences, 
quite apart from heat losses. 

In engine cylinders having moving pistons, Dr. 
Clerk continued, the times of explosion were much 
shorter than in closed vessels. That had long been 
understood, and if it were not so, gas-engines could 
not possibly be operated at 30 revolutions per 
minute even. He had himself described before 
the Institution of Civil Engineers in 1882 how 
the ignition could so be arranged that a small 
volume of gaseous mixture, first ignited, ex- 
panded and projected a flame through a passage 
into the explosive mixture, thus adding to the 
rate of ignition the mechanical disturbance pro- 
duced by the entering flame. In this way he had 
succeeded in producing maximum pressure within 
0.01 second, and had shown how strong mixtures 
could be fired slowly and weak mixtures rapidly, 
the rate of ignition being slow even in rich mix- 
tures. Recent indicator diagrams — that the 
rate of flame propagation in gas and petrol engines 
ranged from 35 ft. to 100 ft. per second. His 
experiments with a horizontal gas-engine, 22-in. 
diameter, 34-in. stroke at 160 revolutions r 
minute, showed that with Mond gas the explosion 
period required 45 deg. of the crank circle, with 
suction gas 40 deg., and with town gas 25 deg., the 
times of the explosions being 3, 2;, and g; second; 
the inlet velocity of the charge through the valve 
was 160 ft. per second. In another horizontal gas- 
engine (9-in. diameter, 17-in. stroke, running at 
200 revolutions) the charge velocity was about 
100 ft. per second ; the flame travelled 10 in. from 
the igniting-plug to the piston; Fig. 3 was the 
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right-angle card, 90 deg. out of phase, from which 
the time of the explosion had been determined. 

The nature of the mechanical disturbance, which 
caused the increase in the rate of the flame travel, 

had simultaneously been investigated by Hopkin- 
son and by himself in 1912. His own engine had 
been fitted with a trip-gear and with two igniters, 

cycles without ignition, and to be ignited under 
compression when the desired number of alternate 
compressions and expansions had been completed. 
The idea had been that turbulence was produced 
by admitting the charge at high velocity, and this 
turbulence was to settle down so that the ignition 
started in a still mass of gas. The diagrams, Figs. 4 
and 5, indeed proved the great difference produced 
in the ignition rate byallowing the turbulence to die 
down. The mixture was one volume of gas to 9.3 
volumes of air ; the were ignited by the back 
igniter in Fig. 4, and by the side igniter in Fig. 5; 
line A B, in Fig. 4, indicated ignition of the charge 

Fie. 4. Turbulence.—Mixture of 1 volume 
of coal-gas and 9.3 volumes of air and other 
gases ignited by back igniter of engine. Line 
ae B indicates ignition of charge fired upon 
rat com ion stroke, which takes 0.037 

second; line A’ to B’ indicates ignition of 
—- fired upon third compression stroke, 
which takes 0.092 second. 

(4303.0.) 

Fie. 5. Turbulence.—Mixture of 1 volume 
of coal-gas and 9.3 volumes of air and other 
gases ignited by side igniter of engine. Line 
A to B indicates ignition of charge fired upon 
first compression stroke, which takes 0.033 
second. Line A’ to B’ indicates i 
charge fired upon third compecttion 
which takes 0.075 second. 

ition of 
on stroke, 

——- 

fired upon the first compression stroke, which took 
0.037 second, whilst line A’ B’ referred to firing on the 
third compression stroke, which took 0.092 second. 
This time was not(as previously explained) the period 
wanted for attaining maximum pressure, but the 
time taken to attain maximum temperature ; the 
latter method was more accurate in special cases. 
The higher the charge velocity, the higher was the 
rate of ignition; in petrol-engines the charge 
velocity might be 150 ft. and the flame velocity 
90 ft. per second. 

Dr. Hopkinson had studied turbulence in another 
way. He had lined the cylindrical portion of a 
vessel, 1 ft. in diameter, with a helix of insulated 
copper strip, the electric resistance of which was 
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being recorded, and had mounted a fan in the 
cylinder, capable of running at 5000 revolutions per 
minute, and producing eddies in the gas charge. 
Fig. 6 illustrated the results obtained with a 10 per 

enabling a charge to be taken in and to be com- 
pressed and expanded for any desired number of 

temperature of the gas in mixtures of 10 and of 
15 per cent. ; Fig. 8 marked the effect of speed 
on the rate of heat loss in a 10 per cent. mixture. 
Comparing the pressure curve A with the curves 
B, C, D, in Fig. 6, it would be seen that agita- 
tion of the at the moment of firing greatly 
reduced the time of the explosion (more in a 10 per 
cent. gas mixture than in a 15 per cent. mixture, it 
was shown by other diagrams); and it was evident 
also that a moderate amount of turbulence had a 
ent effect upon the time of the explosion. Dr. 
lerk demonstrated with the aid of an explosion 

chamber, which was fitted with a stout window, 
that the explosion appeared as an instantaneous 
flash when the fan was being turned, and as a 
slow flame when the fan was stopped. He also 
showed that the combustion of a mixture in an 
iron pipe, about 12 ft. high, was hardly explosive, 
when the mixture was lighted at the top of the 
pipe, but violent when the ignition took place 
near the closed bottom. The heat flow at a 
certain moment after the ignition, Dr. Clerk 
continued, was ter when the fan was run- 
ning than when at rest, because of the accelera- 
tion of the spread of the flame. Radiation also ‘ 
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came in, as we have explained on other occasions 
The velocity of the air in the cylinder was estimated 
from its cooling effect upon a platinum wire (elec- 
trically heated) ; at a fan speed of 2500 revolutions 
that velocity was near the wall probably greater 
than that obtained in a gas-engine at the ends of the 
suction period ; hence the turbulence in an engine 
was probably insufficient to produce any great 
effect. on heat losses. Hopkinson had also studied 
the residual turbulence existing at the end of the 
compression stroke, by determining the heat flow 
of Sieh datoens engine at the ends of the first and of 
subsequent compressions. An electrically-heated 
phtinum wire was mounted in the combustion 
space, the heat loss from the wire being assumed 
proportional to the temperature difference between 
the wire and the gas; the engine was worked 
normally or with the valves closed. 

Passing to the difficult problem of the tempera- 
ture measurements, Dr. Clerk explained that, if 
the initial pressures and temperatures could be 
accurately measured, and if no volume changes due 
to chemical combinations were assumed to occur, 
the absolute pressures would be proportional to 
the absolute temperatures. But in ordinary gas- 
air mixture a contraction of about 4 per cent. did 
occur, and combustion was not complete, though 
80 per cent. of the gas —— were probably con- 
sumed at the point of maximum pressure, Of 
novel apparatus for directly measuring the tempera- 
ture, he mentioned in the first instance Professor 
Coker’s thermo-electric bridge,* consisting of 
battery, cadmium cell, and thermo-couples of 
latinum-rhodium or platinum-iridium, the wires 
= from 0.005 in. to 0.008 in. in thickness ; the 
former couples in particular stood temperatures, 
near the cylinder walls, above 2000 deg. Cent. for 
days and weeks, but they melted at 2500 deg. With 
these devices Coker had observed temperatures 
between 1850 deg. and 1950 deg. Cent. half an 
inch from the cylinder wall of an engine of the 
National Gas Engine Company. Professors Car- 
penter and Dalby did not, with their devices, wish 
to determine the maximum temperatures. If the 
suction temperature—i.e., the temperature of the 
charge just after it had filled the cylinder— and the 
pom were known, all the temperatures could 

calculated. Callender and Dalby determined 
the temperature of the charge in the inlet-port, to 
the valve of which they made an ingenious attach- 
ment, explained by the diagram, Fig. 9. A small 
elite suits T was added to the centre of the 
inlet-valve A ; T contained the loop of the Callen- 
der thermometer wire, the terminals being visible 
at B. The valve was reciprocated by the cam- 
gear; it was closed before the explosion and was 

\\\ 

cent. mixture of Cambridge ~~ and Fig. 7 the 
relations between the rate of hea’ t loss and the 

he See Fig. 11, on page 290, of ENGINEERING of August 28, 
1914. 
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opened at the particular moment and period of the 
stroke when a determination was to be made, without 
interfering with the operation of the main valve. 
The thermometer itself was, moreover, protected 
until the moment when it was wanted. The wires 
had to be very thin, and Dalby had added to the 
device an ingenious percussion contact-maker ; 
each successive stroke gave a small current im- 
pulse. Callender and Dalby had found by these 
means suction temperatures between 95 deg. and 

105 deg. Cent. (light and maximum load) with 
the air thermometer at 20 deg. and the jacket ther- 
mometer at 27 deg. Cent. These researches were 
being continued. The very neat optical indicator 
of Professor Dalby greatly facilitated these tem- 
perature measurements. 

Dr. Clerk’s own device for temperature determi- 
nation was applicable, he stated, only to isolated 
indicator diagrams from single explosions and ex- 
pansions, when the engine (A, Fig. 10) was driven 
by an electric motor C. The inlet-valve was con- 
nected by the pipe D, in which a thermometer 
was jnserted, with a reservoir B containing the 
right gas mixture ; the valves were controlled by 
trip-gear. The engine was driven at the desired 
speed, and the gas was alternately taken from B 
and discharged into B under a pressure slightly 
above atmosphere. The thermometer D was thus 

--—--—-—--- p------ 
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(ase) 
exposed to alternating gas currents, and it indi- 
cated the mean between the two gas temperatures ; 
that mean, correct apparently within 1 deg. Cent., 
was taken as the temperature of the cylinder 
charge. The temperatures calculated in this way 
for the points A, B, C, D, in Fig. 10 (also marked 
on the diagram, Fig. 11, taken with an optical indi- 
cator) were 20, 214, 1380, and 651 deg. Cent. 

Having briefly referred to the researches of 
Hopkinson and David on radiations from gaseous 
explosions, which supported the view that radia- 
tion from combining gases is more rapid at the 
moment of combination than at other moments of 
equal temperatures, Dr. Clerk said that heat 
loss by sedintion on an explosion line of an ordi- 
nary gas-engine, using the most economical mixture 
at a maximum temperature of 1800 deg. Cent., 
might be estimated at 3 per cent. Coming to his 
conclusion, he remarked that Hirn and Bunsen 
had already recognised that the rise of temperature 
in gaseous explosions could not correctly be calcu- 
lated from the (then assumed) specific heats of 
the constituent gases and the calorific value of the 
gas. There was a deficit of about 50 per cent., and 
many attempts had been made to explain that 
deficit. Hirn had pointed to the heat loss on the 
rising line, Bunsen had advocated a limit to tem- 
perature due to dissociation; Mallard and Le 
Chatelier had suggested an increase in the specific 

Association Committee had studied all these various 
sources of error, and the work was now being ex- 
tended by Callender, Dalby, Hopkinson, and 
himself, to the heating and cooling of gases under 
compression. So far they might conclude that 
dissociation had little to do with the deficit, 
whilst varying specific heat and increasing radiation 
accounted for most of it. Allowing for all these 
factors, however, it appeared to be established that 
combustion was not quite complete at maximum 
temperature ; that view was also supported by the 
researches of Dr. W. Watson, of the Royal Col- 
lege of Science, on the spectrum of the explosion 
flame. Many pointe, however, required further 
quantitative study. 

AERIAL NAVIGATION. 
On Saturday afternoon last, in the Royal Insti- 

tution, Dr. R. T. Glazebrook, F.R.S., delivered 
the concluding lecture of his course on ‘* The 
Scientific Principles of Aerial Navigation.” 

On the last occasion he had, he said, discussed 

Figd VARIATION OF FORCES & MOMENTS ON 
MODEL BLERIOT TYPE MONOPLANE WITH 
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aeroplane efficiency and described how by the 
experimental inquiries made at the National Phy- 
sical Laboratory it had been ible to produce in 
the army aeroplane a machine which was more. 
efficient than any other now in the field. He now | 
proposed to deal with the safety of aeroplanes— | 
that was to say, how they were built strong enough 
to withstand the bad usage they inevitably received 
at the front, and stable enough to withstand with- 
out danger the small fluctuations and variations 
met with in the air. The British machine as now 
built was so safe that the son of a friend of the 
lecturer's, engaged in flying at the front, had asked 

heats of the gases with temperature, The British to go back to his regiment, because he could not 

bear to see the dangers and hardships suffered by 
his comrades in the trenches whilst he himself had 
** the soft job of going up aloft.” 
The stability of a flying-machine, Dr. Glazebrook 
——— might be either inherent or impressed. 
he position and altitude of the machine in the 

air was controlled by the elevator, by the rudder, 
by warping the outer ends of the wings, or 
by adjusting the ailerons, and by impressed 
stability was secured by the skill of the pilot in 
adjusting these various controls. In the case of 
a machine endowed with inherent stability, how- 
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ever, less human skill was necessary for safe flight. 
Impressed stability might also be achieved by means 
of automatic mechanism, adjusting the appropriate 
controls so soon as the machine began to go wrong. 
Various gyrostatic and other devices had been sug- 
gested to this end, but the speaker was not aware 
of any that had proved very satisfactory. Inherent 
stability was derived from the arrangement and 
form of the machine, which was constructed in 
such fashion that if the flight were disturbed by 
any slight gust, the disturbance tended to die out. 

The difference between impressed and inherent 
stability could, he said, be illustrated by water- 
craft. e stability of a sculling-shell, for example, 
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depended entirely on the action of the oarsman, 
and was thus impressed stability. Similarly, the 
stability against rolling secured by the Fram tank 
was also impressed stability automatically secured. 
Ordinary ships, however, relied wholly on their 
inherent stability. 

To secure inherent stability in case of an aero- 
plane many factors had to be taken into considera- 
tion. Given a sufficient depth of air around the 
machine, the stability of the latter was indepen- 
dent of the position in space of its centre of gravity. 
The stability did, however, depend on the way in 
which this centre of gravity was moving. is 
motion could take place in three directions— 
horizontally, sideways, and vertically—and to each 
of these corresponded certain conditions of equili- 
brium. Moreover, the stability also depended on 
the angles the axis of the machine made with the 
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three axes of reference, corresponding to which 
were accordingly three additional conditions for 
equilibrium. Again, if rolling occurred, certain 
forces came into play, which might tend either to 
increase or dimini-h the roll, and similarly with 
pitching and yawing. In all, there were, therefore, 
nine different quantities to take into consideration 
in developing the mathematics of the problem, 
which were accordingly very complicated. 

It had first been attacked by Professor Bryan. 
In the complete solution (for the case of small dis- 
turbances) we had, Professor Bryan showed, to 
consider and determine thirty-+ix quantities. For- 
tunately, however, considerations of symmetry 
enabled this list to be substantially reduced, and a 
further reduction was possible by considering sepa- 
rately the vertical oscillations and the rolling 
motions of the machine. 

In all cases it appeared that the solution of the 
mathematics led to equations between the disturb- 
ance and the time belonging to one or other of four 
standard types, viz. :— 

A ett, Ae-"t, A etntginmt, Ae-"* sin mt. 

In all cases in which the exponent of ¢ was 
positive, the disturbance increased as time went 
on, and the machine was accordingly unstable for 
that motion, When, however, the exponent of ¢ 

THE DISTURBED LONGITUDINAL MOTION OF AN 
AEROPLANE. 

ryt 
was negative, the disturbance diminished with the 
time, and finally died out. 

The problem of aeroplane stability was therefore 
to build the machine so that for every disturbance 
the exponent of ¢ was negative. In attacking this 
problem, the actual aeroplane could be represented 
in a fairly simple way. In the first place, we had 
the main wings, followed by a tail some little dis- 
tance away, and by the elevator used to raise or 
lower the machine. There was also a rudder, and 
for stability it was further necessary to have a 
vertical fin or its equivalent. To some extent, the 
body itself might act asa fin, and by suitably dis- 
posing the wings, these also might serve in place 
of an independent fin. 

In the air channel, it was possible to measure all 
the forces that acted on a model, in every position 
in which it could be placed relatively to the direc- 
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tion of the air current. Observations thus made 
could be represented by curves, and it was not 
difficult to see what must be the character of these 
curves in order to secure stability in different cases. 

In the case of pitching, the quantity that had 
to be measured was the leverage or moment of 
the force about the centre of gravity of the 
machine. Suppose that a particular model tested 
in the wind-channel gave such a curve of leverage 

as that indicated in Fig. 1, where the ordinates 
represented the leverage, and the abscissz ‘* pitch- 
ing” angles. In this case, if the machine were 
flying at a 3-deg. angle, there would be no moment 
acting, since the curve cuts the axis at 3 deg., and 
the machine would fly uniformly. If, however, a 
disturbance tilted the machine to 7 deg., there 
would, as the figure showed, be a large positive 
leverage on the machine tending to increase this 
angle. Similarly, if the flying angle were dis- 
turbed below 3 deg., there would be a negative 
moment acting to still further diminish the angle. 
A machine, therefore, with the characteristics 
represented by the curve in Fig. 1 would be abso- 
lutely unstable. If, however, the moment-curve 
were as in Fig. 2, then an increase in the angle 
yielded a negative moment, tending to reduce the 
angle, and vice versd, so that the disturbance would 
tend to diminish and the machine be stable. 

W- Ww. 

Measurements made on the model of a Blériot 
machine were represented in Fig. 3. In this case 
the curve of pitching moment crossed the origin at 
zero and in the right direction, hence the machine 
was stable against pitching. The axial forces acting 
on the machine at different presentations were 
shown by the curve X, and it would be seen that 
as the angle of attack increased, the force dimi- 
nished to a minimum and then increased again. A 
corresponding curve of normal force was shown by Z. 
The moments which came into operation in yawing 

were represented in Fig. 4, and being negative 
when the yaw increased, tended to bring the 
machine back into wo, The results of ex- 
periments made with different tail arrangements 
were plotted in Fig. 5. It would be seen that 
with no tail the model was unstable, the pitching 
moment being positive, but by suitably adjusting 

THE DISTURBED LONGITUDINAL MOTION 
OF AN AEROPLANE. 
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the tail size and arrangement, 
secured. 
When the equations for the disturbed horizontal 

motion of a particular aeroplane were solved, the 
velocity was found to be given by the following 
expression :— 

U = Uy + U, e526 gin (0.45 ¢ + €), 

+ ty €—0-07 ¢ gin (0.28 ¢ + €,). (1) 

Here «, denoted the undisturbed horizontal 
velocity of the machine. It would be seen that 
in both cases the terms involving ¢ tended to 
diminish with the time, the exponent of e being 
negative, so that the motion was stable. 

e coefficient of t in the one case was large, 
which meant that the motion was heavily damped, 
and the coeflicent of ¢ in the sine being larger than 
in the case of the last term, the period of oscilla- 
tion was correspondingly longer. This illustrated 
the fact that in all cases two oscillatory terms 
were found, but in some cases the exponent 
of e was positive and the motion unstable. One of 
the two oscillations had always a much longer 
period than the other, and the corresponding 
motion was known as the — oscillation. 

In the case of a lateral disturbance of the same 
machine, the lateral velocity at any subsequent 
time ¢ was given by the expression :— 

Vv= Vv; ¢9.0157 ¢ 4. Vie 8.265 ¢ 

+ Vs e—°-52%¢ pin (0.984% + e'). 

In this case the first term had a positive exponent, 
which meant that the velocity ey increased. 
The machine was therefore not stable against a 
disturbance of this kind, but slid away. 

To illustrate the results of different arrangements 
of a machine, the lecturer got Mr. Naylor to launch 
a number of models. Of these, the first was over- 
stabilised, and consequently inefficient, but would 
fly,. however launched, righting itself, and movin, 
steadily even when suspended by the extremity o 
one wing, and dropped. The next model, said to have 
a reasonable degree of stability, flew very steadily, 
and had obviously a much smaller gliding angle than 
the first. The third model was constructed so as 
to have the pitching moment of the right sign, but 
small, and thus showed the phugoid oscillations 
very well. A fourth model, with a zero righti 
moment, refused to fly, whilst a fifth demonstra 
very well the rapid oscillations corresponding to 
the last term of equation (1). 

Another series of models were flown to show the 
peculiarities arising from lateral disturbanges, 

stability was 



a 
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Lateral stability, the speaker said, depended 
wholly on the size and position of the fins. Of 
these there must be two, either actual or vertical, 
but the forward fin might be replaced by setting 
the wings at a small dihedral angle. Not merely 
must there be two fins, Dr. Glazebrook continued, 
but these must be properly proportioned to each 
other, as the models mA demonstrate. The 
first of these to be launched had much too large 
a rudder, and when flown took a ‘‘nose dive” 
spirally down to the floor. A model with too 
small a rudder suffered from increasing oscilla- 
tions right and left, whilst one flown with no 
rudder at all came down tail first. 

The experiments on this head made in the wind- 
channel had, the speaker continued, been applied 
with great skill by Mr. Bush, whose recent decease 
was a very heavy loss to the country, and as a 
result an aeroplane had been built which was stable 
for all practical purposes. Mr. Bush was not only 
a very skilled engineer, but used to fly himself 
and take exact note of the effect of alterations 
made to the machine. His machine was not, per- 
haps, the first stable machine to fly, but was the 
first in which stability had been secured by 
reasoned calculations specially directed to that end. 

Coming next to the strength of an aeroplane, 
Dr. Glazebrook observed that in steady hori- 
zontal flight the machine had merely to carry its 
own weight, and the stresses thus arising were 
not very great. These stresses might, however, 
be very much exceeded in flight. If a machine 
took a dive, its velocity might, say, be doubled, 
which in itself would increase the reaction on the 
wings in the ratio of 4to 1. If the pilot, in striv- 
ing to correct the dive, altered the angle of 
attack, then as the lift increased with this angle, 
the force on the wings would be still further 
increased. Tn practice, in extreme cases, the 
combined effect of a dive and a change in the angle 
of attack might increase the maximum stresses to 
ten or twelve times those appertaining to steady 
horizontal flight. All these considerations had 
been carefully studied, and with what success could 
be gauged by the fact that many of the machines 
sent to the front six months ago were still in use. 

Returning to the question of stability, Dr. Glaze- 
brook showed figures embodying the results of 
observations made at the National Physical Labo- 
ratory on the effect of sudden gusts. From Fig. 6 
it appeared that in the case of a horizontal gust 
the machine recovered itself in about 50 seconds. 
With a downward gust, again, the angle of attack 
altered, but the disturbance died out very = ea 
as shown by the curves for @ in Fig. 7. ith a 
side-slip, however, the ultimate effect was a ten- 
dency for the lateral velocity to keep on increasing, 
as indicated by the curve v in Fig. 8, and the 
machine in question was also unstable if set rolling 
or pitching. 

The effect of the actual variations in the wind as 
recorded during one minute by a very open scale 
anemometer had been worked out by Mr. Bairstow, 
and it appeared that the changes in the motion of 
the machine followed fairly closely the variations in 
the strength of the gust, and there were accom- 
panying changes of level. 

SOME ELECTRICAL PHENOMENA. 
On Tuesday, the 26th ult., Mr. A. A. Campbell 

Swinton, entering upon a second term as President 
of the Wireless Society, delivered an experimental 
discourse on *‘ Some Electrical Phenomena,” in the 
lecture theatre of the Institution of Electrical | discharge 
Engineers. Demonstrations in wireless telegraphy 
being out of the question at present, he stated, he 
would show some old ——— oftwentyand more 
years ago, which had led up to efficient radiotele- 
graphic instruments—pretty little things, as Mr. 
Duddell said, in moving a vote of thanks after the 
lecture, which had appeared of no utility at their 
time. In the first instance, Mr. Swinton repeated, 
with the aid of apparatus lent by Professor S. P. 
Thompson, some induction experiments due to 
Elihu Thomson. A vertical electromagnet was 
excited by alternating currents ; as soon as the 
current was turned on, rings of aluminium or 
copper, placed over the pole, were jerked off 
or repelled so as to remain floating in the air— 
pelle however, in constant motion—or rocked 

between the pole-pieces of an electromagnet in an 
alternating circuit. When an armature was wound 
for three-phase current, and a porcelain plate was 
put on the armature, rings, coins, egg-shells filled 
with iron-filings and coppered outside, eggs of 
metal, &c., began to spin round like tops on the 
plate ; a penny refused to spin, but a hollow sphere 
=> gee floating in a bowl of water rotated 

y- 
Mr. Swinton then showed the original Leiden- 

jar experiment of Cunaeus, of Leiden, 1745. 
Cunaeus tried to electrify the water in a glass 
bottle into which he had inserted a nail. Holding 
the bottle in his hand, he received a shock, and his 
teacher, Musschenbroek, felt the shock so severely 
that he vowed never to repeat the experiment, even 
for the Crown of France—which was not vacant 
then. That the discharge from the jar was generally 
oscillatory, as long, namely, as the resistance did 
not exceed a certain value, was proved by William 
Thomson in 1853. The critical value of the resistance 
was 2 ./L/, where L was the induction and F 
the capacity of the circuit, and the frequency of 
the oscillations was equal 

1 i _ RF 
27V L.F 4L%° 

When the resistance was small, the second term 
under the root vanished. The oscillatory character 
of the jar discharge was subsequently proved with 
the aid of rotating mirrors, by photographic means, 
and with the aid of Duddell’s oscillographs. The 
lecturer exhibited some instructive curves taken 
by G. W. O. Howe with the oscillograph on 
coupled circuits ; it could be seen that the ampli- 
tude of the wave changed with the degree of 
coupling. As a mechanical analogue of the dis- 
charge, Mr. Swinton showed an inverted pendulum 
(a flat spring with a weight on top) to which a vane 
(a piece of cardboard) was attached; that vane acted 
as a damper and corresponded to the resistance. In 
Tesla coils, he continued, the ae | was not 
high as such, but the oscillations were divided up 
into groups of impulses of very short duration. 
In the apparatus which the lecturer used each 
terminal of the coil was joined to the inner coating 
ofa jar, andthe two outer coatings were connected 
by astout copper wire, bent to an inverted U ; this 
U was bridged over by a glow-lamp which brightened 
up—though always short-circuited by the copper 
wire—when near the spark-gap, but shone less 
brightly when further away from it. When the 
oscillatory current was sent through a circular loop 
of copper wire, about 6 ft. in diameter, and a 
similar loop, from the top of which a glow-lamp 
was branched off, was held more or less parallel to 
it, the lamp lighted up ; Mr. Swinton, standing 
between the two loops, did not feel anything. 
When the lamp was held by two men, forming the 
secondary circuit, these men did not receive any 
shock or sting provided they gripped tightly. For 
these well-known experiments a carbon-filament 
lamp, the lecturer remarked, was better than a 
metallic lamp, one of the reasons being probably 
that the skin effect was greater in the thicker 
carbon filament. 

The physiological effects of the current, Mr. 
Swinton p ed, were not more dangerous when 
the pressure, so far not high, was raised by means 
of transformers to many thousands of volts. Even 
then sparks might quite safely be drawn by the aid 
of a metallic rod, gripped tightly ; but if the ex- 
perimenter happened to wear silk stockings, his 
soles would tingle unpleasantly. A pretty glow 

i was produced by joining the terminals 
to two concentric copper rings, the one about 1 ft. 
in diameter, the other 2} ft. The two rings could 
be replaced by a small disc and a ring of tinfoil 
fixed to a glass plate. Having exhibited photo- 
graphs of positive sparks (ramified lines) and nega- 
tive sparks (feathers or palm-leaves), and of both 
combined (produced with rapid oscillations when 
the air becomes warm and conducting), Mr. Swinton 
demonstrated that an arc could be produced be- 
tween glass terminals. Rods of soda glass, about 
as thick as a lead pencil and 2 in. long, were fixed 
to the terminals of the coil, and heated by means 
of a Bunsen burner. When the glass was hot, 
the arc appeared, but it went out again when 
the burner was removed to make the arc better 
visible ; the arrangement was convenient for spec- 

on their polar support. An aluminium ring, 
painted yellow (with mercury iodide probably) 
turned red as the ring became hot. Next, an 
aluminium disco was shown to turn when placed 

troscopic work with a yellow sodium arc, when 
| the burner could be kept under the glass rods. 

Having shown some kes’ vacuum bulbs— 

molecules than the actual British National Debt of 
900,000,000/. contained farthings, Mr. Swinton 
finally to Poulsen’s modification of Duddell’s 
musical arc for generating continuous electric waves. 
Mr. Duddell, himself, took charge of this demon- 
stration ; the arc was cooled by water and placed 
within a powerful magnetic field, and the arc-box, 
being filled with hydrogen, was provided with a 
spring lid in case an explosion should occur. 
Seenebabty fine effects were obtained with this 
apparatus, ¢.g., when vacuum tubes were held 
near the coil and waved so as to give the appear- 
ance of a luminous fan. 

NOTES. 
Lonpon’s Exectric Surpty. | 

THosE who have taken an interest in the unifica- 
tion of electric supply in London will be pleased, 
or the opposite, but will hardly be surprised, that 
the latest London County Council scheme has gone 
the way of its forerunners. One is t surprise 
at the failure of attempts to deal with this prob- 
lem. The intention to promote a Bill was defeated, 
as far as this year’s Parliamentary Session is con- 
cerned, at the meeting of the Council on Tuesday 
last. In order to proceed, it was necessary that 
the proposal should be supported by a full 
majority, but, owing neue to the absence 
of so many supporters on active service, only 
60 votes out of a necessary 69 were obtained. 
There were thirty dissentients. Had the scheme 
reached a Parliamentary stage, there was a pos- 
sibility it might have gone through, but hardly 
at any time a probability. Very strong opposi- 
tion from the borough councils recently developed. 
Defeat in a Parliamentary Committee-room would, 
however, have been more satisfactory than this 
abandonment of the proposal by ry Se which 
created it. It is useless speculating what the new 
situation may ultimately lead to. The only cer- 
tainty is that the field is now clear for the London 
Electric Supply Company Bill, which proposes a 
new company to deal with the matter much on 
the lines of the County Council scheme, but over a 
considerably smaller area. Certain of the existing 

wer companies, which are apparently interested 
in the Bill, are to be compulsorily acquired. From 
the remainder opposition may be expected, as their 
areas are threatened. Municipal opposition goes 
without saying. 

THe Corrosion oF ConDENSER-TUBES. 

We have received from Mr. E. Bates, White Bay 
Power-House, Sydney, N.S.W., a copy of a paper 
on the corrosion of condenser-tubes, read by him 
before the Electrical Association of New South 
Wales in 1913. In this paper Mr. Bates states 
that the exceedingly serious corrosion of condenser- 
tubes experienced at the Ultimo Power-Station of 
the Sydney Tramways had been completely checked 
by the simple procedure of painting the whole of the 
interior of the cast-iron water-boxes with an anti- 
corrosive paint. Following the success at Ultimo, 
the same procedure was adopted with equally good 
results at the power-station of the Adelaide Tram- 
ways, where much trouble had been experienced from 
condenser-tube corrosion. Attempts to check this 
by improving the contact between tubes and tube- 
eee and by suspending zinc plates in the water- 

xes had all failed, but on learning of the results 
achieved by Mr. Bates at Sydney, it was decided to 
try the same plan at Adelaide. In the first instance, 
the interior of the water-boxes, covers, and pipes 
of one condenser were painted with three coats of 
biturine solution. The result was that the corrosion 
did not recommence until the paint was washed 
off. Subsequently Hartman’s ‘‘ Red Hand” anti- 
corrosive paint was used, and was found to last 
three times as long as the biturine solution. As is 
very well known, many engineers have made claims 
to success in stopping condenser-tube corrosion, but 
in many cases an extended trial has proved these 
os to be illusory. An example brought 
orward at the discussion on Mr. Bates’s paper 
was one presented at the Ithaca meeting of the 
American Association for the Advancement of 
Science in 1906, by Mr. W. W. Churchill, who 
declared that tube corrosion at the Bayridge station 
of the Brooklyn Edison Company had been traced 
to stray currents, and that the trouble had been 
completely checked by installing a booster to 
provide a counter electromotive force. One of 
the speakers on Mr. Bates’s paper related, how- 

which, he stated, still contained 180,000 times more ever, that he had visited New York subsequently, 
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and learned that the plan in question had 
proved a complete failure, and that the booster 
sets providing the counter electromotive force had 
been thrown out of service. It is therefore inte- 
resting to learn from Mr. Bates that his system 
is still in use at the Sydney power-stations, 
and with excellent results. The trouble originally 
arose with the condensers of certain 5000-kw. 
turbo-generators. Electrolytic methods of pro- 
tection were tried on the installation of a new 
unit, and for eight months this condenser gave no 
trouble, and electrolytic protection was deemed a 
success. Then, however, the tubes began to fail 
rapidly. It was therefore decided to try Mr. Bates’s 
plan on two of the older condensers, and when it 
proved successful with them, the same process was 
adopted in the case of the new condenser, the elec- 
trolytic protection being dispensed with. Durin 
the succeeding nine months not a tube fail 
in this condenser. Mr. Bates’s method is based 
on the hypothesis that the corrosion being of the 
it-hole type, and practically confined to the 

Cothens of the tubes, must be due to the deposit of 
electro-negative material, and this material must, he 
concluded, have been derived from the corrosion of 
the cast-iron water-boxes. He states that once a 
pit-hole is started by the deposit of such material 
the corrosion will proceed even if the initiating cause 
be washed away cuhementtte, since when local corro- 
sion has commenced the ‘‘ balance” of the alloy is 
upset. The ordinary condenser-tube has, he says, 
a composition giving a minimum waste by corrosion 
in normal conditions. If the constitution is altered 
locally by selective dissolution following the deposit 
of electro-negative matter, then, even when the 
latter is removed, the corrosion will continue, 
owing to the ‘‘ balance” of the alloy having been 
disturbed. During the fifteen months which have 
elapsed since Mr. Bates’s paper was read the 
number of tubes removed from the two older 
5000-kw. condensers has, he informs us, not ex- 
ceeded three per month, whilst before the Bates 
method of protection was adopted it was not un- 
common to lose 150 tubes from one condenser in 
a single week. 

TRapgE COMPETITION WITH GERMANY AND AUSTRIA.— 
We have on several previous occasions drawn the atten- 
tion «f manufacturers and merchants to the inquiry lists 
now being published by the Board of Trade. e are 
informed that a new list of this kind has just been pub- 
lished. Like its predecessors, it is divided into two 
parts, listing, respectively, products which inquirers 
dssire (1) to purchase, (2) to sell. Firms whose sources 
of supply or whose markets have been interfered with 
by the war should refer to these lists, which embrace 
such a variety of articles that it is quite possible they 
may thereby get into touch with new supplies or markets. 
British firms interested in any of the goods mentioned, 
either as buyers or sellers, should communicate with the 
Director of the Commercial Intelligence Branch of the 
Board of Trade, 73, Basinghall-street, E.C. 

FRENCH GOVERNMENT Contracts.—The Board of Trade 
ask us to draw the attention of manufacturers, merchants, 
and shippers to the following regulations governing the 
export of articles destined for the use of the French 
Government :—1. Application for permission to =< b 
to France goods of which the export is prohibited by 
Proclamation will receive special consideration if it can 
be clearly shown that the goods are destined for the use, 
directly or indirectly, of the French Government. Such 
applications must be made to the Commission Inter- 
nationale de Ravitaillement, India House, Kingsway, 
W. 2. Documents issued by provincial military or 
naval officers, other local authorities, or Government 
contractors in France will not be recognised as evidence 
of the destination of the goods unless formally approved 
in writing by the competent Department of the French 
Government. 3. Brittsh manufacturers, m rchants, and 
shippers are ery warned that, before entering 
into any contracts for the supply of goods stated to be for 
the use of the French Government, they should first 
obtain from their clients written evidence that the 
approval of the Ministry of War, Ministry of Marine, or 
other department concerned has been obtr.ined. 4. Appli- 
cations for permission to ex the articles in question 
must then be made in writing to the Commission Inter- 
nationale de Ravitaillement, accompanied by the neces- 
sary documentary evidence. The applicants should not 
proceed with the execution of the order until they have 
satisfied themselves that a permit to export will be 
granted. Any firms accepting contracts without com- 
plying with the above regulations will do so at their own 
risk, and with full knowledge that permission to export 
the goods which they have contracted to supply may be 
refused. Applications for permission to export 
which are ordered by firms or individuals in France for 
a industrial purposes, and which are not destined 
or the use of the French Government, will continue to be 
made in the ordi manner to the Commissioners of 

THE LATE MR. WILLIAM EDGAR ALLEN. 
WE regret to have to record the death, which 

occurred on the 28th ult., at Whirlow House, Sheffield, 
of Mr. William Edgar Allen, the founder of the firm 
of Edgar Allen and Co., Limited, Imperial Steel 
Works, Sheffield. 

Mr. Allen was born in 1838, and after a few year’ 
echooling in this country he wa; sent, when still 
quite young, to the Collége Chaptal, in Paris, study- 
ing later on in Holland and in Germany. He su 
sequently resided in Spain, Portugal, and Italy, and 
was thus able to acquire a thorough knowledge of 
a number of foreign languages. Sie founded the 
Imperial Steel Works in the year 1868, commencing 
in a very small way as 6 tal and file manufacturer 
and merchant, and in this connection his former 
residence in several Continental countries stood him 
in stead. He gradually increased the number 
of his —, and his business rapidly developed. 
His works were repeatedly increased to meet both the 
home and export trades; they became so extensive 
that, in the year 1890, Mr. Allen converted the con- 
cern into a limited company. An idea of the present 
extent of the works may be gathered by the fact 
that the wages and salary bill now amounts to a total 
of about 200,000/. annually. His works have always 
been noted for steel castings and tramway and railway 
material. Their manganese steel points and crossings 
form one of their specialities, as also does high-speed 
tool-steel. In a recent issue (see ENGINEERING, vol. 
xevii., page 94) we gave an illustrated description of 
an intricate double-scissors cross-over for the Buen: s 
Aires Great Southern Railway, and built by Messrs. 
Edgar Allen and Co. 

Mr. Allen was a member of the Sheffield Literary 
and Philosophical Society ; he found time to read the 
books written by both the best British and foreign 
authors. He was a most munificent benefactor to the 
Sheffield University. When the Council of that in- 
stitution were appealing for funds, Mr. Allen offere.! 
to give 10,000/. on condition that four others would 
subscribe a similar amount, or 5000/. if nine others 
would give that sum. The conditions were not com- 
plied with, but Mr. Allen did not withdraw his offer, 
and on the occasion of the visit of the King and Queen 
to Sheffield in 1905, when the University was opened, 
the Duke of Norfolk, as Ch llor, d that 
Mr. Allen had given the 10,000/. with the special 
object of providing a library for the University, a 
building which was much needed, and which would 
complete the scheme. Here, again, Mr. Allen showed 
his love for literature, and gave practical evidence 
that young men going out into the world should have 
a store a knowledge which would fit them to fight 
the battle of life. A well-read man himself, he was 
anxious that students at the University should have 
the opportunity of acquiring the best that the world’s 
literature can give. 

In 1908, when Sir George Goldie spoke at the Uni- 
versity dinner on the importance of the study of 
geography, Mr. Allen was so impressed that he offered 
to establish a lectureship in geography at the Univer- 
sity of the value of 300/. a year, an offer which was 
gratefully accepted. 

Later, on the occasion of the opening of the Univer- 
sity Library in 1909, Mr. Allen received the honorary 
degree of Litt. D., and, in commemoration of the 
visit of their Royal Highnesses the Princa and 
Princess of Wales (the present King and Queen), he 
announced that he would giv 5000. to the Royal 
Hospital and 5000/. to the Royal Infirmary. Hea 
gave & generous sum to the Sheffield Guild of Help. 
We may add that the deceased never took any 

active part in public life. 
His latest contribution to the welfare of the city in 

which his industrial activity had so notably developed, 
thanks to his untiring energy and commercial skill, 
was the foundation by him, in 1911-12, of the Edgar 
Allen Institute for medico-mechanical treatment, Gell- 
street, Sheffield, the entire cost of which was borne by 
the deceased. This institute has proved a great boon 
to Sheffield. Its inception was due to the fact that 
some years previously, when travelling in France, Mr. 
Allen fell seriously ill, and, at a critical stage in his 
illness, he received so much benefit from the medico- 
mechanical treatment that he resolved he would do all 
he could to place this treatment within the reach of 
every working-man in Sheffield. Mr. Allen undertook 

ee of three years, and some idea of its value may 
gained from the fact that since the opening 2200 

patients have been admitted for treatment. 
The institute was the first of ite kind to be opened 

in this country, though on the Continent such insti- 
tutes had been working for a number of years in most 
of the large cities. At the present time many of our 
wounded soldiers in Sheffield are gradually regaining 
the use of their limbs through the efficacy of the treat- 
ment given at the Institute. During the last three 
months over two hundred soldiers have received atten- 
tion from the staff. 

Oustoms and Excise, House, E.O. 

to be responsible for the upkeep of the institute for a | ; 

benefactor to Church work in Sheffield. In 1862 he 
was admitted a member of the Britannia Lodge of 
Freemasons, and in later years he took a prominent 
part in the founding of the Hallamshire Lodge, with 
which he continued to be essociated up to the time of 
his death. He was; one of the oldest Freemen of the 
Cutlers’ Company, having been elected to that office 
in 1870. He been in bad health for several years, 
and away, as above stated, on the 28th ult., at 
the age of 77 years. 

NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 20. 

Tuk steel industry throughout the United States 
failed to receive the expected boost in orders which 
previous inquiries foreshadowed. Business for the 
psst week has been of moderate and rather disappoint- 
ing pruportions. Expectations are stimulated by con- 
tinued inquiry, especially from railroads, shipyards, 
and car-building plants. Orders for steel plates for 
ships and boats aggregate some 10,000 tons, and more 
business is in sight. Car-builders report fair inquiry, 
but slow closing of orders. Present inquiries for cars 
aggregate 14,000, but these figures include two or three 
previously-announced inquiries. It is evident that 
car-building will be active throughout the year, but 
present dey is not to be explained in view of the 
very low prices at which mills are willing to book 
orders for plate and the certainty of a slight advance. 
Some well-posted authorities predict an early and 
general revival of demand, based on the fact that very 
little steel is under contract for delivery for assured 
work. Export orders for steel are also disappointing. 
General business is not up to expectations. The 
smaller industries are draggmg, yet all the elements 
are present for a general revival of business. Con- 
ditions are better throughout the Western States than 
the Eastern. A Canadian mill booked an order for 
30,000 tons of rails Domestic mills have orders for 
160,000 tons. Much higher figures were expected by 
this time. Wire products, especially for export, are 
very active. The supply of labour he mills and fur- 
naces has been considerably depleted by war causes. 

THE STANDARDISATION OF PIPE- 
FLANGES. 

To Tae Epiror or ENGINEERING. 
Sir,—Referring to your quotation of my remarks in 

your issue of Jan 29, on Mr. Dewrance’s Pa before 
the Institution of anical Engineers, at the end of 

ph 2 of my remarks you quote me as raying :— 
an alternative, however, a further table was intro- 

duced in which smaller dimensions were allowed for steel 
flanges in conjunction with steel pipes for cases where the 
flanges were riveted on the pipes.” 

This is incorrect, as the smaller flanges set out in 
Table III. of the Report of the Engineering Standards 
Committee referred to those cases where the flanges were 
welded on the mem (not riveted on). 

Further, referring to your re ‘“*D” representing 
steel pipes jointed on site by welding with oxy-acetylene 
gas, the diagram might give the impression that there 
was an a clearance between the spigot and socket 
of the pipe. I would therefore like to add that the 7“ 
is a driving fit in the long-sleeve socket. Further, that 
the length of the sleeve varies from about three diameters 
in the case of the smallest pipes up to about one diameter 
in the case of 12-in. pipes. Finally the cavity in the 
socket is completely welded up, and not partially welded 
up, as shown in the diagram. 

iii 

Yours ss K 4 
E. 

Winchester House, Old Broad-satreet, E.C., 
February 1, 1915. 

Messrs. Marsnaui’s Steam Roan - Rouer. — In 
describing the standard 10-ton road-roller by Messrs. 
Marshall, Sons and Co., of Gainsborough, which we 
illustrated on page 131 of our last issue, we omitted to 
mention the very complete system of lubrication applied to 
the transmission | of this new type of engine. In the 
case of the first intermediate shaft-bearings, oiling rings 
are provided, while chain-oilers are fitted to the second 
intermediate shaft-bearings and to the hind axle-boxes. 

Nationa ILLUMINATION COMMITTRE OF GREAT BRITAIN. 
—In his report, dated January 12, the chairman, Mr. 
Edward Allen, stated that the Committee, whose offices 
are at 66, Victoria-s 8.W., had the follow- 

been transmitted to the Secre- 

adopted for rating and ing all sources of light. Itis 
recommended by the Nati Tilumination mittee 
of Great Britain that the matter be considered at the 
next session of the International Commission on Illumina- 

administration of that Commission is asked 4 

ing Society, and 
sets of definitions 

Mr. Allen was a strong Churchman and a generous 
appointed a sub-committee to draft 

nomenclature for consideration. 
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THE WORLD’S SHIPBUILDING IN 1914. 
Lioyp's Register of Shipping have just issued their 

annual return of shipbuilding throughout the world 
during the past year ; but, for obvious reasons, it has 
not been possible to disclose the warship work done in 
the European countries, and consequently the figures 
deal exclusively with merchant work. e world’s 
output is 1319 vessels, of 2,852,753 tons, which shows a 
decrease, as compared with the record output of 1913, 
of 431 vessels and of 480,129 tons, equal to 144 per 
cent., while on the figures for 1912 there is a reduction 
of 49,016 tons, equal to 1.7 per cent. ; but the totals 
for each of the five years preceding 1912 were all con- 
siderably less than the output for the past year. The 
British total, as recorded by Lloyd’s, is 1,683,553 tons, 
including 656 vessels, which with that given in 
our review of the year’s trade (page 77 ante), when 
allowance is made for the fact that we included all 
small ships, whereas Lloyd’s exclude ships of less than 
100 tons. The British tonnage is 248,600 tons less 
than in the previous year, which marked a record. 
The rate of decrease is 12.9 per cent., which is rather 
less than that for the world ; but it must be admitted 
that, owing to the war, Lloyd’s have not been able to 
ensure the usual absolute accuracv of their figures for 
all foreign countries. Holland, Japan, and Norway 
alone increased their output. 

An interesting point is that we maintain our posi- 
tion relative to other countries, as, of the world’s 
output of merchant ships, we have this year pro- 
vided 59 per cent. of the tonnage, as compared with 
58 per cent. in the preceding year. Both percentages 
are less than in 1912 and 1911, when our propor- 
tion was 60 per cent. and 68 per cent. respec- 
tively. In periods of depression our ratio is usually 
about 50 per cent., owing to the greater competition 

exceeding 10,000 tons, we produced 13, and other 
countries 15, included in the latter figure being six 
by Germany. The largest ship of the year was the 
German Hamburg-American turbine liner Bismarck, 
of about 56,000 tons; the second, the White Star 
liner Britannic, at Belfast, is returned officially at 
47,500 tons. 

Some interesting data are given regarding the 
developments in machinery. The vessels fitted with 
& combination of reciprocating engines and steam- 
turbines launched in Britain numbered six, and 
totalled 152,247 tons; and in —_ * countries five, 
of 87,805 tons. Of vessels driven by turbines only, 
Britain produced nine, of 57,305 tons, all having 
gearing between the turbines and the propellers, 
whereas foreign countries produced five turbine- 
steamers, of 83,080 tons. Internal-combustion pro- 
pelling engines were utilised for seven British-built 
sea-going vessels, of 28,898 tons, the largest being of 
4881 tons, while the foreign-built ships with such 
machinery numbered five, of over 3500 tons each, 
the aggregate being 21,386 tons. In addition, there 
wore tailt in this country ten small vessels, of under 
300 tons, and one of about 600 tons, fitted with 
motors; while abroad a greater number of similar 
vessels were constructed, five of them being between’ 
1000 and 2000 tons. The fastest ships of the year 
were the Princess Irene and Princess Margaret, built 
on the Clyde, for the Canadian Pacific Railway Com- 
any, and a vessel for the English Channel service, all 

Sestaped for a speed of 23 knots. Of the ships built 
in this country, 11 were capable of a speed of 16 knots 
and above. 

Regarding the machinery of the vessels in course of 
construction in this country, Lloyd’s Register states 
that 18 steamers, with a total gross tonnage of 
161,235 tons, are to be fitted with steam-turbine 

TABLE I.—Tas_e SHowine THE NuMBER AND TONNAGE OF VESSELS OF 100 Tons Gross AND UPWARDS 
(EXCLUDING WARSHIPS) LAUNCHED IN THE Various COUNTRIES OF THE WORLD DURING THE YEARS 1898-1914. 

F | United British | Austria- | Den- | France.| F- | Holland Italy. Japan| Norway United| Other 
States. Countries. Totals. » Kingdom. | Colonies. | Hungary. | mark. | Many. 

tons tons | tons tons tons | tons | 
1898 1,367,570 25,021 5,432 12,703 | 67,160 | 153,147 | 
1899 1,416,791 8,464 | 9,248 26,613 | 89,7! 211,684 

| 1900 1,442,471 9,563 14,889 11,060 | 116,858 | 204,731 | 
1901) 1,524,739 28,134 | 20,013 22,856 | 177,543 | 217,593 
1902, 1,427,558 28,819 | 15,192 27,148 | 192,196 | 213,961 
1903 1,190,618 34,690 11,328 28,609 | 92,768 | 184,494 
1904, 1,205,162 30,965 | 16,645 15,859 | 81,245 | 202,197 
1905 1,623,168 10,798 16,402 17,557 | 73,124 | 255,423 
1906 1,828,343 26,042 | 18,590 24,712 | 35,214 | 318,230 

| 

1907. 1,607,890 46,443 | 8,717 28,819 | 61,635 | 275,003 
1908 929,669) 34,181 | 23,602 19,172 | 83,429 | 207,777 | 
1909 991,066 7,461 25,006 | 7,508 | 42,197 128,696 
1910 1,143,169 26,343 14,304 12,154 | 80,751 | 159,303 | 
1911 1,808,844 19,662 37,536 18,689 | 125,472 | 255,532 
1912, 1,738,514 34,790 38,821 | 26,103 | 110,734 | 375,317 
1913 1,982,153 48,339 61,757 | 40,982 | 176,095 | 465,226 | 1 | 

tons tons | tons | tons tons tons No. | tons 
19,468 26,530 | 11,424) 22,670 173,250 8,968 1290 | 1,893,343 

34,384 49,472, 6,775 27,853 224,278 16,382 1269 | 2,121,738 

45,074 67,522) 4,543 32,751 333,527 ! 21,174 1364 2,304,163 
29,927 60,526 37,208 36,875 433,235 28,890 1538 , 2,617,539 
69,101 (46,270 27,181) 37,878 379,174 38,2 2 7 
59,174 50,089 34,514, 41,599 381,820 35, 

55,636 30,016 32,969, 50,469 238,518 28,254 

44,135 61,629 31,725, 52,580 302,827 | 25,554 1576 | 2,514,922 

66,809 30,560 42,489 60,774 441,087! 26,913 | 1836 2,919,763 
68,623 44,666 | 66,254) 57,556 474,675 | 37,807 | 1788 | 2,778,088 
58,604 26,864 | 59,725) 52,839 304,543 32,981 | 1405 | 1,833,286 
59,106 (31,217 | 52,319' 28,601 209,604 19,276 | 1063 | 1,602,057 
70,945 23,019 30,215’ 36,931 | 331,318 29,401 1277 | 1,957,853 
93,050 17,401 | 44,359| 35,445 | 171,569 27,291 | 1599 | 2,6£0,140 
99,449 25,196 | 57,755, 50,255 284,223 60,622 1719 | 2,901,769 
04,296 50,356 64,664 50,637 276,448 61,979 | 1750 | 8,332,882 

§ 1 a g ® z 

1914) 1,683,553 47,534 8+,335 | 32,815 | 114,052 387,192 |118,153 42,981 85,861; 54,204 200,762) 51,311 | 1319" 2,852,753 
| | 

* This table does not include particulars of vessels of less than 100 tons gross ; and takes into account only vessels that were 
launched in 1914, whether they were ee during the year or are still under construction. On account of the war, it is 
impossible to give full figures for the whole of the year 191 
tonnage has been excluded throughout this summary. 

of foreign countries. In years of great activity, 
however, the proportion is about 60 per cent. Thus 
in 1907, when we were at the end of the great boom in 
trade, our proportion was 58 per cent., and in 1906— 
a year of great prosperity—our proportion was 63 per 
cent. Germany’s proportion in 1914 was 13.5 per cent., 
as compared with 14 per cent. in 1913, 13 per cent. in 
1912, and 9.7 per cent. in 1911. In the case of the 
United States the proportion was 7 per cent., whereas 
in the three nthned years it was 8.3 per cent., 9.8 
per cent., and 6.5 per cent. The French total shows 
a marked decrease, and their proportion of the 
world’s aggregate tonnage is only 4 per cent., as com- 
pared with 5.3 per cent., 3.8 per cent., and 4.75 per 
cent. in the three preceding years. Holland has im- 
proved her position, her contribution being 4. 14 per cent. 
of the world’s total, whereas in the previous year it was 
only 3.1 percent. Both figures are superior to those of 
the three years preceding. Our position must there- 
fore be pronounced a satisfactory one, in the respect 
that we still produce six tons of merchant ships for 
every four tons by all the nations of the worl! com- 
bined. If sea-going ships of over 3000 tous only are 
considered, Britain launched 64 per cent. of the 
world’s output in 1914. Of the tonnage produced 
throughout the world, again, 45.2 per cent. was for 
British owners. 

Of our output of large merchant ships, 24.3 per 
cent. was for foreign owners, as compared with 214 per 
cent. fur the previous year, 24 per cent. in 1912, and 
22.3 per cent. in 1911. Holland occupies the foremost 
position among our clients for last year, having taken 
88,097 tons, or 5} per cent. of our output; then came 
Norway, 67,827 tons ; Greece, 41,543 tons; and Bel- 
gium, 35,951 tons. As regards ships of great size, we 
launched 71 vessels exceeding 6000 tons, whereas the 
othér countries produced 102. This is in large 
measure due to Germany, which has in recent years 
shown much preference for immense liners, this 
year produced 34 vessels of over 5000 tons. Of ships 

4 in respect of several countries ; for the same reason warship 

engines, including four of over 13,000 tons each. 
The largest is one of 21,000 tons for the Navigazione 
Generale Italiana. Of the above vessels, 12 are to 
be fitted with geared-turbine engines. Eight steamers, 
with a total gross tonnage of 144,250 tons, will be 
fitted with a combination of reciprocating engines and 
steam-turbines ; the largest being one ot 33,500 tons 
for the White Star Line, and one of 22,150 tons for the 
Union-Castle Line. Six vessels of over 3000 tons each, 
with a total tonnage of 32,960 tons, besides a number 
of small craft, will have in*ernal.combustion engines. 

Analysing the figures for the respective countries, 
as enumerated in Table I., it is pointed out by 
Lloyd’s Register that Germany’s ieturns (387,192 
tons) show an apparent decrease of 78,000 tons in 
the shipbuilding output as compared with last 
year. he figures do not in any year take into 
account a very considerable tonnage composed of 
a large number of river craft launched at yards 
situated on the upper rivers. The total output 
includes three vessels, of 60,500 tons, fitted with 
a combination of a engines and steam- 
turbines, the largest being the Johann Heinrich Bur- 
chard, 21,000 tons. The tonnage reported from the 

than that of the previous year. This decrease is spread 
generally over the various districts. During the year 
there were launched on the coast 15 sea-going merchant 
steamers of between 5000 and 8500 tons each, and one 
collier of about 10,600 tons for the United States Navy. 
The total output includes seven steamers, of 45, 
tons, built to carry oil in bulk, two of them being of 8374 
tors each. The total tonnage (118,153 tons) launched 
in Holland during the past year exceeds by 14,000 tons 
the output for 1913 and is the highest ever recorded 
for that country. This total does not include vessels 
known to be exclusively intended for river naviga- 
tion. The tonnage of steamboats, barges, and other 
river vessels launched duri: g 1914 amounts to nearl 
100,000 tons ; so that the total output, including ouen 

United States (200,762 tons) is nearly 76,000 tons less | Y°4™S, 

craft, would appear to reach over 218,000 tons. The 
t vessels launched during the year are the Jan 

Pieterzoon Coen, of about 11,000 tons, and 5 steamers of 
betaveen 5000 tons ard 8000 tons each. ere are NOW 
building 4 steamers of between 5000 and 10,000 tons. 

The French returns (114,052 tons) show a decrease 
of 62,000 tons as compared with the tonnage launched 
during 1913. The figures include 5 steamers of between 
5000 and 10,000 tons, and 4 of over 10,000 tons, the 
largest being the Massilia (14,980 tons), launched at 
La Seyne, to be fitted with reciprocating engines and 
steam-turbines. The work in hand at present com- 
prises a turbine-steamer of 30,000 tons, 1 steamer of 
11,500 tons, and 9 of between 5000 and 10,000 tons 
each. The tonnage launched in Japan during the year 
(85,861 tons) is nearly 33 per cent. higher than the 
output for 1913, and exceeds all previous totals. It 
comprises three steamers of between 11,000 and 
12,000 tons each, and one steamer of 7345 tons, fitted 
with geared-turbine engines. The remainder of the 
total is com of vessels of small tonnage. 
The figures for Austria-Hungary (34 335 tons) show 

an apparent decrease of 27,000 tons as compared with 
last year’s figures; but in this case, as in that of 
Germany, the figures may not be complete. The out- 
put is composed almost entirely of vessels of between 
6000 and 8000 tons. The Norway returns for the year 
show the output to be 54,204 tons, which is somewhat 
higher than the total for the previous year, and is the 
highest since 1907. As in other years, the total is 
practically composed of vessels of between 1000 and 
2000 tons each. Only two vessels of a larger tonnage 
have been launched—viz., one steamer of 3706 tons, 
and one motor vessel of 2368 tons. 

The output of the British Colonies (47,534 tons) is 
about the same as last year. It includes two large 
steamers, both built on the North American Lakes, 
one of 7462 tons, and the W. Grant Morden, 8980 
tons, which is the largest vessel ever built in Canada. 
The output in Italy for the year amounts to 42,981 tons, 
which is 7000 tons less than that of last year. There 
are five vessels of from 5000 to 10,000 tons included 
in the returns. There are now building four steamers 
of over 10,000 tons each, the biggest of which is a 
turbine steamer of about 22,000 tons. The figures 
for Denmark (32,815 tons) although over 8000 tons 
less than those for 1913, exceed the totals for any 
other previous year. Included in this total are four 
vessels of from 3700 to 5100 tons, which are to be 
fitted with Diesel engines. There are also now build- 
ing four similar vessels. 

Tue LATE Mr. ALEXANDER ELper.—We regret to 
have to record the death, which occurred on the 25th 
ult., at his residence, Fernholm. Hesketh Park, South- 
port, of Mr. Alexander Elder, J.P., the last surviving 
member of the family of the late David Elder, engineer, 
Glasgow. Mr. Alexander Elder was eighty-one years of 
age, and was brother of the late Mr. John Elder, the 
founder of the firm now known as the Fairfield Ship- 
building and Engineering Company, of Glasgow. Mr. 
Alexander Elder was one of the founders of the firm of 
Elder, Dempster and Co., Liverpool. He went to Liver- 
pocl in 1859 as superintendent of the African Mail 
Steamers. of which the late Mr. Macgregcr Laird was 
the founder. From 1866 to 1868 he was engineering and 
shipwright surveyor to the Board of Trade at Liverpcol, 
and also examiner of engineers for the district. At the 
end of 1868 he returned to the African trade, and founded, 
with Mr. John Dempster, the firm of Elder, Dempster 
and Co. About twenty-five years ago he retired from 
this firm, but afterwards he joined the board of the 
British and African Steam Navigation Company, subse- 
quently becoming its chairman. On the formation of a 
new company, in 1900, he retired. He was for many 
years a director of the Pacific Steam Navigation Com- 
pany. In 1909 he contributed a total sum of 20,000. for 
the establixhment of the Chair of Naval Architecture at 
Liverpool University. 

Lonpon County Councit ScHoLarsHips.—The Council 
will be pre d to award, in 1915, (a) fifteen scholar- 
ships for full-time day instruction, and (b) a number of 
exhibitions for evening instruction. These exbibitions 
are fur general competition. (a) The scholarships will 
be tenable for one, two, or, in certain cases, three years 
at recognised polytechnics, technical institutes, or insti- 
tutions of university rank. (b) The exhibitions will be 
tenable at polytechnics, technical institutes, &c., for two 

with a possible extension for a third year. Exhi- 
bitioners will be required to attend classes in science or 
technology on at least two evenings a week for a total 
of not less than four hours weekly. In addition to free 
tuition, successful candidates for the scholarships will be 
entitled to :—(a) A maintenance grant in cases where the 
Council thinks fit, not exceeding 50/. a year. ()) The 
supply of books and apparatus where necessary, provided 
that the cost does not exceed 7/. 10s. ayear. (c) Payment, 
subject to certain conditions, of the fees for the matri- 
culation, intermediate, and final-d examinations of 
the University of London. Successful candidates for the 
exhibitions will be entitled to free tuition and a main- 
tenance grant of 3/. a year. Further data and anplica- 
tion forms may be obtained from the Education Officer, 
Mr. R. Blair, lon County Council Education Offices, 
Victoria Embankment, W.C.; the forms must be returned 
not later than February 27, 1915, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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METAL-PRICE DIAGRAM. 
In the annexed diagram the figures plotted for tin 

and copper are the official closing quotations of the 
London Metal Exchange for cash transactions in “ fine 
foreign” and «standard ” mets! respectively. The 
prices plotted for antimony and lead are for English 
metal in both cases, while those for spelter are for 
American metal—the only kind at present available. 
Steel ship-plates and heavy steel rails are plotted to 
Middlesbrough quotations ; the usual discounts are 
allowed in the case of ship-plates, but rails are net 
free on board at Middlesbrough. The figures plotted 
for hematite, Scotch and Cleveland irons are @ 
settlement prices, and these — are per ton, as also 
are those for all other metals previously mentioned. 
The price of quicksilver is, however, per bottle, the 
contents of which weigh about 80 lb., and the price of 
tin plates is per box of I.C. cokes free on board at 
Welsh ports. Each vertical line in the diagram 
represents a market day, and the horizontal lines 
represent 1/. each in all cases except those of hematite, 
Scotch and Cleveland irons and tin plates, where they 
represent Is. each. 

COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 

We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information ing these 
projects can be obtained from the Comaneveial intoligunne 
= Board of Trade, 73, Basinghall-street, London, 

Australia : The Board of Trade have received a copy 
of a recent Act of the South Australian Government, 
which makes provision for the construction of railways 
(1) from Balhannah to Mount Pleasant ; (2) from Palmer 
te Sedan ; and (3) from Nuriootpa to Truro, The gauge 
of each of the lines will be 5 ft. 3 in., and the rails used 
a construction must weigh at least 60 Ib. to the 

y' 

Norway : The Acting British Vice-Consul at Chris- 
tiania reports that, according to the local Press, the 
electric power company at Drammen intends at once to 
rebuild and enlarge the bigh-nower station, at an eati- 
mated cost of nearly 40001. This is said to be due to a 
contract recently made with a cement company which is 
about to erect a new factory in the locality, and which 
will require, by October next, about 800 horse-power. 
Neighbouring villages have also asked the electric power 
company to supply them with light. ; 

in: The Gaceta de Madrid publishes a Royal Order 
dividing the award of a contract for the execution of 
street-paving works in Madrid between a British firm and 
a Spanish firm. The value of the works adjadicated to 
the British firm amounts to 15,280,029 pesetas (about 
605,150/.), while those to be undertaken by the Spanish 
firm  —., a value of 12,419,335 pesetas (about 
491,850/.). 

Chile: The Diario contains a decree, dated Novem- 
her 27, approving the plans of the Bethlehem Chile Iron- 
Mines Company for the construction and working of a 
railway between the mines of Tofo and Caleta Oruz 
Grande. The line will be ahout 23 km. (14 miles) Jong, 
and will have a gauge of 1.435 m. (4 ft. 84 in.). Con- 
structional work must be commenced within three 
months and completed within four years from the date of 
the decree. The concession is for a period of sixty years, 
but the State reserves the right to acquire the line any 
time after the expiry of the first twenty years, should 
public interests render such a measure advisable. 

Colombia : The Diario Oficial, Bogotd, publishes a law 
authorising the executive power to make arrangements, 
with a company, outside the Republic, specialising in the 
boring of artesian wells, for bringing to Colombia the 
necessary machinery and men for opening up such wells 
in various districts throughout the country. Artesian 
wells which are to supply water for irrigation purposes 
will become the property of the departments in which 
they are opened, while which are for the supply of 
drinking-water will belong to the various municipalitiee. 
The Government is further authorised to acquire in the 
town of Bogotd the land necessary for opening up artesian 
wells for the establishment of public fountains; these 
will be handed over to the municipality, which will also 
have the option of erecting baths and washhouses. 

Tue Lovpon Scxoo. or Economics AND POLITICAL 
Scrence (University or Lonpon) : Rosgpery Parizes.— 
A foundation has been endowed by Lord . 
whereby two prizes, one of 25/. and one of 10/., will be 
awarded annually for the best monographs on a question 
dealing with the history, theory, or or, ion of 
inland transport. The monographs may repredent either 
a piece of original research on a subject which has pre- 
viously been submitted for approval, or be written on a 
set subject. wpe ey be announced in = 
year preceding that in which the m must 
presented. For 1916 the subject is ** Woleons Trains.” 
Candidates must be present or past students of the London 
—— of a yt Scien < Twoor more 
~ ts may combine ¢ a joint monograph. 

hs must reach the Di of the School not 
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ELECTRIC STEEL-MAKING FORNACES.* 
By T. D. Ropertson. 

Tue melting and refining of steel on a commercial scale 
by means of the heat produced by an electric current has 
only been possible for a little over ten years. In this short 
time, however, considerable progress been made, and 
a new branch of the iron and steel industry has been 
successfully developed and established. 

The small electric furnaces for laboratory use, 
designed by Siemens over thirty years ano, attained con- 
siderable perfection ; but what preven their develop- 
ment into sizes applicable to the steel and other indus- 
tries was that electrical energy was far too expensive to 
produce. In later years the generation of electrical | 
power by means of rotary machinery at a low cost brought | 
thermo-electric processes into the commercial field. | 
In places where water-power can be developed, elec- 
trical energy can be produced wonderfully cheaply ; but 
in this country we bave to rely almost entirely on obtain- 
ing electrical power from steam, gas, or oil. 
The first electric furnaces to work on a commercial 

scale were all constructed about 1899, and all took their 
| a from water-driven plants. These were the Stassano 
urnaces in Italy, the Héroult in Savoy, and the Kjellin 

in Sweden, and it is interesting to note that from these 
three types have developed the three main classes of 
electric steel furnaces now in use. 

Of course, in all electric furnaces the necessary heat is 
furnished by resistance to the electric current, and the 
type of furnace depends upon the form which this resist- 
ance takes. Owing to the very small electrical resistance 
of a large mass of iron, it is impracticable to melt iron 
or steel in bulk merely by passing an electric current 
through it, as the very low voltage and very large cur- 
rent which would be required would be far too costly 
to generate and transmit, and, further, the small cross- 
section which the metal bath would have would involve | 

Fig. 2. ROCHLING-RODENHAUSER FURNACE. 
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such high radiation losses that the efficiency of the fur- 
nace would be much too low. 

Continuous current is not used for steel furnaces, as the 
cost of special generators to give furnace vol is high, 
and, further, electrolytic action would occur in the slag. 
Alternating current has many advantages, the chief 
being the ease with which its pressure can be trans- 
formed. For some furnaces, owing to considerations of 
power-factor, the frequency has to be specially low ; but 
this is a drawback, and most furnaces now work on the 
usual frequencies. Furnaces using single-phase current 
are gasety deing superseded by those using two-phase 
or three-phase current, as these latter can take their 
power through static transformers from the usual three- 
phase supply, instead of through a more costly and less 
effivient motor-generator set. Lower frequencies mean 
rather more exp-nsive transformers, but the inductive 
losses taking place in the low-tension leads are not so high. 

Bro idly speaking, there are two main classes of electric 
steel furnaces : induction-furnaces and arc-furnaces. 

In the simple and earlier types of induction-furnace 
the metal bath is in the shape of a ring, which is really 
the short-circuited secondary winding of a transformer 
contained in the body of the furnace itself. An ex- 
ample of this class is the Kjellin furnace. Single-phase 
current is supplied to the transformer, and an induced 
secondary current is developed in the iron ring forming 
the metal bath, of such intensity that the resistance 
offered by the Jength and small cross-section of the metal 
is so great as to generate sufficient heat to melt and 
maintain the metal in a fluid condition. Sections of the 
Kjellin furnace are shown in Fig. 1 in the adjoining column. 
A is the iron core of the transformer. The primary 
coil, marked B, is supplied with go wy current ata 
convenient pressure. The metal bath, .C, is concentric 
with the primary coil, and forms a short-circuited secon- 
dary winding of one turn. This ring is, of course, sur- 
rounded by suitable refractory material, and the channel in 
which it rests has movable covers for the working and 
inspection of the charge. The furnace shown in the 
diagram is fixed, the metal being tapped off through a 
convenient tap-hole. Later types of the Kjellin furnace, 
however, are made to tilt upon rockers and so discharge 
into the receiving ladle. The current in the secondary 

* Paper read before the Institution of Electrical 
Engineers, Manchester Local Section, on January 26. 

in the case of a furnace of circuit is very large, bein 
amperes at a pressure of 1 ton capacity about 30, 

7 volts. 
The disadvantage of this ty 

that some of the molten me 

Fug. 7. RJELLIN FURNACE. 
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at the conclusion of every ‘‘ heat” in order that a complete 
circuit may be maintained to start the furnace again. 
Cold materials to form the > are added to this 
residual metal, and a covering of slag is made to protect 
the charge from atmospheric oxidisation. Owing to the 
difficulty of keeping a suitable refining slag in a fluid 
condition, and of removing it after it has taken up 
ne a from the steel, it is found in practice that very 
little refining can be done in the simple induction-furnace. 
This means that in order to manufacture first-quality 
steels raw materials have to be used which contain very 
small percentages of the injurious elements sulpbur and 
phasgbenes ; in other words, the simple induction-furnace 
approximates to an electrical melting apparatus which 
is not, in general, suitable for refining common and 
impure materials for the production of a high-grade steel. 

¢ is essential for easy refining to have a hearth Jar, 
enough to allow refining slags to be introduced and with- 
drawn ; these considerations led to the introduction of 
the Réchling-Rodenhauser furnace, the principle of which 
is illustrated in Fig. 2. It will be seen that both legs of 
the transformer core are provided with primary windings 
surrounded by induction channels, which are joined in 
the centre to form a working hearth of ample dimensions. 
This middle part, which is of considerably greater cross- 
section, necessitates auxiliary heating, and this is accom- 
plished by means of a secondary winding connected to 

le-plates which are embedded in the sides of the hearth. 
he Réchling-Rodenhauser furnace, as now constructed, 

is tilted electrically, and the electrical connections are so 
arranged that the heating may be continued when the 
furnace is in a tilted position, thus facilitating the re- 
moval of the slag. The secondary winding is placed next 
to, and is separated from, the peer? wee by an air- 
spave, which serves as a cooling-chamber. This secondary 
winding is com of heavy copper strips, and carries 
very large currents at low voltages. From these strips, 
copper connections lead to pole-plates of mild steel 
embedded in the sides of the hearth wall and separated 
from the molten metal by this part of the basic lining. 
The transformer windings are air-cooled, as otherwise 
they would become too hot, partly from their own action 
and partly from the heat radiated to them from the | be 
surrounding furnace casing. 

In all induction furnaces there is a considerable circu- 
lation and rotation of the molten metal in the various 
channels. This is due to an electro-magnetic effect, and 

DNS’ 

whilst it results ina ona mixing of the charge, it 
— in some cases considerable wear and tear on the 
urnace lining. 
Réchling-Rodenhauser furnaces are made to take single- 
hase, two-phase, or three-phase current, usually the last 

for the larger sizes, as it permits the use of a somewhat 
higher frequency concurrently with a better power-factor 
than would be the case with the single-phase furnace, 
which, in the large sizes, really requires an abnormally 
low frequency. 
The other main class—viz., arc-furnaces—may con- 

veniently be subdivided into two classes of arc-radia- 
tion furnaces and arc-conduction furnaces, the difference 
between them being that in the former the arc is struck 

| between the ends of the electrodes themselves, and the 
| heat so produced is radiated on to the charge underneath, 
whilst in the latter the arc is struck between the ends of 

| one or more electrodes and the charge itself, the current 
| either ing along the surface of the charge to the 
| other electrodes, or else passing through the body of 
the charge itself to an electrode in the bottom of the 
| furnace. f 
| ‘The main furnace of the former class is the Stassano 
| furnace. This was first developed in Italy, and was at 
| that time used in the experimental reduction of iron ores. 
| Later, however, it cameto be employed entirely for steel- 
——. and in small sizes is in use at the present 
day. Its general arrangement is shown in Fig. 3. There 
are three electrodes inclined > ged to the horizontal, 
forming angles of 120 deg. with one another. Three- 
phase current is employed usually at a pressure of about 
110 volts. The furnace is charged almost up to the 
level of the electrodes with cold scrap-iron, and these 
are then adjusted to give a suitable length of arc. When 
the furnace is cold, the arc is only about 4 in. in length, 
but it increases as the temperature rises to about 12 in. 
long. It is evident that a considerable portion of the 
heat generated is radiated to the roof or dome of the fur- 

Fig.4. HEROULT FURNACE. 

nace, and were this made low, as in other arc furnaces, it 
would soon be melted away. It is therefore made high 
in order to avoid this difficulty, but at the same time a 

ter surface is exposed to radiation losses. Stassano 
| furnaces are usually made to rotate, as, of course, there 
| is no electromagnetic mixing of the charge. Furnaces 
of the earliest design rotated completely round an axle 
slightly inclined to the vertical. This involved several 
difficulties ; among them that of making a good electrical 
contact for the large current between moving surfaces. 
In the later designs, the arrangement shown in Fig. 3 
has been adopted, the complete rotating movement 
being altered to an oscillating movement, which allows 
the electrical contacts to be rigid. The Stassano furnace 
has the advantage of a very steady load when compared 
with other arc furnaces, especially when used for melting 
cold materials. It is also easy of regulation, but has not 
a high heat-efficiency, owing to the large radiation losses. 
There is also the drawback of a tap-hole which is used in 
this type of: furnace, as compared with the advantage of 
complete tilting of practically all the other types. hen 
the tap-hole is used, the coolest portion of the metal from 
the bottom of the bath enters the ladle first, and the 
danger of forming a scull in the ladle is thus much ter 
than is the case with the tilting furnaces, which com- 
mence to pour the hottest metal from the upper surface 
of the bath first into the ladle. : 

Another furnace belonging to this class has recently 
been introduced—viz., the Rennerfelt furnace. Three 
electrodes are used in this furnace with two-phase cur- 
rent. Two horizontal electrodes, each carrying a sepa- 
rate phase, enter from the ends of the furnace. A third 
vertical electrode passes through the centre of the roof 
and acts as a neutral return common to both phases. It 
is claimed that the arc in this case is not horizontal 
between the electrodes, but is deflected downwards on 
to the metal charge, which is thereby enabled to utilise 
the heat of the arc somewhat more efficiently than in the 
case of the Stassano furnace. ‘ 
Coming now to the second and more important class of 

arc furnace, in which the current, in addition to pas 
through thearcs, passes through the charge itself, it woul 

as well to commence with the earliest of these furnaces, 
namely, the Héroult furnace. This was y le 
to take single- current. The ment 
of one of these furnaces is shown in Fig. 4. The current 
enters by one of two upper electrodes, passes first through 
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the arc-gap, then along the surface of the metal, and back 
by means of the other electrode to the generator. It has 
the important drawback of requiring single-phase current, 
which means that the existing power —— have, in 
most. cases, to be transformed by means of a costly and 
rather inefficient motor-generator set to either single- 
phase low-tension current at the furnace voltage, or 
— current which has afterwards to be trans- 
formed down to the furnace voltage by means of a static 
transformer. The tank of the furnace itself is formed of 
steel plates, which are provided underneath with curved 
rails, u which the furnace tilts. This tilting may be 
effec either by hand in the small sizes, or by an 
hydraulic ram or an ey ae tilting-gear. The 
electrodes are carried in special holders, which are usually 
water-cooled, and attached to large brackets travelling 
up and down between vertical guides at the back of the 
furnace. These are driven by means of rack-and-pinion 

ing, which is usually motor-operated, the motors 
ing controlled by Thury regulators designed to work 

at constant vol for this type of furnace. The furnace- 
hearth is made of layers of either magnesite or dolomite 
mixed with tar and thoroughly rammed ther so as to 
form a solid bottom similar to that of the basic open- 
hearth furnace. The side walls are usually of magnesite 
brick, whilst the roof, which is detachable, is composed 
of silica bricks, held in a steel frame provided with two 
holes to allow for the insertion of the electrodes. There 
is usually a water-cooled ring resting on or embedded in 
the roof round the electrode holes. 

Fig.5. G1ROD FURNACE. 

(42976) 

Latterly a three-phase Héroult furnace has been intro- 
duced suitable for construction in the larger sizes. Its | 
general design is similar to that mentioned above, except | 
that there are, of course, three electrodes ins' of two. | 
Each electrode carries a separate phase, and the a 
ment has the advantage that the usual three-phase supplies 
can be transformed by means of three single-phase trans- 

bottom of the furnace 
electrode, which acts as a neutral return common to both 

again the drawback of using the motor-generator set com- 
pared with static transformers is again in evidence. In 
this furnace, apart from inductive and resistance losses in 
the leads and the resistance losses in the carbon elec- 
trodes, tically the whole of the power is consumed in 
the arc itself, as the resistance of a mass of fluid metal 
several square feet in area, and probably 1 ft. or so in 
depth, is practically negligible. 

t is understood that although this arrangement of steel 
studs in the furnace-bottom is essential to the Gi 
system, yet it has its disadvantages, and in order to over- 
come theee and at the same time obtain a furnace which 
will work from the usual supply mains through static 
transformers, the ‘‘ Electro- Metals ” furnace was designed 
a few years ago. The original inventors were the three 
Swedish engineers, Messrs. Grinwall, Lindblad, and 
Stalhane, who have designed and developed the “‘ Elektro- 
metall” shaft furnaces for i 
have proved such a success in Sweden. The develop- 
ment of their steel furnace has taken place mainly in this 
country, where, after considerable time spent in experi- 
menting, the furnace has now been thoroughly established 
for commercial working. Fig. 6 shows the main prin- 
ciples of the furnace. Two-phase low-pressure current 
is employed, and this is obtained from a three-phase 
system through two single-phase transformers using the 
well-known tb connection. There are two upper 
electrodes each carrying a separate phase, whilst in the 

neath the basic lining isa third 

Fig. 6.PRINCIPLE OF ELECTROMETALS FURNACE. 
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a. Thus the current flows, on each phase, starting 
rom the transformer, along the copper leads to one of 
the wpe electrodes, through this, across the arc-gap, 
through the metallic charge, and thence through the basic 

- | lining to the bottom electrode, which consists of a layer 
of special carbon mixture covering the bottom of the 
furnace, where connections are made to the neutral return 

formers down to the furnace voltage. The Héroult fur- | leads, which are common to both transformers. 
nace has the disadvantage of surface heating. In other| The lining, which is made of either dolomite or mag- 
words, the upper layers of the charge are always much | nesite mixed with tar and thoroughly burnt in, is, when 
hotter than the lower, and this is undesirable when 
making high-quality steels requiring considerable quan- 
tities of ferro-alloys, as these sink to the lower portions 
of the furnace, where they melt only with difficulty. 
Otherwise the Héroult furnace is very efficient when 
melting cold charges, but the single-phase type is open to 
the objection that the fluctuations in the power taken are 
very serious, as it is obvious that if the arc underneath 
one of the electrodes is broken, for example, by the faliing 
away of melting pieces of the charge, the whole load is 
instantly thrown off the supply system. 
The Girod furnace is typical of the second class of arc 

conduction furnaces. Its principle is shown in Fig. 5. 
There are one or more vertical electrodes, according to 
the size of the furnace, and of like polarity. Embedded 
in the bottom, and forming an in part of the furnace, 
are water-cooled steel studs, which project slightly above 
the bottom of the hearth, and make contact with the 
charge itself, and so convey the current back to the 
generator. Apart from the difference in the bottom of 
the furnace, the general mechanical arrangements are 
similar to those of the Héroult type. The bottom elec- 
trodes are very interesting, and have at different 
times severely criticised. On the whole, however, by 
suitably regulating the supply of cooling water, they may 
be kept from melting away, or, on the other hand, from 
seriously cooling the bottom of the furnace. Published 
figures show that when melting cold materials the furnace 
bottom will last for 120 to 160 operations, which is a fairly 
satisfactory result. With these metal studs at the bottom 
of the furnace, fettling is very difficult, as care must be 
taken not to insulate them from the result 
of not being able to fettle the bottom is that the size of 
the hearth gradually increases, and, of course, radiation 
losses become greater owing to the thinner walls and 
bottom. Single-phase current is always used, and here 

hot, quite a good cunductor of electricity, and offers only 
a small resistance to the passage of the current. Thus, 
for example, if the pressure of each phase is 80 volts, there 
will only be a drop of about 3 volts through the lining. 
The beat developed by this is nob wasted, ae it serves 
to keep warm the lower portion of the furnace hearth, a 
very important feature, especially when making steels 
which require an addition of considerable quantities of 
ferro-alloys having a high melting-point. Further, this 
two-phase arrangement gives rise to a certain amount of 
electro-magnetic circulation which serves to keep the 
charge always in motion, thereby thoroughly mixing its 
contents, and to distribute the heat from the hot region 
immediately below the arcs evenly throughout the whole 
mass. 
The general construction of the furnace does nob 

differ greatly from that of the other arc-furnaces. The 
tank is made of steel-plate work suitably designed to 
avoid bulging when hot. The electrodes are held in 
steel holders carried on horizontal arms, and fastened to 
a carriage which runs over and between two vertical 
channels. The carriage is driven by a vertical screw in 
the centre of these channels, and the screw in turn is 
actuated by a worm-wheel and worm coupled to a small 
——— — RF back $ the Seenee Seats _* 
large door for the rging and general working of the 

furnace, and in the bottom of this door is a small spout, 
over which the is poured when removing it from the 
furnace. At the front of the furnace is another 
spout, through which the whole of the charge is poured 
into the ladle. The tilting- is placed below and be- 
hind the furnace, and it is driven by a motor. The latter, 
by means of suitable reduction gearing, drives a large 
bevel-wheel mounted on trunnions, in the centre of which 
there is a bronze nut. Through this nut passes the long 
screw which is fastened at the top to a bracket at the 

the reduction of iron ores which | be 

back of the furnace. Turning the bevel-wheel either 
pushes up this screw and so tilts the furnace forward, or 
else, when the motor is reversed, the screw is drawn 
down and the furnace tilted backwards. The screw is of 
such a length as to give a forward tilt of 45 deg. ard a 
backward tilt of 15 deg. . 
The roof, which is made of silica bricks, is held securely 

in a steel frame made separate from the furnace casing, 
so that the roof can easily be re by a new one in a 
short time. The lining of the furnace is similar to that 
of most other furnaces, except that over the bottom plate 
there is a layer about 14 in. thick of carbon mixture, 
which, when the furnace mes hot, is into a 
solid mass similar in composition and structure to the 
electrodes themselves. 
oe eye t) of the a 5 rh ae in 

ig. 7. e high-pressure supply, assumed in this case to 
three-phase, is taken to an isolating switch inside the 

high-pressure cubicle, and from this it is divided into two 
circuits, each of which passes to a suitable oil-switch, 
arranged with auxiliary contacts for charging resistances, 
to neutralise the effect of any sudden loads on switching 
in. Ibis found in practice that a fairly high pressure— 
say 80 volts—gives the best results during the melting 
stage, but that as much less power is required for the 
subsequent refining, a lower is desirable, as this 
gives much less wear and tear on the furnace roof and 
sides, especially during the latter stages of the process. In 
order to have these two pressures at the ready command 
of the operator, the switches mentioned above are con- 

Q.7. ELECTRICAL CONNECTIONS OF 
ELECTROMETALS FURNACE. 
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|mected to tappings on the high-pressure side of the 
| transformers, one tapping to give « high ure of, say, 
| 80 volts, and the other to give about 50 volts. These two 
| switches are interlocked, so that only one of them can be 
| put in at one time, and the change from the high to the 
low pressure is made simply by tripping one switch and 
then moving along the interlocking bar and putting in 
the other switch. 

The instruments installed are placed on the low-pres- 
sure side and consist of an ammeter on each phate and 
one on the neutral, which are operated by series trans- 
formers placed round the low-pressure bus-bars. A volt- 

| meter is installed which gives by means of a three-way 
| switch the pressure between either of the two phasts and 
earth, or the pressure across the two phases. 

As is the case in all arc furnaces, the current fi »wing 
|in the furnace is controlled by raising and lowering the 
| electrodes, thus increasing and decreasing the size of 
the arc-gap, and so making the resistance greater or less 
according as the current is smaller or larger. In small 

| furnaces this adjustment of the electrodes is made by 
| hand, but in the larger ones, where the moving portion 
| of the electrode and holders, &c., weighs several bundred 
| pounds, a motor has to be used. ese motors work in 
conjunction with some form of automatic regulator, 
ferably of the Thury type. The latter are connected to 
series transformers on phase leads, and by means of 
rheostats in the secondary circuits are set to regulate the 
current on each phase at a definite figure. hen the 
current falls below this figure the arm of the regulator 
swings over and makes «oxtact with the leads to the 
motor, so giving a series of impulses to the vertical screw, 
thereby lowering the electrode until the current in- 
creases to the proper value. Conversely, when the current 
becomes too great the regu reverses the rotor and 
raises the electrode, thus diminishing the current flowing. 
In addition to the control of the electrode motors by 

| means of the automatic regulators, a direct control is 
| effected by tramway-type controllers, which, in con- 
| junction with speed-regulators, enable the electrcdes to 

quickly hoisted out of, or lowered down into, the 

hie ctelan of thn estan ais ela aan escription the working of a typ» c ma 
not be out of place, as some of the difficultiss whic 
designers have to meet in electric-furnace work are onl 
brought out clearly by a consideration of the actual wor 
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that has to be done in the furnace itself. Assuming then 
that the previous has been “‘teemed” and the 
furnace festled, the cold scrap is thrown into the furnace 
hearth. This scrap, which is preferably of steel or 
wrought iron, is usually of very common quality, and 
contains anything up to 0.1 per cent. of both sulphur ana 
phosphorus. When the furnace is charged, the current is 
switched on, and the electrodes lowered down, until an 
arc is struck between them and the upper portion of the 
charge. The automatic regulators are then switched on 
and the rheostat is set to give the required current. In 
the case of a 4-ton furnace, which the author proposes to 
take as typical, the melting current is about 5500 amperes, 
the pressure at this load being about 75 volts on each phase. 
The heat of the arc soon melts a hole in the charge 
underneath and around each electrode, which continues to 
travel down as these holes become deeper, until a bath of 
fluid metal is formed in the bottom of the furnace. This 
bath gradually increases in depth owing to other portions 
of the charge melting into it, and the electrodes ually 
rise with the level of the metal. By the time they have 
risen to the usual working level of the bath any un- 
melted portions of the charge are detached from the sides 
and ed within the hot metal in the centre. During 
the melting the slag is added, consisting of a mixture of 
lime, fluorspar, sand, and either iron ore or hammer 

is slag, owing to its lower density, floats on 
the top of the molten metal, and the chemical actions 
of refining take place. The carbon in the scrap is 
oxidised by the iron oxide in the slag and is given off in 
the form of carbon-monoxide, which, rising through the 
metal, gives the appearance of boiling. This boiling 
serves to bring the slag and metal into more intimate 
contact. The silicon and manganese in the scrap are 
oxidised, and their respective oxides dissolve in the slag. 
The phosphorus is oxidised, and, in the presence of the 
lime in the oxidising . is formed into a paw of 
lime, which enters into the slag. A portion of the sulphur 
is also oxidised and passes away as a gas. When suffi- 
cient time for these reactions to take place has elapsed, 
the current is switched off and the furnace tilted back- 
wards until most of the slag has run off through the 
small spout at the back of the furnace into a slag bogie. 
The remaining portions of the slag are pulled off by 
means of rabbles until the surface of the metal is practi- 
cally free from slag. In this way phosphorus is removed. 
The recarburising additions are made to give the re- 
quired carbon to the steel, and another purifying slag is 
added. This consists of lime, sand, and fluorspar, and 
quickly melts when the current is switched on. The 
pressure is now reduced by changing over from one 
switch to the other, and the current at the same time 
is lowered to about 2000 amperes. The phosphorus, as 
stated above, has been removed. but there remains among 
the injurious constituents in the metal the bulk of the 
sulphur, and, in addition, a certain amount of oxide of 
iron which has come from the oxidation of the scrap 
during the melting, and from the oxidising slag that is 
necessary for the removal of the phosphorus. The metal 
must thus be freed from this oxide and from the sulphur. 
The oxide of iron in the metal is also soluble in this new 
slag, which takes it up until the solvent powers of the 
two fluids are equal. The oxide is then removed from 
the slag by means of the addition of finely-divided carbon 
in the form of powdered anthracite, which reduces the 
oxide of iron in the slag, and at the same time makes a 
reducing atmosphere of carbon monoxide inside the fur- 
nace. In these circumstances the oxide of iron in the 
steel is continually ing into the slag as the carbon 
reduces it, and in this way the whole of the metal is 
gradually freed from its oxide. At the same time, under 
the reducing conditions, and under the influence of the 
chemical See of the slag, the whole of the sulphur 
is automatically removed from the metal into the slag. 
— in this way the metal is purified into high-graae 
steel, 

These reactions result in some very int ing ng 
in the +lag iteelf Abt the commencement of the refining 
this slag is black in colour, but as the oxide of iron is 
removed from it, it becomes gradually white, and on 
cooling down to atroospheric temperature falls gradually 
into a white powder, The steel, being now purified, is 
ready for ‘‘ teeming ” into the ladle, its composition being 
adjusted to what is required, by means of additions of 
alluys, the quantity of which is based on the result of a 
test analysis taken from the bath during the refining. A 
small addition of aluminium or an alloy of aluminium is 
usually added at the end in order to remove any trace of 
gases which may remain in the steel. 

The ladle is brought under the tapping-spout of the 
furnace, the small door above this is opened, and the 
furnace is tilted right over, and its contents emptied into 
the ladle, from which it is teemed into the ingots or 
castings. 

_ Much has been written, and many data have been pub- 
lished, concerning power consumed by electric fur- 
naces in making a ton of steel. Many of the published 
figures are not trustworthy, very often referring to acci- 
dental or quite exceptional performances of the furnace. 
If it were possible to get comparative figures from differ- 
ent furnaces of the same size, using the same raw mate- 
rials, and manufacturing the same products, the question 
of therelative merits of the different types of furnace from 
the point of view of energy consumption could be settled. 
As far as one can ascertain, is really not much 
difference in the actual power needed when doing the 
same work in the different types of the better-known 
furnaces; and, in fact, when deciding on which t of 
ag ag —— of the bem: cost of the 
plant, its suitability for running off existing power 
—- the cost of repairs to the furnace, end tio ones 
with which these can be carried out, are all points which 
are as important as the question of low power consump- 

h 

tion. Much depends on the kind of raw materials used, 
upon the employed, and upon the quality which 
is desired in the final product. For example, it is quite 

ible by “‘ killing” the steel with silicon and manganese 
as is done in the open-hearth furnace) to produce a steel 
in less time, using less than when employing 
the deoxidising process described above ; but, at the same 
time, the steel produced, although showing a satisfactory 
chemical analysis, is not so good under actual — 
tests as is the steel upon which more time is spent an 
more power used for deoxidation in the best manner. 
Naturally, the purpose for which the steel is to be used 
determines the nature of the refining process which ought 
to be employed ; and mild steel suitable for steel castings 
can be produced much more cheaply than the highest 
— of tool and alloy steels. Then, again, the size of 

© furnace has an important bearing upon the energy 
consumption, as, of course, the larger furnaces have less 
surface from which to radiate heat, compared with the 
weight of metal which they hold, than those of small 
capacity. However, when melting cold scrap, using two 
slags, and refining to a first-class quality, the approxi- 
mate energy consumption decreases from 850 kw.-hours 
per ton, in the case of a 2-ton furnace, to 700 kw.-hours 
per ton in the case of a 5-ton furnace. : 7 

In addition to the melting of cold materials, electric 
furnaces are largely used for refining fluid metal taken 
from open- furnaces or Bessemer converters, this 

tice being more common in America and on the 
‘ontinent than it is in this country. In America there is 

a big field open for the electric furnace in the manufac- 
ture of even such common material as steel rails. The 
——— continually becoming moresevere, whilst 

e ores of the Lake Superior region are gradually 
becoming more impure, so that the steel made from 
them in the acid Bessemer vessels is ay on getting 
richer in phosphorus, so that a point been reached 
when some purification will have to be made in order that 
the rails shall be capable of fulfilling the required tests. 
It is of interest to note that several thousand tons of 
electric steel rails have been in service on some of the 
main lines in America for some years and have up to the 

t given excellent results. The process of refining 
uid metal is very similar to that employed in the ordi- 

nary way after the charge has become melted. A de- 
phosphorising slag is added to the metal as soon as it is 
poured into the furnace ; and after this has been allowed 
to work it is removed, the finishing slag is aided, and 
the process carried out in exactly the same way as that 
described earlier in this paper. x 
The electric furnace is also finding a field as anauxiliary 

to the open-hearth and mer processes, being used 
to melt ferro-manganese additions, as it has been found 
that the saving in the amount of this alloy required more 
than pays for the cost of melting it electrically. 

In this country the field for the electric steel furnace 
is mainly in the manufacture of tool and — steels, for 
making the smaller sizes of steel castings. and possibly in 
connection with the open-hearth and Bessemer plants 
for producing a superior product. Abroad, however, 

ially in those regions where a is plentiful 
and electrical energy can be produced very cheaply, it 
is possible, in fact probable, that electric furnaces will 
be used to produce steel in large quantities instead of em- 
ploying the older class of fuel-fired furnaces. 

IN THE DAYS OF WATT.* 

By Professor J. D. Cormack. 

I wisi, in the first place, to express my thanks for the 
honour you have conferred upon me in asking me to 
deliver this anniversary lecture. Following where so 
many distinguished men have gathered, there seems little 
left to glean, and I must first confess that I have nothing 
new to set before you either in respect to Watt’s lite or 
work. The siory has been told and retold, the ever- 
facinating story of aman who, with fewadvantages, with 
many difficulties of health, temperament, and finance, 
struggled constantly and patiently, and finally attainin 
success after success, reaped the rewards of his genius 
industry ; rewards rich in material comfort, and in the 
joy that comes from the knowledge of good work accom- 
plished and appreciated. 
The splendour of Watt’s achievements has lost nothing 

in the lapse of time, and his commanding place among 
the men of science of all time is secure. 
The chief features of his inventions have often formed 

the subject of these lectures, and to-night I wish to draw 
your attention more particularly to the relation of his 
work to contemporary life and science, and to the con- 
ditions under which that work was uted. 
James Watt was born in 1736, and died in 1819. 

William Thomson, Lord Kelvin, was born in 1824, and 
died in 1907. In these two great men the West of Scot- 
land takes an especial pride. Their lives cover a period 
unsurpassed in the annals of mankind for progress in 
science, especially chemical and physical science, for the 
birth and great development of new sciences, such as 

odynamics or heat and electrical science, with 
which names of Watt and Kelvin will be for ever 
linked; unsu for the application of science, to 
industry, to which end they contributed so largely, and 
unsurpassed for the invention and development of new 
methods of transit and of new modes for the communi- 
cation of intelligence, with which their work was closely 
associated, 

The jewel loses nothing of its brilliance in a suitable 
setting, and the work of Watt shines even more bril- 
liantly when viewed in its relationship to the work of 

- The James Watt Anniversary Lecture, delivered to 
the Greenock Philosophical Society, January 25, 1915. 

his contemporaries, and to the social and material 
conditions of his time. When Watt was born the 
- had only been circumnavigated once—that is, b 

e—and k’s first voyage was not made till 
1768-71. In 1736 the only colonies Britain had included 
most of our present West Indian islands, parts of the 
United States, New Brunswick, Nova Scotia, and New- 
foundland, some parts of India, and a few Settlements in 
Africa. Before his death we had lost the United States, 
but we had gained Australia, Tasmania, Canada, Cape of 
Good Hope, Ceylon, Guiana, Malta, Mauritius, Sierra 
Leone, moss of India, and many islands. 

m he was nine years old Scotland was embroiled 
in the 45, and during his lifetime there were the cam- 
paigns of Clive and Hastings in India, the War of Inde- 
pendence, the French Revolution, the Nile campaign, 
and the victory of Trafalgar, the Peninsular War, and 
the campaign which, before his death, terminated at 
Waterloo the career of Napoleon, the man who, a century 
ago, aspired to dominate Europe. 

In the story of Watt’s life, and in his correspondence 
we find occasional echoes of the clamour of war. During 
his apprenticeship with an instrument-maker in London, 
Watt was in fear of being captured by the press-gang, 
which at that time was -o— ef active. Later on, 
during a visit to Count Rumford, the distinguished 
~~ and scientist, he met the countess whom he 

previously known as Madame Lavoisier, the wife ot 
the a Lavoisier, who met his death during the Reign 
of Terror. It seems sti that the even tenour of his 
life was so little disturbed by the world’s events, but we 
must remember that in those times a battle was over in a 
day ; there were no telegraphs or cables, there was not 
the distraction of news, true and not so true, censored or 
uncensored, arriving hourly, and spread broadcast by 
evening papers at all hours of the day and night; nor 
was there the excitement of the arrival at home for a few 
days’ leave of a gallant sailor or soldier, who had but a 
few nee poe been in the firing line. Such leave 
is rende ible by aid of the rapid transit which the 
inventions of Watt did so much to hasten. 

Steam-boats and locomotives were unknown until the 
latter part of Watt’s life. The Comet made its first 
voyage on the Clyde in 1812. In 1814 James Watt, Jun., 
pages to Holland in a boat designed by Boulton and 
att, and Stephenson’s locomotive was invented in the 

same year. Prior to that, journeys had to be made on 
horseback, or by stage-coach, over roads which, except in 
a very few cases, were extremely bad. Watt’s journey 
to London, when he was apprenticed to Morgan, occupied 
twelve days, and was accomplished on horseback. 
The state of Scotland at the birth of Watt is well por- 

trayed in Sir Walter Scott’s ‘‘ Rob Roy.” Rob Roy died 
a year before Watt was born, and in Watt’s youth the 
wilds of Aberfoyle were a long way from the comfortable 
Saltmarket of Glasgow. 

General Wade's mission, to lay out suitable roads for 
the betterment of the Highlands, and incidentally for 
their subjugation, had indeed been begun in 1726, but 
had not been accomplished at the birth of Watt; and it 
was not until 1816 that MacAdam applied his system of 
road-making. 

Even in 1773 a journey to Scotland was considered as 
being somewhat in the nature of a perilous adventure, 
and the state of the country is well described in that 
delightful book Boswell’s ‘‘ Tour in the Hebrides.” In 
the middle of the eighteenth century the need for better 
methods of transit was clamant. The population of the 
country was increasing, and its indust products were 
multiplying rapidly, and had to be conveyed from one 
part of the country to anovher. Thus arose a great 
demand for the work of the civil engineer in bridge- 
building, river-training, road-making, in the making of 
canals, many of which were constructed at this time, and 
in the —s of harbours, water works, drainage 
schemes, &c. In this connection the names of such well- 
known civil engineers as Smeaton (born in 1724), who is 
regarded as the founder of the profession of civil engi- 
neering, and whose name is also associated with tbe 
development of the steam-engine ; Brindley (born 1716, 
and regarded as the father of inland canal navigation), 
Telford, Rennie, and Trevithick suggest themselves. 
We must not f t another West of Scotland man, 

born in Ayrshire—William Murdoch. In 1779 Murdoch 
entered ulton and Watt’s employment. He soon 
became their right-hand man, and eventually the works 
manager. He was most mmgeaiene. If anything went 
wrong, William was sent for. Many inventions came 
from him, and he will always be remembered as the 
inventor of gas-lighting—the man who made “ light 
without a wick.” 

In 1792 he lit his own house in Cornwall, and we read 
that in 1802 he illuminated the Soho works in honour of 
the Peace of Amiens. ’ : 

It is fitting that in the James Watt Engineering 
mae Fe of the ype | = Glasgow, on the occa- 
sion of the centenary of gas-lighting, a gas-engine was 
installed by the North Britesh tion of Gas 
Managers as a memerial of Murdoch’s work. 
A few figures to illustrate the value of money at that 

time may not be without. interest. Watt, during his 
apprenticeship in London, had to live on 8s. a ‘week. and 
found it difficult. For his work on the model of the New- 
comen engine he was et 5l. 11s., and for the supervision 
of the construction of a bridge at Hamilton he was paid 
71., his offer being less than that of Smeaton, who offered 
to do the work for 10/. For his work as superintendent of 
the Monkland Canal he received 200/. annum, and for 
his survey of the proposed Strathmore he received a 
sam of 80/.—not much, indeed, when the nature of the 
work, a survey of forty or. is considered. When Mur- 
doch entered Boulton and Watt’s works, his salary was 
15s, a week at Soho, 17s. when away from Soho, and 20s, 
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per week when in London. Later on we read of his olny 
being 20s. per week when engaged at Boulton and Watt's 
works in Cornwall, and eventually he was ap ted 
manager of Boulton and Watt's at a salary of 1 per 
annum. 

It is difficult to state adequately, and at the same time 
briefly, the store of scientific knowledge to which Watt 
had access at the inning and during the continuation 
of his life-work. e have a fair idea of the early know- 
ledge available from the books which, he states, were 
usetul. But as a young man he knew and associated 
with such men as Dick, Black, Robison, Cullen, Simp- 
son, Millar, and Adam Smith, and this communion with 
leading thought at the time, in various branches of 
learning, must have been a powerful stimulus and a 
source of useful information and suggestion. He has 
acknowledged his indebtedness to them, and they on 
their part have given testimony to the value of their 
association with Watt, and the high regard in which 
they held him. When he removed to Birmingham, he 
became a mem er of a small circle of distinguished men 
of science and art, which included Erasmus Darwin, 
Wedgwood, Galton, and Priestley. Watt’s partner, 
Boulton, was also a member of this group, and in bim 
Watt had indeed found his complement. In the practical 
development of Watt's inv ntions, and in the business of 
the firm, the services of Boulton were invaluable. Good 
inventions are often lost or belated through the inventor’s 
dislike of business. or his inability to find financial help. 
It is idle to speculate on what would have happened if 
Watt and Boulton had not met. Fortunately they did 
meet, and the credit that is due to Boulton we gladly 
admit. 
Perhaps nothing will illustrate better the state of 

science at the time than a reference to some of the books 
used by Watt. His aunt, Mrs. Campbell, writes that 
before he was fifteen he had read twice s’Gravesande's 
‘* Elements of Natural Philosophy” (translated from the 
Latin by Desagulier, and published in 1747, two volumes). 
There is a copy of this book in the library of Glasgow 
University. This particular copy is interesting, as at one 
time it was the property of Professor James Thomson, 
father of Lord Kelvin. Watt himself states that at the 
time he was ut work on the model of the Newcomen 
engine his knowledge was principally derived from 
Desagulier, and partly also from Belidor. Belidor’s 
‘* Architecture Hydraulique ” was published in Paris in 
1739. In this book occurs a warm appreciation of the 
steam-engine. It is compared to the human body, with 
its blood vessels and valves, in the regular performance 
of its functions and in feeding itself by its own labour. 
There is also a handsome acknowledgment of the fact 
that it was born and developed in England, and there 
is also the statement that all steam-engines at work at 
that date in France and Germany are due to English 
engineers. Three slides were shown of drawings givin 
the general arrangement and details of an engine erec 
at Fresnes, in France. Professor Robison states, also, 
that in 1753 Watt learned the German language in order to 
peruse Leupold’s ‘* Theatrum Machinarum.” This elab- 
orate book of ten volumes was published in 1724, and 
later, at Leipzig. Supplementary volumes were published 
afterwards by Beyer. The volumes of Leupold are in 
the library of Glasgow University. They were presented 
in 1753 by Archibald, Dake of Argyll, and they are very 
probably the books which Watt desired to read. Watt 
does not mention Leupold with Desagulier and Belidor. 
It is more elaborate, but more superficial, than the others, 
and maid not nearly so satisfying to Watt’s inquiring 
mina, 

s’Gravesande’s book is especially interesting. It deals 
with what we nowadays call ‘‘ practical pbysics,” and 
gives, in addition to a connected account of the various 
phenomena, full instructions for the conduct of experi- 
ments showing these phenomena, and for the verification 
of the laws relating to them. It is bekutifully illustrated, 
with figures drawn to scale of the apparatus as a whole, 
and of minute details of the construction. It must have 
been a fascinating book for a youth of sufficient mental 
capacity, with the love of things m: ical which Watt 
had, perhaps through inheritance ; and, indeed, this book 
may well have influenced Watt’s decision to become a 
mathematical-instrument maker. 

At the time when it was written Newton’s t work 
had placed the science of mechanics on a sure foundation. 
That science deals with the equilibrium and action of 
forces and with the relations between force, mass, and 
motion, and the method of calculation introduced by him 
also was a powerful instrument in solution of many 
problems. Thanks to Newton, that branch of science 
was relatively far advanced, and to-day we follow, to a 
large extent, his methods. 
The wonders of the heavens had, from the earliest 

days, claimed attention, and the work of Galileo, Tycho | of 
Brache, Kepler, Newton, Huyghens, Gregory, and others 
had p this science also in a relatively advanced state. 

Largely, no doubt, due to the necessities of the astro- 
nomers, the branch of science which deals with light had 
made great strides. The laws of reflection and refraction 
were known, and great progress had been made in the 
construction of Foye lenses and of good yo -— 
microscopes. motion was known, an 
Rémer had Mu, +, & .. of light. The nature 
of light was, however, still undetermined. According to 
Newton it was due to corpuscles shot out from the lumi- 
nous body, while Huyghens held that it was due to wave 
motion. Not until later did the proof that light travelled 
more slowly in denser media give the final victory to the 
wave theory. It is interesting to note that some relation 
between light and motion was ised, and that the 
perception of light was at this early considered to be 
due to the motion of the light being communicated to 
the fibres of the retina at the back of the eye. 

The chief phenomena of sound were also known ; the 
vibration of strings and plates, and the construction of 
organs. Indeed, at a later time, Watt himself was en- 
gaged on the construction of organs, and exercised his 
inventive faculty in producing new devices for these in- 
struments. The velocity of sound in air had been 
measured. Newton had also calculated it, but the cal- 
culation had omitted a factor which was necessary on 
account of the alteration of elasticity of the air due to its 
heating and cooling in the compression and expansion. 
The connection between heat and work was not known 
till a later date, and itfell to Laplace to meke the 
necessary correction. 

The laws of hydrostatics were known, and there had 
been many applications of hydraulics, and a great amount 
of ingenuity had been displayed in the construction of 
machines for obtaining power from waterfalls and 
streams. 

Boyle had shown the connection between the volume 
and pressure of gases, and Marriotte had established the 
relation between volume and temperature. Torricelli 
bad invented the barometer. Fahrenheit had graduated 
the thermometer in 1714, and the Guericke and other air- 
pumps were much used for scientific purposes. 

Relatively speaking, the sciences of chemistry and heat 
were much less advanced. In chemistry a number of 
bodies which we now called elements had been isolated, 
and many of their properties were known. It was 
emerging from the alchemistic stage, and the hunt for the 
‘elixir of life” was assuming a new form in the hands 
of medical men, who were cultivating chemistry for their 
— purposes. It is noteworthy in this connection 

t two West of Scotland men, famous in biological and 
medical science, though their chief work was not on the 
chemical side—namely, William and John Hunter— 
completed their work during Watt’s lifetime. William 
was in 1718, and died in 1783; Jobn was born ten 
years later, and died ten years later than his brother. 

Heat and chemistry were, and still are, bound up 
together. They were dominated, and their development 
was hampered, by the phlogistic theory. As Watt’s work 
was largely connected with heat, it may be well for me to 
attempt to indicate what was at that time the explanation 
of thermal phenomena ; but this is not easy, as the 
writer’s explanations were often inconsistent and obscure. 
Phlogiston, or fire, was conceived as having no weight. 
All bodies were supposed to contain it, and it was shut in 
by the surrounding ies. When, for any reason, it 
escaped into the surrounding bodies, heat, and sometimes 
light, could be observed. Some bodies could contain more 
phlogiston than others (thermal capacity), and some 
carried it away or parted with it more rapidly (thermal 
conductivity). 
When the metals lost their phlogiston they became 

calces (oxides); but these calces could be reconverted into 
metal by restoring phlogiston to them—for example, by 
heating with coal, which was supposed to be almost 
—= en. On the discovery of what we now 
now as hydrogen, it was considered to be phlogisti- 

cated air. 
The following quotations from s’Gravesrande give us an 

idea of some of the beliefs and some of the doubts of the 
philosophers of the time :— 
‘The philosophers know a few properties of fire, yet 

many things relating to it are concealed from them.” 
** The intimate nature of tire is unknown, but wherever 

7 find heat and light we say that there is what we call 
‘ re 7s 

**Sometimes there is heat and no light, sometimes 
light and no heat.” 

‘* We shall also see, though perhaps it cannot be fully 
demonstrated, that heat and light proceed from the same 
cause, which, notwithstanding, nobody can doubt.” 

“*We have no knowledge of any bodies but what con- 
tain fire in them.” 
“The fire contained in bodies is kept there by the 

bodies which surround them.” 
‘Fire moves, and its action is exceedingly swift.’ 
‘*For that there are subtil parts distinct from fire 

which trate bodies by the action of fire is evident 
from the increase of the —— of some bodies by the 
action of fire: since fire itself no sensible weight.” 
“The heat in a body must be distinguished from the 

heat which we feel ; for that is the action of the fire upon 
the body, which is said to be hot, from whence the parts of 
the y receive a certain motion by which a motion is 
communicated to some parts of our body which is united 
with the perception of heat. But heat with regard to us 
is nothing else but that perception, and all that is in the 
- by is only the motion arising from the action of 

Here we have a forecast of some of the discoveries 
established later—namely, latent heat and heat as a mode 

motion. 
The puzzling fact thata body in losing ~~ might 

gain in weight was not explained, and, indeed, had to 
wait for explanation until after discovery of oxygen 
in 1774 by Scheele, and by Priestley, and by Lavoisier’s 
application of that discovery in 1777 to the elucidation of 
ths nature and of combustion. 

Briefly stated, Lavoisier established that substances 
burn in oxygen, and increase in weight by the amount of 
oxygen consumed, and are conv either into acids or 
aq This opened a wide vista to the chemists, and 
was an early step towards deposing the phlogistic wo 
Lavoisier’s adherents were antiphlogistics, but the 
revolution was not at once accomplished. The struggle 
was long, and such notable men as Priestley and 
Cavendish remained phlogistics. Lavoisier’s work was the 
first step towards the establishment of the doctrine of 
the indestructibility or conservation of matter. 

e, , regarded heat as a substance matiére de 
chalewr, or caloric, which was invisible, and had no 
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weight, and the conception continued until the experi- 
ments of Rumford and Davy, Séguin, Mayer, and Gually 
Joule gave us the modern conception of heat as a mode of 
motion and a manifestation of the entity to whic!: Rankine 
ad the name of energy. Not till 1843 did Joule’s 
definite measurements piace our modern doctrine of the 
i 
f 

bility or conservation of energy on a sound 

The conception of heat as caloric was undoubtedly 
useful. Such eutstanding works as Fourier’s ‘* La Theorie 
Analytique de la Chaleur,” and Carnot’s “‘ Reflexions 
sur la Puissance Motrice du Feu,” 1824, were published 
while it still held ground, and the results are true when 
viewed in the light of the present conception of heat. 
According to the caloric theory, when work was done 

by the agency of heat the quantity of heat remained the 
same, but the temperature fell, and the work was done by 
the heat falling from one temperature to another, just as 
water remains constant in quantity, but does work in 
flowing from a higher toalower level. When two bodies 
were rubbed r and heat was preduced, it was 
considered that the caloric was being ground out of 

Rumford, in 1798, in bis experiments on boring cannon, 
sought to show that he could produce heat in unlimited 
quantity. Shortly afterwards Davy produced heat by 
rubbing together two pieces of ice and thus melting 
them. Now water was put to be ice plus caloric. 
Starting with ice alone and without adding cak ric, but 
og mevely rubbing the pieces of ice together he got water 
: ich contained caloric. Where did the caloric come 
rom ? 
Séguin suspected that the heat in the condenser of an 

engine was less than the heat supplied to the engine in 
the steam, and sought to measure the loes. Mayer and 
Joule, choosing cases where practically the sole ¢ffect of 
work isthe production of heat, determined the relation 
between the heat evolved and the work done. Joule 
showed that by rubbing the water against itself heat 
was produced, and he ed the t 

All these experiments now find their complete expla- 
nation in the modern conception of beat as « manifesta- 
tion of energy. This modern conception states that 
energy may manifest itself in various forms, which we 
may designate as potential, kinetic, heat, strain, light and 
radiant energy, electric, magnetic, and chemical energy, 
that forms are convertible, and that throughout 
the transformations the sum total is constant. 

It is from this summit we look back to-day on Watt’s 
work, and to rate it at its true value we must constantly 
bear in mind that it was accomplished during the reign 
of the phlogistic theory, and ata time when the nature 
of heat was anny penperted, and its true relationshi 
were unknown. e must also take account of, and —— 
ye + ree for, the materials, tools, and craftsmanship 
of his day. 

As regards craftemanship, it was excellent in light 
work, such as clocks, watches, astronomical instruments, 
&c. ; but for heavy work it was hampered by the lack of 
suitable tools and materials. We read of the difficulty 
of boring his cylinders, of the crude way in which the 
pistons, to be steam-tight, were packed—sometimes with 

per, cork, putty, pasteboards, and old hats; and of his 
satisfaction when the difference in diameter between the 
ee and piston at any t was not more than the 
thickness of a shilling. rly boilers were made of 
copper with lead domes; early cylinders were hammered 
out or made of cast brass; cast iron was difficult to 
bore out, and needed to be about 1 in. thick, whereas 
brass could be made 4 in. thick and conducted away the 
heat faster, an advantage in the early type of Newcomen 
engine, but a disadvantage in the Watt engine. * 

Before the days of the steam-engine men had to rely for 
motive power on animals, incl g the h animal, 
on wind, and on water. From the day that the steam- 
engine was established as a suitable general method of 
obtaining power—reliable, regular, and efficient, and 
applicable to diverse industrial processes—the growth of 
industry received an enormous impetus. Pumping and 
haulage engines made it possible to pursue and win coal 
at ever-increasing depths. 

steam-engine was y ible for the in- 
crease in the output of he, ond weenie iron. It 
could supply the blast work the rolling-mills. In 
1713 the use of coal or coke in the blast-furnace, instead 
of charcoal, led to a tly increased production of pig- 

, t time we obtained a considerabie 
supply of iron from Sweden and Russia, but thencefor- 
ward, and especially after the application of the steam- 
engine, we produced an ever-increasing amount. The 
pow a wn figures will illustrate the growth in the 
output :— 

Tons of Pig-Iron.. 
1740 17,350 
1788 68, 
1796 125,079 
1806 258, 
187! 5,964, (48.8 per cent. of 

world’s output) 
1910 10,217,000 (17.2 cent. of 

world’s output) 

Fortunately, further, Cort’s processes for the producti 
f awe, and for the rolling of wrought iron, wespintes- 
duced in 1783-4. » ? 
The steam-engine made it possible to deal with larger 

masses of metal, and to uce machine-tools, both 
heavier and more accurate. ith these new tools, on the 
pay’ ey ey = ect prime movers were possible, and, 
on the , Dew machines of an increased power, 

* A number of lantern-slides were shown from s’Grave- 
sande, Belidor, and Leupold. 
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delicacy, and range of usefulness could be produced and 
driven. Muny inventions in textile manufacture were 
made in Watt's time, and all demanded power to drive 
them. Among these noteworthy advances may be men- 
tioned :— 

Hargreaves’ spinni jenny, 1767; Arkwright’s first 
atent for spinning with rollers, 1769; Crompton’s mule, 
779 ; Cartwright’s power loom, 1787 ; Jacquard’s loom, 

1800; cast iron was used for bridge-building about 1779 ; 
cast iron was used for water-pipes about 1810.* : 

In all Watt’s life, from his boyhood onward, science 
and practice went hand in hand. He was not content 
with rule of thumb, and looked for an accurate scientific 
basis for his calculations. If the necessary data were 
wanting, heattempted tosupply them. He determined the 
relation between the temperature and pressure of steam, 
and found the total heat of steam at pressures in the 
neighbourhood of those he used. He provided his boiler 
with a steam-pressure g2 to measure the pressure and 
a@ gauge to indicate water-level. He invented the 
indicator to show the working of the steam in the cylin- 
der, and a counter to record the revolutions, and de 
a unit—the horse-power—by which thé activity was 
measured. ‘ 

It is characteristic of Watt's attitude to scientific 
problems that when asked to repair a pipe-organ, he 
interested himself in the general construction of organs, 
and introduced regulators and indicators of the strength 
of blast that ‘‘no organ-builder ever dreamed of” pre- 
viously. ‘ 
He provided his workmen with rules by which the 

dimensions could be ascertained, and by means of the 
Soho sliding-rule the arithmetical operations were easily 
performed. Many slide-rules had n made, but they 
were little used, and chiefly regarded as interesting 
mathematical inventions. Watt recommended its use, 
and though for a long time it was neglected, it has 
recently again come into favour and is now largely 
employed. 

Lord Kelvin used to say that if we could measure 
a thing we knew something about it. When he 
hastened the development and application of electrical 
science by his investigations and his invention of 
measuring instruments, he repeated what Watt did for 
the steam-engine. Permanent acknowledgment has been 
made of Watt’s contributions to the science of measure- 
ment by denominating as a watt the unit which in electri- 
cal science corresponds to the horse-power. Current is 
charged for by the kilowatt-hour, and an alternating 
current which conveys no energy is called a wattless 
current. 

There is no time to touch on the useful pioneer work 
of others, such as Hornblower and Trevithick. Watt's 
engine was 60 complete that others had no difficulty in 
applying the results of his labours. Steam navigation, 
satura and the application of the engine to all kinds of 
industrial processes soon became realities. 

All he touched was benefited by his genius and skill, 
and it is fitting that once a year in his ee we 
should gather together and consider the benefits bestowed 
on mankind by the labours of James Watt. 

LapPtanD Ors.—The route by which the Lapland, or 
rather, perhaps, the ore from the Kirunavaara deposits, 
is to be shipped has been the subject of considerable 
disoussion—that is, whether it should eontinue to be 
sent, as now, principally by way of Narvik, or to an 
ini extent via Lulea. or the benefit of the 
Swedish State Railways the latter route has been advo- 
cated ; but it now seems as if the Griingesberg Compan 
means to give the Norwegian port the preference. Ib 
bas, in any case, announ: that in 1916 it means to ship 
all the ore by way of Narvik, and for that year the pro- 
duction of ore should be 3,950,000 tons, compared with 
3,740,000 tons for the eee pees. It may, however, be 
open to doubt whether the railway can grapple with this 
large quantity in one direction, although the electrifica- 
tion of the line will materially increase its capacity. 

New American RarLroaps. — The length of new 
American railroad completed last year was 1532 miles. 
This was a discouraging result, as will be seen by a com- 
parison of the annual additions to the American railroad 
network during the ten years ended with 1914 inclu- 
sive :— 

Year. Miles. Year. Miles 
1905 ee ee 4388 1910 as 7 4122 
1906 a - 5623 191) ie 2 3066 
1907 ee «e 6212 1912 ee es 2997 
1908 - ee 3214 1913 we os 3071 
1909 3748 1914 1502 

The number of freight and passenger cars built in the 
United States during the ten years was as follows :— 

Year. Care. Year, Cars. 
1905 ee -» 168,006 1910 185,357 
1906 ee +» 248,670 1911 76,407 
1907 ee -» 299,645 1912 155,489 
1908 es ae 78,271 1913 210,980 
1909 ee oe 96,419 14 108,232 

There was thus a marked contraction of new equipment 
in the past twelve months ; 1907 will be seen to have 
been the year of highest construction. 

* Slides were shown of l’apin and Savery engines, of 
Newcomen’s engine, and of Smeaton’s improvements, of 
Watt's engine for pumping, and Watt's engine with sun- 
and-planet motion, with crank. Watt’s inventions 
were summarised and described. Many of the slides were 
from Farey’s “‘Steam-Engine,” 1827, a very interesting 

whi om a short history of the steam-engine, 
and deals with the theory. design of the parts, costs, and 

CATALOGUES. 
Electric Cooking A — Messrs. Ferranti, Limited, 

Central House, Kingsway, W.C., have issued a catalogue 
giving full particulars of their electric boiling-plates, 
stew-pans, grills, ovens, and other cooking apparatus. 

Electric Mine Haulage.—We have received from the 
Electrical ineering and Equipment Company, Limited, 
of Bank Buildings, 109-111, New Oxford-street, W.C., 
a small descriptive pamphlet of electric mine-haul: 
gears manufactured by them. Examples of main, main 
and tail, and endless-rope haulage gears are illustrated, 
and the general features of their construction are dealt 
with. e electrical equipment is also manufactured by 
the firm, the motors being specially designed for hau 
work. Special —r motors and controllers are e 
to comply with Rule 8 of the Coal-Mines Regulation Act. 

Pelton Wheels and Governors. — Mr. Percy Pitman, 
of 25, Victoria - street, Westminster, S W., has sent 
us @ circular relating to his patent governors and 

ned | Pelton wheels, both of which have recently been 
illustrated and described in ENGIngERING. Mr. Pitman 
now undertakes to supply the trade with any of the 
separate parts, such as buckets, nozzles, shaft- in 

.» required for the construction of Pelton wheels. 
Engineers can thus construct efficient wheels at a mini- 
mum cost, as all the heavy and less important parts can 
be made by themselves or obtained on the site. He is 
also willing, in certain cases, to supply foreign and 
Colonia] customers with wood patterns and working draw- 
ings, so that the heavy parts can be made abroad, freight 
charges being greatly reduced by this arrangement. 

Puint.—A pamphlet giving some particulars of their 
**Zinox” paint has reached us from Messrs. John Line 
and Sons, Limited, 14, Alfred-place, London, W.C. 
**Zinox” is a white paint, in paste form, consisting of 
pure hydrated oxide of zinc, und in linseed oil by a 
— process invented by M. Petit, a French engineer. 

fore use it has to be thinned with raw linseed oil, 
turpentine, and liquid leadless driers, and, if desired, 
it may be tin with any staining colour. It is then 
suitable for all classes of interior and exterior decorating 
work, as well as for use as a protective covering for iron 
and steel work. This paint is claimed to be non-poisonous 
and practically odourless, and also to be more durable than 
white-lead paints; at the same time all the oe nee 
perties of the latter are said to be retained. ent 
results, we understand, have been obtained with ‘‘ Zinox” 
paint on the upper decks of steamships and other struc- 
tures ex to sea air. A similar paint ready for use is 
sold by the firm under the trade name “‘ Zinoxoline.” 

Cleaning Water Mains.—A pamphlet describing their 
system of removing incrustations from water mains has 
come to hand from the “Eric” (Patent) Pipe-Scraper 
Company, Limited, of Chepstow, Mon. The cleaning is 
effected by means of a machine comprising a pair of 
pistons, which are forced along the pipe by the water 
pressure, and draw behind them cutters or scrapers 
mounted on spring blades. The pistons are each com- 
posed of a double set of steel blades arranged after the 
manner of a shuttle-cock, and kept water-tight by a 
leather cup. They are connected ther, and to the 
cutters, by flexible joints, which enable the machine to 
pass round any ordinary bend in the pipe. In order to 
prevent any possibility of water-bammer action, a device 
is provided which causes the blades of the piston to be 
drawn inwards in the case of any sudden shock, thus 
relieving the pressure. Particulars of several interesting 
contracts carried out with this machine are included in 
the pamphlet, and one of the illustrations shows a pile 
of 8 tons 13 cwt. of nodules removed from a length of 
2550 yards of 7-in. water main. The firm use a cutting 
tool drawn through the pipe by means of a cable if cir- | be raised 
cumstances do not permit of the use of the pressure-driven 
machine. 

High-Specd Ti yraphy.— We have received from 
Messrs. Creed, Bilie and Co., Limited, Telegraph Works, 
Selsdon-road, Croydon, Surrey, an attractive booklet 
relating to the Creed system of telegraphy. The Creed 
apparatus comprises a keyboard perforator, a transmitter, 
a receiving perforator, and a printer. By means of the 
keyboard perforator, which somewhat resembles a type- 
writer in general poy the message is first trans- 
ferred, at the rate o 
of paper in which a series of holes is punched. By means 
of the transmitter and the receiving perforator, an exactly 
similar strip of paper is produced at the other end of the 
line at the rate of about 200 words a minute. This = 
is fed into the printer, which translates the message, an: 
prints it in large capital letters on another strip of paper, 
its maximum speed of working being 775 letters a minute. 
This strip is then neatly pasted on a form by a semi- 
automatic process ready for delivery. The pamphlet 
illustrates and describes the various instruments in detail, 
and prints statements relating to the working of the 
system by several Government telegraph administrators, 
cable companies, and newspaper owners. Several in- 
teresting installations are illustrated. 

Botlers.—Messrs. Holdsworth and Sons, Limited, of 
Croft Boiler Works, Leeds-road, Bradford (with which 
firm the Yorkshire Boiler Company, Limited, is now 

L ted), have issued an attractive catalogue giving 
culars of the different sizes of Cornish, Lancashire, 

orkshire, Cornish-multibular and vertical boilers con- 
structed a ; some examples of tanks are also illus- 
trated. The catalogue also includes the results of several 
trials carried out with Yorkshire boilers, and in one o' 
these trials an efficiency of 70.3 per cent. was obtained 
for the boiler alone. Several testimonials from users of 
these boilers are also printed, together with some useful 

about 60 words a minute, to a strip | regu 

notes and tables fur steam-users, engineers, and others. 
The “C.K.” feed- water diffuser, for cashire and other 
cylindrical boilers, is also illustrated and described in the 
catalogue. With this device the feed passes along the 
usual horizon‘al pipe inside the boiler, down a vertical 
ipe into a horizontal, cylindrical chamber resting on the 
ttom of the boiler between the fiues. This chamber is 

perforated on its upper side, so that the feed water rises 
up and thus passes round the fiues. Among other ad- 
vantages it is claimed that this device has a beneficial 
effect on the circulation in the boiler, and also assists in 
keeping it clean. The upper part of the vertical down- 
pipe, above referred to, is open to the steam space, so 
that syphonic action, due to leaky check-valves, is avoided, 
and boilers at different levels may be supplied from a 
common feed. 

Boiler Feed- Water R. .— We have received from 
Messrs. Scholey and Co., Limited, 151, Queen Victoria- 
street, E.C., a — illustrating and describing 
Cope’s feed-water regulator, for which they have recently 
acquired the British and Colonial rights. is appliance 
differs essentially from other feed-water regulators in 
that it is not intended to keep a constant water-level 
in the-boiler. The water-level, in fact, is allowed to vary 
according to the demand for steam, the water being 
lowest when the steam production is greatest, and vice 
versi. The arrangements are such that, when the 
boiler is working at its normal full load, the water-level 
is about half-way between its upper and lower limits. 
Then, if any sudden demand for steam occurs, it is at 
first supplied by the water in the boiler, the feed not 
being increased until the water-level has fallen to some 
lower value corresponding to the increased load. At 
times of light load the water-level is raised nearly to its 
upper limit, so that there is plenty of water at a high 
temperature in the boiler ready to produce more steam as 
soon asitisrequired. It will be seen that, with thisarrange- 
ment, the heat of the furnace, in the case of a momentary 
overload, is used only for evaporation, and not for heat- 
ing extra feed. The working conditions are thus more 
uniform for the boiler, and for the feed-pumps and 
feed-heaters. We cannot here fully describe the con- 
struction of the regulator, but will briefly indicate the 
principles upon which it depends for its action. The 
most essential part of the apparatus is a thermostat, 
which consists of a comparatively long inclined tube of 
Montz metal, supported by a heavy angle-iron base, and 
connected at its upper end to a vertical fork, the three 
parts being arranged in the form of a triangle. The tube 
is also connected at its upper end to the steam space of 
the boiler, and at its lower end to the water space. The 
inclination and length of the tube are such that when 
the water in the boiler is at its highest permissible 
level, the tube is full of water, and when the water is at 
its lowest level the tube is full of steam. The upper end 
of the tube is also connected to the feed-control valve 
through a bell-crank lever, which magnifies the expansion 
and contraction of the tube, and so regulates the valve. 
If, when the boiler is working at its normal load, and 
the thermostat tube is half filled with water, a sudden 
increase in the demand for steam should come on, the 
water-level in the boiler (and consequently in the thermo- 
stat-tube) will rise owing to the more violent ebullition. 
This has the effect of cooling the tube somewhat, so that 
it contracts and closes the feed-valve a little, thus reduc- 
ing the feed and allowing the boiler to respond more 
readily to the increased demand for steam. If this 
increased demand be maintained, the water-level in the 
boiler will, of course, be lowered, and the thermostat- 
tube will then expand and increase the feed, so as to 
maintain the water level constant at its lower value. It 
will be easily understood that, if the demand for steam 
be reduced to below the normal, the above-described effects 
will occur in the opposite sense, and the water-level will 

ised to some value abuve the normal. Similar appa- 
ratus, which is also explained in the pamphlet, can be 
arranged to beng a constant water-level in the boiler if 
this is preferred, as might be the case in plants not sub- 
jected to rapidly-fluctuating loads. In either case feed 
is applied to the boilers continuously, at a varying rate, 
and not periodically at a more or less uniform rate, as is 
the case with some feed-water regulators. In a 24-hour 
trial of two boilers working side by side, under exactly the 
same conditions, except that une was fitted with a Cope 
feed-water regulator and the other with a float-type 

lator, it was found that the latter opened and 
closed 192 times, while the former opened and closed only 
four times, the closed periods occurring only when the 
boiler-load was taken off. 

“Tue Guink To Sourn anp East Arrica.”—We 
have received a copy of the 1915 edition of this guide, 
which is edited annually, for the use of tourists, sports- 
men, invalids, and settlers, by Messrs. A. Samler Brown 
and G. Gordon Brown, F.R.G.S., for the Union-Castle 
Mail Steamship Company, Limited, 3 and 4, Fenchurch- 
street, E.C. It contains a vast amount of information 
on South and East Africa, carefully indexed, and illus- 
trated by a large number of admirable maps. The price 
of the guide is 1s. 

Pgat IN er ihn penag 2 A a4 —_ ro oly 
coking processes for peat are g put to the 
reeneen Bn in both cases being men of technical and scien- 
tific standing. In the meantime some new peat ex- 
ploitation stations are about to be erected, and they 
should be ready for operation this spring ; they comprise 

f| one in the neighbourhood of Lillehammer, and one at 
Ringsaker. In both these cases the N ian Society 
for the Advancement of Peat Utilisation acted as con- 
sulting engineers, 
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COBALT. 
In a certain measure cobalt still appears to de- 

serve the name ‘“‘ cobold” (goblin), which the miners 
conferred upon the fine ores they met in their 
excavations, because those ores would not smelt 
down to metal ; nickel received its name for the 
same reason. The names had further justifica- 
tion later on, when the peculiar colour changes 
of these metals, the difficulty of the separation 

of the metals and of their oxides and hydrates, 
and other peculiarities, were re ised. Of the 
metals of the iron group, cobalt is still the least 
useful. The metal was isolated by Brandt in 1753, 
and there are now plenty of cobalt ores, especially 
in Canada; but the reduction is laborious, and as 

the utilisation of metallic cobalt is limited, and 
has not advanced much beyond the “‘ promising ” 
stage, the metallurgy of the metal is not pushed 
as it might be. With a view of increasing the 
economic importance of cobalt and cobalt alloys, 
the Canada Department of Mines charged~ the 
Queen’s University, Kingston, Ontario, with con- 
ducting an investigation. The work was under- 
taken * Dr. H. T. Kalmus, in conjunction with 
C. W. Day, C. Harper, W. L. Savell, and R. Wilcox, 
and two reports have been submitted to the Canada 
Department of Mines ; abstracts—almost reprints 
—of these reports by the authors have also appeared 
in the Journal of Industrial and Engineering 
Chemistry (published by the American Chemical 
Society), of February, 1914, and January, 1915. 
Further reports are to follow. The first of these 
reports deals with ‘‘The Preparation of Metallic 
Cobalt by Reduction of the Oxide,” the second with 
‘The Physical Properties of the Metal Cobalt.” 
We will begin with the oxides. 
Oxides.—Formerly cobalt used to be brought 

on the market as a very impure oxide, which was 
sold under various names and used chiefly in 
the ceramic industry, because the cobalt blue 
stands very high temperatures. The oxide now 
producd by Canadian smelters is fairly pure. It 
contains about 70 per cent. of Co, 1 per cent. of 
nickel, and less than 1 per cent. each of iron, 
sulphur, arsenic, silica, and lime. How most of 
the impurities of this crude oxide can be elimi- 
nated in the laboratory is explained in the report 
under notice. The purified oxide, which is also a 
commercial article, is regarded as Co,0,. But 
text-books refer to nearly a dozen cobalt oxides, 
from Co,0 down to CoQ,. The existence of 
several of these oxides is doubtful, and the manu- 
facturer’s interest is practically limited to three, 
viz. : Co,9,, Co,0,, and CoO. The ordinary 
commercial black oxide is essentially Co,0,, and 
contains some Co,0, ; itis obtained from its hydrate 
by calcination at about 750 deg. Cent. This 
cobalto-cobaltic oxide corresponds to the magnetic 
iron oxide Fe,O,; heated above 910 deg. Cent., 
the Co,O, turns rapidly (slowly at lower tempera- 
ture) into CoO with loss of oxygen. The mon- 
oxide CoO generally results from calcination near 
1000 deg. Cent. ; it is obtained in two modifica- 

tions, grey and yellow-green; both are non- 
magnetic and become oxidised to Co,0, between 
385 deg. and 910 deg. Cent. The Co,O,; of the 
Canadian investigators resembled the Co,0,, and 
could not so far be obtained in the pure state at 
Kingston. 

Reduction of the Oxide.—The Deloro Mining and 
Reduction Company of Deloro, Ontario, having 
placed about 1000 lb. of commercial black oxide at 
the disposal of the investigators, they purified this 
oxide by dissolving it in hydrochloric acid, precipi- 
tating the hydrate with bleach, and calcining the 
hydrate at 750 deg. ; the resulting Co,O, contained 
72 per cent. of Co, instead of the theoretical 73.4 
per cent. This oxide was then reduced by four 
different agents. 
Reduction by Carbon.—The reduction of the oxide 

intimately mixed with carbon, both materials being 
powdered, was carried out in graphite (lined or 
unlined) crucibles or in clay crucibles, in oil-fired | C 
Steele-Harvey furnaces, or in a modified Hoskins 
electric (resistor) furnace. Up to 10 Ib. of oxide 
were used for a charge, the carbon being anthra- 
cite, charcoal, or lampblack. With anthracite, 
reduction did not become energetic until the tem- 
perature reached 1200 deg. Cent.; then the reduc- 
tion was fairly complete. In the oil furnace an 
excess of 10 per cent. of coal was required, but not 
in the electric furnace, in which much carbon mon- 
oxide was liberated. Charcoal (and lampblack 
also) effected a more complete reduction at a lower 

temperature, 900 deg. ; when briquetting of the 
charge with a small proportion of molasses was 
resorted to, the temperature was lowered to 
800 deg. The resulting metal did not necessarily 
contain more than 0.2 per cent. of carbon, and the 
power consumption in the electric furnace was 
moderate. 

Reduction by Hydrogen.—In effecting the reduc- 
tion by hydrogen the oxide was placed in an 
alundum boat which was pushed into a tubular 
electric furnace, a stream of purified hydrogen 
being passed over the oxide. The experiments 
were made at temperatures ranging from 500 deg. 
up to 1070 deg. Cent. Between 500 deg. and 
700 deg. 90 per cent. of the oxide were reduced 
within a few minutes, the further reduction being 
veryslow. At higher a complete reduc- 
tion was quickly realised, but the metal had always 
to be cooled in an atmosphere of hydrogen. 

Reduction by Carbon Monoxide.—In the similar 
experiments with carbon monoxide, the CO was 
generated oy teasing purified carbon dioxide (from 
calcium carbonate and limestone) through glowing 
charcoal (electrically heated) and over the cobalt 
oxide in a tubular furnace (silica tube, 2 ft. long, 
1 in. in diameter). Considering that nickel is 
reduced from its volatile CO compound by the Mond 
process, special interest attaches to these experi- 
ments; but no reference to nickel carbonyl is 
made in the report. Reduction of the cobalt 
oxide was quickly effected above 500 deg. Cent., 
and was complete when a temperature of 900 deg. 
Cent. was used ; at lower temperatures, 350 deg. 
to 450 deg., a partial reduction was observed, but 
the liberated cobalt decomposed the CO again, and 
carbon was deposited. The results were promising 
for the use of producer gas instead of CO. 

Reduction by Aluminium Thermit.—This was 
carried out in an ordinary thermit welding furnace 
and was quite successful. The product contained 
less than 0.1 per cent. of aluminium ; Al-Co alloys 
can also be made in this way, of course, and where 
a carbon-free cobalt is desired the method appears 
to be the simplest, though rather expensive. For 
the preparation of small amounts of very pure 
cobalt, free from carbon, the hydrogen reduction 
would have advantages. 

Propertiés of Metallic Oobalt. Density; Hardness.— 

The metal was prepared in these several ways from 
commercial or from pure oxide, which yielded 
‘*pure cobalt” (99.9 per cent. of Co) and ‘‘com- 
mercial cobalt” (96 per cent. of Co and more). 
The polished pure metal looked like nickel with 
a bluish cast; there is no mention of a slight red- 
dish tint, which is sometimes ascribed to cobalt. 
The density of the pure metal was: unannealed, 8.79 
(17 deg. Cent.); annealed, 8.81 (14.5 deg.); swaged, 
8.925 (16.5 deg.). These densities are slightly higher 
than those of other observers, except that Winkler 
found 8.9678 for the swaged metal. The Brinell 
hardness was determined on an Olsen machine, 
with a ball of 1 cm. in diameter, and a load of 
3500 1b. (asarule). The pure cobalt yielded Brinell 
numbers of about 1306 and 124 when cast from 
just above the melting-point and cooled in an iron 
mould ; annealing made little difference. With 
commercial cobalt about the same numbers were 
obtained, but the values more frequently were 
lower (down to about 100). On the same machine 
wrought iron gave Brinell numbers 75 to 100; cast 
iron, 84 to 104; tool-steels, up to 260. Ruer and 
Kaneko had found 132 for cobalt. The hardness 
of cast cobalt would appear to be considerably 
greater than that of iron and nickel, and the 
addition of carbon (0.06 to 0.37 per cent.) would 
not appear sufficient to offset the effect of slight 
variations in the heat treatment. 

Melting-Point.—The melting-point was deter- 
mined in an Arsem vacuum electric furnace, with 
crucibles of alumina, or of graphite lined with 
alundum, and with the aid of a Wanner optical 
pyrometer. These appliances gave for nickel and 
copper melting-points of 1444 deg. and 1084 deg. 
ent.; assuming these values to be correct, the 

pure cobalt melted at 1467 deg. Cent. (average of 
sixteen determinations); if the value of Bu 
and Waltenberg for the melting-point of nickel, 
1452 deg., were accepted, Kalmus and Harper 
would exactly agree with these latter workers as to 
the melting-point of cobalt. The value of Guertler 
and Tammann (Co of 98.3 per cent.) was higher 
—namely, 1528 deg. 
Strength.—The tensile strength, measured on a 

Riehle machine, of the pure cast metal, cooled in an 
iron mould and turned to test bars on a lathe, 

was about 34,000 Ib. per ad. in.; this strength was 
slightly raised (to 36,900 lb.) by annealing, very 
much raised by rolling (to 100, lb. and more in 
swaged wire) ; the tensile yield-point was very close 
to the breaking load, which was considerably greater 
than that of iron and nickel. The effect of adding 
carbon to the cobalt nearly doubled the breakin 
load, but this increase (observed in commercia 
cobalt) need not entirely be due to the carbon; the 
reduction of area and Gengiliie were also greater 
in the commercial metal. 

The compressive strength of the pure cobalt, cast 
as before, was 122,000 lb. per sq. in. (against 
20,000 Ib. for nickel); it was little lowered by 
annealing, whilst the yield-point was raised from 
42,000 Ib. _ sq. in. unannealed to 56,000 Ib. 
annealed. The impurities of the commercial cobalt 
(up to 0.3 per cent. of carbon, in addition to iron, 
nickel, sulphur, and silicon) raised the com ive 
strength to 175,000 lb. per eq. in., which was 
lowered to 140,000 lb. by annealing, whilst the 
pt oy was raised by annealing from 39,000 lb. 
to 53,000 Ib. per sq. in. 

Machining, Rolling, Swaging.—The pure cobalt 
could readily be machined on the lathe, although it 
was somewhat brittle ; the commercial metal was 
less brittle, and gave a longer turning chip. This 
commercial cobalt could also be sw: in a Dayton 
machine. The pure cobalt had first to undergo a 
heat treatment before swaging. Bars heated to 
700 deg. Cent., cooled for several hours, and then 
reheated before being put in the swaging-machine, 
crumbled at 900 deg. Cent., although not containing 
more than 0.02 per cent. of sulphur. At 700 deg. 
they still cracked ; at 600 deg. or 500 deg. they 
could be passed through two dies of the machine, 
but could not further beswaged, inspite of re-anneal- 
ing. As this behaviour might have been due to 
— absorbed by the molten metal, the bars were 
ept at 700 deg. Cent. in a good vacuum, but with- 

out any better results. Success was finally obtained 
by slowly heating the bar up to 1150 deg. and cool- 
ing it slowly from that temperature under pressure. 
For this purpose the bar was squeezed in ite iron 
mould by means of clamps and heated within the 
mould ; the outside of the mould was then chilled 
to produce contraction and pressure, under which 
the bar cooled for three or four hours; it could 
afterwards be swaged at dull-red heat. 

Electric and Magnetic Pr ies.—The specific 
electric resistance of wires 0.03 in. in diameter, of 
pure cobalt, not annealed after swaging, was 
89.64 . 10-7 ohm per cm. cube, or 0.769 » a per 
metre-gramme (about five times the resistance of 
copper); by annealing the wire in vacuo for several 
hours at a temperature of 350 deg., by the heat of 
an electric current, the resistance was decreased 
about 5 per cent.. When the annealing was done 
in an atmosphere of COs, the resistance first in- 
creased and then dropped at 600 deg. by about 
7 percent. ; this behaviour indicated the presence 
of occluded gas. The resistance of the commercial 
cobalt was increased several times by 0.5 per cent. 
of impurities ; annealing in vacuo and in CO, again 

uced the resistance, greatly this time. “The 
potentiometer method was used. Particulars of the 
test of magnetic permeability and hysteresis are to 
be published when the study of some alloys has been 
brought to a certain conclusion. 

ific Heat.—The specific heat was determined 
by heating pieces of wire with their enclosure in 
steam of 100 deg. Cent. and then dropping the 
mass into the calorimeter. The metal in these 
determinations had the composition: Co 99.73 
per cent., Fe 0.14 per cent., S 0.019 per cent., 
Si 0.040 per cent. ; Ni, C, Ca, P, none. @© mean 
specific heat found between 15 and 100 deg. Cent. 
was 0.1053, which agrees well with measurements 
made, with the same material, by W. J. Drisko at 
the Massachusetts Institute of Technology, and is 
also in fair agreement with the work of previous 
investigators, notably that of Tilden, who investi- 
gated the range — 182 to + 630 deg. Cent. 

Conclusion.—At the present time it cannot be 
said that cobalt is a matter of immediate interest 
to the engineer. It has qualities which are dis- 
tinctive, but they are accompanied by numerous 
defects. That, of itself, does not necessarily 
deprive the metal of value in the eyes of metal- 
ao We are entering upon an age of alloys, 
and the usefulness of new metals seems to lie 
rather in their ability to lend the assistance of 
certain of their qualities to other metals than in 
the possibility of them being used alone. The 
great metallurgical advances of recent years have 
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come from the skilful additions of unlikely metals 
to those of greater all-round efficiency, and the 
same result may possibly follow the use of cobalt 
when further experiment has been made of it in 
combination with better-known materials. 

SOME INTERESTING AND USEFUL 
CURVES. 

By Avouste Esnour, A.C.G.I. 
(Concluded from page 115.) 

So far, all difficulties concerning cast iron and 
mild steel have been met; but should it be desired 
to design a cast - steel or aluminium or gun-metal 
column, what will be the situation in regard to this 
new problem? Will all the labour spent in reason- 
ing out the present particular results be wasted 
when we have to deal with other metals or alloys? 
That would be disappointing, and such a conclu- 
sion cannot be accepted without an attempt being 
made to find a general graphic solution of Claxton 
Fidler’s formule, when Poth E and f are variable. 

Let it be assumed we can keep / constant for 
a time, and allow only E to vary. Taking 
that constant f, say f, in conjunction with any 
value of E, say E,, we have already learnt how 
to draw a curve picturing the relationship between 

p and 5 ; acurve like those of Fig. 4, page 114 ante, 

for instance, might be plotted ; but such a graph 
would not afford the maximum of ease obtainable in 
the course of the various operations about to be 
described. Although that curve is quite accept- 
able, it is advisable to plot the connection between 

p and 7° according to the following scheme :— 

Let the 7 straight line intersect a given vertical 

straight line, such as XX’, at a point A (Fig. 5). 
Then plot a point P such that its ordinate = ordi- 
nate of point A, its abscissa = p; draw a curve 
through all such points P. 

Clearly, if we want to find p from such a curve, 

we simply draw the © straight line, and note the 

int where it intersects the vertical datum line ; 
rom that point we draw a horizontal straight 
line to cut the curve, and read the abscissa of the 
point of intersection. 

Now, how would the result be modified if E were 
altered from the chosen value E, to some other 
value, E, ? 

Consider two columns | and 2, of equal length 1,, 
and able to resist the same crippling stress p; let 
their r and E be res ively r,, E,, and ry, Ey. 

Then, from equation (ii.), 
r;2 = r2 

R, = E, 3? Le and R, = E, 7? 12° 

But, since fa is constant, and p is the same for both 
columns, R, = Ro. 

v1 Hy wl = By 8%, or Ey rit = Ey ri i? 12 

K, 

E, 

So the crippling stress for column 2 may be got 
at by reading from the curve p for a column (1), 
such that 

oo My EM 

=, 
Kk, 

We need not work out the value of r,; we are 
only concerned with it inasmuch as it determines 
a straight line whose intersection with the vertical 
datum line gives the required ordinate to the p 
curve ; but, for columns of equal length, the height 
of the point of intersection on that vertical datum 
varies directly as r. So, if OB, Fig. 5, is the 

2 straight line cutting out BX on the vertical 

Tr, = Te 

datum, the height of the point of intersection 

for a ? straight line would be 
1 —_—— 

BX “=Bx ¥= 
r2 v K, 

This is the required ordinate to the p curve; 
but it is also the ordinate to the point $ on the 
straight line O B, whose abscissa U C is 

ox¥% 
v 

That practically means that we may find the 

ordinate to the p curve straight off, by causing the 

? straight line to intersect, no longer the datum 

line, but another vertical straight line (C D, Fig. 5) 

at a distance from 0 = 0X ¥* (06, Fig. 5). 

The distance O C we acti graphically from 

a curve such that x = OX ¥ 5 (a parabola, of 

course), values of E being measured as ordinates ; 

% Figé. 
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the parabola has not been plotted with the same 
axes as the p curve, in order to avoid confusion ; 

but, of course, the axis of Y for the two curves 
must coincide. 

In short, to find the crippling stress for a given 
column having f =/,, the value of its E should 

at the point of the parabola whose ordinate is = E 

(say K, Fig. 5); thea the point Lis marked and 

a straight-edge is laid through © and that point 

(O L, Fig. 5), the needle from the parabola is 
brought vertically downwards until it meets the 
straight-edge (at D) and is there fixed; the straight- 
edge is rotated about the needle until it is hori- 

zontal (G DH) and, on the p scale, the abscissa 
GH is read out of the p curve where the straight- 
edge intersects it. 

Variations of f are still to be considered. Values 
of p corresponding to any f may be accurately deter- 
mined from the curve drawn for f=/f,, by the 
process explained in the Appendix. But reference 
is made much easier by drawing a series of p curves 
for the same chosen E, and various progressively 
increasing or decreasing values of f. As each one 
of those curves applies to columns for which the 
ultimate or breaking stress is the same, perhaps 
the name ‘* isoclastic curves ” or ‘‘ isoclasms” may 
be coined for them. 

Fig. 7 showssuch a series of isoclasms for columns 
having E = 20,000 tons per sq. in. One isoclasm 
—viz., the f = 50 tons per sq. in. curve—was 
ae from the calculated values given in Table 
IL., the others were derived from the first by the 

graphical method discussed in the Appendix (they 
might as well have been calculated independently), 

TaBLE III.—Conmection between p (Crippling Stress in 
Z'ons per Square Inch) and r (Least Radius of Gyra- 
tion) for Columns 100 Units Long and Free at Both 
Ends, when E = 20,000 Tons per Sq. In., and £ = 50 
Tons per Sq. In. 

, ie J Pp. r. | Pp. r. p. r. p. r. 4 
oe nai ese 

1; 0.226 | 8 0.660 | 20 1.181 | 32/| 1671 | 44/ 3.02 
2), G.321 | 10 0.746 | 22| 1.208 34)! 1781 | 46 3.69 
3 0.395 | 12 0.826 24] 1.288 | 36 | 1.919 | 47| 4.95 
4) 0.458 | 14 0.905 | 26 1.871 | 38 | 2.982 | 48 | 6.19 
5! 0.514 16 0.979 | 28/ 1.461 | 40! 2295 49] 7.315 
6) 0.565 | 18 1.054 | 30/ 1558 | 42! 2.560 49.5 10.30 

On the same Fig. 7 there further appears the 
parabola of Fig. 5, but in a reversed position, the 
plane on which it had originally been drawn being 
supposed to have been rotated about its axis of X 
through an angle of 180 deg. 

Scales of least transverse dimension and area 
might be added, as well as the factor of safety 
curve of Fig. 4, thus allowing the safe load to be 
read direct from the figure ; but it has been thought 
that whatever might be thus gained would be more 
than outweighed by the loss in clearness and the 
increased confusedness of the graphs. 

The following numerical example of a column is 
worked out in order to demonstrate the method of 
reference to Fig. 7. 

E = 6250 tons per sq. in. ; f = 35 tons per sq. in. ; 
1 = 94 in. ; and r = 4.38 in. 

Starting from the reading of E (= 6250 tons per 
sq. in.) on the appropriate scale, at A, the operator 
travels horizontally until the parabola is reached at 
B; there he fixes a needle. He then finds the 
point C, having abscissa = | (94 in.) and ordinate 
=r (438in.), and lays a straight-edge to pass 
through O and C. 

He brings the needle vertically from B to touch 
the straight-edge at D, and rotates the straight-edge 
about D until it is horizontal. Note is to be made 
where it now intersects isoclasms for f = 34 and 
f =36 tons per sq. in., and the point G is found by 
estimation where it would intersect the 35 tons per 
sq. in. isoclasm, if such had been drawn; the 
abscissa of that ideal point of intersection is the 
required p (31.05 tons per sq. in.). (The result 
may be compared with the one obtained from Fig. 2 
for a cast-iron column of the same dimensions. ) 

Without digressing much longer, the author 
wishes to point out that the curves of this 
family are applicable to the almost instantaneous 
solution of many problems, engineering or other- 
wise. As instances, he would state that such 
graphs have already been plotted for the deter- 
mination of the weight of any length of round, 
square, or flat steel; for the computation of the 
horse-power of steam and gas-engines, and for 
establishing the relationship between the volume, 
the weight, the pressure, and the temperature of a 

. They seemed likely to prove helpful in the 
solution of the interwoven equations that govern 

the scientific design of reinforced-concrete struc- 

tures; a prelimioary survey of that ground was 

accordingly carried out, with the most promising 

be read on the appropriate scale, and a needle set | results 
The writer hopes, sooner or later, to publish the 

outcome of all that work when it has been com- 

pleted and brought into coherent shape, either as 

series of papers, or, better still, as an atlas of 

graphs for reference. x 

In conclusion, he feels bound to express his indebt- 

edness to the author— whose name he cannot recol- 

lect—of a paper published a few years ago in the 
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technical Press, which, although it differed in every 
respect from his own present work, certainly gave 
him the clue to the ibilities of equations with 
more than two Bios eg 

He also wishes to tender his thanks to his 
friend J, Coutanceau, not so much for his valuable 
assistance in working out or checking values for the 
curves and in preparing tracings, as for his vivid and 

g.7. 
a; 

Least Radius of Gyration (r) 

Mark out point H, having abscissa = G D, ordi- 
nate = AB, and get a straight-edge through O 
and H, to cut X X’ in L. 

; GC ae XL= ABU) = ABa//, 

XL _ fa 
AB r;° 

Tons per Sg.in. 

thi 

(38546) 2 

persistent enthusiasm, which was no negligible, 
factor in keeping up his own interest in the work. 

Appendix.—Graphica! method for obtaining p 
when f differs from a certain value f,, for which 
a p ourve has already been plotted. 

Let p, be the required p, and r,, l,, E,, f, the 
characteristics of the given column. 

Consider another column, crippled by a stress 

pz, such that 2s = P= 

characteristics
 a E,, a> let us try and find out 

what will be the value of r, for that column. 
From equation (i.a) :— 

K, and having for its 

_ fa2(1-0.6K) _ , 1-0.6K. 
ea ee 

and, similarly, 
R, = f. 120.6 K, 

1-K 

Ra a Sa - Ta? 

Re fe 2" 
Hence 

fa? = ry? fa, ra = re A/ I. 
fy Sz 

Having obtained r,, we find p,, from the p curve, 

and we know that p, = p.°2. 

The result is got at graphically as follows :— 
Let the parabola of Fig. 5 be rotated about its 

axis of X’ through 180 deg. (Fig. 6). 
Let the height of ordinate to the p, curve be 

determined (as previously set forth) for a column 
having characteristics 1,, r,, Ez. f.; take it to be AB. 

From X’ downwards, read X’ C = f,, and draw 
a horizontal straight line C D G through C, cutting 
the parabola at D. 

ep =G0r/£. 

15 20 5 80 
Crippling Stress (p) tn Tons per Sg. In. 

20 
x 

XL is therefore the ordinate to the p curve for 
column A, and p, = 0M. 

Put a straight-edge through Y and M, cutting 
GC in N. 

YG Se GN=OM yo =P, = px. 

Tue German Iron-Union Nucoriations.—The dif- 
ferent branches of the German iron industry have just 
been holding a number of meetings in order to discuss the 
present position and the outlook. As regards the plate- 
rolling mills, it was held that it was necessary to raise 
the quotations, on account of the increasing cost of manu- 
facture. No definite arrangements, at least as far as 
inland sales go, were, however, arrived at, but the works 
agreed that during the war, and in the meantime until 
the end of June, all sales to abroad should be made 

through one bureau—that of the Shipbuilding 
Steel Bureau, at Essen, which was formed after the dis- 
solution of the former heavy-plate union. The report 
that the bar-iron works had arrived at an understand- 
ing on the basis of the former bar-iron union agreement 
is not correct. At the meeting of the steel works the 
market position of the ‘‘B” products was gone into, more 
especially with reference to bar iron, and the opinion was 
generally expressed that higher prices would have to be 
insisted upon, and for the first quarter of 1915 a price of 
1124 marks net, Oberhausen, was su; , and for the 
second quarter a price of 115 marks. No binding arrange- 
ment, however, was arrived at,and there is no question of 
anything like a substitute for the old bar-iron icate 
having come into existence. There has been a discussion 
about price agreements concerning the three leading ‘*B” 
products, bar-iron, plates, and tubes as a kind of inter- 
mediate step to the contem cope Ln syndicate. It 
appears at t questionable whether such an arrange- 
= can - onion at on account of the dislike for 
conventions+of this kind which prevails in many indus- 
trial circles. The plate-rolling mills, in any case, as has 
already been mentioned, have decided not to go beyond 
an arrangement about the export business, which cannot 
be of much importance at present. For bar-iron syndi- 
cate negotiations may be said not to have commenced 

jointl 

yet. 

LITERATURE, 
—_>—— 

Modern Practice in Mining. Vol. III. Methods of Work- 
ing Coal. By Sir R. A. 8S. Repmayrneg, K.C.B., &c. 
lliustrated. London: Longmans, Green and Co. 
[Price 6s. 6d.] 

Havine in two previous volumes discussed the 
manner of occurrence of coal and of the sinking 
of shafts, Sir R. Redmayne now carries the process 
of winning the mineral one step further, He 
considers here the factors that should determine 
the laying out of a mine, so as to secure the most 
economic working, from initiation to exhaustion, 
and the nature of the conditions that render the 
adoption of particular mechods as the most suit- 
able for facilitating mining operations. It might 
be thought that the experience gained in coal- 
mining is so great that there is little or no oppor- 
tunity for originality, that all the facts have been 
mastered and systematised, and that the mining 
engineer can only follow tried precedente, more 
especially as legislation hampers initiative by 
requiring the fulfilment of a definite routine 
arranged to meet given conditions. But probably 
every mine brings a new set of problems, and 
it often becomes necessary to make precedents 
as well as follow them. It is generally admitted 
now, that in deep mines worked under what is 
known as the ‘‘ long-wall” system, as distin- 
guished from the ‘* bord-and- pillar” method, 
great improvements have been effected; there is 
less waste of coal, less consumption of timber in 
roviding supports, and generally greater safety 
3. the operators. Yet long years were required 
to bring home these facts and overcome the con- 
servative methods sanctioned by uniform practice. 
Only half a century ago, nearly all coal-mines 
were worked with slight modifications of the 
‘*bord-and-pillar ” system, as is still the case in 
the Durham coal-fields, which has been the train- 
ing ground for so many experts. This does not 
mean that Durham engineers adhere obstinately 
to obsolete methods, but that conditions obtain 
there which are peculiarly fitted for the ‘‘ pillar ” 
system, and the danger is rather that a system 
might be introduced into other districts where, 
starting from initial conditions, another plan might 
rove more economical. Having regard to past 
Steam it is not impossible that ingenuity may 
devise fresh methods, or variations of known 
methods, as much in advance of ‘‘ long-wall” as 
that methcd is superior to older forms. At least, 
we gather that, in the opinion of H.M. Chief In- 
spector of Mines, further improvements of a 
generic character are possible, and this book, 
written as a guide to those about to enter the pro- 
fession, is as suggestive in developing untried as it 
is rich in typical examples and historical informa- 
tion. 

ln deciding the system of working and the plan 
of laying out the mine, a point of paramouut im- 

rtance is to select such a plan as shall ensure as 
far as possible the complete exhaustion of the mine. 
In these days, when greater attention is paid to the 
longevity of the mine, and supervision is more 
strict, doubtless this point is adequately con- 
sidered ; but in the past, we imagine, the mineral 
wealth of the nation was sadly squandered. It was 
easy to devise a method that for a while should 
ensure a sufficient return on the capital expendi- 
ture, if the precautions that made provision for the 
future were neglected, and mineral-owners and 
mine-lessees were content to extract only the most 
valuable and easily-procurable coal. In such un- 
economical schemes there comes a time when there 
is still coal, valuable coal, in the mine; but it 
cannot be worked at a profit in competition with 
more skillfully-planned methods, and the mine is 
abandoned as unpayable. The loss to the nation 
by reason of unworked coal is well known to the 
engineer, but it is not appreciated by the public. 
Tn those periodic panics, when we are reminded 
that our national stores of ene are strict] 
limited, and a more economical use of coal is a 
we are accustomed to see estimates of the number 
of acres of coal still available, multiplied by the 
number of tons to the acre, and the _ total is 
reassuring. But such estimates rarely show what 
is the percentage of inevitable loss due to a 
We hear much of the wasteful consumption of fuel ; 
the cheerful domestic fire is condemned by the 
aang who see a shortage lurking in the near 
uture; the extravagance of the reciprocating 
engine is compared with the less costly turbine ; 
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the possibilities of the gas - engine are loudly 
acclaimed ; and many are the schemes that are 
bruited to make available more of the total energy 
in the coal. But few have computed with any 
degree of accuracy the wastage at first hand, or 
considered the energy that is lost in the ‘‘goaf,” 
or worse than lost, since it may conceal a source 
of danger that makes itself apparent in ‘‘ gob- 
fires’ or spontaneous combustion. 

The author, however, goes to the root of the 
matter, and makes evident the loss due to in- 
complete exhaustion by pointing out the con- 
ditions that led to the adoption of the ‘‘ bord-and- 
illar” system, and the causes that, operating in 

its favour, enabled the method to hold its own so 
long unchallenged. He compares the primitive 
method with later improved modifications that 
have been evolved through the development of the 
industry, compelling the adoption of less wasteful 
methods. In days when the mineral was encoun- 
tered near the surface, it was natural to leave 
standing in the neighbourhood of the shaft huge 
pillars of unworked coal, as support for the over- 
lying material, with the intention of recovering the 
coal in these shaft-pillars when the more remote 
portions of the mine had been exhausted. The 
size of the pillars was an important factor. If they 
were left too small, the coal in them was crushed 
and rendered unsaleable. If too bulky, the actual 
work of mining had to be conducted at a distance 
from the shaft, and the working expenses were 
in As a rule the supporting-blocks were 
left too slender, and suffered such deterioration 
that they not infrequently became derelict. With 
increasing depth of mine, these pillars were left 
more and more solid, but, as a matter of calcula- 
tion, it is evident that there is a point when the 
pressure of the superincumbent strata exceeds the 
crushing stress of coal. This depth will depend on 
many variables, but at a depth of about 4000 ft. 
the statical pressure must approach the cohesive 
strength of the coal, and if allowance is made for 
lines of weakness or intrusive dykes, this critical 
depth may be reached earlier, and, in any case, 
protective measures will be necessary. The size of 
the pillars has to be very rapidly increased with the 
depth. Two examples are given : in one, when the 
depth below surface was 750 yards, the diameter 
of the shaft-supporting pillars was 600 yards ; in 
the cther case, with a depth of 433 yards, a dia- 
meter of 200 yards was considered sufficient support. 

If the pillars in the old workings were not 
sufficiently massive, the ‘‘ bords,” or roads, through 
the mine, usually driven at right angles to the 
main cleavage, were made wide, and the ‘‘ walls” con- 
necting the ‘‘ bords”” as narrow as consistent with 
haulage and travelling. The system was extravagant, 
an enormous amount of coal being sacrificed. In 
only a few instances would more than 65 per cent. 
of the available area be recovered. So late as the 
beginning of the last century, before the great drain 
on the coal-flelds became manifest, itis assserted that 
under no mode then practised could more than 
454 per cent. of the contents of a fiery seam be 
obtained. With a greater output, with deeper pits, 
and with a demand for more economical working, 
the necessity for improved methods made itself 
felt, and the advantages of leaving far larger pillars 
in the first working of the mine, and the recovery 
of the coal in them in the second working, were 
perceived. Then arose the ‘‘ panel” system, a 
decided advance on the simple ‘‘ bord-and-pillar,” 
since it provided some defence against the evils of 
** creep ’’—that is, the filling up of the roads, due 
to the pillar being forced through a soft, yielding 
floor, and ‘‘ thrust,” the crushing of the coal in the 
pillar owing to the floor being composed of a hard 
ungiving material. In the ‘‘ panel” system, the 
modern development of the original ‘‘ bord-and- 
pillar,” the seam is divided into districts of, perhaps, 
30 acres or more, each district or panel” treks 
separated from the one adjcining by a barrier of 
solid coal some 30 to 60 yards wide, which, when 
the district has reached its Soundary, is worked 
off at the same time as the pillars. Variations 
of this general scheme will be caused by the 
nature of the seam to be worked, its inclination, 
thickness, and other factors. The more charac- 
teristic deviations are known as ‘‘ the single and 
double stall ” method, which offers the advantages 
that a larger number of hewers can be employed in 
a limited area, and a less length of roadway has to 
be maintained for a given output ; and the ‘‘ wide” 
or ‘* square work” method, a sati method of 
working thick, flat seams, but which is apt to prove 

wasteful. It will happen occasionally, as in the 
South Staffordshire coal-field, that the seams are 
very highly inclined, approaching the vertical. 
Locally such steep seams are known as “‘ rearers,” 
and have to be worked by particular devices, into 
which the author enters with some careful detail. 
Although the general plan offers little difficulty, 
authorities differ on minor points which need not be 
considered here. The author’s descriptions and 
examples are adequate and lucid. 

The great competitor with the various forms of 
‘** bord and pillar ” is the ‘‘ long-wall ” tape the 
main feature of which consists in entirely recover- 
ing the coal in one working and packing the vacancy 
with stone. In the ordinary ‘‘ long-wall,” the 
travelling and ventilating are maintained through 
the ‘‘ goaf”’ or waste, but in a variation known as 
the ‘‘ retreating” system, the roads are driven out 
to the boundary, and the coal worked ‘‘ home” 
towards the shafts, a method to be recommended 
on grounds of safety, but necessitating a con- 
siderable loss of time before a return can be ex- 
pected on the capital. As in the case of the 
‘**bord and pillar,” that the ‘‘longwall” has, to a 
considerable extent, superseded, modifications in 
the general plan will be required when working 
inclined seams and thick seams; for, as a rule, the 
**long-wall” in its simplest form is peculiarly 
adopted to thin seams, or where the seam is inter- 
stratified with a layer or bed of stone, a difficulty 
that in the old days often led to a sacrifice. There 
are other conditions connected with the character 
of the roof and the hardness of the coal that will 
make themselves felt practically, necessitating 
peculiar treatment ; but here again detail interferes 
with the general process. Very valuable and 
illuminating are the author’s analyses of the con- 
ditions that obtain in certain selected examples, 
both in Great Britain and on the Continent. 

We have not touched upon the measures neces- 
sary for providing adequate support to the mine 
during working, or for securing the safety of the 
miners, the two being narrowly connected. In these 
days of war stress, when suitable timber cannot 
be relied on for supports, some substitute is prob- 
able. Reinforced concrete, which has been found 
useful in some of the deepest mines for carrying 
the pressure, will probably find a new application. 
There are two other factors that have to be kept 
in view with every suggested improvement or 
innovation. These are the working costs and the 
requirements of the various mining and workmen’s 
Acts, codified to a great extent in the Mining Act 
of 1911. The author pays great attention to these 
points, making the book worthy of his reputation. 
Owing to its eminently practical character, it 
should prove very welcome to those interested in 
the working of coal-mines. 

The Devilopment of British Locomotive Design. By E. L. 
AHRONS, on: The Locomotive Publishing Com- 
pany, Limited, 3, Amen Corner. [Price 5s. 

Tus book, the author states, consists largely of 
matter contributed in the form of a series of 
articles to the Locomotive Magazine, ‘‘ revised for 
publication in book form.” We are inclined to 
think that the revision might have been a little 
more thorough. The work still bears the impress 
of a magazine style, and is hardly up to the level 
of works intended for more or less permanent 
interest. With the selection of material we can 
hardly quarrel, of course, since the author of such 
a work is quite entitled to include in it, or discard, 
any examples he may please. There are, however, 
a few points which have attracted our — 
attention. For instance, why in a work relating 
to British design introduce an account of the 
Krauss - Helmholtz truck, of which the author 
himself uses the following expression ? :—‘‘ Strictly 
speaking, this form of truck does not come within 
the description ‘ British locomotive design,’ as it 
has, unfortunately, never been used in this 
country.” Again, the fact that one small indus- 
trial tank-engine fitted with a Brotan boiler has 
been built here for private works does not, 
in our opinion, warrant the connection of this 
development with what may be considered British 
practice. 

In certain cases we are inclined to think that 
the author has overlooked more notable examples 
than those he has included, while in giving reasons 
there is apparent at times a lack of appreciation of 
engineering, and the savour of an attempt at a 
little literary flourish. It is of little permanent 
interest to record the fact that the author fired 

for some weeks on one of the locomotives illus- 
trated, while in view of certain events of 1899 the 
author’s account of the derivation of the wide 
fire-box boilers on the Great Northern Railway 
from the old broad-gauge Great Western Railway 
is far from convincing. Further, while we com- 
mend him for acknowledging his indebtedness to 
so large a number of people for assistance rendered 
in compiling his book, it becomes a little mono- 
tonous to read page after page that ‘‘ through the 
kindness of Mr. the author is able, &.” 
How many times such acknowledgment is made 
in this book of rather more than 200 pages we 
would not like to guess. The place for that sort 
of thing is in the preface, where, unless the case 
is exceptional, the matter may be dealt with, 
briefly or at length, and dismissed once for all. 

Probably what we have said will convey the 
impression that this work is in reality a sort of 
interesting scrap-book. The author has displayed 
an immense amount of assiduity in its compila- 
tion. Some of the developments placed on record 
are unique experiments, but of historic interest. 
The engineering side is not taken very seriously, 
but the book contains a collection of information 
not hitherto put together in this way. More —_ 
will probably find their way on to the bookshelves 
of the railway enthusiasts than into the drawing- 
office. 
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sion 1913-14. London: Charles Griffin and Co., 
Limited. [Price 7s. 6d. net. ] 

Transactions of the American Society of Civil Engineers. 
Vol. LXXVII., December, 1914. New York: The 
Society. 

Willtina’s Press Guide and Advertisers’ Directory and 
Hand-Book. Forty-second year. A concise and com- 
rehensive index to the Press of the United Kingdom. 

don: James Willing, Limited, 125, Strand, W.C. 
[Price 1s.] 

The Practical Engineer Electrical Pocket-Book and Diary 
for 1915. London: The Technical Publishing Com- 
pany, Limited. [Price 1s. 3d., and 1s. 9d. cloth.] 

The Practical Engineer Pocket Book and Diary for 1915. 
London : The Technical Publishing Company, Limited. 
[Price 1s. 3d., and 1s. 9d. cloth. ] 

The Sanitary Record and Municipal Engineering Ycar- 
Book and Empire Directory of Municipal Authoritics 
and Officials for 1915. Thirty - third year. London : 
The Sanitary Publishing Company, Limited, 55, Chan- 
cery-lane, W.C. [Price 5s. 4d., post free.] 

The South American Year-Book and Directory (Incor- 
porating the South American Railway Year-Book, 
South American Annual, and South American Blue- 
Book), 1915. Containing General Information relating 
to the Ten Republics of South America, British, Dutch 
and French Guiana, the P. Canal, the Falkland 
Islands, and Trinidad. London: The Louis Cassier 
a seam Limited, 33, Bedford-strees, W.C. [Price 

3. 

Chiffons de Pazier: Ce Qu’sl Faut Savcir des Origines de 
la Guerre de 1914. Par DanieL Brwvet, Professeur a 
l’Ecole Libre de la Société d’Economie Politique de 

[Price 50 cen- Paris. Paris: Plon, Nourrit et Cie. 
times. } 

THE GEARED-TURBINE MAOHINERY 
OF THE “TRANSYLVANIA.” 

(Concluded from page 137.) 

Havine in our previous article described the general 
arrangement of the propelling machinery of the 
Transylvania—the largest steamer so far fitted with 
mt turbines—we give in this issue detailed draw- 

ings of some of the interesting units. On the oppo- 
site there are reproduced drawings of one of 
the boilers (Figs. 23 to 28). On page 186 are illustra- 
tions of the manceuvring-valve (Figs. 29 to 36), on 
Plate XVI. details are given of the steam-strainers 
between the boilers and the turbines (Figs. 37 to 42). 
The condensers are illustrated on the same Plate 
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MANCZEUVRING-VALVES FOR THE TSS. 

CONSTRUCTED BY 

mand 

VIEW SHOWING THROTTLE 
VALVE INDEX. 

(4303 K) 
! ! ! ' 

=a a" 

ee 

is shown in Fig. 29. Fig. 3lis a 
detail section of one of the valves 
shown in position in Fig. 33. The 
simplicity and completeness of 
control which these manceuvring- 
valves gave were very evident dur- Fig 35. 

ke —-----70. iS 
Steam toL P Asterr. Steam) to L.P Ahead 

! i 1 | ! ' ‘ ‘ ' 

4 “=== == 108 

(Emergen cy) 

----- 1-0 

as ae | | 

ing the trials of the vessel. In 
addition to the direct steam con- 
nection to the low-pressure turbine 
referred to above, a by - ing 
device is provided for cutting out 
the low-pressure turbine, and pass- 
ing the exhaust steam from the 
high-pressure turbine direct to the 
condenser. 

The condensers, two in number, 
are of the *‘ Uniflux” type, and 
are designed to give a high vacuum 
at all the sea temperatures likely 
to be encountered on service. The 
circulaving-pumps, of centrifugal 
type, are capable of passing over 
13,000 gallons of cooling water per 
minute through the tubes. The 
engines driving the pumps are of 
single-cylinder enclosed forced- 
lubrica'ion type. Drawings of the condeneer are 
reproduced in Figs. 43 to 47, on Plate XVI. The 
shell of the condenser is of steel, and the water-ends 
of cast iron. It will be noted that the water passes 
twice along the full length of the condenser. Three 
examination-doors are fitted to each end of each con- 
denser. Details of the joints between the doors, 
water-bexee, tube-plates, and shell are given in 
Fig. 47, on Plate XVI. 

tach set of turbines operates a propeller shaft, the 
vessel being driven by twin screws, and each set 
includes, as shown in Figs. 48 to 50, one high and 
one low-pressure turbine. Each of these drives a 
pinion engaging with a gear-wheel of nearly 120 in. in 
diameter, giving a reduction of 12.5tol. The gear- 
ing is of the double helical type, having a spiral 
angle of about 44 deg. ; the depth of tooth engaging 
isonly about 3 in., but this does not seem so strange 
when one takes into consideration the peripheral 
speed, which is approximately 3700 ft. per minute, 

—, 

r--—-- 70, 

while the number of teeth engaged at all times is 
over 50. The wheel and pinions are each stepped, 
dividing the tooth portion in two, to facilitate tooth- 
cutting, and also to provide a centre bearing on the 
pinion-shafts to prevent distortion, due to the load 
upon them. The pinions and wheels are clearly 
shown in the sections through the gesr-casing in 
~~ 50 to 53, on Plate X VIL. 

‘he principal factor to contend with, after securing 
a well-cut gear, is efficient lubrication ; this is brought 
about by having sprayer-nozzles set at convenient in- 
tervals to spray the oil on the engaging teeth. This 
point, as does also the class of oil, determines the 
silent runn'ng of the gearing, as, if well designed and 
looked afier, the metals of the engiging teeth do not 
come into contact, but have a film cf oil forming a 
cushion between them continuously. The doors 
carrying the oil-sprayers may be seen in Fig. 52. 

The turbines are connected to their respective 
| pinions through specially-designed flexible couplings, 

“TRANSYLVANIA.” 

MESSRS. SCOTTS’ SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GREENOCK. 

THRO’ 7° 
AHEAD VALVE. 

SECTION 
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DETAIL OF GUIDE BRACKET 

shown in Figs. 48 and 49, which allow for relative 
movement between turbines and gearing, due to 
expansion and contraction. The high-pressure and 
low-pressure turbines are of the Parsons type, with 

reaction blading. The high-pressure drum is in two 

steps, one being 18 in. in diameter, and the other 

24 in. in diameter, the mean blade heights on each 

being 1.3in. and 2.6 in. respectively. The low-pressure 

ahead drum is 32 in. in diameter, and the mean 

blade height 5.8 in. The astern turbine is incorpo- 

rated with the low-pressure turbine, and is in this case 

placed at the forward end. It is of the impulse 

reaction type, the impulse blading dealing first with 
the steam from the boilers. 

The machinery trials of the Transylvania took place 

on Wednesday, October 28, 1914, over the Skelmorlie 

course. The weather was good. Rune onthe measured 

mile were made at speeds of from 104 knots up to 

full speed, and were followed by a run to Liverpool, 

at which port the ship was handed over. The shaft 
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horse-power of the main engines was measured bY 
means of ee torsion-meters placed i? 
the tunnel. The shafts on which these meters were 
placed had been experimentally calibrated at the 
makers’ works, so that the power delivered was 
closely known. A tank and water-measuring orifices 
were fitted on board for the trials, and these 
means water-consumption readings were obtained 
under different conditions. From the readings taken 
on trial, it was found that for 164 knots a shaft 
horse-power of 9350 was required, the revolutions 
of the propellers then being 128.5 per minute. At 
13 knots the shaft horse-power was 4000, and the 
propeller revolutions 983. Under these conditions the 
Admiralty coefficient equalled 350. During the high- 
power runs, the exhaust steam from the auxiliary 
machinery was led to the low-pressure turbines and 
a portion of it was taken to the heater. The water 
consumption rate of the turbines under these condi- 
tions was 12.35 lb. per shaft horse-power per hour, 
but at full power this will be considerably less. The 
trials were conducted without the use of any of 
the by-pass valves on the turbines. The machinery 
worked well under all conditions. Any anticipations 
which may have been entertained of a considerable 
noise from the gearing were happily dispelled. The 
usual tests to determine the manceuvring qualities of 
the machinery were made, and during one of the full- 
power runs, through the close approach of another 
ship, the orders to stop and to go full speed astern 
were given. These were quickly carried out, and the 
ease with which the change over was made was very 
marked. The guests, who were in the dining-saloon 
at the time, were quite unaware that the machinery 
had been stopped. 
The ship, with its machinery, was construct:d by 

Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, and the gearirg was cut by the 
Parsons Marine Steam-Turbine Company, Limited, 
Wallsend-on-Tyne. 

THE ANCHOR LINER ‘ TUSCANIA.” 
Tue twin-screw geared-turbine Anchor liner 

Tuscania, built by Messrs. Alexander Stephen and 
Sons, Limited, Linthouse, has completed her trials on 
the Firth of Clyde, and is now being prepared to take 
up her station on the New York and Mediterranean 
service of the Anchor Line. The feature of the vessel 
is the adoption of Parsons geared turbines. Along 
with the sister-ship Transylvania, built by Scotts’ 
Shipbuilding and esinention Company, Limited, 
Greenock, for the Cunard Line, the vessel is the 
largest so far fitted for the Atlantic service. It is 
notable that the first turbine steamer to cross the 
Atlantic was built by Messrs. Stephen and Sons in 
1903 ; this was the yacht Emerald. They had the 
further distinction of building one of the first two 
turbine Atlantic liners to go on service—the Virginian, 
for the Allan Line, and the sister-ship, the Victorian, 
the latter constructed by Messrs. Workman, Clark 
and Co., Belfast. The Tuscania, however, is a dis- 
tinct step in advance of the Virginian, especially 
in respect of the machinery. The earlier ship, 
completed in 1905, had a length of 520 ft., a beam of 
60 ft., and a depth of 41 ft., the gross tonnage bein 
10,750 tons, and the displacement, when fully load 
to a 29-ft. 6-in. draught, 17,000 tons, The Tuscania 
of the present day has a length of 548 ft., a breadth 
of 66 ft. 3 in., a depth of 45 ft., and a gross tonnage of 
14,348 tons, with a displacement when fully loaded 
to 30 ft. 6 in. of about 22,000 tons. In the earlier 
vessel the accommodation was tor 1650 passengers of 
three classes, 470 first class, 180 second class, and 
1000 third class ; while in the latest ship built for the 
Atlantic service by the firm there is room for 2500 
passengers, including 300 in the first class, 200 in the 
second class, and about 2000 in the third class. 

The power in the Virginian was 12,000 shaft horse- 
power, the turbines driving three shafts at 280 revolu- 
tions per minute and giving the vessel a speed of 
19 knots. The high-pressure turbine operated the 
centre shaft, and the low-pressure ahead turbines the 
wing shafts, the two latter having astern turbines. 
The turbine design showed a saving in weight of 
400 tons as compared with a triple-expansion engine 
installation, while the coal consumption was proved 
to be 1.4 per equivalent indicated horse-power. The 
geared turbines in the Tuscania develop 11,000 shaft 
horse-power, and on trials on the measured mile gave 
& mean speed of 17.65 knots, with the turbines running 
at 1700 revolutions and the propellers making 136 
revolutions. As regards economy, the water a 
tion for the turbines only has been reduced from 14 Ib. 
per shaft horse power per hour in the Virginian to 
11.25 Ib. pershaft ieenll qomen per hour in the Tuscania. 
These figures show a very satisfactory improvement, 
and indicate that not only has great pregress been 
made with the Parsons turbine, but that Messrs. 
Stephen continue to contribute satisfactorily towards 
the development of marine propulsion. 
On Plate XVIIL. we give two views from the forward 

end of the port set of turbines of the Tu:cania with 

condenser, one view being without the top half of the 
casings, and the other with the machinery closed in. 
On Plate XIX. there is reproduced a broadside view 
of the same set of turbines, the blading and helical 
gear being very well shown, as the top parts of the 
covers are entirely removed. The turbines, it should 
be said, are exactly the same design as those in the 
Transylvania, described in the preceding article. On 
Plate XVII. are reproduced the drawings of the tur- 
bines and gear of this latter vessel, and, as already ex- 
plained, the description given will apply also to the 
engines of the Tuscania, and it is not therefore neces- 
sary to refer further to the turbines. 

The two views on Plate XVIII. show well the 
governing arrangements, and of these a brief descrip- 
tion may be given. The gear consists of a revolving 
eccentric disc, fixed to the horizontal shaft, which 
drives a Proel governor. The governor is connected 
to a lever, to which a loose wheel is attached, so that 
when brought into gear with the eccentric-disc, the 
wheel is thrown to one side, and so operates the 
actuating valve on the manceuvring gear (see page 186). 
The governors are principally intended to come into 
operation if a shaft should break, as the geared tur- 
bines are not affected by the propellers racing to the 
same extent as reciprocating engines; they can be 
driven nearly at full speed in heavy weather. 

All the bearings are under forced lubrication by 
means of Weir’s pumps, one pump for each set of tur- 
bines, while another is held in reserve. In the broad- 
side view on Plate XIX. are seen the oil-pipes leading 
to the bearings, and also to the nozzle-boxes of the 
gear-cage, from which five jets of oil are sprayed on 
the pinion-wheels. On the one side the jets are under 
the pinions, and on the other eide they are above, so 
as to ensure that they are always running in a con- 
tinuous cushion of oil, which obviates any noise 
from the gear. The oil from the bearings and 
gear-case drains into a tank receszed into the double 
bottom of the ship, whence it is pumped by the oil- 
pumps and discharged through water-circulated oil- 
coolers back to the bearings. Owing to the high 
number of revolutions at which the turbines run, 
special attention has been given to providing means 
for showing that the flow is maintained continuous. 
In the end views on Plate XVIII. the oil-outlets are 
seen led into a vessel, so that when the lid is open the 
flow of oil can be seen, and, as an additional pre- 
caution, this vessel contains a float electrically con- 
nected to a bell and red lamp. The large bent pipe 
from the strainer to the middle of the low-pressure 
turbine is only intended to be used to allow the exhaust 
steam from the high-pressure turbine to pass direct 
to the condenser, should the low-pressure turbine be 
disabled. 

The condensers—and the auxiliary machinery gene- 
rally—co md to those of the Transylvania, while 
the boiler installation is almost exactly the same. 
The whole of the machinery, it may be said, has been 
constructed by the builders to the requirements of the 
Board of Trade and the British Corporation, as well as 
to conform to American and Italian laws, as the 
vessel will be used in the Mediterranean service for 
part of the year. 

The vessel proceeded on her steam trials on the 
measured mile at Skelmorlie on the Ist inst., under 
moderate weather conditions. Progressive runs were 
taken, ranging from 114 knots to full speed. The 
machinery throughout worked with complete satisfac- 
tion. The results are tabulated :— 

Revolutions. 
| Steam. Vacuum Speed.| Slip. | 8.H.P. 

Turbine. Propeller. } 

ee) Se knots. |per cent 
1387 lll 200 28.7 4.6 | 10.8 5,700 
1582 127 200 28.4 16.5 12.0 8,600 
1707 137 200 28.3 17.65 12.6 10,900 

It may be added that, as regards accommodation, 
the first-class public rcoms are fitted on the prome- 
nade or ‘‘A” deck, and consist of a writing - room, 
lounge, smoke-room, and garden lounge. These 
rooms are all fitted up in a most attractive style, and 
special attention has hese given to the lighting and 
ventilation, both natural and artificial, First and 
second-class state-rooms are situated on the bridge- 
deck and shelter-deck amidships, and are all of large 
size and handsomely furnished, and all built of special 
fireproof material to Messrs. Stephen’s patents. The 
smoke-room and drawing-room for second-class pas- 
sengers are on the shelter-deck at the after end of the 
bridge, and in the fittings and furnishings everything 
has been done that would commend itself to ensure 
the comfort and pleasure of this class of passengers. In 
the shelter ’tween-decks are the dining-saloons for both 
first and second-class passengers. These rooms occupy 
the full width of the ship, as does also the space be- 
tween them, which is occupied by the galley, pantries, 
eculleries, &c. The remainder of the shelter-deck is 
devoted to the accommodation of the ship’s engineers’ 
and crew’s quarters, as well as the hospitals, lavatory 

accommodation, and promenade for third-class pas- 
sengers. Third-class passengers’ dining-saloon, with 
bakery, galley, pantry, and scullery, &c., are fitted in 
the main ‘tween decks amidships, the remainder of 
the deck being taken up with accommodation for 
third-class and crew’s quarters. 

Refrigerating chambers and other store-rooms are 
fitted in the orlop ’tween decks forward of the ma- 
chinery space. The installation for electric lighting 
ison a very complete scale, and an emergency plant, 
motor-driven, is fitted for use in the event of the 
three ordinary dynamos being put out of action. 
Heating and ventilation have received special atten- 
tion, part of the accommcdation being heated by 
steam and part by the thermotank system. In addi- 
tion to a complete installation of natural ventilation, 
electrical fans, as well as the thermotank system, 
are employed. The sani arrengements are 
thoroughly up-to-date, distinct water services being 
fitted throughout the accommodation ; and for fire- 
extinguishing purposes there is, in addition to the 
usual water service and hose arrangement, a complete 
installation of steam fire-extinguishing pipes, fitted 
with the Rich arrangement of fire-indicating. 

Life-saving appliances have been provided to meet 
all the requirements of the International Conference 
for the Safety of Life at Sea, the number of lifeboats 
installed being fifty. The arrangements for handling 
these are of the most improved description, Welin 
quadrant davits being fitted, and special steam-winch 
arranged for working the falls. A complete installa- 
tion of water-tight doors on the Stone-Lloyd —— 
has also been —_— the doors being operated from 
the bridge-deck. 

For the handling of large general cargoes, which the 
vessel is designed to carry, powerful steam-winches 
and steel derricks are fitted at the hatches. Coaling 
will be effected through the ship’s side, 34 ocoaling 
ports and shoots being fitted for this purpose. 

MARTIN’S TWO-.CYCLE SEMI-DIESEL 
ENGINES. 

Tue well-deserved popularity of the two-cycle hot- 
bulb or semi-Diesel engine is directing the attention 
of designers toward the perfecting of this simple type 
of prime mover. The chief objection to the type— 
namely, the fact that in early examples it proved 
rather uneconomical com with the four-cycle 
engine—has been gradually reduced, if not actuall 
removed, while other advantages often prove onseed- 
ingly attractive. In many quarters, when an engine 
is run intermittently, the actual fuel consumption, 
——s it is within reasonable limits, is not a 
eciding factor. Much more important are often euch 

points as ease of starting, reliability, &c. In this 
respect the hot-bulb semi-Diesel engine has an un- 
doubtd advantage over some other forms, and it is 
little wonder therefore that it has been —_— im- 
proved since it was first taken up seriously a few 
years ago. 

This type of engine was much in evidence at the 
Royal Agricultural Show, and also at the Smithfield 
Club Show last year, at both of which Messrs. 
Martin’s Cultivator Company, Limited, of Stemford, 
showed several examples. These engines we now illus- 
trate in Figs. 1 to 15, on pages 188, 189, and 192, and, 
as we will proceed to point out, they embody several 
interesting features. The vertical engine illustrated 
in Figs. 1 to 13 8 the same details of design as 
the others, and for the moment we will therefore con- 
fine ourselves to this. The engine illustrated gives 
9 brake horse-power, and has a single cylinder, 7 in. 
in diameter, the stroke being 8 in. e normal s' 
is 475 revolutions per minute, and we can testi y 
the steadiness and quietness of the running. Fig. 
shows a longitudinal section, Fig. 2 being a p 
Fig. 4 is @ cross-section, and Fig. 5 an end view 
with the belt-pulley and governor removed. Fig. 3 
is a horizontal section across the cylinder. The 
iston is shown in detail in Figs. 6 to 9, while 

Figs. 10 to 12 show the fuel-pump and governor 
gear. The general view, shown in Fig. 13, will 
at once convey the impression that the engine is a 
simple machine of very workmanlike appearance. As 
in other two-cycle machines, this machine com- 
presses the scavenging air in the crank-case. It is 
drawn in through a grid in the base, and parses up 
through a passage shown at a, in Fig. 4. Itisdrawn into 
the crank-case through a flap-valve, which is adjust- 
able, co that the degree of compression can be regu- 
lated. On the down stroke of the piston the air is 
forced into the cylinder through the passage b, to be 
seen also in the outside views, Figs. 5 and 13. On 
entering the cylinder it strikes against the piston, is 
deflected upwardr, ard then passes out to the 4 
sion-box, carrying the products of combustion with it. 
It will be seen that the lower part of the crank-case 
is solid with the engine-base. To the base is bolted 
the upper above which is fixed the cylinder. 
The cylinder and head are interesting. The head is 
fixed to the cylinder, but fits over the jacket-walls, 
with which the joint is made by means of a rubber 

to 
1 
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9-BRAKE-HORSE-POWER TWO-CYCLE SEMI-DIESEL ENGINE. 
CONSTRUCTED BY MESSRS. MARTIN'S CULTIVATOR COMPANY, LIMITED, ENGINEERS, STAMFORD. 
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ring, as in the jacket of gas-engines. Thus indepen- 
dent expansion of the cylinder and jacket is provided, 
and only one metal-to-metal joint between the 
cylinder casting and head has to be made. The 
head is water-jacketed. It contains a moderately 
wide neck, opening out for the bulb, which is a 
separate dome-sha casting. The hot bulb is not 
bolted down, but is held down by the cover, which 
forms a ring pressing evenly all round on the flange of 
the hot bulb. These features have contributed very 
considerably to the complete elimination of hot-bulb 
failures, 80 common an occurrence in some engines of the 
two-cycle t Another interesting point often over- 
looked is the desirability of placing the scavenging and 
exhaust-ports in line the crank-shaft. It will be 
seen from our illustrations that this is done in the 
engine under notice, Often they are placed on a line is case- 
at right angles to the shaft, and therefore reduce the 
area of the wearing-face provided in the cylinder for 
the piston at a point where the thrust is severe. 
Fig. 3 is a section taken across the ports, the exhaust- 

port being shown in dotted lines in Fig. 4, 
as well as in other views. 

The piston is shown in Figs. 6 to 9. It is 
of the long-trunk type, of cast iron. It is 
fitted with five piston-rings, and with one 
snap-ring at the front end. It is designed 
in such a way as to prevent as much as 

ible the heat of the cylinder passing 
own to the crank-case. With this object 

the piston-head is provided with an insulat- 
ing air-chamber, which also protects the 
gudgeon- in and little end from the heat in 
the cylinder. This insulation keeps the heat 
in the crank-case down, the big end cool, 
and generally improves the running by 
facilitating lubrication. The gudgeon-pin 

hetined steel, ground parallel to fit. 
It is kept in place by two wedge- bolts, which 
hold it hard 

screwed ends, 

against the upper side of the 
The wedge-bolts are drawn in by nuts on their small | foul any ports or ; 

No harm can come if the nuts should | The gudgeon-pin is lubricated with oil taken from one 
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‘4 
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piston. | by any mischance come off, as they cannot either 

gain access to the crank-chambers. 
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9-BRAKE-HORSE-POWER TWO-CYCLE SEMI-DIESEL ENGINE. 

CONSTRUCTED BY MESSRS. 
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of the two forced-feed supplies to the inside of the 
cylinder at positions shown in Fig. 1. It is taken 
into the pin by a brass wiper kept against the cylinder 
wall by aspring. The arrangement is shown in Fig. 7. 

The regulating and governing gear, shown in Figs. 
10 to 12, are among the most interesting features of 
“he engine. The regulating and governing is effected 
by varying the stroke of the fuel-pump. The engine 
is regulated by turning the small knurled wheel c. 
This wheel is mounted on a bracket, and on the end of 

13. 

|its spindle is a small eccentric bearing against the 
| stem of the pump-starting handle e. The adjustment 
of the eccentric regulates the length of the outward 
|movement of the fuel-pump plunger, and therefore 
the amount of fuel drawn into the pump and sub- 
sequently sent to the cylinder. The small wheel c is 
fitted with a ratchet which holds it in et desired posi- 
tion. In running, the supply is effected by the pump 
driven by a cam on the main shaft through the rocker /. 
| The governing varies the fuel supply by altering the 

ENGINEERS, STAMFORD. 

stroke of the pump. This is accomplished by altering 
the throw of a cam or eccentric. The manner in 
which this is done will be clear from Fig. 12, &c. 
The cam surface actually in contact with the roller 
on the rocker f ig the wide periphery of the eccen- 
tric g. This eccentric is a sliding fit on 
a skew cylinder h, keyed to the shaft. A feather 
prevents y from revolving on A. It will be 
clear that the eccentricity of g is capable of ex- 
tremely fine adjustment, movement in a direc- 
tion parallel with the main shaft. The required con- 
trol of the position of g is from the governor weights 
through the clips j, j, which engage with a groove in 
g. In connection with the pump there is a safety-stop, 
which prevents the pump-plunger being given a stroke 
in excess of that required for full-load capacity. This 
stop consists of a plate k, in which are two slanting 
slots. The slots pass over two fixed studs. The plate 
stands out far enough to foul the pump-plunger head, 
and therefore limits the outward stroke. The adjust- 
ment of the plate is obtained by a set-screw underneath 
it, the studs and slanting slots above referred to causing 
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the plate to move towards, or away from, the pomp: 
thus shortening or lengthening the stroke, as the set- 
screw is screwed down or up. The set-screw and studs 
can be clamped, and the plate thus locked at the full- 
load position. Should anything happen to the adjust- 
ing-screw, or the locking me loose, the plate can 
only fall and reduce the fuel supply to the cylinder. 
Failure therefore is on the safety side. 

Force-feed lubrication is provided for the cylinder, 
gudgeon, and thecrank-pin. The cylinder oil is sup- 
plied through two small drilled porte over-run by the 
piston-rings at the bottom of the stroke. Near the 
open end of the trunk piston there is an oil groove 
just above the snap-ring. The crank-pin is supplied 
with oil from the force-feed lubricator. The oil is 
forced into a centrifugal ring oiler, mounted on the 
crank-shaft, which delivers oil through a hole drilled 
in the crank. The bearings are ring-oiled. Water 
circulation is by pump, chain-driven, and with a free- 
wheel sprocket, so that it is unaffected by pre-ignition, 
should such take place. 
The engine has a large expansion-box attached just 

outside the exhaust-port. The fly-wheel is of the disc 
type. The belt pulley which accommodates the 
shaft governor is furnished with an outside sheet- 
iron cover, while at the other extremity a neat cap is 
een over the end of the crank-shaft, covering in the 
y-wheel key. The engine is started by a tye 

and will start up in about 3 minutes from the cold 
on crude oil, and in 5 minutes on paraffin. The water 
injection is regulated by hand. 

The engine illustrated in the figures thus far referred 
to is, as already stated, of 9 brake horse-power 
capacity. Two other single-cylinder engines of this 
type are built—viz., 16 and 25 brake horse-power. 
he former has a cylinder 9 in. by llin. and the 

latter one 104 in. by 124in. Ths speed of the former 
is 375, and of the latter 300 revolutions per minute. 
These two engines are similar to that described in 
eneral details, except that they have outsid + pedestal 

Ceesiens the fly-wheel being keyed to an extension shaft 
bolted to the main shaft by flinged couplings. The 
18-horse-power engine, illustrated in Fig. 14, page 192, 
is of the twin-cylinder type, with fly-wheel on a shaft 
extension and pedestal hearing. The whole is mounted 
on a separate bace-plate. The two cylinders are 7 in. 
by 8 in., and the speed 475 revolutions per minute. 
Fig. 15 shows a 9-horse-power engine mounted as a 
portable, with a belt-driven fan producing a current 
of air for cooling the water, which flows over gauze in 
the cooling-tank. 

Tue Tata Hypro-E.ectric Power-Suppty INsTaa- 
TION.—We are informed that on th 8th inst. the Governor 
of Bombay switched on for the first time this hydro- 
electric installation, thus formally inaugurating it. In 
two preceding issues (see ENGINEERING, vol. xcvi., pages 
547 and 578) we gave a detailed illustrated description of 
the instal ation in question. 

CoMPkTITION WITH GERMANY AND AvsTRIA-HunGary. 
—In connection with the campvign undertaken by the 
Board of Trade, on the advice of their Advisory Com- 
mittee on Commercial Intelligence, to assist British 
manufacturers and merchants to secure trade formerly in 
the hands of German or Austro-Hungarian firms, the 

continue to receive a very large number of in- 
quiries for the names of sellers or buyers of articles of 
which the sources of supply or markets have been inter- 
fered with by the war. ee arrangements have been 
made in the Commercial Intelligence Branch of the 
Board of Trade for dealing with these inquiries, and lists 
are prepared and circulated of articles which inquirers 
desire tn) to purchase and (5) to sell. List 8a is now 
ready, and may be obtaived by United Kingdom manu- 
facturers and traders. British firms interested in any of 
the goods mentioned, either as buyers or sellers, should 
communicate with the Director of the Commercial In- 
telligence Branch of the Board of Trade, 73, Basinghall- 
street, London, E.C. 

Tue German ALKALI SynpicaTse.—Ata meeting held on 
January 22 it was decided to leave over several important 
questions fur decision at a su uent meeting to be held 
on bh 31. By that time a definite resolution about 
oe pemee tion of the Alkali Syndicate until the year 
1926 will have to be disposed of. Sales oa 
were stated to be satisfactory, but the war had a very 
serious effect upon aggregate sales of 1914. Whilst 
up to July 1 there had been a» increase in the aggregate 
sales of 12,000,000 marks, as compared with the same period 
last year, the year ended with a shortage of some 
30, 000 marks on the whole of last year, mostly 
attributable to the falling off, during the first months of 

war, in the export business. By degrees sales 
to neutral countries had again increased. The last 
allotment list for the Alkali Syndicate comprises 168 works, 
the allotment figures ranging between 12.1241 (out of 
1000, the allotments being in thousandths) to ag Soy the | d 
former beirg for the State concern. new 
agreement has already been under consideration for a 
year or more. Theefforts have been especially directed 
towards finding a form which would not only bind the 
syndicate works, but also the outside undertakings and 

interests of the States of the Bund in a decisive 
manner. 

NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 27. 

THE anticipated improvement in the steel industry 
has not come, but business is a little better. The rail- 
roads are waiting to see how much the 5 per cent. 
increase in rates, recently allowed, is worth. The 
financial condition is strong, but other influences cause 
delay. Inquiries are pending this week for material for 
ten ocean-guing vessels, and orders have been recently 
closed for important shipyard work. Two inquiries 
are in for export of billets—one for 7000 tons, and one 
for 4000 tons. High freight rates delay closing. 
Domestic demand for billets is better. Demand for 
pig-iron is weak. Pipe-makers are closing for 5000 
tons. Rolling-mills are making slight gains every- 
where. The Pittsburg district is up to 55 per cent. of 
capacity. Rail orders for the week are 68,000 tons, 
with 30,000 tons under inquiry. There is a moderate 
inquiry for cars. All roads are delaying orders, 
though needing more rolling-stock. Inquiries are 
out for 15,000 tons of material for shrapnels. 
Western track-elevation schemes will take 20,000 
tons ; Ohio and Mississippi river bridges require some 
40,000 tons. Minimum prices still hold, and will 
continue so long as there is so much idle capacity. 
Many new enterprises are heard of, but no steps are 
taken to purchase material for them. General busi- 
ness drags, but perfect confidence prevails as to a 
most satisfactory outcome. A stimulus has been im- 
parted to agricultural and stock-raising activities, 
and crops with favourable weather conditions will 
surpass all records. Four or five blast-furnaces will 
soon blow in. The trade is awaiting some vitalising 
influence from some quarters, and there is every con- 
fidence that it will manifest itself soon. Coke is dull, 
and large consumers prefer to buy only enough to 
keep going rather than, as in past years, to contract 
for a year’s future delivery. 

ACCIDENTS AT QUARRIES.—In 1913 there were 80,909 
rsons employed in quarries in the United Kingdom. 

The death rate per 1000 was 1.05, and the accident rate 
per 1000 65; both these rates showed increases over the 
previous year. 

Roya. TrounicaLt Couurcr, GLAscow.—A list of over 
a thousand officers, non-commissioned officers and men of 
His Majesty’s Forces who are either members, students, 
or past students of the Royal Technical College, Glasgow, 
has reached us from this Institution. The list is known 
to be far from complete, and the College authorities 
would be glad to receive particulars of other past students 
now on the King’s service, for inclusion in the list. The 
particulars desired are the full name, rank, name of 
regiment or ship, home address, and last year in the 
College. 

Tue Conorete InstTituTe.—At the fifty-sixth ordinary 
general meeting, held on Thursday, the 4th inst., a joint 
draft report of the ¢ecience and reinforced - concrete 
practice standing committees of this Institute, on ‘‘A 
Standard Specification for Reinforced Concrete Work,” 
was submitted for discussion prior to its amendment and 
subsequent issue in final form. The next meeting of the 
Institute will take place on Thursday, the 18th inst., at 
Denison House, Vauxhall Bridge-road, Westminster, at 
7.20 p.m., when Mr. T. A. Watson, Assoc. M. Inst. C.E., 
will read a paper entitled ‘‘ Economy in Reinforced- 
Concrete Construction.” 

Tae Institution oF Exvecrrican ENGiIngeRs.—An 
examination for associate membership of the Institu- 
tion of Electrical Engineers will bs held on Friday 
and Saturday, April 30 and May 1, at the Examination 
Hall of the yal Colleges of it a and 8 ns, 
Queen Square, Bloomsbury, W.C. Should a sufficient 
number of candidates mske application, arrangements 
will be made for the examination to be held concurrently 
in local centres. Entry forms, which must be returned 
not later than March 1, may be obtained, together with 
the examination regulations, on application to the Secre- 
tary of the Institution. 

ANGLO-NORWEGIAN TRADE JouRNAL.—A copy of the 
first issue of this journal, which is the official organ 
of the Norwegian Chamber of Commerce in London, 
has recently come to hand. This publication has been 
established to foster trade between the United King- 
dom and Norway, and is intended to act as a con- 
necting link between the buyers and sellers of the 
two countries. The first issue contains several statis- 
tical and other articles on trade, shipping, and finan- 
cial matters. Another very valuable feature is a trade 
inquiry section, which is being developed for .the 
pur; of supplying members, advertisers, and sub- 
sori with the names and addresses of manufacturers, 

ts, importers, or exporters of goods required in 
either country. The Chamber, we understand, is inun- 
ated with such inquiries, and the council considered that 

to _— them in a journal would be the surest method 
of bringing the right parties into touch with each other. 
The journal is to be published monthly, and all com- 
munications concerning it should be addressed to the 

y, the Norwegian Chamber of Commerce, London, 
ve way Chambers, Kingsway, London, 

NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasyow Pig-Iron Market.— Last Thureday morning the 
pig-iron market opened with an easier tone, and 2500 tons 
of Cleveland warrants were done at 56s. 114d. and 57s. 
one month, and 57s. 74d. three months. Closing sellers 
uoted 563. 84d. cash, 57s. 04d. one month, and 57s. 8d. 

three months. In the afternoon quotations eased off 
still further, and Cleveland warrants changed hands at 
56s. 5d. six days and 56s. 6d. fourteen days. Theturnover 
was limited to 1000 tons, and at the close sellers named 
56s. 5d. cash, 56s. 9d. one month, and 57s. 6d. three 
months. On Friday morning weakness again pre- 
vailed, and some 2500 tons of Cleveland warrants were 
put through at 56s. 3d. cach, 56s. 54d. eighteen days, and 
56s. 104d. April 12, and ecellers’ closing prices were 
563. 34d. cash, 56s. 74d. one month, and 57s. 3d. three 
months. A slight improvement took place in the 
afternoon, when 3000 tons of Cleveland warrants were 
dealt in at 563. 5d. seven days, and 56s. 9d. and 563. 94d. 
one month, and closing sellers quoted 563. 6d. cash, 
563. 10d. one month, and 57s. 61. three months. On 
Monday morning the market was quiet and easier, and 
dealing was limited to one lot of Cleveland warrants 
at 563. 5d. eleven days, and the closing rates were 
563. 44d. cash, 56s. 84d. one month, and 57s. 44d. three 
montbs sellers. The afte:noon session was steady, and 
2000 tons of Cleveland warrants were done at 563. 4d. 
cash, 563. 6}d. eighteen days, and 56s. 8d. one month. 
At the close the prices were 56s. 44d. cash, 56s. 84d. one 
month, end 57s. 4d. three months sellers. On ‘luesday 
morning there was aguin little doing, business being 
confined to 1000 tons of Cleveland warrants at 56s. 44d. 
thirteen days, and closing sellers quoted 563. 4d. cash, 
56s. 8d. one month, and 57s. 4d. three months. The 
market was slightly weaker in the afternoon, when 
the turnover consisted of 1500 tons of Cleveland warrants 
at 56s. 24d. six days, and 56s. 54d. twenty-fourdays. The 
close came with sellers naming 56s. 2d. cash, 56s. 6d. one 
month, and 57s. 2d. three months. When the market 
opened to-day (Wednesday) the tone was again easier, 
and the total dealing only amounted to 1000 tons of 
Cleveland warrants at 563. 04d. five days, and 56s. 2d. 
one month. The closing quotations were 56s. cash, 
56s. 4d. one month, and 57s. 1d. three months eellers. 
The afternoon session was more active, but Cleveland 
warrants kept steady. The turnover was 7000 tons at 
56s. cash, 563. 14d. eight and twelve days, 56s. 3d. twenty- 
one days, and from 56s. 44d. to 56s. 34d. and 56s. 4d. 
one month, and sellers’ closing quotations were called 
563. cash, 56s. 44d. one month, and 57s. three months. 
Hematite was idle. 

Sulphate of Ammonia.—The sulphate of ammonia 
market shows little sign of weakening, and as the demand 
continues good and on-costs are getting higher, the price 
remains firm. For prompt lots the current price is 14/. 
to 14/. 5s. per ton, Glasgow or Leith. 

Scotch Steel Trade.—Little change has taken place in 
the state of affairs in the Scotch steel trade, and great 
activity prevails. Despite the fact that deliveries are on 
a large scale, much pressure still exists; but this is only 
on home account, as the demand for export, except to 
France, is not very heavy. Ship and boiler-plates, and 
black sheets of the heavier quality, are all meeting with 
an excellent request, the latter oe ee urgently 
wanted by the Allies for war purposes. The thin gauges 
and galvanised sheets are both rather quiet, but for 
structural material there is a splendid outlet. Prices are 
very firm and are tending upwards, as raw material and 
fuel are both advancing and labour is scarce. The follow- 
ing may be taken as the current prices :—Ship-plates, 
81. 10s. per ton; boiler-plates, 9/. per ton; and angles, 
8. 5s. per ton ; all lees the usual 5 per cent. for Clyde or 
equal delivery. 

Malleable-Iron Trade.—The West of Scotland malleable- 
iron makers continue to be well employed, although the 
present high prices are not conducive to much new busi- 
ness. All the same, there is quite sufficient material 
already booked to keep things going steadily for a bit, 
especially as workers are none too plentiful. The demand 
for steel is good, and pricesare firm. For ‘crown ” 
bars the current quotation is 8/. 2s. 6d. per ton, less 
5 per cent. delivered, and for mild steel bars it is 8/. 10s. 
per ton, less 5 per cent. 

Scotch Pig-Iron Trade.—The past week has not brought 
forth much in the way of fresh business, but orders already 

ked account for a fairly tonnage, and as costs 
are rising steadily, there is little inclination on the part 
of holders to sell too far ahead. This is undoubtedly 
rather a difficult time, and one never knows what 
a day may bring forth, with the result that operators are 
dealing with caution. The deliveries are very satisfactory 
for home use, but the heavy freights now demanded are 
keeping back export business. Hematite iron is moving 
ree , a8 the requirements at the various steel works are 
very and the price is now round 923. 6d. per ton, 
deliv: locally. The following are the market quota- 
tions for makers’ (No. 1) iron:—Clyde, 75s. 6d. ; alder 
and rtsherrie, 76s. ; gloan, 77s. ; and Summerlee, 
77s. 6d. (all shipped at Glasgow); Eglinton, 7(s., and 
Glengarnock, 75s. (both at Ardrossan) ; Shotts, 76s., and 
Carron, 77s. 6d. (both at Leith). 

British Rai Exports.—January showed a marked de 
cline in our rail export, the total for the month falling to 
28,411 tons, as compared with 57,904 tons in January. 
1914, and 35,523 tons in January, 1913. Shipments to 
the Argentine Republic declined in January to 40 tons, 
as compared with 7853 tons and 3641 tons respectively. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hult Coal Tra fic.—The official returns of coa] traffic at 
Hull show that the receipts for 1914 amounted to 
5,652,633 tone, as com with 7,945,965 tons in 1913, 
a decrease of 2,293,332 tons. Last month’s imports 
totalled 377,906 tons, as against 510,037 tons in January, 
1914. During the year shipments abroad reached 2, 968,801 
tons, as compared with 4,519,289 tons in 1913, a falling off 
of 1,550,488 tons. Last month 184,653 tons were sent 
abroad, as ay 223,565 tons in January, 1914. The 
strength of the London demand is shown by the fact that 
during the month 48,765 tons went tothe Metropolis. Com- 

with January, 1914, trade shipments last month to 
uth America, Denmark, France, and Italy increased. 

South America took 20,735 tons, as compared with 5399 
tons in January, 1914; France, 86,473 tons, as against 
25,229 tons; Italy, 19,715 tons, as against 17,254 tons; 
and Denmark, 8681 tuns, as against 4084 tons. On the 
other hand, no shipments are shown to Belgium, Ger- 
many, Portugal, North and South Russia, or Spain, 
while shipments to Norway and Sweden substantially 
declined. Among the South Yorkshire pits that sent 

i es during the month were Brodsworth, 
Cortonwood, Dinnington, Elsecar, Hoyland Silkstone, 
Hardwick, Kiveton Park, Mitchell Main, Maltby. 
Rothervale, Shireoaks, Thorncliffe, and Wharncliffe Silk- 
stone. At the largest pits—Denaby and Cadeby Main and 
Carlton Main—smaller tonnages were sent. These figures 
are exclusive of coal supplies for Admiralty purposes or 
for use of the Allies’ Governments. 

South Yorkshire Coal Trade.—Collieries and merchants 
have many more orders on their books than they can deal 
with promptly, and deliveries of all kinds of fuel are in 
arrear. The big demand for household sorts from London 
and the immediate district has been fully maintained, 
and prices are 6d. to 9d. higher on the week. Low-grade 
fuel is selling at prices usually paid for the best 
qualities. Steam hards continue firm. Manufacturers 
bought substantial tonnages in the open market to 
supplement stocks, and so Bawa ed against the possi- 
bility of a strike in West Yorkshire ; big prices were 
paid. Shipments have been on a slightly larger 
scale. The output of slacks is greatly reduced, and with 
the enlarged requirements arising from industrial expan- 
sion, prices are on the up-grade. The strength of the 
coke market is attributable more to decreased output than 
to any improvement in the demand, though that is on 
a fair scale. Quotations :—Best branch hand-picked, 19s. 
to 20s.; Barnsley best Silkstone, 16s. 6d. to 17s. 6d.; 
Derbyshire best brights, 16s. 6d. to 18s.; Derbyshire 
house, 15s. to 168. ; best large nuts, 15s. to 16s.; small 
nuts, 13s. to 14s.; Yorkshire hards, 15s. to 163.; Derby- 
shire hards, 15s. to 16s.; best slacks, 7s. 6d. to 8s. 6d.; 
seconds, 7s. to 8s. ; smalls, 5s. 6d. to 6s. 6d. 

Iron and Steel.—The consumption of common and 
hematite pig-iron continues on an enormous scale, 
owing to the demands made by the British and foreign 
Governments — local manufacturers of iron and 
8 goods. liveries, however, are mostly re- 
stricted to contract orders. The small of 
hematite on offer in the open market is quoted at such 
high figures that consumers show little disposition to 
buy. est Coast and East Coast prices are about on a 
level. The prompt market for common irons is similar] 
quiet. Lincolnshire mastersare not quoting, and thoug’ 
business in Derbyshire sorts shows a decline, prices are 
no lower. i 
week ago. There is a steady undertone in bar iron. The 
advance of South Yorkshire bars to 8/. 15s. had been 
anticipated, and has not reflected adversely upon late 
bookings. The heavy engineering trades are working at 
great pressure, and there is consequently a big run on 
tools and machinery. To facilitate increased output at 
the armour, gun, and shell works trade-union restrictions 
on overtime have been minimised, and skilled workers 
are —— exceptionally big wages. The total of 
wages paid per week in the engineeri trades is 
computed to be the largest on record. “The glut of 
Government work is keeping busy not only the big arma- 
ment wor also a big section of the general steel 
trades, and while it is apparently true that but for war 
pressure slackness would be general, it is also a fact that 
owing to the large amount of work arising out of the war, 
orders from abroad on general commercial account are 
being turned away. There is a brighter outlook in rail- 
way steel, and wagon-builders have more work on hand. 
The lighter trades are sending a considerable share of 
their output to Russia and France. Steel billets are firm 
with an upward tendency: Siemens acid are quoted at 
91. 15s. to 10/., and Bessemer acid at 9/. A strong tone 
prevails in basic billets. Big tonnages are going away on 
contract account, and open market sales are few. Hard 
basic rules at 7/. 10s. and soft basic at 7/. Good steel 
scrap is in strong demand, and realises high prices. All 
quotations for steel alloys are on the upgrade. 

Our Locomorive Exports.—The new year has com- 
menced tolerably well, the value of the engines shipped 
in January having been 324,893/., as compared with 
387,682/. in January, 1914, and 210,145/. in January, 1913. 

THe Late Mason WattER JoHNSON.—We regret to 
have to announce the death, which occurred suddenly at 
Redcar, on the 9th inst., of Major Walter Johnson, 
brother-in-law of Sir Hugh Bell, Bart. Major Johnson 
was a director of Messrs. Bell Brothers, Limited, and of 

essrs. Dorman, Long and Co., Limited; he was also 
for many years chairman of the Middlesbrough Chamber 
of Commerce. Major Johnson was seventy-two years 

Forge iron, in fact, is 6d. to 1s, dearer than a | rail 

NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp.essroucH, Wednesday. 
The Cleveland Iron Trade.—At present a quiet feeling 

prevails in pig-iron. Home consumers have, apparently, 
satisfied their Len py eet for the time being, and de- 
mand from ab islimited. Under such circumstances 
it is not surprising to find values falling a little. The 
oo situation, however, is not unsatisfactory. Pro- 
ucers state that their stocks are not increasing to any 

extent, due to the facts that a number of furnaces are on 
slack blast, and that local steel works are taking ab- 
normally large supplies, a great deal of which is for use 
in the manufacture ot Government work. Oleveland 
pig in the public warrant stores, however, continues to 
accumulate steadily. No. 3 g.m.b. Cleveland pig is 
66s. 3d. ; No. 1 is 58s. 3d. ; No. 4 foundry, 55s. 9d.; No. 4 
forge, 55s. 3d. ; and mottled and white iron, each 54s. 9d. 
Buyers of East Coast hematite pig are not keen to operate, 
ms on the other hand, makers, most of whom are well 
placed, are not pressing sales. The general market quota- 
tion for Nos. 1, 2, and 3 may be given at 90s., though 
there are makers who ask more, whilst some second- 
hands might accept a trifle less. The latter, however, 
have not com of a great deal of iron. Foreign ore 
prices are falling, the situation having been relieved by 
the release of interned steamers to convey 
France, and proceed to Spain and other countries to bring 
ore to this district. Freights have thus considerably 
lowered. Freights Bilbao-Middlesbrough are now bein 
fixed at 13s., whereas a week ago 20s. was demanded. 
Market rates for foreign ore are based on a maximum of 
27s. ex-ship Tees for Rubio of 50 per cent. quality. 
Imports of ore to the Tees to date this month were 
officially returned to-night (Wednesday) at 41,382 tons. 
Coke is steady and in fairly request for local use. 
Owing to reduced make there is not a great deal offering, 
and sellers are not disposed to make concessions. 

Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 119,964 tons. 
Since the beginning of the month, the stock has been in- 
creased by 3312 tons. Shipments of pig-iron from the 
Tees show an improvement on those of a month ago, but 
they fall greatl low those of February last year. To 
date this month they average 624 tons per working day, 
the total despatches being returned at 5615 tons, all of 
which have gone from Middlesbrough. To the same date 
last month the loadings were given at 3575 tons, or a daily 
ave’ of 397 tons, and for the corresponding part 
of February, a year ago, the clearances reached 32,975 
tons, or an average of 3663 tons per working day. 

Manufactured Iron and Steel.—In the manufactured 
iron and steel industries works are going at full ure, 
and producers are unable to deliver to the full extent 
demanded by customers. Shortage of trucks ham 
deliveries. Prices all round are very strong. Princi 
market quotations stand :—Common iron bars, 8. 10s.; 
best bars, 8/. 17s. 6d.; best best bars, 9/. 5s. ; packing- 
iron, 7/.; iron “4 ¥y 81. 10s.; iron ship-angles, 8/. 10s. ; 
iron ship-rivets, 9/. to 9/. 5s.; iron girder-plates, 8J.; 
steel bars (basic), 8/.; steel bars (Siemens), 8/.; steel ship- 
lates, 82. 10s.; steel yor 81. 5s.; steel boiler-plates, 

Bi. 10s.; steel joists, 8/. 7s. 6d. to 8/. 10s.; steel hoops, 
82. 5s.; steel strip, 7/. 10s.—all less the customary 24 per 
cent. discount; cast-iron columns, 7/. 7s. 6d.; cast-iron 
railway chairs, 4/. 7s. 6d. to 4/. 10s.; light iron rails, 
7l. 158.; heavy steel rails, 61. 7s. 6d. to 6/. 10s.; steel 

ilway sleepers, 8/.—all net f.o.b. ; vanised corrugated 
sheets, 24 gauge, in bundles, 11/. 10s. to 12/. f.0.b.—less 
4 per cent. 

Cleveland Miners. — As the result of a conference 
between the Cleveland Ironstone Mineowners and the 
Cleveland Miners’ Association regarding the question 
of working extra hours to maintain the supply of 
ironstone for the furnaces where Government con- 
tracts are being carried out, the Miners’ Association 
decided to ask for a modification of the Eight-Hours 
Act in order that the back - shift men, who are at 
present not able to work six shifts a week because 
of the interval of sixteen hours having to elapse be- 
tween the commencement of one shift and the conclu- 
sion of another, might be able to put in an extra shift 
each week. The Miners’ Federation, however, have taken 
objection to this, but as the Act enables sixty extra hours 
to be worked each year, the Cleveland Miners’ officials 
have advised their members that an extra two hours per 
week may be worked at ordinary overtime rates without 
infringement of the Act. 

Emercency Saipr-Licutine Ser: Erratom.—In our 
description of the Thornycroft ship-lighting set, which 
a on page 166 of our last issue, there was an error 
in the oe Pe the quantity of make-up cooling 
— required. The correct figure is 180 gallons for 
‘our hours. 

Pia-TRon IN Upper Siiesia.—A_ better tone continues 
and buyers are increasing their orders. The capacity of 
the blast-furnaces is also on the increase, corresponding 
with improved activity on the part of the rolling-mills. 
The current contracts, which by the union are generally 
entered upon for only three months at a time, are carried 
out satisfactorily. The ag some of the army, the 
railways, and other public ies give sufficient employ- 
ment for the hands left at the works. Foundry pig and 
iron for steel works are especially in strong demand, and 
the production is a Prices are ing. The 
cessation of the export e is fully counterbalanced 
the lively demand from the northern and central districts 

of age. 
of Germany, which formerly drew a great deal of their 
supplies from England. 

NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has shown considerable 

strength, and colliery-owners are anticipating a furtber 
advance in prices. There are no indications of the 

uirements of the British and French Navies being 
ros ee and the demand in other directions is also 
becoming more difficult to provide for, colliery preduction 
being curtailed by labour shortages. There is especially 
a pew pressure for smalls, but colliery-owners bave also 
full order-books for large. House , patent fuel, and 
coke have shown stength. The best Admiralty large has 
made 21s. to 21s. 6d. ; best secondary qualities have realised 
19s. 9d. to 2%s. 6d.; other secondary descriptions bave 
made 19s. to 19%s. 6d.; best bunker smalls have ht 16s. 
to 16s. 6d.; and cargo smalls 13s. 6d. to 14s. 6d. per ton. 
The best household coal has been quoted at 21s. to 22s.; 

households have realised 19s. to 20s.; No. 2 Rhondda 
has brought 16s. 6d. to 17s. 3d.; and No. 2 smalls 

have made 13s. to 14s. per ton. ial foundry coke has 
realised 30s. to 33s.; good foundry coke 25s. to 26s.; and 
furnace coke 203. to 223. per ton. Asregards iron ore, 
Rubie has been quoted at 26s. to 28s. per ton, u ” 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

The Bute Docks.—The imports at the Bute Docks last 
ar amounted to 1,881,394 tons, as compared with 
071,300 tons, in 1913, showing a falling off of 189,906 

tons. The imports of iron ore were 733,833 tons last 
year, as com with 746,381 tons. Mining timber, 
it Props, and pit wood were imported to the extent of 

B36, 1 tons, as compared with 409,507 tons. The imports 
of grain and flour were 309,914 tons, as compared with 
311,667 tons. The exports from the docks last year were 
11,173,025 tons, as compared with 11,605,641 tons in 1913. 
In these totals coal and coke figured for 10,276,963 tons, 
as compared with 10,576,506 tons. The directors of the 
Cardiff Railway Company report that the general dis- 
location of affairs occasioned by the war has rendered it 
extremely difficult to carry on work at the docks, and 
that there has been a substantial increase in working ex- 
penditure. 

Dowlais.— lather more activity has been observable at 
the Dowlais Works. The blast-furnaces have been doing 
well, and the Siemens and Bessemer furnaces have been 
fully employed. The Goat Mill has completed some 
miscellaneous orders for heavy steel rails, tin-bars, and 
steel sleepers. The Big Mill had been engaged upon 
tram-rails for underground workings, as well as n 
props and curves for colliery air-way workings, tab 
plates, &c. 

The Forest of Dean.—Speaking at a meeting of miners 
at Yorkley, Mr. G. H. Rowlinson, miners’ agent for 
the Forest of Dean, said the local coal trade since the 
es of the - a ex — — un- 
parall pros} ty, and there m three advances 

In wages. Still, the advance in the price of coal gener- 
ally in districts where men’s wages had not been increased 
was such as to call for Government intervention. It was 
about time that Government fixed a maximum price for 
coal. Referring to the shortage of timber, Mr. Rowlin- 
son said there might be a time when one of the large 
collieries of the Forest would have to close down in con- 
sequence of the deficiency. The Forest of Dean coal 
interest was, however, living in a forest, with any amount 
of timber round it, and it was the duty of the wn to 
come forward and offer its timber at reasonable prices. 

NegvuTRaAL CommErce.—The commerce of the neutral 
countries is admittedly being greatly inconvenienced 
and ham by the war—many neutrals think unduly 
so—and the question of establishing new routes in lieu 
of those stopped by the belligerents engages serious 
thought. Thus the export of Swedish timber via Norway 
has not worked quite so smoothly as could have 
been desired, and an export bureau, domiciled at Oster- 
sund, has been formed to improve matters. A block 
occurred on the Norwegian side, and for some days all 
despatch of Swedish timber via Norway had to be 
sto b e Norwegian railway authorities then under- 
took to forward 60 wagon-loads Py day; but this soon 
proved insufficient, and some wagon - loads were 
allowed to accumulate north of Ostersund and on the 
Norwegian side. The export bureau referred to is to 
serve as an intermediate both between the Swedish 
shippers and the Swedish railway authorities, and 
between the latter and the Norwegian railways. If 
only sufficient Norwegian rolling-stock, especially en- 
gines, can be made available, the new route is —— 
to become one of = importance. Although the 
Stockholm - Raumé (Finland) route, which has been 
closed since three Swedish steamers were blown up by 
German mines, was resumed a day or two before the new 
year, the Russian authorities appear very anxious to 
establish a connection by railway between the Russian 
and the Swedish systems. For this purpose the Russian 
railway has been pastes on as rapidly as possible as 
far as Karungi; but the line is only of a temporary 
nature, and Russian statements about an impendin 
connection between this line and the Swedish State rail- 
ways are being officially contradicted in Stockholm. The 
Swedish ment in question is of opinion that should 
a Swedish- jan railway connection some day be estab- 
lished, a plan which the Swedish authorities Lave never 
encouraged, it would have to be effected south of Hapa- 
vanda, and not at Karungi. The Swedish line from 
Hapavanda to a is not expected to be ready until 
the latter part of 1915. Of the Russo-Finnish-Norwegian- 
Swedish traffic conference, to which leading Russian 

have referred to as about to be held, nothing is 
Enown in Sweden. 
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ENGINEERING AND ARMY SUPPLIES. 

Redon mee“ ane has been pa in our columns to 
the part play y engineering workers in maintaini 
the aaeine of the Army, and consequently to the vital 
importance of workers exerting themselves and working 
continuously. Most interesting corroboration comes in a 
despatch from the “ Eye-Witness” present with the 
General Headquarters, issued on the 8th inst. He says :— 
A good deal has been said at different times about the 

way in which our troops are — It is possible, 
however, that by some of those who are not conversant 
with military phraseology the term ‘‘ supply ” may be 
taken to be applicable only to the — of an army. 
This is not the case, for, essential as is food, its provision 
is only one part of the problem of maintaining a force in 
the field. To be efficient as a soldier a man requires more 
than the adequate nourishment of the body. 
The scope of the branches into which the whole subject 

of supply is divided is somewhat complicated, and can- 
not be accurately explained in a few words, for these 
branches are not all exactly defined, and in some cases 
overlap. It may be said that the furnishing of food of 
every Lina for man and beast is the duty of the Army 
Service Corps, the furnishing of every drug and appli- 
ance necessary for the treatment of the sick and wounded 
is carried out by the Royal Army Medical Corps, assisted 
by the various voluntary organisations, which started 
their effective work when war began, while the provision 
of stores for disabled animals falls to the Army Vete- 
rinary Department. The Royal Flying Corps gatees 
its own machines, as does the Mechanical Transport 
Branch of the Army Service Corps. Broadly speaking, 
however, with these exceptions, the Ordnance Depart- 
ment supplies the Army with all the clothing, equipment, 
arms, ammunition, tools, appliances, machinery and ex- 
pendible material that can be required, from guns weigh- 
ing many tons to tin-tacks. 

he vastness of the work of maintaining the army— 
apart from feeding it—may be deny from a few figures. 
In one month there were issued to the troops 450 miles 
of telephone wire, 570 telephones, 534,000 sandbags, 
10,000 Ib. of dubbing for boots, 38,000 bars of soap, 150,000 
pairs of socks, and 100,000 pairs of boots. In ten days 
the number of fur waistcoats given out amounted to 
118,160, while during the same period 315,075 flannel 
belts were distributed. The way that insignificant items 
mount up where large numbers of men are concerned is 
shown by the fact that the weight of the average weekly 
issue of vaseline for the feet is 5 tons, and that of horse- 
shoes 100 tons. 
On the other hand, some idea of the complexity of 

the work can be gathered by reference to the official 
** Vocabulary of Stores,” which er to the price- 
list of a large shop, and contains 50, separate items. 
The different patterns and varieties of the same article 
stocked is also somewhat songeueee. For instance, there 
are several hundreds of kinds of s ers in use in the 
Service, spanner No. 203 being listed as required for 
- - and valve of cap securing inner chamber of air- 
cylinder and filling valve, spindle intensifier ; barbette, 
B.L., 9.2-in., Mark IV., also filling and emptying valve 
gland air-cylinder; barbette, B.L., 9.2-in., Marks V. to 
VB.” Even such unusual demands have been made as 
those for bitter aloes—to put on head-ropes to prevent 
horses biting them-—and permanganate of potash for 
dyeing grey horses brown. And not only is the variet: 
of the stores used greater than it was formerly : roe | 
article tends to become more complicated in itself. Guns, 
and their mountings and carriages, and ammunition, with 
its delicate fuzes, the handling of which originally formed 
the chief duty of the department, are, of course, far more 
elaborate than they used to be, as are the electrical 
instruments used by the Engineers for tel h, wire- 
less, and telephone—the employment of which has to 
such a large extent superseded. the old simple flag and 
lamp signalling and heliography. Even such things as 
water-carts are now fitted with an elaborate arrangement 
of filters. 

The duties of the department can be divided into those 
of supply and maintenance. The first consists of estimat- 
ing betimes what will be required, of framing ies of 
issue and checking demands for it, of ordering, procuring, 
and testing or making it, of providing the troops with it, 
and of accounting for itafterwards. In most cases the 
articles used by the Army are made either in Government 
or private factories at home ; but some are manufactured 
by the Ordnance Department in its own workshops in 
rance. In the case of anything of a mechanical 

nature the duties of the ‘‘Ordnance” are not finished 
when the article is handed over to the troops who 
use it, for it is still carefully watched, gauged, and 
tested, maintained in order, and, if necessary, re- 
paired or replaced. The importance of this work in 
connection with guns, ammunition, or explosives needs 
no emphasis. To carry on, indeed, the officers and 
men of the department must not only a know- 
ledge of their own work, but have to be well acquainted 
in the establishments. formations, und requirements of 
every kind of unit. For the testing and repair of machi- 
nery there is a specially and technically-trained staff of 
officers, warrant officers and men, and stationary and 
travelling worksho whilst all armourers, whether 
employed in the ordnance workshops or with regiments, 
belong to the department. 

Tt must be remembered that since the units of an army 
on active service are either fighting, or waiting ready to 
fight, and are therefore scattered over a large area, 
problem of distribution, whether it be of food, ordnance 
stores, parcels or letters, is bound to be one of great 
difficulty. It is in most cases impossible for the soldiers 
to go collectively or individually to some central oo 
or shop, where they can draw what they want. 
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stuff must be taken out and delivered tothem. This, of 
course, applies equally to the question of food ; but there 
are two points which make the distribution of ordnance 
stores less easy than that of food, and that is the variety 
of the former and the fact that some of them have toa 
certain extent to meet special requirements. 

Briefly, the procedure adopted to ensure that the troops 
receive promptly what they need is as follows :—For all 
ordinary stores for which there is a steady demand, and 
of which an estimate of requirements can be framed in 
advance, the ordnance officer with a division sends down 
to the base—which is really a dépét, or reservoir, of 
stores—an order for a week’s supply made out in 
anticipation. If this order were complied with at one 
stroke, and the whole of the week’s supply sent up 
in one consignment by rail from the base to rail-head 
—the point where railway transport ceases—the result 

the | would be congestion and confusion, for the mass could 
not be handled and sent out to the troops at once, 
nor could it be stored where it was unloaded. More- 
over, it might happen that the troops would not at the 
moment be in a position to take delivery of the stores 
for which they had asked. From the base, therefore, » 

proportion of the weekly demand is sent up to railhead 
daily, and from this amount the divisional ordnance 
officer is able to satisfy each day part of the current re- 
quirements of the units. “I'wo great principles which are 
strictly adhered to are, on the one hand, not to unload 
from the rail, and accumulate a stock at a temporary 
point, such as railhead, where it cannot be handled, and, 
on the other hand, not to lock up railway rolling stock by 
keeping trucks under load. To avoid a block, therefore, 
it pays to send back to the base the unexpended balance 
of a day’s consignment which is not issued to troops on 
arrival at railhead. 

For all technical stores for which there is not a steady 
demand and which are not uired in bulk the system 
is different. The divisional ordnance officer wires to the 
base to send up from stock at once whatever is — oe 
Once on rail, ordnance supplies follow the same channel 
of delivery as the food. to railhead they are con- 
veyed on special trucks in the supply trains and thence 
by motor transport to the refilling stations, whence they 
are taken up to the fighting line in the horsed vehicles of 
units. So far as the ordnance is concerned, the base, 
besides being a dépét, includes huge workshops. 



FEB. 12, 1915. ] ENGINEERING. 193 

AGENTS FOR ‘‘ ENGINEERING.” 
Avsrratia: Gordon and Gotch, Limited, Melbourne; 8: ; Brisbane ; 

Perth. Turner and Henderson, Sydney, oer. =, by and 
orth land. A ’ e, . & % 

South Australia. Melville and Mullen, Melbourne, Victoria. 
Be.erum: E. F. Satchell, 45, Avenue de Terneuren, Brussels. 
Cawapa, Toronto, Ont.: Wm. Dawson and Sons, Manning Chambers. 

M 1 Limited, 302 Shaugnessy Building, MvGill-street. ontreal: Sells, 
Eorysvurog: John Menzies and Co., 
France, Paris: 

ver-street. 
2 eau and Chevillet, 22, Ruede la Banque. For Subscriptions 

and Advertisements, Librairie B. Tignol, jes 
A Paris. Also for Advertisements, Agence Havas, 8, Place 
de la Bourse. 

Giaseow : William Love. 
Inpia, Calcutta: Thacker, Spink and Co. Bombay: Thacker and Co., Ltd. 
Ira: U. Hoepli, Milan, and any ice. 

John Heywood, 143, Deanagate. 
New : and Gotch Pr 7, Limited, Well Auckland. 

Norway, : Camme ’s Boghandel, Carl Johans Gade, 41 and 43. 
am: H, A. Kramer and Son. 

Sourm Arrica: Central News Agency, Limited, Head Office—Johannesburg ; 
and Pretoria, Town, Elizabeth, Bl f in, Durban, 
and their various hes and bookstalls throughout South Africa. 
Also Cape Town : Wm, Dawson and Sons, 31, Long-street. 

Tasmania : Gordon and Gotch etary, Limited, Launceston ; Hobart. 
Usrrep States, New York: Avenue. 

Chicago: H. 
W. H. Wiley, 432, Fourth 
V. Holmes, 957-958, Monadnock Block. 

ADVERTISEMENT RATES. 

The charge for advertisements is three shillings for the first four 
lines or under, and eigh ce for each additional line. The line 
ave seven words. yyment must accompany all orders 
for le advertisements, otherwise their insertion cannot be 
guaran’ Terms for displayed advertisements on the wrapper 
and on the er may be obtained on application. The 
are 12 in. deep 9 in. ie, divisible into four columns of 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each | 4: E. 
week. 

SUBSCRIPTIONS, HOME AND FOREIGN. 

“ENGINEERING” can be supplied direct from the Publisher 
post free, for twelve months, at the following rates, payable in 

“For the Uni Kingdom £1 9 2 For the United Kingdom ............ 

amie, i £1 11 6 (87.65 nm paper copies .......... 
Thick en 8”. bedWedends 21 16 #0 ($3.75 

For all yd places abroad— awe 
in SS een 

Thick, seni EO 22 0 6 

When fore ee are sent by Post-Office Orders, 
advice should be sent to the Publisher. 

Foreign and Colonial subscribers receiving incomplete copies 
through newsagents are requested to communicate the fact to the 
Publisher, together with the agent’s name and address. 

All accounts are payable to ‘* ENGINEERING,” LIMITED. 
Gone should be crossed “‘ Union of London and Smith’s Bank, 
imited, Oross Branch.” Post- Orders should be 

made payable at lord-street, Strand, W.O. 

Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 

We desire to call the attention or our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 

TELEGRA ae PRETO RETM EME 
‘ADDness  }’’ ENGINEERING,” WESTRAND, LONDON. 

TELEPHONE NumBekrs—3663 and 8598 GERRARD. 

Reapine - Cases. — Reading-cases which will hold twenty-six 
numbers of “‘ ENGINEERING” may be had of the Publisher or of 
any newsagent. Price 68. each. 

CONTENTS. 
PAGE || E 

CON os sevccsetetanietane 181 |} 
Some Interesting and Useful | 
Curves (Illustrated) .... 
oe et Pere 
Books Received .......... 
The Geared-Turbine Machi- 

nery of the “ Transyl- 
vania ” (Illustrated) .... 

The Anchor Liner ‘‘ Tus- WEDGRR, s0<s> 2-5. 200 
cania ” (Illustrated) .... “* Outlook for British Elec- 

Martin’s Two-Cycle Semi- || trical Manufacture” .... 200 
Diesel Engines (JUlus.) .. 187 | ‘Gaseous Explosions” .... 200 

Notes from the United States 190) ulating and Emergency 
Notes from the North...... 190} hrottle-Valve (/llus.) .. 201 
Notes from South York- || Engineering Operations for 

_ Shire 191|| the Prevention of Malaria 201 
Notes from Cleveland and |The Physical Society of 

the Northern Counties .. 191|| London ................ 202 
Notes from the South-West 191||Sea-Borne Traffic in War- 
Engineering and Army Sup- Time . 
SP ac seutiendesderdines 192 | Colonial and Foreign Engi- 

The Government, Trade | neering Projects 
Unions, and War Muni- | Workmen’s 
tions BB RBI in occ.s csnceccctacce 

|German Iron and Steel in 
| | Perinat 204 
ET 206 

95 || The Rhenish - Westphalian 
Coal Syndicate .......... 205 

ENGINEERING Patent Record 
- 196||, (Tllustrated) ............ 

With Two One-Page Plates of the GEARED-TURBINE 

MACHINERY OF THE T.S.S. “TRANSYLVANIA,” 

and Two One-Page Plates of the GEARED TURBINES OF 

THE 1.8.8. “ TUSCANIA,” 

PAG 
i | Brayshaw Industrial 

The late Mr. Joseph Hallett 198 
Industrial Notes 199 
German M 

pensation 

History of the 
of Iron and § 

NOTICES OF MEETINGS. 

Tue Norra or Exeuanp Instrrute or MINING AND MECHANICAL 
ENoInwERs.—Saturday, February 13, st 2 p.m., in the Wood 
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THE GOVERNMENT, TRADE UNIONS, 
AND WAR MUNITIONS. 

THE appeal to the Labour Party in Parliament 
to assist in obtaining some relaxation of trade- 
union rules and regulations, especially in armament 
works, made by the Under-Secretary of the War 
Office, Mr. H. J. Tennant, in the House of 
Commons on Monday, comes not a day too soon. 
Those Government departments concerned with 
the supply of munitions of war have realised 
the difficulties of manufacturers of war muni- 
tions ; and there have this week been confer- 
ences between representatives of such departments, 
manufacturers, and trade-unionists. Sir George 
Gibb, who, because of his great organising ability, 

206 | was called upon to assist in connection with war 
supplies, has been specially active in the last few 
weeks in attempting a solution of the problem, 
and has naturally had the co-operation of Sir 
Francis Hopwood, a Civil Lord of the Admiralty, 

Sir G. R. Askwith, of the Board of Trade, and the 
Financial Secretaries of the War Office and Admi- 
ralty, Mr. H. T. Baker and Mr. T. J. Macnamara, 
both of whom are in large measure responsible for 
what may be termed the ‘‘spending sections” of 
these two important Government departments. 
The difficulty to be faced arises, primarily, from the 
necessity which exists for the creation in the mini- 
mum of time of the maximum of war supplies. 
Germany entered upon the war with a mighty 
military machine, far transcending that possessed 
by any nation in any time. 'We—more, perhaps, 
than any of our Allies—were entirely unprepared 
for great field operations. As a consequence, we 
had to begin, in August, to create a mightier mili- 
tary machine, in association with our Allies. Our 
manufacturing resources are admittedly superior in 
every respect, and particularly in their productive 
capacity, to those of any nation, but the demands 
made are far in excess of the normal rate of out- 
put, and there has been added the further dis- 
ability that many of the finest mechanics in the 
factories answered promptly the call to arms. This 
latter result, however gratifying as a revelation of 
patriotism and the appreciation of a true sense of 
the grave danger which menaced our position, in- 
creased the difticulty of meeting the requirements 
of the army in the field. Indeed, this has been so 
rave that, as Mr. Tennant pointed out in the 
ouse of Commons, some of the experienced 

mechanics who had gone from the armament 
works have already, by the instructions of the 
Secretary for War, been brought back from France 
or Flanders in order to keep these works going at 
full strength. This single fact in itself is testimony 
of the importance of the work being done in the 
factories engaged on war supplies, proving, as it 
does, that the service of the worker is as vital to 
the ultimate success as the brave fighting, amid 
hardship and danger, of the troops in the field. 

There is no need to enforce this point, but it is 
well at the outset that there should be established 
in the minds of all those constituting the immense 
range of workers in the British factories. Oppor- 
tunely, there comes from that graphic writer who 
is unofficially attached to the Main Headquarters 
Staff as ‘‘ Eye- Witness,” an impressive narrative of 
the work of supplying the army in the field, and we 
reproduce on the opposite page the greater part of 
his latest despatch. This should be studied by all 
workers, because from it there emerges the fact 
that the scope of the influence of his or her work is 
almost without limit. While the works directly 
responsible for war munitions must take precedence 
of others, the importance of other manufactures 
must not be ignored. Even in the case of war 
munitions it has been found necessary to erect new 
shops and to produce new machine-tools, without 
both of which shot and shell, guns and limber, 
cannot be produced in sufficient quantities. 

The cry of the manufacturers, which was re- 
echoed by Mr. Tennant in the House of Commons, 
is for more workers to meet the abnormal demands 
and for greater continuity and increased application 
on the part of those engaged. As to the latter phase 
of the subject, we have, in a previous article, made 
the stronge-t plea possible, and in returning to the 
subject now our main aim is to investigate to what 
extent the existing labour may be utilised more 
directly, and in greater numbers, towards meeting 
the requirements of the Navy and Army. At once it 
must be admitted that great things have been done 
already, and that our troops have been supplied 
with marvellous punctuality with all the necessities 
for maintaining their position and operations in the 
field; and, further, that vast strides have been made 
towards the completion of that mighty military 
machine which, as is well known, will be utilised 
at the psychological moment for a great forward 
advance. Every day by which this advance can be 
anticipated brings victory nearer; life will be saved, 

the cost of the war minimised, and all the miseries 
attendant upon war lessened. The need, therefore, 
for great effort by the working classes should be 
realised, and petty questions laid aside in the 
interests of all, and particularly of Imperial 
existence. 

The first method by which work and manufac- 
ture can be expedited is in the concentration of 
labour towards the desired end. The war has 
brought about a very considerable dislocation in 
trade. In some trades there is little demand for 
workers, and while some effort has been made to 
direct the unemployed into lines enabling the out- 
put of war munitions to be increased, ifficulties 
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have arisen in the full utilisation of men in trades 
to which they were not brought up. The extent 
to which unskilled labour should be employed is an 
old problem. Equally ancient, and even more 
conducive to disputes, is the question of demarca- 
tion. On the one hand, it is recognised that many 
machine-tools, particularly of the automatic and 
semi-automatic type, can be attended by unskilled 
labour, even by women or boys, provided there 
is skilled supervision, particularly in the setting 
of the job in the machine. This employment 
of unskilled labour naturally seems a medium 
for increasing the output in the absence of a sufli- 
cient number of skilled workers for the machines 
existing ; but, unfortunately, the trade unions have 
refused to — deviation from their regula- 
tions, or, indeed, from their line of policy. The 
same applies to questions of demarcation and the 
extent to which overtime can be worked; and, 
indeed, to the whole of the rules controlling the 
engineering factories in the country. 

The point of view of the trade unions must not 
be ignored. It is the right of every man to sell 
his labour at the highest obtainable price. Trade 
unions were formed, in the first instance, with the 
primary object of accomplishing this condition as 
far as possible. The members have fought, not 
without sacrifice to themselves, in order to force 
upon employers, even inst sound economic 
principles, rules of employment to appreciate 
remuneration either by increased rate of wage or 
by other means. They have gained enormously in 
strength because they often embrace the best of the 
workers, so that they have in the majority of cases 
been able to establish a ‘‘ close corporation ” in the 
factory. In such cases the employer was prohibited 
from engaging non-union skilled workers. The 
Legislature even has assisted towards the estab- 
lishment of the power of trade unions. From being 
classed in some respect as combinations inimical to 
trade, they have in other instances been made 
superior to law. Thus the rules and regulations 
of the trade unions have become their magna charta, 
and it is not unnatural that they should look with 
extreme jealously on any proposal for the voluntary 
relinquishment, even during the progress of the 
war, of the restrictions imposed by these rules and 
regulations. We need not enter into the ethical 
question—of the subservience of individual claims 
to communal or national interests. That is rather 
too large a question to be considered as a side issue. 
There is, however, in this case the fact that indi- 
vidual interests must be affected if the national 
aim is not achieved. Victory for the Allies in the 
war will bring a greater reward for the worker than 
for almost any other class of citizen, since it will 
conserve freedom to continue to work out the 
amelioration of the condition of the people. Defeat 
must bring tyranny, which would tell. most hardly 
upon the working classes, because they are the least 
able to stand the strain which must result from the 
necessity of providing the spoil for the victor. 

We believe that the situation is being more and 
more realised by the workers. Many are thought- 
less and a few are careless. The men responded 
splendidly to the direct call to arms. While many 
workers have allowed themselves an unjustifiable 
amount of idle time, others have done well. We 
cannot, however, excuse those engineers who, pend- 
ing settlement of questions at issue, have refused to 
work overtime. We admit that it is difficult for men 
who have worked long to establish their trade regu- 
lations now to relinquish voluntarily the advantages 
which these regulations bring. There is always the 
difficulty that any temporary relinquishment might 
establish clearly that the restrictions which the 
rules impose are unjustified on economic grounds. 
If during war a skilled worker, with the assistance 
of some handy men, boys, or women, were able to 
run a number of machine-tools, automatic or semi- 
automatic, and if an expert turner, with a little 
extra vigilance, could su ise the work on two 
or more lathes, instead of confining himself to one, 
the economic advantage established might have 
influence on the future possibility of restrictions 
in trade-union regulations which are opposed to 
sound economic principles. 

There lies the crux of the whole difficulty. Em- 
ployers are willing to guarantee that at the end 
of the war the old conditions will be reverted to, 
and that no concession now made will militate to 
the disadvantage of unionists in future disputes. 
The trade-unionists refuse, however, voluntarily 
to relinquish any point that they have in course 
of time established, and we are therefore forced 

to the point that military necessity, which is of 
the greatest and most vital importance, must 
become the dominant factor in the solution of the 
problem. This military necessity can only be 
enforced by military power. The Government 
have made short work of many of the prized 
liberties of action of the people. Stock Exchange 
transactions, bank facilities, the collection of debts, 
the control of railways, and the social amenities 
of the people have all had to yield to uational 
need. The Defence of the Realms Act” even 
threatens some of the cherished principles estab- 
lished by King John’s Magna Charta. Surely the 
trade unions’ Magna Charta must similarly yield 
during the progress of the war to national needs. | 
As Mr. Tennant said in his speech : ‘*‘ The Govern- 
ment have already made inroads into important 
industries upon which large bodies of the public 
depend.” Others must be made if the demands of 
the Navy and Army are to be met within the 
limits of time prescribed by tactical considerations. 
We are inclined to the belief that definite Govern- 

ment compulsion would solve the problem we have 
enunciated. It would enable the trade unions to 
offer nominal resistance and give them the right, 
when the Government compulsion was withdrawn, 
to hold to the principles and to the letter of the 
present rules and regulations of their unions. It 
would be established, further, that the change was 
not for economic reasons, but by force majeure. 
The means by which Government compulsion is to 
be exercised is more or less a matter of detail. It 
would probably suffice if a military administrator 
were attached to districts, in order that he might 
arbitrarily settle disputes between trade unions 
and employers, apart altogether from the limita- 
tions imposed by the trade-union regulations or by 
the customs of each employer. This measure may be 
regarded as drastic, but the situation calls for strong 
action. We believe that it would succeed, and would 
simplify a return to the status quo ante bellum, and 
would, at the same time, increase on the part of 
the workers their recognition of the importance of 
their contribution to victory, particularly as Lord 
Kitchener, according to Mr. Tennant, is considering 
the possibility of issuing at the termination of the 
war a medal to certain technical workers in the 
armament firms who have served the nation faith- 
fully and well in the manufacture of those articles 
which are required, and by whose skill and zeal 
the Army in the field has been supplied. This is a 
method of encouraging men which we have advo- 
cated in previous articles, and we are glad that the 
mind of the Secretary of War is travelling in this 
direction. 

CHEMICAL SCIENCE AND INDUS- 
TRIAL PROBLEMS. 

It would not be very astonishing if the British 
public, and the British manufacturer in particular, 
were becoming tired of being told that the days of 
the rule-of-thumb are over, that industry can only 
thrive if based on scientific research, and that the 
country could supply the scientific investigators if 
the manufacturers would only call for them. In 
this general form, we think, the lesson no longer 
needs reiteration. Discoursing at the Royal Insti- 
tution last Friday on ‘‘Science and Industrial 
Problems,” Professor Arthur W. Crossley, D.Sc., 
F.R.S., did not fall into this mistake. @ accen- 
tuated the general features of the question, of course; 
but he quickly turned to his chief aim, to demon- 
strate to his audience, by the aid of a few well- 
selected exemplifications, what the application of 
scientific methods and organised research—that 
point deserves emphasis—really signify; in that 
form the lesson was very acceptable. 

We need not dwell on the first exemplification, 
the utilisation of atmospheric nitrogen, as achieved 
by Norwegian science and enterprise, hecause we 
have dealt with that subject repeatedly, also in 
conjunction with two lectures which Dr. Crossley 
delivered in the same place two years ago. Dr. 
Crossley’s second example concerned “The Har- 
dening of Fats’’—more properly designated ‘‘ The 
Hardening of Oils,” he pointed out—an industry of 
recent birth, largely carried on in this country. 
The chemist, he explained, regarded oils and fats 
as glycerides, i.e., compounds of certain acids, 
chiefly palmitic, stearic, and oleic acids, with the 
alcohol glycerol (or glycerin) ; the formule of the 
acids were : C),H,.0,, C,,H¢9,, C,,H,,0,. The first 
two acids were saturated,” containing twice as 
many hydrogen atoms as carbon atoms ; the oleic 

acid was ‘‘ ansaturated”” and contained two atoms 
of hydrogen too few to come up to that rule ; but 
under certain conditions these two hydrogen atoms 
were taken up, and the oleic acid was then con- 
verted into stearic acid. Now the tripalmitin and 
tristearin glycerides were solid, the triolein was 
liquid ; in fats the former two compounds pre- 
vailed, and the fats could be purified with relative 
ease, because they were solid; whilst in oils the 
latter glyceride predominated, and the purifica- 
tion—the removal of other constituents of un- 
pleasant odour and taste—was exceedingly diffi- 
cult. The hard fats were, at present, largely 
utilised for making margarine and other food- 
stuffs, and the soap-makers and others were de- 
prived of their raw materials, the hard fats. The 
world’s supply of whale-oil, on the other hand, 
amounted to 1,200,000 barrels in 1912; but, 
owing to its offensive smell, that oil had found 
only a very limited application for lubricating and 

| in the tanning industry. The weight of hydrogen 
required for converting the oil into fat was small ; 
by volume the quantity was enormous, 75,900 litres, 
or 2680 cub. ft. per ton of triolein. That, however, 
was not the difficulty; for Linde machines gave 
enough hydrogen to treat 100,000 tons of oil 
annually, and one electrolytic factory in Norway 
could supply the hydrogen for hardening 150 tons 
of whale-oil every 24 hours. 

The difficulty, Dr. Crossley continued, was to 
make the oleic acid combine with the hydrogen ; 
many attempted hydrogenations had failed. That 
hydrogenation could be effected at temperatures 
between 280 deg. and 300 deg. Cent. in the pre- 
sence of finely-divided nickel as catalyst, had been 
shown by Sabatier and Senderens during the last 
decade, and the commercial processes of hardening 
oils were the direct outcome of the researches 
chiefly of these scientists, though they had only used 
their substances in the state of vapour. Thanks 
to patent litigation, an instructive insight had been 
gained into the technics of the process. The first 
patent dealing with the hydrogenation of oils in 
the liquid form had been taken out by Normann, 
who, after referring to Sabatier and Senderens, 
stated that the hydrogenation of unsaturated 
fatty acids was easily effected by causing the vapour 
of pure oleic acid or of commercial fatty acids, 
together with kydrogen, to ae over the catalytic 
metal, which was preferably distributed over a 
suitable support, such as pumice stone ; it was also 
sufficient to add fine nickel powder, obtained by 
reduction in a current of hydrogen, to the heated 
oil, and to pass a current of hydrogen through the 
oil. The quantity of the nickel added and the 
temperature were immaterial, and only affected 
the duration of the reaction ; it was not necessary, 
= to use pure hydrogen ; water-gas might 

used, 
That, Dr. Crossley said, was briefly the wording 

of the problem submitted to practical chemists for 
decision as to whether it was a workable process or 
not. Dr. Crossley then proceeded to discuss the 
different statements from this point of view. He 
firat explained that, though the manufacturer chiefly 
wanted a hard fat, the criterion of hardness was not 
sufficient for controlling the reaction ; unsaturated 
acids absorbed also iodine and bromine, however, 
more readily than hydrogen, and the reaction was 
therefore controlled by determining at intervals the 
‘*iodine number ”—.e., the amount of iodine still 
being taken up by the oil. He then pointed out that 
the specification spoke of ‘‘ reduction in a current 
of hydrogen.” Reduction of what? he asked. One 
might think that it should not matter whether the 
nickel was reduced from some oxideorfrom hydroxide 
itself prepared from the sulphate, nitrate, &c. But 
it mattered a very great deal, as he demonstrated 
with the aid of many curves, the results of syste- 
matic organised researche:. Nickel from oxide was 
practically useless as a catalyst ; reduced from 

hydroxide, the metal was most active when the 
hydroxide had most carefully been purified. The 
sulphate was a bad salt to start from, because traces 
of sulphur were injurious. To exemplify these points 
Dr. Crossley dusted some very finely-divided iron 
on a piece of cardboard, which it blackened, some- 

what like graphite ; he then opened a sealed glass 
tube containing iron reduced from the oxalate ; the 
exceedingly fine iron particles at once caught fire 
when they left the tube. The physital condition 
of the nickel was thus of great importance. Other 
curves proved that the amount of nickel and the 
temperature of the reaction were not immaterial, 
asthe patent said, but most essential. Again, the 
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hydrogen had to be pure; hydrogen generated 
from good commercial zinc and acid was inetticient, 
on account of the arsenic and sulphur in it; yet 
infinitesimal proportions of sulphur made little 
difference. Hence the statement that water-gas 
could be substituted for hydrogen required con- 
iderable modification. 
But even if the manufacturer were prepared to 

psy full attention to all these points, he could not 
go into his works and start the new process. The 
process had to pass from the hands of the experi- 
mental chemist into those of the technical chemist, 
who, if not himself a chemical engineer, would 
have to work in conjunction with an engineer to 
design and erect suitable plant. The technical litera- 
ture on the subject was, unfortunately, very meagre, 
and one had largely to rely upon the information 
offered in the numerous patent specifications. Of 
these the lecturer singled out one, because of the 
novel method by which the oil and catalyst were 
brought into contact. According to R. Leesing’s 
patent, hydrogen containing from 5 to 10 per 
cent. of carbon monoxide was passed over nickel, 
which need not be pure; the hydrogen, together 
with the nickel carbonyl formed, were then 
passed into the oil at a temperature of 200 deg. 
or 240 deg. Cent., when the carbonyl was decom- 
posed again, and the nickel was liberated in 
the nascent, most active condition. Returning 
to the general problem, Dr. Crossley stated that 
most of the hardened fats were used in soap- 
making and for lubricating ; some served in food- 
stuffs. As regards the physiological question, that 
the hardened fats (snd the soaps made from them) 
contained up to 4 milligrammes of nickel per kilo- 
gramme of fat (Offerdahl), further investigations 
would have to be conducted, though that amount 
of nickel was smaller apparently than what was 
taken up from nickel-plated cooking utensils. 
We can only say a few words about the third 

example discussed by Dr. Crossley, the anthra- 
quinone colour industry. That anthraquinone (a 
derivative of anthracene) gave the beautiful alizarine 
or Turkey red, the lecturer explained, had long 
been known. But to produce other shades with 
alizarine had required the use of metallic mordants, 
until, twenty-five yeirs ago, it had been discovered 
that certain derivatives of anthraquinone yielded 
directly fast colours in any variety of shade. 
‘*Compound making,” as the work of the organic 
chemist was scornfully catled sometimes, by hun- 
dreds of trained chemists, had been wanted for long 
years to make this industry one of the greatest 
commercial enterprises of modern times. At pre- 
sent the constitution of a new dye of a particular 
desired shade could at once be written down, and 
its mode of preparation outlined, without experi- 
menting. Luck had sometimes come in. Thus a 
sky-blue variety had once altogether failed to turn 
up when a new apparatus had been used. After 
long inquiry, it had struck the chemist that the 
copper lid (the other apparatus had been all iron) of 
the apparatus might have something to do with the 
failure ; and a long laborious research had revealed 
the fact that traces of copper modified these and 
other reactions in a striking manner. 
Throughout his lecture, Dr. Crossley accentuated 

the point that research must be both systematic 
and organised, and he opened and concluded his 
discourse with a quotation from one of the most 
prominent industrial chemists of this or any other 
time—whose name, R. Schmidt, of Elberfeld, was 
given in connection with the anthraquinone 
industry : ‘‘It is pure and organised scientific 
research work, carried out in the laboratory, which 
is the soul of industrial prosperity.” 

HISTORY OF THE METALLURGY OF 
IRON AND STEEL. 

THE annual Graduates’ Lecture was delivered at 
the Institution of Mechanical Engineers, West- 
minster, on Monday, the 8th inst. 

concerned, as was natural under the circumstances, 
with ‘‘The History of the Metallurgy of Iron and 
Steel.” In his introductory remarks, Sir R. A. Had- 
field spoke of the connection between metallurgists 
and mechanical engineers. Without the former, the 
latter’s progress would have been far slower than 

He also referred with satisfaction to 
the public acknowledgment of the services of the 
engineering officers of the Navy, which recently 
took the form of classifying them as a military 

it has been. 

This year Sir 
R. A. Hadfield, F.R.S., Member of Council of the 
Institution, undertook the duty, and his lecture was 

branch of H.M. Navy. While everyone had 
the highest admiration for the brave men form- 
ing the fighting side of the Royal Navy, credit 
was equally due to the engineering officers. In 
reviewing the history of the metallurgy of iron 
and steel, the lecturer referred to the early 
examples met with in India and Ceylon, of which 
mention has been made in papers before the Iron 
and Steel Institute, &. A brief review was 
then given of the developments in England, after 
which the lecturer made a few remarks on the 
conservation of natural resources, expressing the 
opinion that in several recent years there had 
really been an over-production of pig-iron, and 
that the output of 1914 was more nearly normal, 
and according to actual requirements, than had 
been the case for many years. 

Sir Robert Hadfield next referred to his own 
work, which commenced in 1882. He confined his 
remarks chiefly to the development of manganese 
steel, low-hysteresis steel, and to low-temperature 
investigations. As regards manganese steel, a 
series of lantern-slides were shown of manganese- 
steel rail material subjected to numerous tests. 
The material had a tensile strength of 65 tons and 
an elongation of no less than 57 per cent. on 6 in. 
A number of photographic slides were exhibited 
showing such material in use on curves on the 
Paris Metropolitan, and in cross-overs on the 
London tube systems, as well as in large tramway 
crossings in Sheffield. The latter example was in 
service for over six years, the lay-out which it 
replaced having lasted less than a year. Passing 
on to the characteristics of the low-hysteresis steel 
which he had developed, Sir R. Hadfield said it 
contained silicon in quantities thirty to forty times 
in excess of that in ordinary steel, and less than 
1 per cent. of carbon. This material, after heat 
treatment, was of a quality which avoided energy 
losses, was stable, and did not age. The energy 
losses ‘were so small that transformer output could 
be increased 50 per cent. beyond that ible with 
revious materials, without increase of dimensions. 
he eddy current losses were so small that there 

was no advantage in using sheets thinner than 
0.02 in. It was superior to ‘‘Lohys” steel as 
regards non-ageing. The first small transformer 
made of this material was exhibited at the meeting ; 
it weighed 30 lb., and was produced in 1903. The 
total capacity of the transformers made of this 
low-hysteresis material in America alone was, in 
1910, approximately 14 million k.v.a. Some in- 
teresting figures were given showing how the 
magnetising losses fell with the age of the trans- 
former, and estimates were given in specific cases 
of the saving this would result in. This iron alloy 
was more magnetic than pure iron itself. 

Reference was then made by the lecturer to low- 
temperature research made jointly with Sir James 
Dewar, and to the properties of iron-nickel alloys. 
Attention was drawn to the alloy with 19.9 per 
cent. Ni, which had a tensile strength of 157 tons, 
and an elongation of 15.5 per cent.on2in. Sir R. 
Hadfield next referred to the question of research, 

science and scientific work was more highly esteemed 
than in Great Britain. It was often customary 
to say that we lacked appreciation of scientific 
merit; but he did not believe it. Though the 
fight for the cause of advance and progress was 
severe, in the end the English recognised the value 
of research to its full and true merit. The lec- 
turer backed up that opinion by reference to the 
names of a long list of eminent men, of whom he 
said this little island had no need to be ashamed. 

Perhaps the most interesting part of the lec- 
ture under present circumstances was the refer- 
ence to armour and armour-piercing projectiles. 
Sir R. Hadfield showed numerous lantern-slides to 
explain how the cap of a projectile expanded on 
striking the plate, and reinforced momentarily the 
point of the projectile proper, so that it could with- 
stand impact with the plate and break through the 
hard skin. It was explained that usually the cap 
expanded to form a ring of a size corresponding to 
the diameter of the projectile, which through 
it. In some cases, however, the rings had been 
found to have a diameter somewhat larger than 
that of the projectile, though how that became 
possible was at present inexplicable. This part of 
the lecture was illustrated by a very ingenious 
cinematograph display, the film being composed of 
a very large number of sketches showing a projec- 
tile leaving the gun, striking the plate, the cap 
expanding and flying to pieces, and the projectile 

and considered that there was no country where | K 

iercing the plate, and exploding on the far side. 
he whole effect was very excellent, and the care 

taken to produce such a film from diagrams drawn by 
hand must evidently have been very considerable. 
Sir R. Hadfield explained that the series had been 
built up from well-established facts. Although 
clearly an artificial representatiou, the production 
was very effective, and the series of drawings from 
which the film was made must have been very 
cleverly and carefully executed. 

A very comprehensive exhibition was arranged 
round the hall of samples and test-pieces, micro- 
ce pom and so on, the collection embracing 
istorical specimens dating from 125 B.c , books on 

metallurgical subjects dating from 1505 a.p., speci- 
mens of manganese steel, low-hysteresis steel, tool 
steel, alloys, testing and other apparatus, &c. 
Not the least interesting were some 13.5-in. and 
15-in. projectiles, which had been shot through 
armour-plates 16 in. thick, and an exhibition of 
typical projectile caps, unfired, and also in the 
form of rings recovered and pieced together after 
firing. A great deal of trouble had, without doubt, 
been taken to make the lecture interesting and 
instructive to those to whom it was addressed. 
The chair was occupied by Dr. W. C. Unwin. 

THE LATE MR. ARTHUR KEEN. 
Mr. Arnruur Keen, who, we regret to record, 

died, at the age of eighty, on Monday last, was 
a man whose almost boundless energy carried him 
into a large variety of enterprises. He was born in 
Cheshire on January 23, 1835, so that he had only 
recently celebrated his birthday. His business life 
commenced on the London and North-Western 
Railway, and he was soon promoted from Crewe to 
be goods agent at Smethwick, then, of course, a 
small place compared with the large borough into 
which it has now grown. 

Mr. Keen’s first independent venture was of a 
rather interesting character. Through negotiations 
conducted by his father-in-law, Mr. Astbury, he 
entered into partnership with Mr. Watkins, the 
inventor of a nut-making machine. The firm of 
Messrs. Watkins and Keen very soon developed 
an important business, which expanded until, in 
1864, it was converted into the Patent Nut and 
Bolt Company. The success of this concern under 
Mr. Keen’s management was continuous. It 
absorbed other concerns and increased its capital, 
and, as it grew, its prosperity increased. Mr. 
Keen’s activity then tempted him to launch out in 
another direction. In 1900 he purchased the well- 
known Dowlais Iron Company, including their 
works and mines. The result of this move was that 
the Dowlais Company, the Patent Nut and Bolt 
Company, and Messrs. Guest and Oo., colliery- 
owners and iron and steel manufacturers, all com- 
bined, with a capital of 2,000,0001., to form the 
firm of Messrs. Guest, Keen, and Co. Mr. Keen 
was chairman of this company, and also managing 
director. The other managing directors were the 
late Mr. E. P. Martin ond eae. A. T. and F. W. 

een, 
Still on the alert for further possibilities, this 

new concern, under Mr. Keen’s active leadership, 
very soon acquired the business of Messrs, Craw- 
shay Brothers, Cyfarthfa, Limited, iron and steel 
makers and colliery-owners, while a still more 
interesting move was made almost at the same time 
in the amalgamation with the well-known firm of 
Messrs. Nettlefolds. In the new company of 
Messrs. Guest, Keen, and Nettlefolds, Limited, 
Mr. Arthur Keen was chairman, the managin 
directors being Messrs. E. Nettlefold, A. T. al 
F. W. Keen, and C, and E. Steer. 

The business capacity of Mr. Keen may be 
gauged by the fact that even with all these matters 
to occupy him he found time to attend as a direc- 
tor to the business of Messrs. Bolckow, Vaughan 
and Co., while he was chairman of the New 
Cransley Iron and Steel Company and director of 
the Loddington Tronstone Company. For a long 
wey he also was actively interested in the Muntz 

etal Company, being chairman for some time and 
a director for another period. His connection with 
this firm and with Messrs. Bolckow, Vaughan and 
Co. only ceased when the ever-increasing business of 
Messrs. Guest, Keen and Nettlefolds made such 
calls upon his time that he felt he was prevented 
from efficiently attending to the duties of the offices 
he held in them. Though all these concerns are 
related directly to the engineering industry, Mr. 
Keen’s activity was not confined solely to such 
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matters. Some thirty-five years ago he became a 
director of the Birmingham and Midland Bank, 
then largely concerned with local business. We 
believe Mr. Keen was instrumental in so extending 
the scope of its business that it was largely as a 
result of his work that it was decided to give it a 
wider character. It was converted into the London 
and Midland Bank in 1891. In 1898 an amalgama- 
tion was effected with the City Bank, the resulting 
concern being the present London, City and} 
Midland Bank, of which Mr. Keen was for some 
time chairman. 

Mr. Keen was elected a member of the Iron and | 
Steel Institute in 1885. In 1891 he was elected a 
Member of Council, and was made a Vice-Presi- 
dent in 1895, the year in which the Institution 
visited Birmingham. As a member of the local 
committee on that occasion, he largely assisted in 
its success. He also subsequently visited the 
United States with the Institute. He was still a 
Vice-President of the body at the time of his death. 
Mr. Keen was also connected with the Institution 
of Mechanical Engineers, having been elected a 
member of that body in 1869. He was a Member 
of Council from 1891 to 1897, when he was elected a 
Vice-President, which office he retained until 1911, 
when he resigned. He officially welcomed the 
members to Birmingham in 1897. He was active 
in public work in the neighbourhood in which he 
was interested, being for long a member and chair- 
man of the Local Board of Smethwick, a Justice 
of the Peace for Staffordshire, a life governor of 
Birmingham University, &c. 

THE LATE MR. 8. B. WORTHINGTON. 

WE regret to have to record the death, on 
Monday last, of Mr. Samuel Barton Worthington, 
who was widely connected with the railways of this 
country in their early days. Mr. Worthington 
died at the ripe age of ninety-four, and in his early 
life had the good fortune to be connected with 
many interesting and historic incidents at a period 
when railways were beginning to make good head- 
way. He was articled to Joseph Locke, and under 
him was occupied with surveys for several railways 
in the southern counties. He was, we believe, 
engaged on the survey of the London and South- 
ampton Railway, and also subsequently of the 
Glasgow and South-Western line. Work of this 
kind involved many unpleasant experiences, the 
relations with landowners sometimes becoming 
strained to breaking-point. 

He joined the Institution of Civil Engineers at 
the age of nineteen, in 1839, and few members can 
have had so long a connection with that body. 
While still a pupil of Locke’s he went to France on 
Locke’s staff, in connection with the construction of 

the Paris-Rouen Railway, the first on the Conti- 
nent, and wholly constructed by Englishmen, the 
contractors being Messrs. Brassey. It is interest- 
ing to note that some of the viaducts and works 
then put up have only lately been reconstructed. 
He lived for two years, about 1841-2, in Paris, 
while engaged in this way. Although still only a 
pupil, he had full responsibility for large portions 
of the work. A little later Locke was engaged on 
the construction of the Lancaster and Carlisle 
Railway, and when the line was completed, about 
1846, Mr. Worthington was installed as engineer, 
this post embracing responsibility for both con- 
struction and locomotive departments. Mr. 
Worthington ran with Robert Stephenson on the 
first locomotive to make the journey between Liver- 
pool and Birmingham. 

He remained on the Lancaster and Carlisle R il- 
way until it joined the Manchester and Birmingham, 
the Grand Junction, and the London and Birming- 
ham, which had already combined in 1846 to form 
what is now called the London and North-Western 
Railway. This was in 1859, after which he 
remained chief engineer of the northern division 
of that system until he retired in 1885. During 
the thirty years since his retirement from the 
railway Mr. Worthington did a certain amount 
of consulting work and undertook a great deal 
of public work in connection with engineering 
matters of the Manchester Corporation. He was 
elected a Member of the Institution of Civil Engi- 
neers in 1861, and joined the Institution of Mecha- 
nical Engineers in 1860. 

He enjoyed good health up till the end, having 
been quite well on Sunday last, and he continued till 
last week to enjoy daily exercise. His death severs 

one of the last links with our early railways, and 
there can have been very few men who have seen, 
or have been in such a position to appreciate, so 
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many interesting changes brought about in any 
country, to say nothing of the wider effect the 
development has had on the world at large. 

THE BRAYSHAW INDUSTRIAL FURNACES. 

An exhibition of industrial furnaces organised by 
the Brayshaw Furnaces and Tools Company, Limited, 
Manchester, was opened in the Large Hall, 83, 
Nursery-street, Sheffield, on Monday last, the 8th 
inst., by Professor J. O. Arnold, D.Met., F.R.S., 
Mr. Hanbury Thomas, of the Sheffield Gas Company, 
occupying the chair. The Exhibition is to remain 
Open one month. 

In the course of a short introductory speech, Mr. 
Thomas dwelt upon the great importance played in 
metallurgy by heating, annealing, tempering and 
melting furnaces, and called attention to the great 
rapidity with which gas-heated furnaces had forged 
ahead during the last few years. He enumerated 
briefly the Sheffield trades, and stated that there 
was very little material manufactured in the town 
and district for dealing with which a gas-furnace 
could not be used. He pointed out the ease with 
which the gas consumption could be regulated. He 
invited steel-tool manufacturers to visit the Exhibi- 
tion with theirown materials and to have them dealt 
with there, when it would be easy for them to decide 
whether the treatment in a gas-furnace were better 
than their own form of treatmentor not. He thought 
they would find it greatly to their advantage to use 
the gas furnaces. 

Professor Arnold expressed his pleasure at inaugurat- 
ing the Exhibition, for he saw in the furnaces which 
surrounded the hall an example of applied science. 
The makers were gas engineers, and they had suc- 
ceeded in giving to the steel trade furnaces which 
had long been wanted. They were furnaces made by 
gas engineers, the performance of which were regis- 
tered by instruments made by the Cambridge Scientific 
Instrument Company, and perfect regulation of tem- 

rature in the various phases of manufacture was 
ecoming more and more important. This. condition 

was not obtainable in the past; he was afraid that 
formerly steel metallurgists had relied too much on 
irregular and uncertain methods. The visitors to the 
Exhibition would be able to study both the furnaces 
and the recording instruments brought to their notice. 
Sheffield, Professor Arnold stated, had with one ex- 
ception the cheapest yas supply in the United King- 
dom ; the price varied from 10d. to ls. 3d. per thou- 
sand cubic feet. He called attention briefly to the 
various furnaces exhibited, referring specially to two 
new Brayshaw types for annealing, giving a perfect 
radiant heat, with no cutting flame ; these were about 
the most perfect furnaces he had ever seen. He 
hoped that one of the results of the present war would 
be to cause Sheffield to regain a very large portion of 
the trade which the town had lost, the manufacture 
of swords among other things, and he had great 
pleasure in declaring the Exhibition open. 

Mr. 8. N. Brayshaw, in thanking Professor Arnold, 
stated that seventeen years ago he and his brother 
started the manufacture of milling-cutters. They had 
very good Sheffield steel, and had no trouble with the 
hardening. He carried out the hardening himself, 

and very frequently, whilst he was so working, he had 
the correspondence read out to him, and dictated the 
replies. hen, however, the trade w, he had to 
employ workmen to carry out the hardening, and then 
the trouble began. This led them to design types of 
furnaces and to fit them with recording instruments, 
which latter they obtained from the Cambridge 
Scientific Instrument Company. Gradually Messrs. 
Brayshaw perfected a furnace which reduced harden- 
ing to a mechanical operation. They first put 
down for their own use a salt-bath furnace, several of 
which were exhibited ; they then manufactured it for 
sale to other tool-makers, and most of their com- 
petitors now used it. They then introduced their 
twin-chamber furnaces for the treatment of high- 
speed steels. They also introduced quenching in 
special kinds of salts ; the question of quenching was 
one that would be dealt with in a lecture during the 
time the Exhibition remained open. A feature of 
their furnaces was the burner, for which a patent was 
ranted to them in Germany, but only after they had 

Sica made to show that it embodied new technical im- 
provements. The burner was tested at Messrs. Bray- 
shaw’s request at the National Physical Laboratory, 
and on the certificate issued by the Laboratory, the 
German Patent Office finally decided to grant the 
inventors a German patent. The furnaces shown were 
fitted with the patent burner in question. He called 
attention to the fact that the Brayshaw furnaces were 
used at the Royal Mint, and that all the gold coin of 
the present reign had passed through them. No 
demonstrations could be given at the opening meet- 
ing ; they would be given, however, during the follow- 
ing days. He moved a vote of thanks to Professor 
Arnold, who briefly responded. 
A vote of thanks to Mr. Hanbury T'homas concluded 

the proceedings. 
The visitors then inspected the various furnaces, 

recording instruments, and steel-cutting tools exhi- 
bited. The furnaces are arranged on the two sides of 
the hall, and include the following :—A new pressure- 
gas annealing furnace, having four thermo-couples, 
connected to a quadruple-thread recorder, giving four 
records on one chart ; the gas is supplied at ordinary 
pressure, with an air pressure of about 1 lb. per 
sq. in. The chamber of this furnace is 15 ft. 
long inside. Adjoining this is an annealing draught- 
gas furnace, the chamber of which is 16 ft. long 
inside, fitted with three thermo-couples, and con- 
nected to a single-thread recorder with triple com- 
mutator, giving three records on one chart. There 
are, besides, three salt-bath furnaces, one work- 
ing and connected to a Callendar recorder; twin- 
chambered furnaces for hardening high-speed steels ; 
oven furnaces for hardening, annealing, reheating, &c., 
in conjunction with which Féry pyrometers are used, 
these being suitable for very high temperatures where 
thermo-couples cannot be resorted to; a crucible fur- 
nace working and one not in use, and adjoining the 
latter another salt-bath furnace. All the furnaces 
working are heated with town gas, the air pressure, 
where this is required, being supplied by two electri- 
cally-driven fans. We described in one of our preced- 
ing issues (see ENGINEERING, vol. xciv., page 568), 
Messrs. Brayshaw’s twin-chambered furnace for har- 
dening high-speed steel, their salt-bath furnace with 
rising and falling tray, and their patent burner. 

Tue Employment or Boys 1n Mines.—Out of 926,359 
persons employed underground in the mines of the United 
Kingdom in 1913, 51,801 were under sixteen years of age. 
The average death rate from accidents was 1.37 per 1000 
for persons under sixteen, and 1.76 per 1000 for persons 
over sixteen. 

Contracts. —The Canadian Bitumastic Enamels Com- 
pany, Limited, Montreal, the agents for Wailes, Dove 
and Co.’s ‘‘ Bitumastic ” materials, have secured the con- 
tract to clean and apply “‘ Bitumastic” enamel to the 
interior surfaces of the emergency intake water-pipe for 
the city of Montreal. This pipe is approximately 1400 ft. 
long by 8 ft. in diameter; and was built to prevent a 
recurrence of such a water famine as the city — 
enced in 1%13.—A contract for Osram en has n 
placed with the General Electric Company, Limited, by 
the Bibby Line of steamers, stipplanting carbon and 
other makes of lamps. This contract covers an exceed- 
ingly large quantity of lamps, and was placed after 
cokeauiies tests.—The Stirling Boiler Company, Limited, 
of 54, Victoria-street, Westminster, S.W., report that 
they have obtained the following orders, all of which have 
come from firms which have already installed Stirling 
boilers:—One boiler for the Newcastle and District 
Electric Lighting Company, Limited ; two boilers for the 
Admiralty, for Portsmouth Dockyard; four boilers for 
the Corporation of Huddersfield; and five boilers for 
a large firm of ordnance makers in the North, fulfilling 
contracts for munitions of war.—Messrs. A. R. Brown, 
Mcfarlane and Co., Limited, Glasgow, have placed an 
order with Messrs. Edward Bennis and Co., Limited, of 
Little Hulton, Bolton, for sixteen mechanical stokers 
and self-cleaning compressed-air furnaces ; also a bucket 
elevator and conveyor, weighing-machine, &c._ Thiscom- 
plete stoking and coal-handling plant is to be installed in 
the Mitsui Bishi paper mills, Takasaga, Japan. 
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ELECTRICAL CONTROL-GEAR FOR DALMUIR SWING-BRIDGE OVER CANAL. 

CONSTRUCTED BY THE IGRANIC ELECTRIC COMPANY, LIMITED, ENGINEERS, LONDON. 

, ciliated ¥ 

AS ALLL DA 

Fig. 1. Matin Controu Panet. 

& ¢ ; t 

POT ae ee 

sont nF 

* or ge Raye BAL, ra ; 2 

cee ee = 

aan munuut 
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On Wednesday last the official opening took place readers. The requirements of the authorities concerned 
of 'the my Sn over the Forth and Clyde Canal (the Caledonian Railway Company and the Corpora- 
at Dalmuir, lasgow. This is believed to be the first tion of Glasgow), aud of the consulting engineers 
movable bridge in the world where the whole of the (Messrs. Crouch, Hogg, and Easton, of Glasgow), 
operations of opening and closing the bridge, as well | regarding the scheme of control were somewhat exact- 
as the control of the pedestrian, vehicular, and water- ing, because it was, at first, doubted whether all the 
borne traffic, can be performed electrically by one man | desired functions could be satisfactorily performed 
from one position. The following description of the | by electrical means. It was thought unnecessary to 
electric controlling-gear, all of which has been designed employ electrical control unless a scheme could be 
ond manufectured y the Igranic Electric Company, | devised which would place the whole control of the 
imited, of 147, Queen Victoria-street, London, will bridge in the hands of one man, who should be stationed 

therefore be of considerable interest to many of our in acabin from which he would have a view in each | 

direction along the road leading to the bridge, as well 
as in each direction along the canal which the bridge 
spans. He was to be able to control the bridge without 
leaving his cabin, and the whole equipment was to be 
eafe and mistake-proof. 

The bridge carries pedestrian and vehicular traffic of 
all kinds, including two electric-tramway tracks, and 
precautions had to be taken to give notice to approach- 
ing traffic of the intention to open the bridge. The 
electric-current supply from the tramway had to be 
cut off, and the gates at either end had to be closed 
before the bridge was unbolted or moved, Run; 
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away pointe had also to be operated before opening 
the bridge, so that a tramway-car disregarding the 
signal or getting out of the driver’s sontrol, would be 
turned into a siding if the bridge were open, instead 
of running through the gates into the canal. 

Electrical operation was decided on to avoid unne- 
cessary expense, and at the same time to provide 
safeguards against every form of accident which could 
be foreseen, and to eliminate entirely the human 
element. Consequently the control has been made so 
entirely automatic that the operator is unable to 
depart from the correct order of working, although he 
can, in the case of need, stop operations at any point 
in the cycle, and reverse them if necessary. As 4 
result, it is possible to entrust this very onerous and 
responsible duty toan unskilled employee. 

All the operations are performed by means of the 
small master-switch shown in Fig. 3, and also visible 
in the lower part of Fig. 2, which shows the whole of 
the control-gear for the bridge. The master-switch 
will be seen to have a rotary handle, which must be 
moved in one direction for opening the bridge, and in 
the opposite direction for closing it. This switch 
is the only piece of apparatus that has to be manually 
operated, att the rest of the control-gear being auto- 
matic. By moving it the automatic switches shown on 
the panels in Figs. 1 and 2 are operated, and these 
switches start the motors by successively short-circuit- 

Fic. 3. Mastrer-Switon. 

ing sections of the resistances in series with the 
armatures. 

In the cabin, for the operator’s wig pe is fixed 
an indicator, shown on the left of Fig. 2, and having 
a double row of panels, lettered as follows :— 

Tramway disconnected. Bridge nearly closed. 
First gate nearly closed. Bridge cl > 
Second gate nearly closed. Bridge bolted. 
First = closed. Bridge jacked. 
Second gate closed. Second gate open. 
Bridge lowered. First gate open. 
Bridge unbolted. mway connected. 
Bridge nearly open. 
Bridge open. 

When it is ~ ey he open the bridge the operator 
moves the handle of the master-switch in the opening 
direction to the first notch, and this causes semaphore 
signals on each end of the bridge to be set at 
‘*danger,” and a loud alarm-bell at each end to give 
a warning for a fixed period. Until the bell has run 
for the specified time, the operator is unable to procee 
farther; but when the bell has ceased to ring, if the 
state of the traffic is suitable, the operator moves 
the master-switch to the second notch, and this cuts 
current off from the tramway, opens the runaway 
points, and causes the road-gates on one side of the 
canal to commence to close. They continue to move 
until nearly closed, leaving a gap of, say, 18 iv. to 
2ft., and at this point the —_ s ‘*tramway discon- 
nected” and ‘‘ first gate nearly closed ” appear on the 
indicator. The operator then moves the master- 
switch to the next notch, with t1e result that the 
road-gates on the opposite side of the canal close to 
within 18 in. or 2 ft. of each other, and the legend 
**geocond gate neatly closed ” appears on the indicator 
The object of partly closing, instead of entirely 
closing, the gates is to enable the operator to control 
the traffic better, and to avoid the danger of trapping 
any child or careless pedestrian who might make a 
rush through the gates. Having got the gates on 
both sides of the canal nearly closed, the operator, 
if he sees that all is clear, moves the master-switch 
on to the next notch, with the result that the first 
gate is closed and bolted, and the legend “‘ first gate 

closed ” appears on the indicator. He then moves 
the master-switch one notch further, thereby closing 
and bolting the second gate, and the fact that this 
has been accomplished is announced on the indicator. 

The next movement of the master-switch causes 
the bridge to be lowered ready for > and 
a futher movement of one notch unbolts the bridge, 
the completion of both movements being duly an- 
nounced on the indicator. On moving the switch to 
the next notch the bridge commences to open, and 
when the movement is nearly completed, the fact is 
signalled on the indicator. The operator can then 
move the switch to the final notch, when the bridge 
is slowly and automatically brought into the full- 
open position, and the fact announced on the indi- 
cator. 

It should be noted that the ition of the gates 
or of the bridge does not depend upon how far or how 
quickly the operator moves the master-switch. The 
— at which either the gates or the bridge will 

sto depends upon automatic limit-switches, 
over which the operator has no control. No damage 
can be done by moving the master-switch too quickly; 
the handle must be kept on each notch until the 
— has been completed. If the operator moves 
the handle forward without waiting, he produces no 
result, and has to come back to the required position 
in order to continue the operations. In case of 
emergency, however, he can, as previously men- 
tioned, stop the operation and reverse it, if neces- 
sary. by bringing the master-switch to the *‘ off” 
position, and turning it in the opposite direction. 
When it becomes necessary to re-close the bridge and | p 
open the road, the operator brings the master-switch 
to the ‘‘off” ition and turns it, notch by notch, in 
the —— irection, when every operation will be 
carried out in proper sequence, each being announced 
as it occurs on the panels of the indicator. 

An important pvint in the design of the control- 
gear is that the speed of acceleration and retardation 
of the motors in no way depends upon the discretion 
of the operator, and neither is it affected by such 
factors as variation of load due to wind pressure. 
The operator cannot damage the motor by cutting- 
out the resistances too quickly. Each of the motors 
is started automatically at the proper rate of accele- 
ration, and each operation of the bridge or gates takes 
place at the = for which it has been adjusted, no 
matter how the conditions may vary. The operator, 
in fact, cannot produce an accident by a wrong move- 
ment of the switch. The only result would be to stop 
the operations and give the man an opportunity to 
correct his mistake. 

The main contractors for the whole of the work were 
Messrs. McAlpine and Sons, of Clydebank, and the 
Brandon Bridge-Building Company, of Motherwell, 
were the sub-contractors for the bridge and the 
mechanical work. Messrs. Osborn and Hunter, of 
Glasgow, were the sub contractors for the installation 
of the electrical gear, and also supplied the motors. 

THE LATE ENGINEER-CAPTAIN WILLIAM 
HENRY BRAMSDON. 

WE regret to have to record the death, at his 
residence at Southsea, on the 7th inst., of Engineer- 
Captain Bramsdon, who, after 37 years’ service in the 
Navy, retired five years ago. He was born on March 
21, 1852, and entered H.M. service as assistant 
engineer (acting) second class, with seniority of 
September 20. 1873. In August, 1874, he was ap- 
pointed to H.M.S. Glasgow, on the East Indies 
station, being subsequently transferred by the Com- 
mander-in-Chief to H.M.S. Shearwater. He returned 
home in August, 1875, and in the following February 
was appointed to H. M.S. Orontes (Particular Service). 
While in this ship he was promoted to acting 
assistant engineer (first class). His next ship was 
H.M.S. Elk (South-East Coast of America) in May, 
1877. He remained in her for four years, and was 
advanced successively to assistant engineer (April 1, 
1877) and acting engineer (March 20, 1879). In May, 
1882, he was appointed to H.M.S. Agincourt, and in 
the ss November to H.M.S. Tamar (Particular 
Service). He was transferred from the latter ship to 
H.M.S. Himalaya in May, 1883, remaining in that 
oh till May, 1886. His next appointment was to 
H.M.S. _ at Portsmouth, in July of the 
same year. In October, 1888, he received an appoint- 
ment to H.M.S. Seagull (building), and remained in 
that ship on his promotion to chief engineer (Dec- 
ember 1, 1888). 

He went to the Erquimault Dockyard in January, 
1891, and there remained until June, 1896, when he 
returned to England, being borne upon H.M.S. Vic- 
tory for service with gun and torpedo-boats in August 
of that year. While at Esquimault he was advanced 
to Staff Engineer (December 1, 1892). His next 
appointment was to the Howe (Mediterranean Station) 
in September, 1896. He was, however, transferred in 
the following November to H.M.S. Ramillies, where 
he remained until February, 1900, being advanced while 
on this ship to Fleet-Engineer (December 1, 1896). He 

was next transferred to H.M.S. Sultan in April, 1900. 
On April 1, 1903, his title was changed to Engineer-Com- 
mander under the new nomenclature. In October, 1903, 
he went to H.M.S. Hannibal (Channel Fleet), where 
he remained until promoted to Engineer - Captain 
(seniority July 9; 1904). On July 21, 1904, he was 
appointed to the Fleet Reserve at Sheerness. He 
remained at Sheerness until May, 1905, when he pro- 
ceeded to Sydney, South Australia, as chief engineer 
of the naval establishment there. He returned to 
England in January, 1909, and in the following April 
was placed on the retired list at his own request. He 
was the brother of Sir Thomas Bramsdon, late M.P. 
for Portsmouth. 

THE LATE MR. JOSEPH HALLETT. 
WE regret to learn of the sudden death, on Tuesday 

last, of Mr. Joseph Hallett, who had for the past four 
years been Chairman of the Council of the Insti- 
tute of Marine Engineers, and had done splendid 
service for the Institute, especially by his efforts in 
connection with the working out of the scheme for the 
new a Mr. Hallett was in his fifty-fifth 
year. e served five years’ apprenticeship as an 
engineer in the locomotive and marine department 
of the London, Brighton, and South Coast Railway 
Works at Brighton. After this he entered the service 
of Messrs. J. and G. Rennie, where he continued for 
nine years, at a time when the firm were occupied in 
constructing machinery for some of the most important 
naval ships. Forthe last four years of his term of service 
e was responsible for the fitting out of several ships, 

including the Hero, Basilisk, Goldfinch, and Widgeon. 
At the same time he was connected with the fitting 
of torpedo gear to a large number of torpedo-boats. 
One of the ships for which he was reeponsible was the 
Calliope, which came into great prominence because 
she was successfully navigated out of Samoa in the 
teeth of a great gale, when the ships of other nationali- 
ties had to succumb. The soundness of the machinery 
was an important contributory influence to this 
splendid piece of navigation. 
When Messrs. Rennie closed down, Mr. Hallett 

became principal assistant to the late Mr. Archibald 
Thomson, consulting marine engineer, and his wide 
experience was in this position of great service. He 
ultimately succeeded the late Mr. Thomson as the 
representative of the Leeds Forge Company and 
Messrs. Bow, McLachlanand (Co. For several years he 
was the representative of the Liverpool R -frigerating 
Company, who supplied the plant of all the large 
Nelson ts and of many other ships. Three years 
ago he succeeded the late Mr. W. T. Taylor as the 
London representative of the Darlington Forge Com- 
pany. 

e was a member of the Institution of Naval 
Architects and has been for long closely identified with 
the Institute of Marine Engineers. His loss to this 
Institute will be great, for, as we have said, he had been 
Chairman of the Council for fuur years, and took a 
very prominent part in the city premises scheme, being 
personally very energetic and successful in obtaining 
subscriptions ; in this he excelled all other members. 
He was the Secretary of the Fund and of the Executive 
Committee, and personally had to do with most of 
the questions which arose in connection with the 
building, and there were many, especially owing to 
the builders’ strike. He represented the Tstitute on 
the Board of Trade Advisory Committee, and in 
this respect was specially qualified, because many of 
the members are superintendents of the shipping com- 
panies, and may not therefore in all cases judge 
matters without some bias. Mr. Hallett was, however, 
free from all association with shipowners or ship- 
builders. Moreover, he brought to the work of the 
Committee high professional qualifications, a close 
contact with all that was current practice, and wide 
———. 

c. Hallett was not only a thorough, practical 
engineer, but a man of solid integrity, willing and 
ready to assist his confréres. He was modest and 
unassuming in character, and his sndden death, due 
to heart failure, will be regretted by a wide circle of 
professional and personal friends. 

Burma.—The first 65 miles of the Southern Shan States 
Railway have just been opened for traffic, and they bring 
Kalaw, the finest hill station in Burma, within 24 hours 
of Rangoon. Kalaw is 70 miles nearer Rangoon than 
Maymyo, and although, according to present arrange- 
ments, a journey will occupy about the same time, when 
the new line is in thorough working order it will be pos- 
sible to reduce the trajet by several hours. Kalaw is 
about 1000 fs. higher than Maymyo, and it hasa = 
portionately cooler climate and a smaller rainfall. The 
mosquito, which infests Maymyo, is almost non-existent 
in Kalaw. The new extension — a high-level 
girder-bridge at Yinmabin. Upon the main ghaut, 18 
miles in length, there isa continuous ascent of 1 in 25, 
and it is considered the heaviest ascent in India. There 
are four reversing stations on the section, and the descent 
will be one requiring great care. 
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INDUSTRIAL NOTES. 
On the 2nd inst. the executive committee of the 

Miners’ Federation passed a resolution protesting 
against the suggestion of suspension of the Eight- 
Hour (Mines) Act. At the close of the meeting the 
following statement was issued :— 

“This meeting emphatically protests against the 
movement at present being engineered by certain 
mine-owners, manufacturers, chambers of commerce, 
gas companies, and others interested in various parts 
of the country to bring about a suspension of the 
Eight-Hour (Mines) Act. We desire ——— to 
bring before the Government and the public the fact 
that any shortage in the supply of coal is not in any 
way due to the operation of the Eight-Hour Act, 
large numbers of miners at collieries scattered up and 
down the country not having had the opportunity of 
making more than a few days per week down to the 
resent time. The committee further desire that public 

attention be drawn to the fact that the workmen in 
certain important districts have quite recently suffered 
a reduction in wages solely on account of the fall in 
the price of coal, and this circumstance shows that 
the coal supply, so far as the workmen are concerned, 
has been adequately maintained. 

‘*In the opinion of this committee no shortage in 
supplies is due to this cause, but is rather due to the 
congestion of goods traffic on the railways, excessive 
freight charges on the railways and coasting vessels, 
&c., the exploitation of middlemen, and other costs 
entirely outside and irrespective of the Eight Hour 
Day Act.” 
The further following statement was also made :— 
‘*A strong desire has been expressed by the mine- 

owners in the ironstone district of Cleveland to have 
the Eight Hour Day (Mines) Act suspended at the 
mines in that district because of the extraordinary 
demands for raw material in the production of iron 
and steel and also for by-products which are secured 
in the manufacture of iron from iron ore. It was 
reported that the miners of Cleveland had been 
requested to meet the mine-owners with a view to a 
mutual understanding being come to regarding work- 
ing under the eight-hour day system, and the possible 
temporary suspension of the Act. The executive 
committee of the Federation, after fully considering 
the matter, cannot see their way to countenance the 
suspension of the Act in any part of the mining dis- 
tricts of Great Britain.” 

The National Boiler-Makers’ Society has presented 
an application to the Shipbuilding Employers’ Fede- 
ration for an advance of wages for the men employed 
at the Federated shipyards. The increase in the price 
of food-stuffs is the principal reason for the request. 

The employers have not yet replied to the applica- 
tion, butit is expected that this will form the subject 
of an early conference between the Federation and 
representatives of the society. 

The movement among the members of the Boiler- 
makers’ Society employed in the shipyards of the 
North-East Coast for an advance of wages has been 
followed by an application for advances from other 
classes of shipyard workers, and from the men engaged 
in the engineering shops. 
the National Union of Gas and General Workers has 
been instructed by the members of the union employed 
in the shipyards and engine-shops to apply for an 
advance of 3s. per week on time rates and 10 per cent. 
on piece rates ; also to apply for a minimum rate of 
26s. @ week for all labourers. 

The annual meeting ot tne Sprin 
Amalgamation was held at the 
Sheffield, on the 3rd inst. 

Starting with a membership of under 400, they 

emperance Hall, 

closed the year with 1700 financial members on the 
The income had amounted to 1709/. The 

sage to the 
books. 
principal item of expenditure was &86/., 
National Amalgamated Union of Labour for national 
insurance against all labour disputes, strikes, lock- 
outs, victimisation, and legal benefit. The Amalga- 
mation had been able to add 443/. to the local fund, 
which was purely for benevolent purposes. 
They had been able to make great strides in the 

A matter of settling labour disputes by conciliation. 
joint b ard had been formed, composed of representa- 
lives uf employers and workmen, which would deal 

took 
with 

with all disputes in the trade before a stop 
place. Any matter in dispute must be Healt 
within fourteen days, and failing a settlement b 
mutual agreement, an arbitrator should be appointed. 

Councillor Bailey addressed the meeting, and said 
that the 10 per cent. advance for which the men had 
applied on December 11 was still under discussion. 
He urged that, while matters were under negotiation, 
both sides should keep out of the Press. 

At the clore of the meeting the following resolution 
, greed to:—‘‘ That this mass meet- 
ing fully endorses the action of the committee in 
respect of the application for a further advance of 10 

was unanimously a 

The general secretary of 

Knife-Workers’ 

_ cent., and expresses regret at the attitude adopted 
the Employers’ Association in reference thereto. 

urther, we hereby express our determination—and 
definitely instruct our representatives on the joint 
Board—to press for an immediate percentage advance.” 

As a result of negotiations between the National 
Sailors’ and Firemen’s Union and the Admiralty, 
seamen on vessels in the Government service sailing 
from Bristol Channel ports have been granted 
increase of 1/. ag month, raising the wages to 7/. 10s. 
per month. It is stated that diesatisfaction is ex- 
ressed in regard to seamen being drafted into Bristol 
hannel ports whilst local men are available. 

A meeting of the executive of the National Union 
of Railwaymen was held on the 3rd inst. at Unity 
House, London, to consider the question of the general 
unrest among railwaymen. A conference took place 
during the meeting with representatives of the various 
railway companies, and the result was reported to the 
executive in the afternoon, but no decision was 
come to. 

Another conference between the representatives of 
the railway companies and representatives of the 
National Union of Railwaymen and of the Amalga- 
mated Society of Locomotive Engine Drivers’ and 
Firemen, took place on Saturday. The meeting was 
in reference to the demand put forward by the men 
for an all-round increase of wages, to meet the higher 
cost of living. The conference was adjourned for 4 
day or two, Bat the opinion is confidently expressed 
that an amicable agreement will be arrived at. 

At a meeting of Birkenhead railwaymen, held on the 
3rd inst., a resolution was passed demanding an imme- 
diate advance in wages of 5s. per week and double-pay 
for Sunday work. It was also decided that, should 
the companies fail to grant the increase, the men 
would refuse to work overtime or do Sunday work. 
A meeting of 1500 Liverpool members of the National 

Union of Railwaymen was held on Wednesday, when 
@ resolution was passed to the effect that, ‘‘ owiug to 
the enormous rise in the prices of commodities, 
nothing less than a 5s. weekly increase, with time 
and a half for overtime, and double time for Sundays, 
will meet the present requirements.” 

The General Federation of Trade Unions in their 
sixty-second quarterly report, dated December 31, 
state the following :— 

‘*Serious and immediate unemployment had been 
regarded as an inevitable consequence of the outbreak 
of war, but the statistical returns from affiliated 
societies show that unemployment is not so prevalent 
as was expected, except in such trades as the cotton 
trade, the printing trades, the furnishing trades, and 
amongst the felt hatters. Returns from several 
societies show that in some cases 20 per cent. of the 
members have enlisted in the New Armies. The dock, 
wharf, and riverside workers give 10,000 as the 
approximate number of members with the Colours, or 
nearly 25 per cent. of their total membership. From 
the staff of the Federation 13 members have either 
joined or rejoined the Colours ; this is equivalent to 
15 per cent. The management committee rejoices 
over even the tponement of excessive unemploy- 
ment, but does not hide from itself the certainty of 
dark days after the war isover. It hopes to mitigate 
the seriousness of the after-war situation by securing 
that soldiers shall be diecharged in such a manner as 
to prevent too sudden an ivflux of labour upon strained 
industries.” 

The Federation comprises 182 societies and unions, 
having a total membership of 993,126 ; the contribu- 
tions during the quarter ending December 31 amounted 
to 17,533/., and the expenditure to 4800/. 

According to their monthly report for January last, 
the Nationa] Union of Boot and Shoe Operatives have 
a membership of 49,055, which includes 4609 proba- 
tionary members. The total funds of the union 
amount to 171,760/. 

An important action to trade-unionists was heard in 
the Chancery Division, London, before Mr. Justice 
Warrington, on the 2nd inst. The object of the 
action, brought by Charles Bennett, of Hebburn-on- 
Tyne, a en of the National Society of Operative 

ouse and Ship Painters, was to obtain a declaration 
that the application of 100/., money of the Society, to 
the subscription for 100 shares in the Labour News- 
papers, Limited, which publishes the Daily Citizen, 
was an illegal application. For the plaintiff, Mr. 
Bower, K.C., said he had been a member of the 
society since 1889. He added that all the invest- 
ments the suciety were empowered to make were con- 
fined to trustee securities. He described the invest- 
ment as a “ really wicked one,” because the trustees 
did not take the slightest advice. At their ie 
they proposed to invest 25/., but when they h 
evidence of the really disastrous career of the paper, 
they at one time pro to increase the amount of 
their investment to 1000/. He declared that the 

investment was not authorised by the constitution of 
the society, and therefore was illegal. 

Mr. Clausen, K.C., for the defence, said the ques- 
tion was whether the society could invest in a news- 
pa r which had for one of its objects to support the 

our movement; he added that what i) been 
done was not subsidising the Labour Party. It was 
investing in shares of a trading company, the busi- 
ness of which was of interest to the society and other 

an | societies having for their object the promotion of the 
interests of workmen. 

Mr. Justice Warrington, in giving judgment, said 
he was quite satisfied that the resolution of the society 
to obtain an allotment of the shares in Labour news- 
papers was not a resolution to make an investment 
in the ordinary sense. He was satisfied that the 
object was not simply to invest the money as an 
ordinary commercial traneaction, but to make a con- 
tribution towards the expenses of publishing of a 
particular newspaper. 

The — was whether this application of the 
funds of the society was a proper application. It was 
quite beyond being an investment of the funds ; it was 
an application of the funds for a particular purpose. 

Did the objects of this society, as set out in 
its rules, include the contribution of money to the 
funds of a company such as Labour Newspapers, 
Limited? In his Lordship’s opinion, they did not. 
The main object of that company, as shown by its 
memorandum of association, was the promotion of the 
interests and views from time to time of a political 
party which called itself the Labour Party. There 
was nothing in the rules which authorised the appli- 
cation of the funds of the society for such an object 
as that, and therefore it was ultra vires. 

The Trade Union Act, 1913, did not carry the 
matter any further ; Section 3(1) of that Act did not 
give a trade union power to apply its funds to any 
political purpose. The original application of the 
money of the society in the purchase of these shares 
was unauthorised, and there must be a declaration 
that the payment was illegal and wltra vires, and that 
the defendants must refund the money to the society 

d py ts costs of.the action. 
His Lordship to suspend execution if there 

was an appeal. The execution would suspended 
until the appeal was heard. There would be costs 
against the defendants. 

We are able to report that the West Yorkshire 
coalowners have conceded the men’s demands during 
the continuation of the war. A ting for consider- 
ing the points in dispute was held on Tuesday last at 
Leeds, and at the close the secretaries of the employers 
and of the men issued the fcllowing statement :— 

The owners, with the object of avoiding the disas- 
trous consequences of a coal strike in a national crisis, 
will, during the continuance of the war between this 
country and Germany, concede the contention of the 
workmen’s representatives respecting the Conciliation 
Board’s resolutions, and will pay to workmen paid by 
contract the minimum wage fixed by the new award 
of his Honour Judge Ampblett, dated July 21, 1914, 
plus 15 per cent. of not less than two-thirds of the 
minimum wage, fixed for such workmen by Judge 
a original award of June 10, 1912. Signed :— 
C. Crawshaw, for the West Yorkshire Coalowners’ 
Association ; John Wadsworth and Herbert Smith, 
for the Yorkshire Miners’ Association ; and Robert 
Smillie and Thomas Ashton, for the Miners’ Federa- 
tion of Great Britain. 

The arrangement, it is stated, will commence to 
take effect from the next making-up day, and the 
arrears will be paid on or before the second week in 
March next. 

Prorectine Iron rrom Corrosion.—Ferro-zincing or 
ironising as & means of protecting iron and steel from 
corrosion has many applications, one of the chief, at the 
present time, being for coating tubes to prevent pitting 
and corrosion. The use of zinc as a protective coating is 
due to the fact that zinc is electro-positive to iron and 
steel, and in the presence of moisture a galvanic couple 
is set up. The zinc, being electro-positive to iron, 
corrodes first, and as long as any zinc is left in contact 
with the iron the iron is protected. r. -Co! 
the inventor of the process known as “‘ ferro-zincing.” has 
found by experiment that pure electrolytic iron forms 
a very effective protective coating, chemically pure iron 
being practically rustless. Thus if sheets of electrolytic 
iron ordinary rolled iron be freed from scale and 
oxide and placed in a very dilute solution of sulphuric 
acid, and connected to a muillivolt-meter, it will be found 
that the current flows in such a direction as shows that 
electrolytic iron is electro-positive to ordinary rolled iron. 
The only impurity of any importance in electrolytic iron 
is hydrogen, which a to be partly alloyed with the 
iron, but this is found to render the iron more é! 
fe en —— a or Se ide ee the 
ydrogen being t y ex , an against 

& piece of unannealed electrolytic iron by the above test, 
it will be found the unannealed sample is electro- positive 
to the annealed sample. It will thus be seen that a coating 
of electrolytic iron forms an excellent protective coating, 
and if afterwards coated with zinc the resultis still better. 
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**GERMAN METHODS.” 
To tHe Eprror or ENGINEERING. 

S1zr,—Your article on German methods (page 168 ante) 
is very much to the point. The general answer is that 
British manufacturers have ample expert chemical and 
other assistance, and can do as well. Ido not wish to 
suggest that our scientists are inferior to those uf any 
other nation—granted they are equal, or even superior ; 
yet it should not be too hastily assumed that we 
are applying efficiently the technological knowledge 
which we undoubtedly possess. Most men of any scien- 
tific attainments are specialists t.-day ; it is the surest 
and perhaps the oaly way to secure a livelihood. But the 
requirements of a single manufacturing or other indus- 
trial enterprise are frequently diverse, and none but 
great corporations can command the services of an army 
of specialists. If others can fill each branch of their 
requirements with one, it may necessarily be at a rate 
of remuneration insufficient to command more than the 
average product of the technical college. Putting aside 
the quality of the specialist, his utility is impaired if 
he has not that knowledge of the common man’s troubles, 
or the language in which he expresses them, which is 
necessary to enable him to assist to the best advantage. A 
generation seems to have away since a general 
knowledge of what was then called ‘‘ natural philosophy ” 
was fashionable and more or less common. Moreover, 
the language of specialists has developed to such an 
extent that it is difficult for anyone whose time and 
energies are occupied with practival matters to keep in 
touch with the advance of modern scientific knowledge, 
still more with the theories which generally precede defi- 
nite knowledge. I would ask the proprietors and rs 
of our industrial undertakings to consider whether they 
have any confident and certain knowledge that they are 
buying the materials and tools best suited to their require- 
ments, and what steps they are in a position to take to 
fiad a substitute for any supply of which they may 
bappen to be deprived. 

he chemist may tell them what they are using, and 
what has similar p:operties, but he will not always know 
enough of the mechanical processes involved in the use 
to say which of many properties is essential and which | , 
immaterial. Hence may arise a time-wasting resort to 
experiment a:.d methods of trial and error, or the usual, 
but often disappointing, expedient of sending « sample 
into the shop to see what the foreman thinks of it. Lven 
when so-called practical tests are made, the results are 
frequently vitiated by a want of sufficient knowledge of 
the methods of experiment to enable the experimenter to 
eliminate extraneous causes. 
What is the remedy? In the first place there should 

be in the works or head-quarters of any large consumer 
of materials, tovls, or stures, a laboratory, where any 
material which may be required or offered can be sub- 
jected to at least the sim ler operations of testing by 
mechanical, physical, and chemical means. This shvuld 
be in charge of a man of wide, rather than special, 
knowledge, supplemental to, rather than superseding, 
the expert required in some cases to control the actual 
rocess of manufacture (as in a steel works or chemical 

industry). He must, to be of real use, have not only 
such a general knowledge of physics and chemistry that 
he is able to follow and understand the writings of 
specialists, and cannot be imposed upon by any traveller 
with a statement out of accord with the laws of nature; 
but he should also have such practical knowledge of the 
manipulative or other processes of the ticular in 
dustry that he can appreciate its needs and discuss intelli- 
gibly with heads of departments, or, if necessary, with 
intelligent workmen, their difficulties; and he should 
also have sufficient knowledge of cx ci teers and 
the cost of things to reject, or, at least, to subject to 
rigorous examination, any proposition to supply articles 
at . price which is inconsistent with their known cost of 
production. The happiest results in the past have been 
achieved when the personal proprietor of an undertaking 
had this equipment, and there may still be many who 
have. But for those who have not, the problem is one 
demanding at this time the gravest consideration. 

Yours ay 
A. H. Sure.p, M. Inst. C.E. 

10, Richmond-road, Ealing, W., February 6, 1915. 

‘OUTLOOK FOR BRITISH ELECTRICAL 
MANUFACTURE.” 

To THe Kprror or ENGINEERING. 
Sir,—Your leader to-day (page 139 ante) on the 

* Outlook for British Electrical Manufacture” has greatly 
interested me. As an old Continental traveller and 
Anglophile foreigner, I have often put to myself the prob- 
lems you have touched in your issue to-day, and I have 
made suggestions to the Commercial Intelligence Bureau 
of the Board of Trade. But I must confess that I do not 
see what the British manufacturer can do in the matter. 

I have been connected with two of the most important 
German firms in the electrical branch, and, excluding 
Germany and Austria, I ask myse:f in which of the Conti- 
nental countries could the representatives of a British 
manufacturer hope to find remunerative orders. 

Those three giant trusts, the Siemens - Schuckert 
and the Allgemeine General Electric Company and 
Thomson- Houston, all confederated under the same and 
other names all over the world, represent the interests 
of Jews, mostly of German origin ; and I should not 
be surprised at all if some firms here, who are in the same 
swing, were to try and transport, temporarily or defi- 
nitely, during the time of hostilities, their work under 
the British flag. What does it matter to them if it is the 
same capital that lies underneath’? You have not one firm | 

motor-car, or a rator, to a typewriter, like the 
A.E.G. A traveller or representative for a firm like 
that can make his expenses, because if he does not 
sell one item he will find an outlet for another. But 
what could minor firms do? 

Take, i.e., Russia. There the distances are enormous ; 
it takes you months to visit the principal towns, and the 
least you can spend is an “er of 3l. per diem, to re- 
present the firm decently. There, again, the German 
firms have taken their precautions, and have local men to 
work for them. The Union Works in Riga belong to the 
A.E.G., and many other concerns are so complicated and 
entangled that you hardly know where German interests 
finish and where American or socalled American in- 
terests begin. 

In Italy, in Spain, and in South America you have Ganz, 
Labinayer, and Oerlikon doing their share where the big 
German concerns have not reached. Until all these 
countries have sided against the nation which has the 
present monopoly, very little chance is left to the British 
manufacturer, unless he amalgamates, and this is a very 
difficult matter for him to do, and against his grain. 

Is is true that a few British manufacturers in the 
electrical machinery branch have made a strong position 
in certain special cases—viz., in connection with cotton 
and mining machinery—mostly where the concerns are 
themselves emanations of British capital. But this has been 
done with a great struggle against local interests, and it 
means providing from the Mother Country even spare 
parts and screws, so to say, for fear of being handicapped 
in case of breakdown. Germany has, besides, been in a 
very convenient geographical position for the Continental 
trade, manufacturers being able to send machinery, 
unpacked, in wagon-loads trom the very doors of their 
works, distributing the machinery to various agents and 
buyers with the least expense. An insular country could 
never attain such results, and therefore the goods 
become necessarily dearer. 
These and other reasons your makers will never under- 

stand. When they realise the conditions they will tell 
you that the game is not worth the candle; and the 
are right, because it is not in the race, not in the Britis 
traditions, to give away and undersell, as the Germans 
ave done,in order to supplant others and acquire political 

influence and supremacy. 
After the present war, I am afraid, people will forget, 

and go on buying from Germany as before. To cap- 
ture German trade one must brag less, and forget 
for a while the traditional statement that British goods 
are superior and of better material, People are satisfied 
if the machinery lasts them long enough to make a profit, 
and, as for the superiority in design, it is not always easy 
to demonstrate at first sight. 

In conclusion, to know one’s defects entails more pro- 
gress than to deny them, especially in business, and if 
the present difficulties take from some of your people a 
little conceit, they will effect a great stride forward in 
the reconquest of lost markets. 

Yours truly, 
Oscar Bertoya. 

Sunnymead, Borebam Wood, Herts, January 29, 1915. 

To THE Epitor oF ENGINEERING. 
Sir,—In your issue of January 29 you published, under 

the heading *‘ Outlook for British Electrical Manufac- 
ture,” an article discussing, among other things, whether 
electrical industry in this country has met in the past 
with sufficient support from the connected industries as 
well as from the capitalists. Though quite confident as 
to the fulfilment of expectations regarding the future 
of British industry, I, as a foreigner, am not in a posi- 
tion to question the reasons given by the author, when 
complaining of Britain’s inadequate share in the world’s 
electrical market. You will, however, allow me to offer 
some suggestions concerning a natural and desirable 
extension of Britain’s economical activity into the coun- 
tries of her allies. Belgium is especially to be kept in 
view, a land where, apart from a political point of view, 
matters will prove most satisfactory for a fresh effort on 
the part of British industry, while none of the drawbacks 
quoted by the author as working unfavourably here 
would be encountered in my country. 

For instance, the electrical - will no doubt 
receive the needed support from the several other 
industries using electricity itself or the products of 
electrical elaboration. Belgium’s industrial plant has 
suffered heavily from the war, and what has been spared 
may be exp to further devastation. Unfortunately, 
of course, for my country, but providing, on the other 
hand, a fair opportunity for a systematic reconstruction 
on the basis of electrical installation throughout, there 
will be a lot of shops and factories awaiting rebuilding 
from the bottom. The Belgian State Railways are not 
likely to escape the general disaster, and their fitting 
out with electrical power will turn out lees expensive 
than would have been the retention of the actual steam 
traction. x 

Should the British electrical industries intervene, the 
enterprise would prove doubly profitable for them. 
Firstly, your workshops would be enabled to improve 
their insta!lations under the most favourable conditions, 
— as they would be with a sound feeding of 

igian orders. 

your industry in Belgium by agreement with electrical 
| works nies & that country, and, thanks to the 
| intimate collaboration of both, the home factory and the 
| — — you ~ be — Bagi take 
| advan of the lower rates of wages ruling in ium. 
Thus, beng possessed with extensions into Belgi 

ty of production of the British industry would be 
under just those conditions of working coste 

in the United Kingdom who make everything from @ required for the world competition, 

Oa the other hand, you would establish branches of | | 

ium, the | they 

As to the ways and means, the war indemnity to be 
levied on y will be discounted with the bankers, 
and thus furnish y the needed money for the new 
inatallations in Belgium. Perhaps, however, if really the 
war must be fought out to exhaustion, the financial 
question would grow a critical one, and the support of 
America’s industry might be welcome. Therefore it 
would be advisable to associate from the sturt with the 
said industry in the great work of Belgium’s resto- 
ration. 
Another point is that, of course, to put into execution 

the whole scheme would involve some rather long pre- 
liminary consideration ; also we must confess that, as 
long as abnormal conditions prevail, business people are 
not likely to fall in readily with large projects in the 
future. There .is no lack of confidence as to the final 
issue of the present war; but, as a very disvinguished 
friend whispered to me: ‘‘ Each time one makes up one’s 
mind to prepare for the future era of peace, some quite 
unexpected odds, such as that recent submarine raid, 
come to shatter one’s dream.” Now, my esteemed friend 
is not British born, and 1 am quite sure that a remedy 
will be found against the submarine plight, just as the 
big German howitzers have been matched on the Allies’ 
side. Those who have experienced the German character 
go still further and do not at all regard attrition as the 
only possible end for this war. As a matter of fact, the 
German business man has never been fond of the war. 
Were not Germany’s trade and industry on their way to 
conquer smoothly and pacifically the whole Continent ’ 
German oy 8 geo may boast that their nation will 
fight to the mark and man; yet the moment the 
captain of industry sees his factory in the Rhinelands or 
elsewhere seriously threatened by the enemy, he will give 
in, and, may be, bring about a peace at all costs. 

But, to close the parenthesis, the prudent man, what- 
ever be his opinion of the duration of the war, must 
clearly see that, unless Britain takes steps to ensure in 
good time that her industries shall be represented in the 
reconstruction of Belgium, she will be running grave 
risks of finding her place already taken up. As soon as 
the war is over, a mushroom growth of companies—Swiss, 
Dutch, American, and even Belgian and French in name 
—will appear in Belgium as if renee, and no 
one will be able to ascertain whether they cover German 
enterprises or not. 
Thus it would be no extravagant anticipation of the 

results of the actual crisis if the British electrical indus- 
tries were to meet for the purpose of ve come te imme- 
diate steps to be taken towards assuring their future 
co-operation in the reorganisation of the industries of 
their Allies. This would take the form of a committee 
constituted for the investigation of preliminary measures 
to be taken. 

For the sake of your generous country, I seriously hope 
that she will rise to the great opportunity, and am per- 

y pre to contribute the material, statistical 
and otherwise, that I have gathered on the question. 
With apologies for the length of my communication, 

I remain, Sir, yours gp 
London, February 3, 1915. H. IERS. 

**GASEOUS EXPLOSIONS.” 
To tTHx EpiTor oF ENGINEERING. 

Srr,—In vour issue of January 29 there is an article on 
**Gaseous Explosions,” in which is discussed the possi- 
bility that after the complete inflammation of a gaseous 
mixture an appreciable time elapses before the partition 
of energy between molecular vibration—the immediate 
result of chemical combination—and translation is com- 
plete. The suggestion is that this time may be com- 
parable with the period of combustion in a gas-engine, 
and that the pressure reached (which depends on the 
translational energy) is reduced accordingly. 

This suggestion was originally advanced by R. von 
Helmholtz (son of H. von Helmholtz), who based it on 
some experiments which he had made on the radiation 
from flames. It is strongly supported by these experi- 
ments and also by other facts about radiation from flames 
pase of which are mentioned in your article), which have 

discovered since. On the other hand, the relative 
slowness of partition of energy which it requires is diffi- 
cult to reconcile with the kinetic theory of gases and with 
such facts as the production of sound by the passage 
through air of an intermittent beam of radiant heat. 
An account of Helmholtz’s experiments is to be found 

in the Third Report of the British Association Uom- 
mittee on us Explosions (Sheffield meeting, 1910), 
where the whole question is fully discussed. 

am, Sir, your obedient servant, 
B. Hopkinson. 

Engineering Laboratories, Cambridge, 
February 9, 1915. 

Inquiry UNDER Borner Expiosions Acts.—A formal 
investigation was held in the Town Hall, Dewsbury, 
from Soames 19 to 23, inclusive, into the circumstances 
attending the explosion of a vertical boiler used for gene- 
rating steam for driving power, which occurred at an 
iron and steel works in the neighbourhood of paoeny 
on August 10, 1914. The internal flue of the boiler col- 
apsed, and was ruptured over the whole . The 
Board of Trade Commissioners found that explosion 
was caused by over-pressure of steam, due to the over- 
loading of the safety-valves by the eer of the works, 
who, accordingly, they adjudged solely responsible for 
the explosion, although, in the circumstances of the case, 

made no order for costs nst him. The Com- 
missioners specially drew attention to the desirability of 
so fixing safety-valves as to ensure that they will be abso- 
lutely protected from interference. 
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RATHER more than five years ago* we illustrated 
and described what was then a new form of regulating 
and emergency throttle-valve, introduced by Messrs. 
Cockburns Limited, of Cardonald, Glasgow. Since 
that time a large number of these valves have been 
used, especially in connection with marine engines and 
turbines, and the experience gained during this period 
has enabled the design to be improved in some respects. 
In the original design two types of valve—one single- 
beat, and the other double-beat—were made, according 
to the size and to the conditions under which the valve 
was to be employed. The single-beat valves had 
always to be operated by steam pressure acting on a 
piston controlled by a small auxiliary valve, the hand- 
wheel being used merely to regulate the amount of open- 
ing, and to lock the valve in its closed position. This 
was undesirable in some circumstances, and the new 
design is such that the valve is opened and closed posi- 
tively by means of a hand-wheel and regulating-screw. 

The accompanying illustrations show one of the 
latest patterns of these valves, which are manu- 
factured under the Cockburn-MacNicoll patent. As 
now made the valves are all of the balanced double-beat 
type, and to ensure absolute steam-tightness the valve 
is provided with a flexible disc, as shown in Fig. 1. 
As previously mentioned, the valve is normally 
operated by means of a hand-wheel and screw acting 
on the valve-spindle through the lever A, which rocks 
on # fulerum pin held up by a pair of detents formed 
on one arm of a we lever B; but when the 
valve is open to any extent it can be rapidly closed 
and opened again by means of the emergency gear, 
which we shall now describe. Referring to Fig. 1, it 
will be seen that the valve-spindle is fitted with a 
piston, which works in a flanged cylinder held in 
place by the valve-cover casting. The latter is formed 
with a steam-chest containing a small slide-valve, 
which controls the supply of steam to the cylinder, 
and also enables it to be put into communication with 
the condenser. This slide-valve, it may be mentioned, 
takes the place of a mushroom-valve used for a similar 
ag in the original design. The valve is moved 
y the bell-crank lever B, to which is connected 

& vertical rod, controlled by hand or by means of a 
governor. The normal position of the slide-valve is 
that shown in Fig. 3, when the piston is in equi- 
librium, and the main valve is free to move under the 
control of the hand-wheel and regulating-screw. But 

* See Encingerina, vol. lxxxviii., page 395. 

if, when the valve is open, the control-rod is pushed | 
upwards, the slide-valve will move to the left, passing | 
through the position shown in Fig. 4 to that shown in | 
Fig. 5. In Fig. 4 it will be seen that the bell-crank | 
lever has moved sufficiently to release the fulcrum- | 
pin, on which the lever A rocks when the main valve 
is operated by the hand-wheel. This renders the main 
valve free to move independently of the hand-wheel, | 
since the lever A can swing on a pin on the nut of 
the regulating-screw. The main valve does not move | 
when the slide-valve is in this position, since steam is | 
now admitted to the bottom of the eylinder, and the 
top of the cylinder is put into communication with 
the condenser, so that the main valve is still held open 
by the steam pressure on the piston. Further move- 
ment of the control-rod, however, moves the slide- 
valve into the position shown in Fig. 5, in which 
steam is admitted to the top of the cylinder, and the 
bottom of the cylinder is connected to the condenser, 
so that the steam pressure on the piston closes the 
main valve. 
On pulling the control-rod downwards the above- 

described sequence of events takes place in the 
opposite order, and the main valve is re-opened and 
restored to its original position ready to be operated 
positively by means of the hand-wheel and screw. 

In ition to the advantages already men- 
tioned, the makers claim that these valves occupy 
the minimum space, and are as little complicated as 
it is possible to make them. As now constructed the 
valves can be opened up for examination of the work- 
ing parts in about ten minutes, which is an important 
improvement on the older design. These valves are 

and they obviously throw very little work on to any 
governing mechanism they may be used in connection 
with. Our illustrations show the hand-wheel imme- 
diately below the valve, but it can be placed in any 
other position, with suitable connecting gearing, if 
the position shown should be inconvenient. 

Tue Ruenish Licnire Company.— The Rhenish 
Lignite Company had, during the last nine months 
of 1914, a uction of 3,952,672 tons, against 4,236,025 
tons for the same period of the preceding year, a decrease 
of 283,353 tons, or 6.69 per cent. ; the uction and 
sale of eae von Amy and 9.44 

cent. ivi or the ing two years 
Pad been 10 and 11 per cent.; as regards the pro<pec's 
for the current year no opinion ean be ventured, 

especially suitable for use with superheated steam, 

REGULATING AND EMERGENCY THROTTLE-VALVE. 

CONSTRUCTED BY MESSRS. COCKBURNS LIMITED, ENGINEERS, GLASGOW. 
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ENGINEERING OPERATIONS FOR THE 
PREVENTION OF MALARIA.* 

By Frank Dupuy Evans, Assoc. M. Inst. 0. E. 

ANYTHING which relates to the health of communities 
and labour forces is of importance to engineers, but the 
disease referred to in this paper, malaria, is of particular 
interest to them. The effects of malaria are often terrible, 
and may lead to very high death-rates. Its effect on works 
in new countries is greatly to increase their first cost and 
cost of maintenance, and it may lead to their abandonment. 

Malaria occurs more or less in all warm climates, and 
is caused by parasites of the blood which are injected by 
anopheline mosquitoes. These mosquitoes first take the 
parasites from infected man when sucking blood. Thus 
part of the life of the parasite is spent in man and part in 
the mosquito. Quinine is the remedy for malaria. No 

| attempts to transmit malaria, = through the agency 
| of mosquitoes, huve been successful. 

Mosquitoes are distinquished from other insects b 
various characteristics, but, like other insects, their life 
is divided into four stages—the egg, the lava, the pupa, 
|and the imago. The egg is laid on water and develops 
| into the imago, or adult winged insect, in about ten 
|days. Mosquitoes are favoured by certain conditions 
and diminished by others. The principal families of 
| mosquitoes that concern man are those belonging to the 
| groups Culua, Steyomyia, and Anophelina. 
| Some Culux mosquitoes carry elephantiasis. 
| Some Stegomyia mosquitoes carry yellow fever. 
| Some anopheline mosquitoes carry malaria. 
| Anopheline larve and adults ‘ ! be distin- 
guished from Culux and Stegomyia. ey are, as a rule, 
swamp breeders, hence the long-observed association of 
marshes with malaria. The measures to combat and pre- 

| vent malaria are :— : 
1. Destruction of anopheline mosquitoes, either of 

| adults or larve. 
| 2. Protection of man from the bites of infected mos- 
| quitoes. ; 
| 3. Prevention of mosquito infection by suitable treat- 
ment of infected man. 
Most maslarious countries have applied to some extent 

one or all of these measures. A few exampies of anti- 
malarial campai and their results are given in 
Appendix I. of the paper. 

Quinine may be used as a remedy and a preventive, 
Screening is effective in peageng, metenteee away from 
man under certain conditions. oequito larve may be 
killed by oiling or poisoning their breeding-places ; or 
breeding-places, such as water- vessels, may be screened. 
The most important method of reducing anophelines is 

(4287.8) 

* Abstract of a paper read before tha Tnatitution of 
_ Civil Engineers, on Tuesday, February 9, 
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by drying land by means of thorough drainage. In hill- 
land subject to heavy rainfall such work presents many 
novel problems, but has been successfully accomplished 
in the Federated Malay States at a reasonable cost. 

Ravines in the Mala ‘States, unless exceptional, 
can only be laid dry by a continuous drain running com- 
pletely round the hill-foot, cut on a line at a little above 
the wet surface level. Open or masonry drains ure 
useless for the purpose, and it has been found that the 
only way to construct permanent hill-foot drains is to use 
agricultural drain-pipes as subsoil drains, and to provide 
outlet drains of open masonry or subsoil pipes to carry off 
their discharge. The pipes are propor to run not 
more than ons-quarter full in ordinary dry weather 
(one-fifth full for drains over 6 in. in diameter). The use 
of pipe-drains less than 4 in. in diameter is not ordinarily 
advisable, owing to the liability of their choking. The 
pipes are laid at a depth of 3 ft. to 4 ft. (or even deeper 
on steep slopes); they have been laid at the heads of 
ravines on slopes of 1 in 3 with satisfactory results. 
Trees.must be removed from the vicinity of pipe-drains, 
as their roots may grow into and choke the pipes. Under- 
rowth and long grass should not be allowed to grow up, 
or the same reason. : : 
As economy is all important in anti-malarial work, it 

is rarely possible to provide masonry drains large en 
to carry all flood-water, and these are, therefore, usually 
calculated to run one-sixth to one-fifth full in ordinary 
dry weather, and are surcharged during floods. An in- 
expensive and thoroughly efficient type of drain has been 
evolved to meet the conditions, f of concrete-blocks 
of half-egg shape, laid close, but unjointed. The blocks 
are laid without foundations, even on bad ground in flow- 
ing water. Should they move out of line or gradient, it 
is easy to re-set them correctly when the surrounding 
ground has settled, after which they give no trouble ; but 
re-setting is rarely necessary. ‘ ent 
The principal difficulty in draining hill-land lies in 

maintaining the drained surface unda . Afber 
some years’ experience, it has been found t the most 
economical method is the use of grass, kept close cat. 
Small masonry dams are used in rock-cuttings, and 
timber dams are used under certain circumstances. The 
method to be used depends on the quantity of silt carried 
by flood-water. 

With proper care open drains may be connected to 
subsoil drains, if necessary. Maintenance of drainage 
work is most important, as small faults, if neglected, may 
cause a whole system to be ineffective. The co-opera- 
tion of engineering, » and medical authorities is 
necessary to success in carrying out measures directed 
against malaria, but engineers can effect much on con- 
struction work by giving effect to a few simple rules. 
Two important problems in malarious hill countries are 
those connected with the enormous quantities of silt 
which are washed off agricultural estates, and mine tail- 
ings, which, if not dealt with, may do immense damage 
and ruin large tracts of country. 

True Hanoverian Petrroteum Inpustry.—The German 
Mineral Oil Company, which belongs to the German 
Petroleum Company, proposes to reduce its capital from 
16,000,000 marks to 8,000,000 marks on account of the 
disappointing results of the company’s undertakings in 
the Wietzer district. This is not the first time that capital 
has had to be reduced in connection with this venture. 
During the last financial year the daily production of 
petroleum decreased, and unless the future has some 
leasant surprises in store for the company, it must 

taken that the Wietzer petroleum area is smaller 
than was expected. Although remunerative working 
may be expected to go on for many yeirs, an increase 
in production is out of the question. The borings 
outside the Wietzer district, which have been going on 
for some considerable time, do not give great promise 
either. The revenue from working and other sources 
was :—4,343,411 marks for the year 1913-14; 5,197,558 
marks for the year 1912-13 ; 6.425,003 marks for the year 
1911-12. The surplus for the last financial year, however, 
only amounts to 417,458 marks, against 1,012,212 marks 
for the preceding year, which sum, together with the 
8,000,000 marks reduction, will be — to extraordinary 
writings off, so that no dividend will be paid ; the dividend 
during the two preceding years was respectively 5 and 
7 per cent. 

Cement-ConoreTe Roapways.—This was the title of 
@ paper read at the meeting, held at the close of last year, 
of the American Association for the Advancement of 
Science by Mr. Percy H. Wilson, Secretary, Association 
of American Portland Cement Manufacturers, Philadel- 
phia, Pa. In this it is stated that in Massachusetts, 
Connecticut, Rhode Island, New York, and New Jersey, 
the average maintenance costs on macadam roads have 
exceeded 800 dols. per mile per year. The New York 
Highway Department is now putting down many miles 
of concrete roads under the conviction that they will 
greatly facilitate travel and lessen maintenance charges. 
A concrete road was built more than twenty years ago at 
Bellefontaine, Ohio; it has been in constant use since, 
and the upkeep charges have been less than 25 dols. per 
mile year. The most renowned concrete roads in the 
world are in Wayne County, Michigan, where about 125 
miles have been built, the first of them putdown six years 
ago. The average cost of their maintenance has been a 
little less than 30 dols. per mile per year, under heavy 
traffic of all kinds. Statistics compiled in 1912 show that it 
costs from 20 cents to 30 cents to haul a ton over a mile 
of ordinary road almost anywhere in the United States. 
On a concrete road of Lal 
haul could be made for about one-fourth of this cost. 
Compared with a road of soft loam or sand, there would 
be a ten-fold advantage in favour of concrete. 

and even surface the same | the 

THE PHYSICAL SOCIETY OF LONDON. 
At the meeting of the Physical Society of London, 

held on January 22, 1915, at the Imperial College of 
science, Professor Sir J. J. Thomson, O.M., F.R.S., 
President, in the chair, a paper entitled ‘‘ Practical 
Harmonic Analysis” was read by Dr. A. Russell, M.A. 

ing the assumption that the graph of a periodic 
function is given, the problem of the best way of deter- 
mining the Fourier constants in the series equation which 
represents it is considered. The ordinary method of pro- 
cedure is to neglect all the harmonics above a certain 
order, and determine the coefficients of the harmonic 
terms by making the curve ——— > this equa- 
tion through a number of arbitrarily selected points 
on given curve. This is the method used, for in- 
stance, by Runge and Grover. A serious defect in this 
solution is that the values found for the amplitudes of 
the harmonics, more especially for the higher ics, 
may be very different from their true Fourier values. The 
method gives no indicationof the magnitude of theseerrors. 
Gauss pointed out many years ago that the solution of 
this limited problem could be written down at once mathe- | P. 
matically, and that it was of importance in certain inter- 
= ion problems in astronomy. Another method has 

suggested recently by Silvanus Thompson. He 
uses certain series formule for finding the Fourier 
constants. The author suggests other series formule of 
a similar kind. If the given curve be approximately 
sine-shaped so that the amplitudes of the higher harmonics 
are small, this method is both simple and accurate. For 
distorted waves, however, the lack of accuracy is serious 
in practice. It has also the drawback that an error made 
in computing the value of one of the constants may 
introduce errors in the computed values of others. The 
author gives numerical examples to illustrate the accuracy 
attainable by the use of infinite series formule. He 
concludes by pointing out that in the great majority of 
cases much the best method of procedure when deter 
mining the constants is to evaluate Fourier’s integrals by 
the methods of mechanical quadrature given in books on 
the calculus of finite differences. In particular he has 
found that Weddle’s rule is admirably adapted for the 
practical computation of the Fourier integrals. By means 
of this rule, a new and simple proof of which is given, 
each constant is determined separately toa high order of 
accuracy. Numerical examples are given to illustrate 
this. The series formule used by Thompson can be 
usefully employed either for verifying the values found 
by mechanical quadrature or for indicating when the 
higher harmonics cannot be ee 
The President thought the t way of impressing on 

students the importance of Fourier’s theorem was to begi 
with the fundamental, and add the successive harmonics 
one at a time, thus showing how the resultant curve ap- 
Oa ayn more and more nearly to the analysed original. 
n the problem treated by the author, the periods were 

selected arbitrarily. Very often it was necessary in Lye 
tical problems to determine both the coefficients and the 
periods of harmonic constituents. The inverse process 
was performed in mechanical integrating machines, such 
as Kelvin’s tide-predicting machine, in which the curve 
resulting from the integration of a number of harmonic 
— of known amplitude and period was ob- 
tained. 

Professor 8S. P. Thompson thought any method which 
would give increased accuracy in the determination of 
the higher harmonics was welcome. He had 4" in 
a recent paper that one should begin with the — 
harmonics, and work backwards towards the lower. is 
had the defect that any error in the initial determina- 
tions tended to accumulate. He wished to challenge the 
accuracy of Weddle’s rule. He applied it to the case 
of an isosceles triangle, the length of which was three 
times the base. Dividing it into six parts and applying 
Weddle’s rule, the area is given as 1.6 (the base being 1) 
instead of 1.5. He thought this rather discountenanced 
Weddle’s rule, except for very smooth curves. It had 
1 been desirable to have some harmonic analyser 
which would pick out a particular period without pre- 
vious knowledge, as the ear does in the case of sound. 
This was done to a certain extent in Schuster’s periodo- 
gram. 

Mr. F.J.W. Whipple, criticising Professor S. P. Thom 
son’s example of the triangle, said that a triangle could 
not be regarded as the simplest curve through the six 
points chosen. If we have a smooth curve which is 
ae. and apply Weddle’s rule to the area included 
y ® complete period divided by, say, six ordinates, we 

would get six separate values of the area if we start re- 
spectively a, ¥%, ¥1, Ye. -.- Taking the mean of these, 
we get the simple, well-known expression :— 

d (Yo + M1 + Ye + Ys + Yat Ys) 
He exhibited two slides showing a simple way by which 
an interpretation of a Fourier’s series, such as :— 

sin 6 + sin 3 0/3 + sin50/5...+..&e., 

is easily obtained. 
The author, in reply, agreed with the President that 

one of the best ways of impressing the meaning of 
Fourier’s theorem on the mind of the student was to 
construct graphically the curves formed by adding in 
succession the various harmonics to the fundamental, 
thus illustrating how the resulting curves approximated 
more and more to the shape of the original wave analysed. 
Michelson and Stratton have constructed a machine for 
drawing these curves <a. It is described in 
the Phslosophical Magazine for 1898, and many curves 
illustrating its use areshown. They show, for instance, 

curves obtained by adding capetaer 3 tesa, 6 terme, 
7 terms, 21 terms, and 79 terms respectively of the 
Fourier series for a rectangular wave. The last figure 
they obtain is almost indistinguishable from a rectangle. 

He also referred to Arthur Wright’s device for finding 
the harmonics electrically. Professor Thompson points 
out that when Weddle’s rule is applied to an isosceles 
triangle the error is nearly 7 percent. The reason of the 
large error is-that the vertex of a triangular wave is a 
point of discontinuity. As mentioned in the paper, 
therefore, Weddle’s rule ought to be applied over each 
half of the base separately. When this is done the correct 
answer is obtained. Dies a ae at the lack of 
accuracy sometimes obtains when this rule is applied indis- 
criminately, and is doubtless responsible for its neglect by 
many ma’ ticians, notwithstanding the high commen- 
dation passed on it by Professor Boole nearly sixty years 
ago. It has a sounder theoretical basis than any similar 
rule, and in conjunction with the series formule given in 
the paper it affords a method in many cases— possibly the 
only method—of computing the Fourier constants with 
high accuracy. The avthor much appreciated Mr. 
Whipple’s graphical method of showing how the sum of 
Fourier’s sine series for 7/4 gradually approximated to 
- value. ses 

paper, enti ** Measuring the Focal Length of a 
tc Lens,” was read by Mr. T. Smith. 

The focal length of a compound lens is obtained solely 
by focus on the camera screen the image of a distant 
object on lens axis by the complete lens and by each 
of its components separately. One additional focussing 
of the same object when the separation of the components 
is altered determines the focal lengths of each compo- 
nent. The method is both accurate and quick, and 
requires only a camera and the lens. 

Dr. A. Russell thought the method was extremely 
neat and likely to become very widely used by those who 
had such measurements to perform. 

Professor G. H. Bryan, in a communication which was 
read by the Secretary, described a ‘‘ rough-and-ready ” 
method which he had used to find the focal length of a 
lens when nothing was available but a photograph taken 

- | with the lens of some suitable object, such as a rectangular 
building. The two infinity points of pective I and J 
are found by producing the horizontal lines of the building 
until they meet. On I J a semi-circle is described, and 
a line oe compe wd to I J, and ing through the 
centre C of the picture, is erected. » this cut the semi- 
circle in P and the horizonI Jin M. Then, if C is on or 
near I J, P M is the focal length of the lens. 

The author, in reply, said that the method, while very 
ingenious, could never be relied on to give the focal length 
with any great accuracy. It would be quite easy to find 
cases of a quite ordinary nature in which the result of 
Professor Bryan’s construction would be in error by as 
much as 75 per cent. As extreme cases he cited lenses 
of the telephoto type, in which the principal plane from 
which the focal length should be measured is situated 
considerably in front of the lens. 
An instrument called the ‘‘ polyscope” was shown by 

Professor A. W. Bickerton. 
It consisted of three narrow strips of plate-glass, about 

1 ft. long, arranged as a truncated pyramid. The object 
end has an area of about} sq. in., while the eye end is 
made very small (about .; sq. in.), in order to get the 
maximum number of reflections. To get metrical 
accuracy in the interfacial angles the edges of the strips 
overlap instead of being butted. Three types were shown. 
In No. 1 the cross-section is an cquilahenst tilansie. This 
produces the simplest type of pattern. In No. 2 the 
section is a right-angled isosceles triangle. This produces 
patterns with two centres of symmetry of eight reflec- 
tions each and one of four reflections. In the third type 
the angles are 30 deg., 60deg., and 90 deg. This produces 
patterns in which one centre has twelve reflections, one 
six, and one four. When a group of nondescript objects 
—irregularly-shaped pieces of coloured gelatine mounted 
on a glass plate are very effective—are viewed through 
the instrument, an exquisitely-coloured symmetrical 
pattern may be seen, the character of which changes con- 
tinuously as the object is moved about. 
The designs were shown projected on a screen, a narrow 

beam of light from an arc-lamp being passed through the 
polyscope, which was moved about until the maximum 
illumination was obtained. The beam before reaching 
the object-slide passed through a water-tank and aground- 
glass plate to ensure uniform brightness. 
The instrument forms an invaluable aid to designers of 

tiles, floor-cloths, fabrics, &c , as an innumerable sequence 
of designs can be reviewed by the artist in a short time, 
those which give satisfaction being sketched or photo- 
graphed. If the slide is suitably mounted and moved 
reasonably slowly, it is quite easy to repeat any particular 
pattern. 

GrrmMaN Steet Union. — The last report on the 
market states that the home consumption shows no 
material change, nor can such be expected for some 
months to come. From the neutral countries larger orders 
could be recorded. As regards railway material (rails, 
&c.), the Mecklenburg-Schwerin and the Oldenburg 
State Railways had placed their orders for the current 
year, but in both cases the orders were below those of 
the preceding year. Some fairly substantial contracts in 
heavy railway material had been secured from neutral 
countries. December orders for mine rails were 
somewhat better than those of November. The yearly 
settlement as regards mine rails for the coal and alkali 
mines had taken place, with the exception of those of 
the State mines, which were generally rather later. 
The orders for mine rails, as far as the foreign market 
was concerned, been comparatively small. The 
home sale of shape-iron, as usual at this time of the 
year, falls = ig As far as the foreign markets are 
concerned, there was no change since the last report ; the 
sale was almost entirely confined to the neighbouring 
neutral countries. 
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SEA-BORNE TRAFFIC IN WAR-TIME. 
THE numerous and involved questions which have been 

raised of late in the matter of contraband of war, sea- 
borne traffic, and the trade of all nations during the 

t hostilities, lend special interest to an article 
under the above title, contained in one of the last 
numbers of the German naval journal Ueberall to reach 
us before the war broke out—the issue for June. The 
article is by Admiral Stiege, of the German Navy, who 
quotes Admiral von Maltzahn, also of the German Navy. 
It states the following :— . 
War to commerce, carried on by one nation, has for 

its object the endeavour to destroy in all its branches 
the ‘* naval commercial life” of the enemy. Action to 
this end is, however, to a certain extent, limited by 
international maritime law. Attempts have been made 
to formulate both the rights and the duties of the 

rties in conflict, and also those of neutral States, 
in order to prevent both unnecessary cruelty to the 
nations at war, and avoidable injury to neutrals. The 
contrasts which such a situation creates are exceedingly 
numerous. There are, further, many questions in 
which no complete accord can reached, since no 
Svate will take a definite stand in regard to future 
occurrences in war, and also in regard to the immense 
possible consequences of such occurrences. An effec- 
tive and binding international naval war-code is, accord- 
ingly, not to be expected to be reached in the future, 
owing to the lack which will prevail of any adequate 
force to apply such a code. Notwithstanding this, 
the naval war-code, incomplete as it may be, is of 
value as affording a line of conduct, to deviate from 
which is always hazardous; such deviations must not 
too greatly outrage international opinion, and in certain 
circumstances may have to be maintained by armed force 
against neutrals. : 

It may occur in war time that the fundamental inter- 
pretation of international naval law in regard to the 
freedom of the seas may not remain a criterion, for 
although the seas afford in time of peace a free pas 
to all and everyone, when a war breaks out certain rights 
are conceded to the belligerents—rights which they did 
not possess in peace time, and which they may exercise 
in the war sphere; that is to say, both in the open sea 
and in the waters of the countries at war. These rights 
are the following :— J 

(1) The right of seizure, which allows the warships of 
the belligerents to capture the enemy’s private property. 
(2) The taking of prizes, which gives them the authority 
to declare neutral ships as also being lawful prizes should 
they break a legal blockade, or should they carry con- 
traband of war to the enemy. (3) The right of visit, 
which empowers them to stop all ships in the waters of 
the countries at war in order to ascertain their nationality, 
cargo, and destination. 

It is easy to see what the above conditions may lead 
to in regard to differences in views and opinions. How 
far any goods may be considered as belonging to the 
enemy or belonging to a neutral, and, as such, covered 
by a neutral flag, admits generally of a subjective inter- 
pretation. The conception of what is contraband of 
war is an elastic one, as is proved by the terms 
“absolute,” ‘‘ relative,” and “‘quasi-contraband.” The 
wider tho sense in which one of the belligerents 
uses the term—and its interpretation belongs practically 
to him alone—the larger will be the damage caused to the 
economical life of the enemy. If, as took place in the 
Russo-Japanese war, coal, food, railway and telegraph 
material are, together with war material, considered as 
contraband of war, then the existence of many a country 
which is dependent upon the import of such articles may 
be seriously menaced. Such a definition of contraband 
of war strikes materially at the rights of neutral shipping; 
it would mean little less than the extension of the right 
of seizure to neutral nations. 

Further, according to the law of naval warfare, a 
blockade is to be considered valid in law only when it is 
‘ effective’—that is to say, according to the Paris d 
tion, so long as it be maintained by a belligerent, and is 
really successful in preventing access by the enemy to the 
coasts which are declared to be blockaded. This is an ex- 
ceedingly vague determination, since it does not establish 
what appertains to a belligerent, and what ap i 
to it cannot be established for all eventualities, and 
cannot, above all, be controlled. It is absolutely evident 
also that in a naval war the interpretation of what is 
meant by the “waters of the belligerent countries,” 
‘sphere of action,” ‘‘ continuous journey,” ‘‘ blockading 
squadron,’ will frequently fluctuate, and that it will be 
easy to contest the official ‘‘declaration of a blockade,” and 
consequently its lawful efficiency. When a naval war is 
in progress, the antagonism between the interests of the 
belligerents and those of neutrals becomes apparent all 
over the world. Powerful neutrals will seek to set limits 
to the direction of the war; the belli t which dis- 
poses of the n power will find it an easy matter 
to comply with the rights of neutrals. and also with 
international naval war law. The Mephistophelean pro- 
nouncement to the effect that ‘‘ who owns the power owns 
the right . . . war, commerce, and piracy forma trinity, 
inseparable one from the other,” at this point enters the 
thoughts of the whole community. 
At the p 

ships by individual warships or warship squadrons cannot 
be effected, owing to the diversity and the intricacy of 
the routes over all oceans, the multiplicity of commercial 
interests, and also the diversity in the types of merchant 
ships. Nevertheless, the right of seizure will have to be 
maintained, notwithstanding humanitarian exigencies, 
which are rightful in themselves and have served as a 
motive for demanding its abolition. The mere fact of 
desiring to prevent war to commerce from forming part 

resent time, the convoying of merchant | usef 
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of hogtilities would mean the questioning of the right to 
carry on any naval warfare. No nation will care to let 
its subjection depend solely upon a ‘‘gladiator fight” 
between its war fleet and that of its o t, when the 
points at issue are questions of life and death. If the 
commerce and sea-borne traffic of the opponent be not 
destroyed, there remains only invasion as a means for 
enforcing peace, and invasion even after having destro 
the enemy’s fleet is not possible for all sea Powers ; in thi 
Great Britain and the United States afford an example, 
their land forces being small in numbers. War to com- 
merce, with the damage it may cause to the whole 
population of the enemy, doubtless opens out far-reaching 
perspectives. In certain circumstances, it is quite con- 
ceivable that the losses it inflicts upon the enemy may be 
heavier than the conditions demanded on signing peace. 
The tendency has occasionally to exaggerate the 
importance of thie form of naval warfare, and in the 
case of nations having extensive coast protections the 
view has gained ground that it may be pursued sucocess- 
fully as principal end, and naval actions proper shunned. 
The ‘‘modern school” in France has fora long period 
entertained such views, and it argued them so convin- 
cingly that naval construction in France fell in the 
background. The result has been that the French Navy 
retreated from the second to the fourth place, and that 
the sea power of France has suffered prejudice which it is 
difficult to make good. 

After quoting Admiral Mahan, Admiral Stiege con- 
tinues by considering the economical conditions which 
the German Empire would have to face upon the break- 
ing out of a naval war, and more especially a war to com- 
merce. There are 44,000,000 Germans—a number equal 
to the population of Great Britain—who depend either 
directly or ee upon an oversea commerce which 
in main passes through the large commercial towns 
on the North Sea. The imports radiate from Hamburg 
and Bremen into the whole empire ; German exports, in 
the main, also, are distributed to the whole world through 
those same towns. The imperilment to sea-borne traffic 
due to the outbreak of a naval war would mean the cessa- 
tion of imports and exports. Food, raw materials, goods, 
&e., the supply of which is assured in peace time would 
be cut off altogether, or be so reduced as to become quite 
insufficient. Exports of home products would cease almost 
completely ; innumerable factories would be paralysed 
and their o tives would be without bread; other fac- 
tories would have to continue running under most diffi- 
cult circumstances, though to some extent with special 

labour would also rule in agriculture, owing to the 
absence of foreign hands ; from the point of view of 
labour, matters would be rendered more complicated still 
by the mobilising of the men for service in the army and 
navy. In short, there would reign over the whole land 
the danger of revolution, want, dearth, and scarcity of 
money. But upon the outbreak of war means would be 
immediately taken for carrying on industrial and agri- 
cultural work until the iron ring in the North Sea loosened 
and disappeared. Normal industrial conditions would 
only return after the enemy’s fleet had been defeated to 
such an extent that it could no longer hold supremacy 
on the sea. 

CANADIAN Srxet Rartis.—One of the largest Eaatern 
American railroad companies has purchased from a Cana- 
dian steel-rail mill some 10,000 tons of steel rails, to be 
delivered in the course of this year. The original order, 
which amounted to 20,000 tons, has now been divided, as 
far as possible, equally between the United States and 
Canada. It is Fe wom te that the Canadian rails will be 
delivered at about 264 duls. per ton. This purchase 
of Canadian steel rails by an eastern American railroad 
company follows closely a shipment of steel rails from 
Canada to the middle west of the United States. Cana- 
dian steel rails are admitted free into the United States, 
while Canada has imposed a general duty of 7 dols. per 
ton upon American steel rails. 

Szwace Disposat aT Sgastpe ‘Resorts. — At the 
December meeting of the American Association for the 
Advancement of Science, Mr. Marshall R. Pugh read a 
paper on the above subject, in which he reviewed the 
problem in detail from the bacteriological point of view. 
He illustrated various installations, among which we 
—y mention the outfall into the. sea at Ocean Grove, 
N.J., where the pipe is carried over the bar and dis- 
charges the sewage beyond this point in about 30 ft. of 
water. The distance of the bar from the beach is an 
important factor in determining the length of the pipe- 
line. Itis preferable to end in deep water, and the outer 
end of the pipe must be securely held by an anchor of 
sufficient weight. The sewage stream should be directed 
outward, and not upward, asis too frequently done. In the 
installation illustrated at the ey the outlet anchor 
consisted of a rectangular cast-iron -plate py 4 
45-deg. bend, which deflected the pipe upwards. A straight 
pipe was inserted in this bend of sufficient length to bring 
the outlet end from 5 ft. to 6 ft. above the bed-plate ; 
another 45-deg. bend at the top directed the sewage flow 
outward. The pipe leading to the outlet anchor might be 
made of either cast or wrought iron. Flexible joints, so 

ul in river and bour crossings, have frequently 
ea trouble in ocean work. Mr. Pugh’s experience 
ed him to prefer wrought iron (not steel), galvanised. 
One such outlet, put down eleven years ago, was un- 
damaged till a heavy storm this year, when two lengths 
se at low-water line. They were od at a 
cost of 48 dols., and it was found that the galvanising at 
this most trying part of the line was absolutely intact ; 
no sign of rust was visible. This, with air and salt-water 

intensity, despite the prevailing lack of labour ; lack of | PF° 

COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign engineering, peters, taken from the Board of 
Trade Journal. urther information concerning these 
poms be obtained from the Commercial Tetelligence 
-c Board of Trade, 73, Basinghall-street, London, 

Australia ;: H.M. Trade Commissioner for Australia 
reports that tenders are invited by the Hawthorn Tram- 
ways Trust, Melbourne, for the supply and delivery of 

ial work, points and crossings (Contract No. 4). 
pies of the specification, form of tender, and drawings 

may from the offices of the Hawthorn 
Tramways Trust, 31, Queen-street, Melbourne, at a cost 

SO A ay fs 4 im: t a! cent. e 
amount of gy Sealed y } on the proper 
form, will be received by the Chairman of the Hawthorn 
Tramways Trust, at the above address, up to 3 p.m. on 
February 17. It will be observed that the time for the 
receipt of tenders is limited, and this intimation will 
therefore be of use only to firms having agents in the 
Commonwealth who can be instructed by cable. 

Netherlands: H.M. Consul at Amsterdam reports 
that a firm in that city desires to purchase from United 
Kingdom manufacturers steel rails and and cast- 
steel wheels This firm’s orders for rails and sleepers 
amount to 10,000 tons annually, and for wheels to about 
60001. worth annually. Permanent relationship with 
United Kingdom manufacturers is desired. Quotations 
should preferably be made out in metric weights and 
measures and in the Du currency. H.M. Consul 
also reports that an Amsterdam firm desires to secure 
the sole agency of a United Kingdom manufacturer of 
drawn tubes in iron, steel, or co . fittings and 
steel plates, cast steel, &c. United Kingdom manufac- 
turers of the above-mentioned goods may obtain the 
names and addresses of the respective inquirers on appli- 
cation to the Commercial Intelligence Branch. Further 
communications regarding the inquiries should be ad- 
dressed to the British Consulate, Amsterdam. 

Spain: The Gaceta de Madrid notifies that Ro 
Assent has been given to the proposals of the Direccién 
General de Obras Piiblicas for the distribution of the sum 
of 25,000,000 tas (about 990,000/.) among the various 

vincial enthorities in Spain, with a view to the carry- 
ing out, by contract, of the necessary -improvement 
works during the years 1915, 1916, and 1917. The total 
amount to be spent on such works during the current 
year must not exceed 8,441,458 pesetas (about 334,300/.). 

Argentina: A London agent (engineer) desires to act 
as buying representative for firms in Argentina purchas- 
——— hydraulic, mining, milling, traction, and 
oO machinery ; as an engineer he is able to test con- 
signments before shipment. Communications in this 
connection should be addressed to the Statistical and 
Information Department, London Chamber of Commerce, 
97, Cannon-street, F.C. 

Chile: The Diario Ofcial, Santiago, publishes a decree, 
dated November 30, granting permission to the Bethle- 
hem Chile Iron Mines Company to erect an electrical 
transmission line between the mines of Tofo and the San 
Juan mine, in the mining district of La Higuera. The 
concessionaires must submit plans for the approval of 
the Direccién General de Telégrafos, giving details 
regarding the central and sub-stations, cable lines, &c. 
Work must be commenced within a period of six months 
from the date of the decree, and completed within a 
further twelve months. The Diario Oficial also pub- 
lishes the text of a law providing for the ex iture of 
16,000,000 pesos on irrigation works in Chile. Of this 
amount, 1,200,000 pesos will be devoted to the con- 
struction of an irrigation canal fed by the Rio Aconcegua, 
in the Province of Valparaiso ; 8,500,000 pesos on a canal 
fed by the Rio Maule, to the east of the Province of 
Talca ; 4.500,000 pesos on a canal fed hy the Rio Melado 
and the Rio Ancoa. Province of Lindres, and 1,800,000 
pesds on a canal fed by the Rio Laja. For the initiation 
of the works the President of the blic is authorised 
to raise a loan of 2,000,000 pesos. (Peso = about 74d. at 
the present rate of exchange.) 

RatLways In ALBERTA.—I¢ will, perhaps, be a matter 
of some surprise to learn that nearly 1000 miles of new 
railway were completed in the single ian province 
of Alberta last year. The new was made up as 
follows :—Edmonton, Dunvegan, and British Columbia 
system —Smith to Big Smoky River, 159 miles; Alberta 
and Great Waterways system—Edmonton to north of 
Lac la Biche, 140 miles. Central Canada system— 
McLennan toa pointwithin 20 miles of Peace River cross- 
ing, 30 miles. Canadian Pacific system—Ooronation North 
in the direction of Sedgewick, 25 miles; Red Deer to 
Rocky Mountain House, 644 miles ; Monitor to boundary, 
82 miles; Stirling branch, easterly from Foremost, 
miles ; Suffield branch, Retlaw to Lomond, i 
Gleichen to Shepard, = miles ; 
1184 miles. Canadian Northern 
Pembina, Edmonton to Orawar. OS miles; Edmonton to 
Camrose, 47 miles; and W: i 
178 miles. The 333 miles brought into operation by t 
Canadian Pacific have opened up some well-se 
districts, and the same observation applies to branches 
completed by the Canadian Northern. Some mileage 
was worked for the first time last year by the Oanadian 
Northern between and Camrose Calgary, and 
Grand Trunk Pacific between Tofield and Calgary ; rails 

outside and sewage inside, was a most excellent result. were laid upon these latter lines in 1913, 
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WORKMEN’S COMPENSATION CASES. 
SxvERAL decisions of considerable interest to all em- 

ployers of \abour have recently been given in the Court 
of pea. 
Butsring a Train in Motion in Course of Employ- 

ment.—In the first of these cases, Messrs. Chadwick 
and Co., builders, of Rotherham, successfully appealed 

ainst an award, made by the Judge of the Rotherham 
County Court, in favour of the dependants of one of their 
employees, who was fatally injured through attempting 
to enter a train in motion. The deceased man, a foreman 
joiner, was employed on work at Sheffield, and part of 
is duty was to make a report at the firm’s office in 

Rotherbam on the work done each dey. He was thus 
obliged to travel daily between Rotherham and Sheffield, 
and for this purpose was provided with a season-ticket at 
the firm’s expense. In order to reach the office before 
closing-time, 6 Eo. it was necessary for him to catch a 
train leaving Sheffield at 5.26 p.m. ; and on the day in 
question, arriving at the station as the train was moving 
out, he attempted to enter a carriage, fell between the 
train and the platform, and received such injuries that he 
afterwards succumbed. Y 
The County Court Judge held that the accident arose 

out of and in the course of his employment, and inst 
this decision the employers eppesied, the case being 
heard by the Master of the Rolls, Lord Justice Swinfen 
ay and — ae ny i are ‘ 

gainst the ap it was wi that, by the nature o 
his employment, the man was more exposed to railway 
risks than ordinary people, the season-ticket provided 
by his employers being mentioned in this connection ; 
that the man’s action was in his master’s interest to 
enable him to reach Rotherham before 6 p.m.; that even 
if the act which caused his death were serious and wilful 
misconduct, that was an irrelevant circumstance ; an 
that it was quite a common thing to enter a train in 
motion. 
The Master of the Rolls stated that he was not satisfied 

that the man, by reason of his employment, was more 
exposed to railway accidents than ordinary persons, and, 
moreover, the accident in question was not a railway 
accident, but arose from an unauthorised and illegal act 
on the part of the man. It was, he continued, not suffi- 
cient to say that the act was performed in the master’s 
interest, and nov for his own pleasure. There was no 
evidence to show what the deceased was doing between 
5 p.m., when the men left work, and 5.26 p.m., when the 
train started. To carry out his duty to his employer 
in a proper manner, the deceased should have set out for 
the station in sufficient time to reach it before the train 
started, so that he was not —— to do this illegal 
act, either expressly or by implication, as incidental to 
his employment. The risk involved in attempting to 
enter a train in motion was not reasonably incident to or 
‘arising out of” hisemployment. He therefore thought 
the appeal should be allowed, and the Lords Justices gave 
judgment to this effect. 

In What Circumstances is Drunkenness an Answer to 
a Claim for Compensation?—In the second case, the 
employers, the Llandudno Coaching and Carriage Com- 
pany, Limited, appealed, unsuccessfully, against an 
award of the Ju of the Llandudno County Court 
in favour of the widow of a stableman who was killed 
by falling from a ladder when in a state of intoxica- 
tion. The man’s duty was to chop and mix food 
for horses in a loft which was reached by a vertical 
ladder fastened to the wall. On the day of the acci- 
dent, while mounting the ladder under the influence of 
drink, the man slipped, and, in falling, struck his head 
against a window sill, causing injuries from which he 
died about a fortnight later. On an application of his 
dependants for compensation, the County Court Judge 
found that slipping off the ladder was a risk incidental 
to the man’s employment, but that the accident was due 
to the man’s intoxicated condition. He therefore held 
that the accident, though due to serious and wilful mis- 
conduct, was, nevertheless, an accident arising out of, 
and in the course of, the man’s “yy -y~ and he 
therefore made an award in favour of the dependants. 
The employers appealed against this award. 
The Master of the Rolls stated that the question 

involved was in what circumstances drunkenness is an 
answer to a dependant’s claim for compensation. He 
uoted a case in which a drunken sailor fell from the 
eck of a ship and was drowned, and another case in 

which a sailor, also in a state of drunkenness, fell from 
a way and broke his neck. In both cases it was 
held by the Court of Appeal that the accident did not 
arise out of the men’s employment, but was due to their 
drunken condition. Another case cited was that of a 
traction-engine driver who fell off the footplate in a state 
6f intoxication and was fatally injured. In this case the 
arbiter refused compensation, and held that the accident 
did not arise out of the man’s employment. The Court 
of Session, however, held that man was certain! 
performing the duty for which he was employed, althoug’ 

ilty of serious and wilful missonduct. His lordship 
thought that the County Court Judge was right in 
holding the dependants entitled vo compensation in the 
case under consideration. He stated that the true 
principle was as follows:—A workman who, while doing 
an act which it was part of his duty to do, met with an 
accident, to which he was more apa than not 
so engaged, was—or, in the case of death, his dependants 
were — entitled to compensation from the employer, 
although the act was done negligently or contrary to 
rules, assuming that it was a case in which the defence 
of serious or wilful misconduct was not available. He 

failed and must be 
Justices delivered 

therefore thought that the a 
dismissed with costs, and the 
judgments to the same effect. 

and | Burn Coal Company 

Taxi-Cab Driver Shot by Sentry.—In this case a taxi- 
cab driver, while driving an officer to Fort Rennie, near 
Plymouth, in the early hours of the mornivg of Septem- 
ber 5 last, was shot by a sentry. The bullet entered the 
man’s leg which had to be ———— in consequence. 
The man had been warned by the officer to be careful of 
sentries, and was, in fact, travelling slowly and looking 
out for them at the time of the accident. He, however, 
failed to hear the challenge owing to the noise of the 
engine, the presence of a glass wind-screen, and to the 
fact that a high wind was blowing at the time. He was 
awarded compensation by the Judge of the Devon County 
Court, sitting at Plymouth, on ground that he was 
more ex to the risk of the accident than ordinary 
members of the public. , 
His employers, Messrs. Humm and Co., squeiet against 

the award, and the case was heard in the Court of Appeal 
before the Master of the Rolls and Lords Justices Swinfen 
Eady and Phillimore. In giving his judgment the 
Master of the Rolls said that there was ample evidence 
to justify the finding of the County Court Judge. The 
applicant’s duty was to drive to the forts, which were 
surrounded by sentinels at all times. For this purpose 
he had to use a machine which prevented his hearing the 
challenge owing to the noise of the engine and the pre- 
sence of the screen. The applicant was therefore exposed 
to a special risk, and the appeal must be dismissed. 
_ en Justices also delivered judgments dismissing 

© appeal. 
, pon pm of Compensation for Industrial Disease.— 

In this appeal an interesting point was raised as to the 
apportionment of compensation between a number of 
employers of a workman who had gradually contracted 
an industrial disease. The applicant was a coal-miner 
who had become totally disabled by miners’ nystagmus 
while in the employment of the respondents—the Seaton- 

He was awarded com tion by 
the Judge of the Newcastle-upon-Tyne County Court 
sitting as arbitrator under the Workmen’s Compensation 
Act, 1906. The respondents submitted to the award, but 
claimed contribution from four other colliery-owners in 
whose employ the man had been during the twelve months 

ing the date of disablement.. The East Walbottle 
‘oal Company was one of these concerns, and they con- 

tended that the conditions of working in their colliery 
were such that the disease could not have developed 
materially while the man was in their employ, and that, 
if liable at all, their contribution should be smaller than 
that of another employer at whose colliery the conditions 
were such that the direase would develop Paper 
The County Court Judge refused to admit evidence as 

to working conditions in the different collieries at which 
the man had been employed, and held that it was not 
open to an employer in whose service the man had been 
in the twelve months preceding the disablement to dis- 
pute his liability under the Act, or to have the working 
conditions inquired into with a view to increasing or 
diminishing the respective contributions of the various 
employers. He therefore directed that the East Wal- 
bottle Company should contribute to the compensation 
in Ye mage to the period of the man’s employment 
with them, and the said company appealed against this 
decision. 

In giving judgment, the Master of the Rolls said that 
the question was, What were the rights of the five col- 
liery companies inter se? The East Walbottle Company 
complained that they had not been properly treated. The 
Act provided that “if the disease is of such a nature as 
to be contracted by a gradual process, any other em- 
ployers who, during the said twelve months, employed 
the workman in the employment to the nature of 
which the disease was due, chal be liable to make to 
the employer from whom compensation is recoverable 
such contributions as, in default of ent, may be 
determined in the arbitration under this Act for settling 
the amount of the compensation.” There had been no 
agreement between the five colliery-owners, and the 
matter therefore fell to be determined in the arbitration 
under the Act. His Lordship knew no — that 
would justify the view that the arbitrator had nothing to 
do but to work out the proportionate amounts by a 
mathematical calculation. © matter was one which 
must be dealt with by the arbitrator in the same way as 
every other matter was which was left tohim. He must 
listen to the evidence, and he — say, if that was the 
effect of the evidence, that the colliery of one owner was 
so well arranged that almost assuredly nystagmus was nob 
contracted there to the extent that it was in the colliery of 
another owner. He must hear the evidence, and then do 
the best he could to —— the liability between the 
five colliery-owners. @ case must go back to the 
County Court Judge to deal with the matter after hear- 
ing the evidence. 

rd Justice Swinfen Eady and Lord Justice Philli- 
more also gave judgment allowing the appeal. 

Canapian Stream Rariways.—In 1918 there were 
29,304 miles of steam railway in operation in Canada, as 
compared with 18,988 miles in 1 15,005 miles in 1893, 
9597 miles in 1883, 3832 miles in 1873, 2180 miles in 1863, 
506 miles in 1853, and 16 milesin 1843. It will be seen 
that Canadian steam - railway construction proceeded 
much more rapidly during the ten years ended with 1913 
than in any former similar period in Canadian history. The 
hast of line in working year by year in the decade 

led with 1913 was as follows :— 

Year. Miles. Year. Miles. 

1904 ee en 19,431 1909 os oe 24,104 
1906 os os 20,487 1910 a nee 24,781 
1906 es éw 21,353 1911 6 ee 26,400 
1907 o = 22,452 1912 os o. ° 96,787 
1908 se ba 22,966 1912 os aa 29,204 

GERMAN IRON AND STEEL IN 1914. 
AccoRDING to a statement by the Union of German 

Iron and Steel Industries the production of pig-iron 
within the German Customs Union for December, 1914, 
amounted to 853,881 tons, against 1,611,250 tons for De- 
cember, 1913, or not very much more than half, whilst 
there was an improvement as com with November, 
1914, for which the figure was 788, tons. The produc 
tion of pig-iron per day, since the war began, averaged :— 

Tons. 
August ss Se ie - me 18,925 
September ... tis cad ant a 19,336 
October... Sie - ali ies 23,543 
November ... sé ot re Sai 26,299 
December ... ide 27,545 

As far as the different kinds go, the production for 
December comprised :— 

148 881 Foundry pi aa ok a ia . 
Bessemar ps b ie ie me 8,778 
Thomas pig a ni 7 ... 642,808 
Steel, &. ... cad ms ad ... 128,317 
Puddle a - ‘ pi 25,097 

As regards the different districts, the production divides 
itself as follows :— 

Tons. 
Rhineland-Westphalia ... oon ... 895,600 
Siegerland, Wetzlar, and Hessen- 

assau... oe dis oie sh 52,172 
Silesia _ oes Lay = ‘ise 61,166 
North Germany ... vit “ ns 14,830 
Central Germany... vo sins 1 25,299 
South Germany and Thuringia - 15,473 
Saar district ab itt a sn 53,554 
Lorraine... iid bes _ ... 124,464 
Luxemburg... i .- 111,323 

More especially in the last three districts the production 
shows a considerable increase of late. 
The aggregate production of the different brands for 

the last two years was as under :— 

1914, 1913. 

Tons Tons 
Foundry pig me 2,494,527 3,657,326 
Bessemer pig... 237,988 368,840 
Thomas pig sia 9,289, 989 12,193,336 
Steel, &e. ... ae 1,996,786 2,599, 887 
Puddle... vd 370,257 489,783 

14,389,547 19,309,172 

The reduction in the production was, as might be 
expected, most marked in Lorraine, with Luxemburg, 
and next in Rhineland and Westphalia, whilst less pro- 
nounced in Silesia. The figures were : 

1914. 1913. 
Rhineland and Tons. Tons 
Westphalia... 6,610,119 8,209,157 

Lorraine and 
Luxemburg... 4,267,573 6,417,727 

Saar district a 954,738 1,370,980 
Silesia fhe ae 853, 957 994,604 

Tue Cottapsinc PressurE or Tusrs.—Whilst it is 
probably true that for the immediate ends of the boiler- 
maker the usual empirical rules for the strength of flues 
exposed to external pressure fulfil all requirements, cases 
do occasionally arise in which the limits of past experi- 
ence are transcended, and in which, therefore, an applica- 
tion of these empirical rules may be fraught with disaster. 
Much interest therefore attaches to a paper by Mr. R. V. 
Southwell, published in a recent issue of the Philosophical 
Magazine, in which an attempt is made to provide a 
rational theory of tube collapse applicable to every case. 
Mr. Southwell assumes that in thick tubes failure may 
be taken to occur when the stress exceeds the yield-point 
of the material ; that is to say, when the external pres- 
sure is in accord with the equation :— 

t 
P=27 > 

where ¢ denotes the tube thickness, d the diameter, and 
ye the yield-point of the material. On the other hand, 
when the tube is very thin compared with its diameter 
and length, the actual resistance approximates to its 
theoretical value :— 

Be 

P=3.E.5. 

An interpolation formula which reduces to these values 
at both extremes can, by analogy with Gordon’s formula 
for the strength of columns, be written, he suggests, as :— 

74,000 

“7. .¢ 
7 + sb e 

This expression is applicable for the streneth of all tubes 

of which the length is more than 1.73 f= Stiffening- 

rings, he concludes, are of no advantege unless the 
diameter is ter than 28 times the thickness. In 
order that fhe collapsing pressure shall be equal to 

* - Yc, the stiffening rings must not be further apart 

than given by the relation :— 
d.E B 

s = 1.73 9 ° a 

where s Cenotes the distance between the rings. 
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CATALOGUES, 
Coal-Screening and Sorting Plant.—From Messrs. Head, 

Wrightson and Co., Limited, of Stockton Forge, Norton- 
road, Stockton-on-Tees, we have received a booklet illus- 
trating examples of coal-screening and sorting plant 
constructed by them. 

Saws and Accessories-—A useful catalogue of saws and 
accessories has come to hand from Messrs. C. D. Monnin- 
ger, Limited, 124, Clerkenwell-road, E.C. Full par- 
ticulars are given of band-saws, saw-brazing appliances, 
saw-sharpening vices, band-saw guides, circular saws, 
hand cross-cut saws, saw-sets, ‘‘drunken” saws, ving- 
saws, and circular saws with i rices are 
stated in all cases. 

Hose Fittings.—Messrs. T. J. Carr and Oo., 78, Wel- 
beck-Road, Newcastle-on-Tyne, have sent us a circular 
dealing with their ‘‘Gem” hose specialities. Among 
them are included hose-couplings and clamping devices, 
a cleaning-valve and nozzle for compressed air, saddle off- 
set connections, air-cocks, and fluid atomisers. The latter 
are specially adapted for laying dust in mines, and also 
for agricultural and horticultural requirements. 

Aluminiwm.—The latest publication of the British 
Aluminium Company, Limited, of 109, Queen Victoria- 
street, E.C., is a loose-leaf et-book of tables and data 
relating to aluminium. e@ tables give the weights, 
areas, Sn pone pn capacity, and resistance of rods, 
wires, and stranded cables, sags of cables, corona voltages 
on overhead conductors, comparisons of wire and sheet 
gauges, data relating to bars, strip, and sheets ; sizes and 
weights of tubes, safe pressures for tubes, and other 
information likely to be required by users of the metal. 
The price of the book is 3s. 6d. 

Gas-Engines.—The National Gas-Engine Company, 
Limited, Wellington Works, Ashton-under-Lyne, have 
pee epee 8 giving particulars of large vertical gas- 
engines manufactured by them. These engines, which 
are of the malti-cylinder tandem type, operate on the 
four-stroke cycle, and can be used for all kinds of gaseous 
fuels. They are made in convenient sizes ranging from 
300 to 2000 horse-power. The catalogue fully describes 
their construction, and explains the conditions necessary 
for satisfactory running. Several examples of engines 
direct coupled to electric generators, and of engines used 
for driving textile mills, are illustrated in the catalogue. 

Cableways.—The Lidgerwood Manufacturing Company, 
96, Liberty-street, New York, U.S.A., have sent us a 
pec attractive catalogue ilustrating the use of Lidgerwood 
cableways in connection with the construction of dams and 
locks. Among the many important works on which these 
cableways have been -_ om are the Panama 
locks, the Cataract and Burrinjuck dams in Australia, 
the Croton and Ashokan dams in New York, and the 
Roosevelt and Shoshone dams for the United States 
Reclamation Service, all of which are illustrated and 
pr od described in the catalogue, together with many 
others. 

Engineers’ Tools, &cc.—We have received from Messrs. 
8. A. Daniell, Limited, of Lion Works, Edward-street, 
Parade, Manchester, a useful price-list of stocks and dies, 
taps and tap-wrenches, reamers, drills, screw-wrenches, 
spanners, tube - cutters, pipe - wrenches, tube - vices, 
ratchet-braces, bench drilling-machines, joiners’ cramps, 
screw - jacks, pulley - blocks, smiths’ tools, fly - presses. 
milling-cutters, vices, metallic labels and checks, belt- 
fasteners, and many other tools and sundries for engi- 
—_ The firm — hand and power- 
riven screwing - machines, copying-presses, embossing 

presses, &c., ——_ of which img "arenes but they 
are moro fully dealt with in other catalogues. 

Hollow Bars.—From Messra. Dunford and Elliott 
(Sheffield), Limited, of Attercliffe Wharf, Sheffield, we 
have received a circular calling attention to the hollow- 
steel bars they manufacture. These bars, which are 
suitable for making spindles, shafting, crank-shafts, stay- 
bolts, &c., can be supplied either black or bright, and of 
square, round, octagonal, or hexagonal section. The hole 
formed in these bars serves as a pilot-hole for drilling, 
or tv supply lubricant to different parts of a shaft or 
spindle ; in the case of stay-bolts, the hole serves to give 
a warning if the bolt should break. Round bars are 
stocked in sizes —ae from § in. to 3 in. in diameter, 
and all sections can be supplied in any quality of iron or 
~~ 9 including nickel, nickel-chrome, and other alloy 
s' 

Air-Compressors.—A bulletin to hand from the Chicago 
Pneumatic Tool Company,-of Fisher Building, Chicago, 
gives full particulars of a new line of air-compressors 
driven by oil-engines capable of running on low-grade 
fuel oils. In these machines the oil-engine cylinder, 
which is of the two-cycle type, is mounted in tandem 
with the compressing cylinder. They are made in both 
stationary and portable types, and in four sizes, in which 
the engines develop 10, 16, 25, and 46 horse-power ; they 
are listed for air pressures of 50 lb. per sq. in. and 100 Ib. 
per >> Their construction is illustrated and fully 
described in the bulletin, and particulars of vertical and 
horizontal air-receivers are also given. Another bulletin 
from the firm gives particulars of small air-compressors 
driven by belts, electric motors, or petrol-engines, and 
suitable for use in connection with such work as inflating 
motor-car tyres, stone carving, blowing dust from elec- 
trieal a yy vy Me &c. The London 
address of the firm is nsolidated Pneumatic Tool 
Company, Limited, 9, Bridge-street, Westminster, S. W. 

Commercial Motor Vehicles.—We have received from 
Commercial Cars, Limited, of Biscot-road, Luton, a copy 
of their catalogue of commercial motor vehicles for 

Canal buildings for ventilation agp mene 

transporting goods and passengers, and also for municipal 
purposes. he catalogue gives ——— with prices 
and full particulars, of seven is for loads ranging 
from 1 to 6 tons, and with engines of from 20 to 45 horse- 
power. A War Office subsidy type vehicle, and four 
special passenger chassis, are similarly dealt with. Many 

fferent types of bodies, suitable for the requirements of 
all trades, are illustrated, and prices are stated in all 
cases. One section of the catalogue is devoted to vehicles 
for use overseas, and another section deals with motor 
fire-engines, street - watering wagons, street - sweeping 
machines, and other vehicles for municipal requirements. 
In conclusion a long list of users is given, and a number 
of testimonials from customers are printed. The catalogue 
is well printed and very fully illustrated, and is therefore 
a very useful and highly creditable publication. 

Roller-Chains.— copy of their latest catalogue of 
roller-chains has reached us from ‘‘The Coventry” 
Chain Company, Limited, Spon End Works, Coventry. 
The catalogue relates particularly to chains for power 
transmission on commercial vehicles, lorries, &. Stan- 
dard single-roller chains are made with pitches ranging 
from 4in. to 3in., and full ticulars, including dimen- 
sions, weights, breaking vd oy &c., are given for all sizes. 
Particulars are also given of the firm’s detachable roller- 
chains for heavy vehicles. In these chains every pair of 
rivets throughout the whole length of the chain is 
held in place by a heavy cotter-pin, thus enabling a 
thorough repair to be nned & very rapidly, wituout the use 
of any special tools, by withdrawing the cotter-pin, 
detaching the damaged part, and substituting new spare 
links and rollers as required. Useful notes on the care 
of chains are included in the entoleges, and particulars of 
sprocket-wheels are also given in tabular form. Examples 
of compound chains, which are made with two, three, or 
four sets of rollers in parallel, are illustrated. These 
chains have been found very efficient for certain drives, 
particularly those in which the diameters of the wheels 
are limited, and the loads on the chains are propor- 
tionately heavy. Usually such drives would be dealt 
with by employing pinions with very small numbers of 
teeth, and using a chain of large pitch. It has, however, 
been found advantageous to keep the numbers of teeth in 
the pinions as large as possible by reducing the pitch of 
the chain, and to obtain the necessary strength in the 

hains by i ing the widths. Any of the firm’s single- 
roller chains can be supplied in this form. 

Air-Purifying Apparatus.—Messrs. Davidson and Co., 
Limi of Sirocco i Works, Belfast, have 
issued a bulletin illustrating and describing the ‘‘Sirocco ” 
air-washer, which they have just placed upon the market. 
The apparatus is intended for purifying the air supplied to 

3, and also for cooling 
turbo-generators and other electrical machinery. It is 
claimed to give a high degree of purification, and to offer 
a very low resistance to the passage of the air. The 
washer consists of a rec casing constructed of 
ag po sheets, provided with g inspection- 
oors, and mounted on a comparatively shallow tank. 

Water is supplied to the tank, and is maintained at a 
constant level, by means of a ball-cock. At one end of 
the casing are a number of spraying-nozzles, which are 
supplied with water from the tank by a motor-driven 
centrifugal pump. The pump draws from a o— in the 
tank, and the walls of the sump are composed of fine-wire 
mesh, which forms a primary filter for the water. A 
secondary filter, 

sump, so that all possibility of cl ng the nozzles is 
avoided. These two strainers, which are made of still 
finer wire mesh than the primary filter, can be removed 
and cleaned while the apparatus is at work. Each 
strainer is fitted with a spring-valve, which closes as soon 
as the strainer is removed, and thus prevents any un- 
filtered water from reaching the pump. The air to be 
purified enters the casing at the end nearest the water- 
spraying nozzles, travels along in the same direction as 
the spray, and leaves at the other end, after i 
through two sets of zig-zag plates in series. On first 
set of plates, any —— matter which may remain in 
the air is caught by the film of water trickling down 
them, while the second set of plates serves to eliminate 
all free moisture from the air. The bulletin illustrates 
and describes the construction of the cogenstan, and 
gives general particulars of fifteen standard sizes, with 
capacities varying from 4000 cub. ft. to 60,000 cub. ft. per 
minute. 

Tue Commercia, Moror-Users’ Association (INC.). 
—The ninth annual inspection of comm motor 
vehicles organised by this Association, with the object of 
encouraging drivers, by means of mone. other 
awards, to take a personal interest in 
take place in London during the month of May, 1915; 

prizes an 

but the usual Whit Monday assembly or parade o 
vehicles will not be held this year, owing to the difficulty 
of sparing vehicles from services during the present period 
of stress. Series of lectures have been specially prey 
for petrol, steam, and electric drivers, and these will be 
sent to the drivers by post fortnightly, commencing next 
month, thus constituting a correspondence course of 
technical education for drivers. Prizes will be awarded 
to drivers, for results obtained in written and oral 
examinations, based on the information contained in the 
lectures, coupled with inspection of their vehicles under 
running conditions, and in this way it is hoped to carry 
on the educational work among drivers, which has been 
one of the aims of the Association since ite formation. 
Full particulars and entry forms may be obtained from 
Mr. Frederick G. Bristow, F.C.1.8., secretary, the Com- 
mercial Motor-Users’ Association (Inc.), 83, Pall Mall 
S.W. 

com of two removable circular | : 
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THE RHENISH-WESTPHALIAN COAL 
SYNDICATE. 

THe last report of the Rbenish-Westphalian Coal 
Syndicate states that the sale of coal in December 
amounted to 4,469,072 tons, against 4,600,119 tons 
for November, and 6,183,209 tons for December, 1913. 
Of the allotments—respectively 7,099,798 tons, 7,046,159 
tons, and 7,082,826 tons—there were sold 62.95 per 
cent. in December, 1914, 65.29 per cent. in November, 
1914, and 87.30 oe cent. in December, 1913. The 
quantities despatched were respectively :—3,622,478 tons 
in December, 1914, 3,827,765 tons in November, 1914, and 
5,099,492 tons in December, 1913. Of coke :—1,114,147 
tons in December, ag 1,023, 294 tons in November, 1914, 
and 1,618,124 tons in mber, 1913. Of briquettes :— 
355,843 tons in December, 1914, 360,086 tons in November, 
1914, and 329,604 tons in December, 1913. Of the above 
quantities the yy | were for account of the Syndi- 
cate : —3,078,378 tons of coal in December, 1914, against 
4,421,599 tons in December, 1913 ; 615,717 tons of coke in 
December, 1914, against 873,471 tons in December, 1913; 
and 330,273 tons of briquettes in December, 1914, against 
306,382 tons in December, 1913. The production was 
5,661,200 tons of coal in December, 1914, against 7,956,552 
tons in December, 1913, or, respectively, 233,452 tons 
and 329,805 tons per working day. 
The sale of coal and briquettes somewhat decreased 

during December, but there was no falling-off in the 
demand. The demand continued active, and could not 
be satisfied to its full extent. The decline in the sale 
must be attributed to a diminished ny» | of produc- 
tion on account of an increased shortage of labour. On 
the other hand, the sale of coke has somewhat risen. 
The despatch by railway was regular ; the activity in the 
Rhine harbours was affected by the decreased sale. 
way of the Rhine-Herne there were despatch 
in the direction of Ruhr of coal, coke, and briquettes 
altogether 77,275 tons. 

_ At the last meeting of the Coal Syndicate the negotia- 
tions about its prolongation were continued without 
leading to any definite results. On the other hand, it 
was decided to prolong the term for sales outside the 
peg to October 1, 1915. It was further stated that 
the following concerns—the Victoria, Kupferdoch, the 
Borussia-Oespel, the Langenbram, and the Concordia— 
had given due notice as regards the current syndicate 
» As may be remembered, all the members 

the syndicate, prior to the expiration of last year, had 
agreed to refrain from independent sales up to February 1, 
1915. All the mines represented at the — (January 
23), and the Hoesch iron and steel works, decided to 
rolong this term to October 1, except the Victoria, 
upferdoch, and the bram. is decision was 

said to be irrespective of whatever standing the Bochum 
Company and the Borussia-Oespel concern might take up. 
In connection with the Harpener Company it was decided 
to add a clause to the agreement to the effect that sell- 
ing combines coal mines belonging to iron works and 
simple coal mines were not permissible. This decision 
was supported by the majority of those present, and 
it is not expected that those of a divergent opinion will 
hold on to this position, and thereby make renewal 
of the syndicate impossible. The chairman made a state- 
ment to the effect that the drafted agreement was now 
finally framed, and asked the syndicate members whether 
oz were prepared to sign. the majority acquiesced 

this, it was decided to hold a meeting of mine-owners 
on February 8, so as to complete the agreement. 
The allotments for February were fixed at 65 per cent. 

for coal (no change), 40 per cent. for coke (30 per 
cent,), and 40 per cent. for briquettes (no change). 

New Brunswick.—The facts that the New Brunswick 
Government has been enabled to complete a large section 
of the Valley Railway pe Se past year, and that it 
has also been able to issue bonds to retire indebtedness 
outstanding and falling due ata better rate than some 
other Canadian cities or provi spesks well for the 
general condition of New Brunswick finance. At the 
commencement of 1915 the Intercolonial Railway assumed 
the working of 120 miles of the Valley Railway, and 
trains are now running over between 80 and 90 miles of 
the section ; elle gone service is also expected to be 
shortly commen: upon the balance of the new mileage 
ready for working. 

TIMBER AND ITS PRESERVATION.—We take the follow- 
ing notes from a paper recently read by Mr. P. A. 
Maignen, chemical engineer, Philadelphia, Pa., before the 
American Association for the Advancement of Science. 
The railways of the United States purchase annually 
35,000,000 sleepers ata cost of 60 cents each, and pay 

30 cents for laying them down. This gives an annual 
f | expenditure of 121,500,000 dols. The life of the untreated 

sleeper is five years; that of those properly treated is 
twenty-five years. In a period of twenty-five years, 
therefore, the account would be as follows :— 
Untreated Sleepers : Dols. Dols. 

135,000,000 at 90 cents each.. 121,500,000 
Renewed every five years, 

121,500,000 by 5 es oo _ 607,500,000 

Treated SI re: 
136,000, at90 cents each .. 121,500,000 
Cost of treatment, 20 cents 

each .. oe oe ° 27,000,000 
——_ 148,500,000 

Saving in 25 years ee 459,000,000 

In Europe nearly all the sleepers are treated. In the 
United States, w: 
only 30 per cent. are t he or Pp 
the preservation of timber is now the most popular. 

wood has hitherto been abundant, 
| +, for 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 

SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE AOT OF 1907. jd 

, : iven in the Specification D 4 P 

in each wae chew none @ mentioned the Spectfieation ie not 

Where inventions are communicated from abroad, the Names, &c., 

= ne Specifications 7 pct yebtoined at the Patent Office, Sales 
oh 25, Southampton Buildings, Chancery-lane, W.C., at 

the ge pe of 6d. 
The date of afeertiomnent of the ectentanse of « Complete 
yey ey te in each case, given after abstract, unless the 
atent has been sealed, when the date of sealing is given. 
a may, at any time within two months from the date of 

the advertisement of the 
ive notice at the Patent O, of Ce bunts Oe oan fo 

Gotent on ony of the qrounte mentioned tn the Adt. 

ag The British Thomson-Houston Com- 
pany, . and A. P. Young, Kenil- 
w Ele Meters. (4 Figs.) December 13, 1913.— 
The invention relates to alternating-current electric meters of the 
induction type, and has for ite object to provide an in.proved 
construction of meter for use on circuite of approximately 
constant voltage and frequency, which is simple and may be 
manufactured at a small cost. — > this invention, 

' the meter comprises a rotating element con ing of a metal cup, 
the rim of which is | in the gap of an electro-magnet 
excited by the potential winding. Inside the cup the electro- 
magnet bears a pair of series coils mounted on polar projections 
located at an angle, preferably at right angles to the polar pro- 
— which carries the tial flux. According to the form 
llustrated, the rotating element consists of an inverted cup 1 of 
high-conductivity metal, the rim of which is located in the gap 
of an electro-magnet. The electro-magnet has a central core 2 of 
circular cross-section, on which the potential coil 3 is mounted. 
On the top of the core 3, within the cup, are three laminated 
polar projections 4, 5, and 6. The projections 5 and 6 carry the 
two series windings 7 and 8, the connections of which are such 
that the series fluxes produced flow through the etic circuit 
in the same direction considering any particular instant. The 
polar projection 4, which carries the potential flux, is situated 
midway between and at right angles to the series poles 5 and 6. 
Outside the cup 1 the electro-magnet is provided with a eurved 
plate 9, on which the outer polar projection 10 is attached by 

bo) ea | 
SOT UL, 12 

means of screws so that a magnetic circuit is formed for the 
potential flux through the central core 2, polar —— 4, polar 
projection 10, curved plate 9, and the base of the electro-magnet 
> = = Oa. EE > aoe 

te 9, close to the on 10, for the of vary- 
ng the symmetry of the potential flux, to enable the speed of the 
meter at low loads to be adj . A short-circuit ring or 
lagging coil 18 is mounted on the polar yom 10. The mag- 
netic circuit for the series flux outside the cup 1 is provided by 
the vertical pillars 14, on which the rods 15 are mounted. Onthe 
top of the rods 15 there is a bracket 17, which carries the upper 
ae | of the spindle 18. The lower bearing of the spindle 18 is 
located in the hollow screw 19, the top of the central core 2 being 
bored and screw-threaded to receive same. Iron screws 20 pass 
through each of the rods 15 opposite the series poles 5 and 6, and 
by adjusting these screws the reluctance of the series magnetic 
cirouit can be varied so as to vary the speed of the meter at any 
particular load. The magnetic circuit traversed by the series 
flux is from one series pole 6 through the screw 20 and at 
one side, through the base, the pillar and screw on the other side 
to the other series pole 6. In the central core 2 the fluxes du 
to each series win ang oh oom goes instant are in opposit 
senses, and therefore neutralise out. The meter will be suitably 
enclosed in a case, and provided with a train of recording 
mechanism to register the movement of the rotating cup. The 
ra | currents produced tation of the cup in the potential 
field are sufficient to give the retardation necessary for ucing 
accurate ion without employing a separate ly brake, 
paog hy - oe employed in such meters. (Accepted Novem- 

r , 

GUNS AND EXPLOSIVES. 

21,950/13. E. Schneider, . Le Creusot, France. 
Automobile (3 Figs.) September 29, 1913.— 
In launching 8 from an above-water ora su tube 
the propellers for some time are situated either in the alr (in the 
case of an above-water tube) or in water and air (in the 
subme tube) In order to prevent the propel re from racing 
during this period, means have provided enting the 
engine from running at full until the p rs have com- 
pletely penetrated the water. With this object the full admission 
of the working fluid to the engine has hitherto been retarded » 
reason of the fact that the opening of the full-admission =eb 

Sagsed Op tho bnpast af tae water Guang tae mecenens of y pact o water du movement of 
the torpedo through the water. In this known device the action 
of the water on the blade Remmanly Sos0 bah take aioe eeepetty, 
and is frequently insufficient to overcome the inertia parts 
= — a due ee oe = 
me during w! engine runs a low prior to 

opening of the -admission valve, cannot regulated in a 
precise and adjustable manner. The chief object of the present 

invention is to provide a device which will overcome the above- 
mentioned defects. According to this invention, the element that 
retards operation of the full-admission valve, instead of bein, 
dependent upon a device actuated by the water, fs eommested 
with the engine of the torpedo by a mechanism which is clutched 
into connection with the e e, and is declutched at the end of a 
certain number of revolutions of the shaft of the engine, this 
num capable of regulation at will. L d the 
starting lever, which is connected by the rod B! with the usual 
balance-lever B, which, by means of the finger B?, controls the 
known mechani GO, Cl. the push-rod 
pt ny e differential full-admission valve A—a. N—Q is the 
member for actuating the reduced-admission valve K. I desig- 
nates a member wi moves with the balance-lever B and which 
is guided in bearings J, J! rigid with the casing Al. A ing r 
bearing at one end upon a ring M fixed to the member I and at the 
other end upon a fixed stop formed by the bearing J, os 
tends to return the member I to the position shown. In accord- 
ance with the invention, the full movement of the member I is 
dependent upon a clutching and declutching mechanism actuated 
by the shaft of the engine. This mechanism may, as shown, be 
similar to the known stopping mechanism. In a casing E, which 
may be integral with the casing A!, a clutch member F is capable 
of rofl . The other clutch member H is provided with a tail- 
piece, carrying at its upper extremity an indicating hand H}, 
which is displaced over a graduated dial H? by en ee 
H3 carried by a ring H4. Around the rod carrying the clu 
member H a torsion 
fixed to the member 
the dial H2 by a powerful spring H°. 

2 Qa 

ring 7} is coiled ; one end of this spring is 
,and the other to a ring H*4 pressed in 

The mem 
ito 

r F is provided 

externally with teeth, by means of which it gears with a pinion 
F! keyed to a shaft G driven by the engine. The operation of 
the mec! is as follows:—If it be desired to retard the 
full admission of motive fluid—that is to say, the opening of 
the valve A—a, in such a manner that it takes place only 
at the end of a certain number of revolutions of the shaft 
of the engine, the hand H! is brought opposite the scale 
division on the dial H®* corresponding to this number of 
revolutions. As a result an orifice in the member H 
assumes an angular position relatively to the rod I corr ndin 
to this scale division. When, on starting, the lever L is turn 
downwards, and caused to occupy sayt meen we LI, the part Q is 
raised by the lever N, and opens the reduced-admission valve K. 
The movement of the lever L causes the member I to strike 
ras the member H, which is thereby clutched to the member 

. The travel of the balance-lever B is insufficient to then pro- 
duce the lift of the valve A by the push-road 6. The member F 
now rotates under the influence of the pinion F1. The clutch- 
member F drives the member H. When the motor has effected 
the predetermined number of revolutions, the hand H! returns to 
zero. At the same time the orifice h comes opposite the member I, 
which enters it. The clutch-member H is then no longer pressed 
against the member F, and consequently it no longer partici 
in the rotary mov its of the ber F. The P 1) facili- 
tates the se tion of the two clutch-members H, F. e pene- 
tration of the finger I into the orifice A has enabled the member b 
to effect its full lift, so that the valve A—a is opened. It will be 
noted that this lift is ensured at the end of a number of revolu- 
tions of the motor, which can be regulated at will. (Accepted 
November 25, 1914.) 

958/14. Sir W. G. Arms’ Whitworth and Co., 
ted, and A. G. ewcastle-upon-Tyne. 

Field-Gun Garstages. (3 Figs.) January 13, 1914.—This 
invention relates to field-gun carriages of the type in which a 
frame or bw 4 carriage supporting the trunnions is pivoted to a 
member which itself can turn about a horizontal longitudinal pivot 
relatively to the axletree, the trail-beams being pivoted to this 
member. The invention consists in the combination with a member 
which can turn about a longitudinal pivot on the axletree, and 
which supports the trunnion ings, of a pair of trail-beams, one 
(or both) of which is so connected to the member that when the 
carriage is on uneven or — ground, the inclination of this 
beam to the vertical can be so adjusted as to bring the member 
to a horizontal position. a is the axletree, at the middle point of 

4 by a hand-wheel m. 
situated on sloping or uneven ground, the hand- 
ted, moving the nut & along the screw, and thus 

the right-hand end of the sleeve, and so 
the tal. A spirit-level -_~ conveniently 

on the sleeve or frame. (Accepted No 
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MOTOR ROAD VEHICLES. 

ooyr.. The Wolseley Tool and Motor-Car Com- 
> ited. and A. A. 

otor Road Vehicles. (7 Figs.) November 20, 1913.— 
Broadly describing the invention, it consists in connecting a 
cantilever spring with an axle by two independent media, one of 
which is any ordinary tion, and the other a connection 

inoperative, and has no substantial effect on 
i ing, but, if the longer or longest plate 

which is effectively connected with the axle for use 
becomes fractured, will retain the axle in connection with the 
spring. The cantilever spring A, which is fixed at its inner 
end to the frame B, has a number of plates a, a), &c., of the 
usual character, the longest plate a being fixed, at its outer 
or free end, upon a bracket ¢ of the axle O. A plate D runs 
beneath the plate a for some distance from its outer end, and 

is itself rigidly connected with the axle by clamping it between 
the plate a and the bracket c by a bolt and clip which fix the 
outer end of the plate a to the bracket, the plate D being thus 
held up just underneath the plate a. This plate D is con- 
nected at its inner end with one of the shorter plates a2, through 
the medium of aclip E. If, as own, the inner end of the 
- D is formed with an eye, and is connected with the clip E 
y means of a bolt which passes through the sides of the clip 

beneath the spring, and through such eye, the eye is formed 
with the hole therethrough ot a slightly elonga' shape, and 
somewhat deeper than the diameter of the bolt, to allow free 
endway movement between the plate D and the spring, and 
ensure that the ordinary action of the spring will not be substan- 
tially interfered with by the plate D. Should the plate a frac- 
ture, the axle remain connected with the gas through the 
medium of the plate D and clip E. (Accepted November 25, 1914.) 

STEAM-ENGINES, BOILERS, EVAPORATOBRS, &c. 

27,755/13. Babcock and Wilcox, Limited, and C. S, 
vy, London. echanical Stokers. [17 Figs.) 

December 2, 1913.—-This invention relates to mechanical stokers 
ss an inclined grate surface and adapted to be fitted to 

e furnaces of steam-generators and the like. According to the 
invention, the elements or bars forming the te surface, which 
are curved and narrow and of comparatively short length, and 
are placed side by side, are each formed at one end with a jaw so 
designed as to permit of the = dropping over the trans- 
verse bearer therefor and to pivot thereon, each alternate trans- 
verse bearer being fixed in a frame at the sides of the furnace, the 
intermediate transverse bearers being supported on a rocking- 
frame actuated by an eccentric or cams fixed on a revolving 
transverse shaft or by other suitable means, by the rocking or 
reciprocating motion of which frame, and consequent movement 
of the grate-bars, the fuel is pushed forward and down the bars at 
the same t as the inclination of the bars is changed, a con- 
tinuous variation of the thickness of the bed of fuel being thereby 
produced. The grate surface is formed by rows of grate elements 
or bars A, each of which bars is provided at one end with a jaw 
which drops over the bulbous head of one of the transverse 
bearers or B, Bl. The bearers B are fixed to the frame (or 
frames) OC, and the bearers B! to the frame (or frames) Cl. The 
frame C is pivoted on the shaft D at one end, the other end 
having fixed to it a quadrant E meshing with a toothed pinion 

opera by the worm-wheel E2 and worm-wheel E%- The 
frame OC is thus adjustable to permit the grate to be set at any 
desired inclination to suit the class of fuel used. Loose flanged 
pieces C2 are, or may be, fitted on the frame CO to allow for 
expansion in the furnace, and to prevent ingress of air between 
the furnace walls and the grate. At the lower end of the frame 

C is fitted a pivot F, upon which the lower end of the frame ol 
drops. The upper end of the frame C! is supported and receives 
a rocking motion by attachment to a link G operated by a lever 
G! fixed to the shaft D. Owing to the rocking motion of the 
frame C! supporting the movable bearers B!, curvilinear move- 
ments are im to the grate elements or bars A pivotally 
supported by said movable bearers. The magnitude of the curvi- 
linear movements of the grate-bars forming a separate row differs 
from that of the movements of the grate-bars forming an adjacent 
row on account of the different relationship of the corresponding 
bearers and the pivot-shaft F. On the shaft D is fixed a lever G* 
actuated by an eccentric H on the driving-shaft H!. The move- 
ment of the frame Ol, and thus the movements of the grate-bars, 
may be graduated by altering the position of the — at the end 
of the eccentric rodon the lever G2. On the shaft D are mounted 
levers J which carry a transverse bearer J}, upon which are 
dr pivoted push-bars K disposed beneath the outlet orifice 

e feed-hopper M and receiving recip tory mov ite to 
ensure that fuel from the hopper will be supplied to the grate. 
The push-bars K, which are curved and narrow, are actuated by 

an sAjustable connecting link L_ between the levers J and G1, or 

by other suitable mechanism. The fuel is fed on to the grate 
from the hopper M by the push-bars K, and is agitated and 

ed grate surface , A... action of the 
bars, the thickness of the fuel- 

bed bei to be graduated by rais' or lowering the 

r . The furnace may be arranged for either forced or 
natural draught. When forced draught is used the front doors 

O are closed, air under pressure being admitted into the ash-pit. 

When the furnace is worked under natural draught the doors 0 
are left open. (Accepted December 2, 1914.) 
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PLATE XVII. ENGINEERING, Fesrvary 12, 1915. 

THE GEARED TURBINES OF THE T.S.S. “TRANSYLVANIA.” 

CONSTRUCTED BY MESSRS. SCOTT'S’ SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GREENOCK. 

(For Description, see Page 184.) 
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CONSTRUCTED BY MESSRS. ALEX. STEPHEN AND SONS, LTD., 

THE GEARED TURBINES OF THE T.SS. 

(For Description, see Page 187.) 
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globe. The conclusion at which Lord Kelvin 
arrived was that, if the ellipticity were not too 
small, the shell would not have more precession 
than the liquid, and that the compound rotatin 
mass would have sensibly the same precessio 
motion as if it were a single rigid body. A fresh 
criterion to decide the true character of the earth’s 
interior had to be found, and this was supplied by 
the solar semi-annual, and fortnightly lunar, 
nutations which would be materially affected by a 
possible internally liquid earth. nfortunately, 
the numerical coefficients of these terms in the 
general nutational theory are small. 

The examination of this and similar questions led 
to much work on liquid gyrostats, but before de- 
scribing that type it will be well to follow Pro- 
fessor Gray in his discussion of the ordinary solid 
form, indicating the improvements that have been 
made in its construction. Though everything that 
rotates may be called a gyrostat, the term is usually 
limited to discs of metal rotating on an axis and 
carrying a massive rim so as to increase as far as 
possible the moment of inertia. The flywheel, 
resulting from such an arrangement, is mounted 
in a cylindrical case, with extensions enclosing the 
axle, for which they are provided with bearings at 
the ends. In the older form these bearings were 
cups, in which the rounded points of the axle ran. 
This arrangement is defective, if the gyrostat has 
to be subjected to rough usage. In the improved 
form ball-bearings are employed, designed to 
resist considerable shocks and stresses without 
derangement. With a carefully made instrument, 
Professor Gray states, the revolutions will number 
25,000 per minute, and the flywheel will be found 
rotating rapidly after a lapse of forty-five minutes. 
Oiling, too, gives little trouble. The process of 
spinning has, likewise, undergone great changes. 
In: Lord Kelvin’s day, a long cord was laid along 
the floor and an attendant ran away with the free 
end as hard as he could. An improvement was 
effected by substituting a large wheel with a grooved 
rim, on which the cord was wound as it was 
drawn through the gyrostat. Now, of course, an 
electric motor is the only method in use. 
When the gyrostat is spun successfully its pecu- 

liar motions can be well studied by suspending it 
from a cord attached to the rim, and hanging a 
weight to the part of the case surrounding the 
axle. In such a position the axis of spinning 
remains horizontal, and at the same time turns 
round in a horizontal plane. Strictly, the axis 
alternately descends slightly below and rises 
slightly above the horizontal, but a true horizontal 
motion can be maintained by properly starting the 

rostat in the azimuthal motion, and then leaving 
it to itself. This azimuthal motion of the axis is 
the characteristic precessional motion of the 
stat. If the flywheel is set with its axis not hori- 
zontal, but inclined to the vertical, it has a pre- 
cessional motion, in which the axis moves in a cone 
round the vertical. The peculiar behaviour of the 
axis is often considered, by those unacquainted 
with the effect of torques or couples, as uncanny, 
and beyond ordi comprehension. - But in the 
particular case of horizontality, experiment will 
give a clue to the explanation. It is easily per- 
ceived that an attempt to retard the precessional 
motion makes the axis descend, and to accelerate 
it makes the axis rise, or that the horizontality of 
the axis depends on the freedom of the gyrostat to 
oe oager at a certain definite rate, depending, in 
act, on the couple, applied by the weight of the 
gyrostat acting downwards, and the pull of the 
string acting upwards, and on the angular momen- 
tum of the flywheel. The mathematical theory is 
not difficult to follow, but as Lord Kelvin thought 
that the true value of the experiment consisted 
in exciting the curiosity of the student, and in 
awakening the desire to trace the reasons for the 
apparent anomalous behaviour of the instrument, 
we will leave the problem with this hint. 

It is, however, important to note, since it may 
be overlooked by the disciplined, that there are 
two possible precessional motions for the same 
spin and the same inclination of the axis of spin to 

e vertical, indicated in the theory by the two 
roots of a quadratic. One is large, the other 
small. One, called by Lord Kelvin ‘‘ adynamic,” 
does not depend upon applied forces, the other, 
called ‘‘ precessional,” does. ‘‘ The motion is one 
of small oscillation about the steady motion, which 
is characterised by slow precession, . . . the other 
motion of the axis in the same cone is one of much 
greater precessional angular speed . . . the popular 

GYROSTATS AND THEIR LESSONS. 
Lorp Ketvin’s work was so comprehensive and 

many-sided that it is difficult to gain an adequate 
conception of its noble proportions and varied 
character. It is like a mountain that presents 
many aspects as it is approached from different 
directions, and everywhere towers above the nearer 
objects that at times intercept the view. In the 
Kelvin lectures we have the opportunity of study- 
ing some one aspect of his teaching and genius, 
and of correcting any mistakes in perspective that 
forgetfulness may have introduced. Professor 
Andrew Gray, F.R.S., an old pupil and collabora- 
tor, selected for the sixth commemorative lecture, 
delivered by him on the 28th ult., the subject of 
gyroatatics, one that appealed to Lord Kelvin, both 
on account of the ingenuity of the mechanical 
devices by which he illustrated it and the com- 
pleteness of the theoretical explanations he was 
able to provide. 

At the outset, the audience were reminded of a 
prominent feature that not infrequently charac- 
terised the lectures of the great physicist ; he would 
become so keenly absorbed in the behaviour of his 
apparatus, that to his watchful eyes told its tale so 
thoroughly and clearly, that he was apt to forget 
that his class needed some dynamical explanation 
to enable them to understand the curious evolutions 
they beheld. Those who were strong enough to 
follow the thought of the master, to bridge the 
hiatus, and to work out the problems he suggested, 
were, however, the gainers in the end, for it is 
good for a student to have his curiosity stimulated 
and to be compelled to find a satisfactory solution 
for himself. 

The first attempt or experiment to arouse atten- 
tion and promote inquiry, as the simplest, was 
directed to illustrating the truth of the oft-quoted 
formula, ‘‘ Hurry on the precession and the body 
rises in opposition to gravity,” though it may be 
said here that later in the lecture Professor Gray 
showed that this statement needed qualification. 
A solid block of wood, whose surface may be 
imagined as generated by the revolution of an 
ellipse about its major axis, was made to spin 
rapidly abouta minimum diameter. This block, at 
rest, is in stable equilibrium, when its shorter axis 

is vertical, but under the influence of rotation is 
stable when the longer axis is upright. It is a very 
remarkable result, for the centre of gravity has 
been raised and the equilibrium is stable. The 
spin has altered the conditions of equilibrium 
completely. The puzzle to the uninstructed be- 
comes more acute when the experiment is repeated 
with eggs, boiled and unboiled. The difference of 
behaviour has been a mystery to many an audience, 
and probably will continue a popular experiment, 
till, as Professor Gray hints, hens lay eggs 
oblate in shape. The unboiled egg, of the usual 
prolate form, will make no effort to rise on its end 
and spin about its longer axis, and the reason was 
pointed out by Colin Maclaurin 200 years ago, 
when he first demonstrated the laws that govern 
the possibility of spinning ellipsoidal masses of 
liquid. To Lord Kelvin the spinning egg was a 
model of the earth, suggesting an infinity of pro- 
blems connected with the genesis of our planet, the 
motion of tides, the rigidity of the crust, and the 
precession of the equinoxes. The main principle of 
this last has been illustrated times out of number 
by the phenomena exhibited by an ordinary top, 
when spun by a cunning hand, giving rise to the 
‘‘sleeping ” feature, and the rotation of the axis of 
figure about the vertical. Lord Kelvin went one 
step further in his mechanical arrangement, and 
made his globe actually precess by weighting it 
with a pin | gage, from the North Pole, and 
rolling round a ring, thus making a narrow cone 
fixed in the earth roll in the inside of a cone fixed in 
space. Theoretically the subject was carried many 
steps further, for the observed phenomena, correctly 
interpreted, could possibly throw light on the 
internal structure of the earth. In 1863 Kelvin 
had decided that the observed effects of preces- 
sion were incompatible with an internally liquid 
earth. Simon Newcomb, however, suggested to 
him that viscosity might make the ea behave 
as if it were rigid throughout. This sugges- 
tion could not be lightly thrown aside, but as 
a direct cause viscosity is inadmissible. In- 
directly, however, it is effective, for so far as 
precession affords a trustworthy index, rotation 
would induce the necessary rigidity in an internally 
fluid earth and make the axis move as in a solid 

expositions which I have seen of gyrostatic steady 
motion as a rule ignore this second 
Professor Gray points out that the bald rule for 
causing a rotating body to rise by hurrying the 
precession is true only of the slower, more con- 
spicuous precession. 
angular speed 

ible motion.” 

or the precession of greater 
, the reverse rule holds good. © This 

qualification has not yet found its way into the 
text-books, and, therefore, no mention is made of 
the particular case of a horizontal axis where the 
precessional angular - is infinite, and only the 
slow motion is realisable. As a corollary, it should 
be remembered that if the centre of gravity of the 
gyrostat is above the point of support, supposed 
on the line of the axis, the two precessional motions 
are in the same direction ; if the centre uf gravity 
be below the support, in opposite directions ; the 
faster motion changes sign in ing through an 
infinite value, when the axis is horizontal. 

Lord Kelvin delighted in more complicated 
forms of gyrostat, or in forms to which additional 
mechanism lent greater complications. A favourite 
contrivance was one that demonstrated that an 
unstable arrangement can be stabilised by spinning. 
It consisted of a gyrostat supported on a universal 
gimbal joint in such a way as to form an inverted 
pendulum with two freedoms of motion, and when 
the wheel is unspun unstable in both. Spinning, 
however, gives stability to both systems, and illus- 
trates a demonstrable truth—that in a gyrostatic 
system an even number of freedoms of motion can 
be stabilised by rotation of fly-wheels, but not an 
odd number. Experimentally this proposition was 
illustrated by an ingenious mechanism, which it 
was possible to arrange in such a way that there 
could be either one or two degrees of freedom. In 
the latter case, if both lateral and azimuthal motion 
be unstable, giving « very insecure support for a 
yrostat, they can both be made stable by spinning; 
But when there is only one freedom to stabilise, 
spinning apparently loses its power. 

Another form which might seem to indicate that 
a gyrostat conceals an imp of mischief consists in 
mounting the instrument on a hollow wooden 
square frame, supporting it by two trunnions in a 
line with the centre of the wheel, placed on suitable 
bearings, permitting the axis of the gyrostat to rest 
with its axis vertical. If when the wheel is spun 
the whole frame is carried round in azimuth in the 
direction of spin, nothing happens; the gyrostat 
— on placidly. But carry the frame round in 
the opposite direction, the gyrostat immediately 
turns upside down on the trunnions and remains 
quiescent, as at first; but the spin by the inversion 
of the gyrostat has been brought into the same 
direction as the azimuthal motion. Every time 
there 7 Ae reversal of the azimuthal motion on the 

of the experimenter, so every time the gyrostat 
owes itself, behaving as if it pice 6 very 
decided will of its own, only exhibiting this one- 
sided stability and instability when it is affected by a 
precession im upon it from without. ‘* The 
gyrostat had little or no gravitational stability—the 
centre of gravity was nearly on a level with the 
trunnions ; but even if it were gravitationally 
unstable, sufficiently rapid azimuthal motion would 
keep it upright if that motion agreed with the spin, 
while the least motion the other way round would 
cause it to capsize.” 

Incidentally, Professor Gray showed that the 
last experiment afforded an example of the two 
forms of solution of the differential equation :— 

: ° +wN@=0, 

where N is the angular momentum of the wheel, 
and the angular speed with which the framework 
was carried round in azimuth. When the turnings 
were in the same direction, » and N had the same 
sign, and the product was positive ; but when in 
opposite directions, « N' had a negative value. 
With a positive product, equilibrium is stable, and 
the solution gives oscillations about the vertical ; 
when negative, we get a solution in real expo- 
nentials giving continued falling away from the 
upright position, until the opposite ition is 
attained and stability supervenes. has now 
also been reversed in space, and the product » N 
is again positive. 

@ applications of the gyrostat to physical 
inquiries, generally by way of illustration, are 
both numerous and interesting. Lord Kelvin’s 
ingenuity found abundant scope, and since the 
chronological order followed eS Professor Gray 
has not been preserved here, it will be convenient 
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to return to the suggested forms of ‘‘ liquid gyro- 
stat,” by which it was proposed to test, or to 
illustrate, the possible Jeviation of the earth’s 
interior from strict rigidity. In Kelvin’s ‘‘ liquid 
gyrostat,” a spheroi globe filled with water 
was substituted for the flywheel, the general 
mounting of the gyrostat being little altered. If 
the spheroid is oblate, with diameters in the ratio 
of 100 : 95, when it is spun, so far as re- 
cession, it behaves as if its contents were solid. But 
when the spheroid has about the same tage 
of prolateness, since the fluid is not constrained to 
spin on its longer axis of figure, the spin disappears, 
and the peculiar features of gyrostatic action are 
not preserved. In consequence of the instability 
of the motion, the ene of rotation has been 
entirely transformed into heat by turbulent motion 
of the water, into which the rotational motion 
breaks down. Permanent steady rotation of such 
a spheroid is impossible. But, curiously enough, 
steady rotational motion of a liquid round the axis 
of figure is possible in a prolate spheroid if it be 
sufficiently prolate. The axial diameter, in fact, 

must either be shorter than the equatorial diameter, 
or more than three times as long. This fact was 
pointed out by Sir George Greenhill, apparently 
deduced from the study of ballistics as applied to 
the trajectory of a rifle bullet. 

Another result in cunnection with geophysics 
was a gyrostatic device for furnishing an indepen- 
dent proof of the rotation of the earth. Foucault, 
as is well known, proposed two methods with this 
end. One consisted in observing the apparent 
turning of the _ of vibration of a long pen- 
dulum, suspended so as to be free as marly 4s 
possible from any constraint due to the attachment 
of the pendulum wire to its fixed support. The 
experiment has been often described, and it is well 
known that if » be the resultant angular speed, 
the component about the vertical at any place in 
latitude | is wsin!. In the alternative method, 
Foucault availed himself of the principle that 
a rapidly-rotating gyroscope will maintain the 
direction of its axis ances unless acted on by 
an extraneous force. He arranged a microscope to 
detect the apparent motion of a mark upon one 
of the gimbals, which shifted its ition as the 
microscope was carried round by the earth’s rota- 
tion. Lord Kelvin pro to use the gyroscopic 
principle to observe the component of rotation 
about the horizontal, cos /, the companion com- 
ponent to that demonstrated by Foucault in the 
pendulum experiment. 

Lord Kelvin’s method of measuring @ sin | con- 
sists in es a gyrostat on knife - edges 
attached to the | tae edge of the case, so that 
the gyrostat without spin rests with the axis hori- 
zontal. For this purpose the line of knife-edges 
is laid through the centre of the flywheel at right 
angles to the axis, and the plane of the knife- 
edges is, therefore, the plane of symmetry of the 
flywheel perpendicular to the axis. The knife- 
edges are a little above the centre of gravity of 
the instrument, so that there is a little gravita- 
tional stability. At points in a line at right angles 
to the line of knife- 8 and passing yo set it, 
two scale-pans are a ed to the framework, and 
by weights in these the axis of the gyrostat, with- 
out spin, is adjusted in a horizontal position, which 
is marked. e gyrostat is then removed, spun 
rapidly, and replaced. It is then found that the 
weights in the scale-pans have to be altered to 
bring the gyrostat back to the marked position. 
From the alteration in the weights the angular 
speed about the vertical can be calculated. The 
formula is very simple, but Lord Kelvin does not 
seem to have given any arithmetical estimate of 
the forces to be meaeured in a practical experiment. 
Professor Gray oy this information for a 
special case, where the mass of the flywheel is sup- 
posed to be 400 grammes, its radius of gyratégn4 cm., 
and its gens of revolution 200 per second. If the 
points of attachment are 10 cm. apart, and the ex- 
periment is made in the latitude of London, a 
weight of 465 milligrammes would be required. 
In some of the larger specimens of gyrostat now in 
use, and with the same speed of revolution, it is 
possible for the weight to be as much as 8 mes, 
showing that the idea is not inguestion’ though 
we have no estimate of the bable error of 
observation. If the line of knife-edges be made 
to pass accurately through the centre of gravity of 
the system of wheel and framework, and the axis 
of rotation be placed so that the knife-edges are 
horizontal, east and west, the gyrostat will be in 

stable equilibrium when the axis is turned so that 
the direction of rotation agrees with the rotation 
of the earth ; for the conditions of the experiment 
with the gyrostat mounted on trunnions, quoted 
above, are repeated. In the present case the 
hollow framework of the wooden tray is the earth, 
the position of the axis of rotation parallel to the 
poet axis replaces the vertical position, and the 
earth’s turning, the azimuthal motion of the experi- 
menter. It is not difficult to show that the gyro- 
stat could be made to imitate exactly the behaviour 
of a magnetic needle in the earth’s magnetic field. 
thus realising Lord Kelvin’s gyrostatic model of 
the dipping-needle. 

The oem Fens roperties of the dipping-needle 
and gyrostat naa naturally suggest that a fric- 
tionless gyrostat might be arranged as an accurate 
compass. Such an apparatus Lord Kelvin seems to 
have contemplated in his ‘‘Gyrostatic Model of a 
Magnetic Compass.” He proposed to hanga gyro- 
stat, with its axis of rotation horizontal, by a long, 
fine wire attached to the framework at a point over 
the centre of gravity of the system, and held at the 
upper end by a torsion-head capable of being 
turned round the axis of the wire. By means of 
this torsion-head any swinging of the gyrostat in 
azimuth round the wire was to be checked until, 
when the head was left untouched, the gyrostat 
hung at rest. The realisation in practice was not 
unattended with difficulty. Lord Kelvin sug- 
gested that, in co uence of the high virtual 
moment of inertia of the gyrostat, when vibrating 
about the vertical wire, difficulties would arise, 
and he proposed a simplified manner of realising a 
gyrostatic compass free only to move in a very 
approximate horizontal plane. Apparently there 
is no record of his improved plan, but the sub- 
stitution of a ‘* properly planned floater” as 
an alternative to the wire arrangement has 
since been realised in the gyro-compasses of 
commerce. 

Another analogy of a striking kind is manifested 
by mounting a gyrostat as the bob of a pendulum, 
with its axis of rotation directed along the suspen- 
sion rod. Without rotation, the two freedoms of 
this system are stable, and if the bob be made to 
describe a circle about the vertical through the 
point of support, the period of revolution is the 
same for both directions of the circular motion. 
When the gyrostat is spun, circular motion may 
take place in either direction, but the periods are 
quite different, that of the circular motion in the 
same direction as the rotation being the greater. 
The combination of the two circular motions under 
varying conditions gives rise to striking figures, 
traced by the bob, the interest of these being greatly 
increased by the analogy between the pendulum 
graph and the motion of an electron in a magnetic 
field. The parallel occurred to Lord Kelvin, but he 
decidedly rejected the gyrostatic explanation on 
account of the definite complex of spectral lines 
always observed in the Zeeman phenomena. The 
meow action of the netic field could not be 
explained by any scheme of infinitesimal gyrostats, 
the different inclinations of whose axes to the 
direction of the field ought to result in a hazy 
broadening or duplication, instead of a definite 
multiplication, fe as many spectral lines undergo. 

The employment of a pendulum and the thought 
of the action of minute gyrostats to explain various 
~~ ey henomena were utilised at an early period 
in Lord Kelvin’s career. He employed this mecha- 
nism to illustrate ‘‘The Magnetic and Helicoidal 
Rotatory Effects of Transparent Bodies in Polarised 
Light.” His object was to explain the rotation of 
the plane of polarised light transmitted through 
a solution of sugar, or across a plate of quartz 
cut at right angles to the axis of the crystal, as 
due to a helical structure of the medium, while the 
rotation of the plane by passage of the light through 
a piece of heavy glass along the lines of force of 
a magnetic field must be explained by rotational 
motion already existing in the medium and com- 
pounded with the motion produced by the wave 
of light. If on a superficial examination the 
rotation of the plane appears to be similar 
in the two cases, making it unnecessary to 
invoke two separate mechanisms, there is one 
ery of difference which is decisive in requiring 

th a rotational and a structural explanation of 
the different phenomena. A beam of plane polarised 
light which has traversed a piece of heavy glass in 
a magnetic field will, if it be reflected and sent back 
through the medium, have the turning of the plane 
doubled by the backward passage, while backward 

through quartz or a sugar solution annuls 
the turning produced by the forward passage. 

In this explanation one has to contemplate the 
possibility of helical hollows of the order of ;¥, in. 
in diameter with all their axes turned the same 
way, but in other connections Kelvin invoked the 
assistance of minute mechanism to illuminate many 
difficult problems, among which stands out promi- 
nently the suggested explanation of the manner in 
which two circularly polarised waves having turnings 
in opposite directions give a turning tothe plane of 
polarisation of the wave of rectilineal vibration, 
which is the result of their superposition. In quite 
a different connection a similar thought appears in 
the kinetic theory of elasticity. In this latter case 
he conceived the idea that the rigidity of bodies, 
their elasticity and shape, depend on motions of the 

of the bodies hidden from our ordinary senses, 
as the fly-wheel of a gyrostat is hidden from our 
sight and touch by the case. 

The views of physicists undergo change as new 
facts are discovered and new conceptions enter- 
tained, and some modifications in the reasoning 
and conclusions may be necessary. How far Lord 
Kelvin’s position is tenable time will decide. But, 
as Professor Gray reminds us in eloquent words: 
** Kelvin had confidence in his own theories, and 
clung firmly to his conclusions. He could, how- 
ever, on occasion acknowledge that he had made a 
mistake. His genius ranged over the whole field 
of physical science, no problem was too great or 
too small to attract his attention. No obstacles, 
no complications, daunted his spirit of inquiry. 
The thunders of Jove, the birth of the world, and 
the cold death prepared for it by dissipation of 
energy, the harnessing of the energies of Nature 
for the service of man, the guidance and safety of 
mariners, the genesis of waves and their breaking 
into spray and spindrift ; all these questions, and 
many others, engaged his thoughts, to the lasting 
benefit of humanity and the increase of knowledge. 
Throughout all he was keen and calm and dis- 

ionate, a truly unaggressive and debonair 
natural philosopher.” 

‘The function of science is to enable man to 
a the secrets of Nature, and to apply that 
nowledge to the promotion of the welfare and 

happiness of all living beings. No one would have 
repudiated with more scorn than Lord Kelvin that 
emanation of the pit, the modern doctrine that 
culture, scientific, philosophical, or artistic, entitles 
a self-apprai and self-chosen nation to wade 
through seas of blood to the domination of the 
world.” 

Iron Propuction in Norway.—A leading Norwegian 
technical journal strongly advises Norway to take up 
the manufacture of iron on a sufficiently scale to 
supply her own wants. The i t countries— 
England, France, um, Germany—when the war is 
finished, will require immense quantities of all kinds of 
metals, especially iron, for which much ore will have to be 
imported from pp bom with sundry freight and transport 
am ey before it reaches the works. It certainly used 
to be an accepted maxim that ore should be conveyed to 
the coal deposits, and not vice versd, but a different view 
now begins to prevail, and modern iron works started in 
the ore distriets have recently shown more rapid develop- 
ment than where the reverse plan has been — 
Norway has immense deposits of iron ore. The South 
Varanger concentrate contains 65 per cent. iron, and 
is considered one of the world’s finest ores ; and 
Swedish ore can, of course, also be obtained at an 
advantageous price. As these are too rich to be used 
without addition of poorer ores, some of Norway’s deposits 
of this type may come in useful. Of limestone, there is 
sufficient in ntry, as is also the case regarding 
materials for lining the furnaces. The mining of coal at 
Spitzbergen is likely to develop greatly, and a large coking 

is under consideration in Northern Norway. D 
carding for the present electric ore-emelting, the adoption 
of the ordinary blast-furnace, of up-to-date design, and 
with coke, is . Tron ore will be cheap 
wherever ~ Northern rarominy - iron works are 
placed, at Norvick, or parhaps further north. in- 
stallation should | fon a comparatively large scale, 
as the consum of iron is rapidly increasing, fre 
18 kg. individual in 1870 to 53 kg. in 1900, at which 
date the. consumption in Germany already exceeded 
100 kg. per inhabitant. A production of 100,000 tons 

of pig-iron per annum is considered the minimum, of 

whieh quantity half might be used for foundry mage 
and the other half av steel works. Apart the 
home market, one might reckon with the neighbouring 

countries—Sweden, Russia, Finland, and Denmark. An 

installation of two blast - furnaces, with a capacity of 

50,000 tons each, is ted, and, in addition, basic 

Martin furnaces or Bessemer, rolling-mill, &c., besides 
quay accommodation on the railway. The 

at about 350,( 00/., but it is a 
power-station, 
cost is calculated ) 
prophesied that this outlay will bear frui 
enhance Norway’s independence industrially. 
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THE BURMEISTER AND WAIN 
OIL-ENGINE. 

In describing in the present article the latest 
engine built by the Burmeister and Wain (Diesel 
System) Oil-Eaogine Company, Limited, Glasgow, 
and in tracing briefly the steps of experience 
culminating in that product, the great success 
which this firm has achieved with this type of 
prime mover will be made manifest. A list of ships 
engined with this class of four-stroke-cycle marine- 
engine is given in TableI. All are first-class boats 
of their type, in which cheap production has not 
been the principal consideration. Thirteen are 
now in service, including the motor-vessel Missis- 
sippi, the machinery of which we propose now to 

would give the maximum return for the total invested 
capital. So great were the adjudged merits of the 
Diesel engine in comparison with steam-enginer, 
for long voyages especially—such as increased radius 
of action, greater cargo-carrying capacity, cheaper 
fuel per ton-mile, and decreased engine - room 
personnel—that a considerably higher price is justi- 
tiable, so long as reliability under the special exigen- 
cies of marine conditions is fully realised. is 
last item is of paramount importance, and Messrs. 
Burmeister and Wain’s long experience with the 
well-tried four-cycle engine led them to apply it to 
marine propulsion in preference to the then new 
two-cycle engine. The anticipation that the four- 
cycle engine would be considerably heavier and 
more expensive than the two-cycle type has not so 

TABLE I.—Leapine Particutars or Twin-Sorzw Moron Vessets Burtt AND ENGINED BY 
Messrs. BURMEISTER AND WAIN. 

LH.P. } Spreep rn Knots, 
|, Date of Depth. | Draught | peed. | on Name of Ship. | Completion. Length. Breadth. | pth aug! | Weight. | ee ae =. 

| ft. ft. in. ft. in. ft. in. tons, | | 

Selandia .. = | | 
Jutlandia = } 1911 370 53 0 | 30 0 23 6 7400 ll | 115 _ 
Christian X. | 
Si ..| April, 1913 ” 12.42 3161 =, - June, 1913 410 | 55 0 | 30 6 | % 5 9700 11.5 {1802 at 
Sueci - ee - ., Dec., 191 | | . .56* 
Pedro Christophersen .. |_| Aug., 1913 } 2 | st 8 | 2 6 | 8 ened 075 | {ive 2400 
California - oo .| Sept., 1913 405 54 COO 3% OO} 3 8 7250 11.25 11.84 2882 
Fionia on ee oe . | Mar., 1914 395 53 (0 30 0 | 2 8 6710 13.5 13.74 4049 

Kronpeins Guster Adeid, | --/ Feb isle} soz | ci 8 | 5 6 | 1 | como | mare | {TI | Se 
a. a } ao | 55 0 | % 6 | 6 5 | om | m9 12.395 | 3185 

Tongking .. ..| Oct., 1914 ‘ ' 12.675 3337 
Ba: 
reagan ee oe ee :} _ 830 47 «0 2 0, 21 7300 ll -- — 
Chumpon.. «. 

* Fally loaded. + A sister-ship. Toe motor-vessel Pacific is being built, and will be ready for trials this menth. 
t These are single-screw ships and are being built on the Clyde. 

TABLE II.—Particutars OF Marine Four-Cyrote Encines Burt py Messrs. BuRMEISTER AND WAIN. 

| AUXILIARY | Main ENGINES. | ‘wonurme. 

|g imgiadiad|s » | a = 4 |g 
Sf icslssies 5 x | a | sei = ig 

Name of Ship. | @ ee) apoe ra a 3 . - Fe ig B 
i = | = |e 

--~ 3 Scitt S _| Diameter| Stroke ; $6 & |8 g Remarks, | @ |° 5/6 
g EP egies); = in |Sl\e|22| g jeglag \s lwElsa 

|B gslEs|ESRE Eia\gs| & |Ha| 82 é Rglsé 
ahd add le a\” |3 a" |3 lw \o@ lz 

_——————— — |—— | —_ | —_ ee | ene _—— | | ee | —— 

ia in. |mm| ip. | mm | ft. per |Ib. pet|Ib. per 
Selandia ) | min. |sq. in.|sq. in.| (4th stage —_ 

Juteatin-- | ® /1250|1060| 8 | 181| 20.8 | 530| 28.76 | 730] 1.875 | 140} 672 | 90 | 76.5 |1 Sf compressor || 2 | 299) 4 
Canton X. | | | main engine 

pro } 2 1600|1275) 8 | 159/ 23.2 | 590) 81.5 | 800) 1.355 al 655 89 | 75.5 _ 2| 240) 4 

Suecia = 7 | 

Pedro Christo} 2 |1000) 830; 8 | 125) 19.68 600) 25.91 660/132 | 140 605 90 | 74.5 — 2 | 200) — 
ersen | | | 

California .. .-| 2 |1300}/1100) 8 | 187) 21.26 | 540) 28.75 730) 1.35 | 140) 665 | 92 | 71 No com on| 2/| 180) 3 
| main engine 

Fionia 2 |2000|1600) 6 | 265) 20.1 | 740) 43.3 (1100) 1.49 | 100) 690 92 | 73.5 |Compressor com-| 2 | 200) 4 
| | | | | plete driven from 

| main engine 
ee or) } 

tav Ado } | ” | | 
Kronprin 2 i 2 | 975 $30) 6 | 138 — 540) 28.75 | 780) 1.35 140 665 91 77.5 _ | 2 | 200) — 

argareta | | 

Tonking °° | 2 |1560|1275| 6 | 212] 24.8 tes 37.8  960/1.62 | 125 787 | 90 | 73.5 - | 2| 9 2 
of | | | 

Mississippi ..| 2 |1600|1820, 6 | 216) 27.1 | 690) 40.55 1020) 1.495/ 110/ 740 | 90 | 74 (|3rd stage of com-| 3 | 320) 4 
| pression only on! 
| | engine 

Bandon \ | | | | | 
Pangan 1 1670/1300, 6 | 217) 26.4 | 670) 39.3 100u) 1.49 | 110) 720 | 98.5 | 73 _ 1/100) 2 
Chumpon .. J 

* For the total indicated horse-power of both engines, as registered on trial, see the column “‘I.H.P. on Trial,” in Table I. 

describe in detail, whilst the Pacific, Bandon, 
Pangan and Chumpon are in course of construction. 
These last three ships are single-screw vessels. In 
the early days of the motor-ship many authorities 
advocated twin-screw ships, in order to a xi- 
mate with the Diesel engine to the duplicating | for 
safety attained with the steam e in asso- 
ciation with its boilers. In the table are given, 
too, the dates of completion of the various ships, 
in order to indicate the steady made since 
the success of the first threé’ ships was estab- 
lished. The horse-power registered on trial for 
most of the ships is also given, and serves, taken 
in conjunction with Table II., to show the maxi- 
mum power which these engines can develop for 
short periods. 
_Before proceeding to particulars, the reasons 

given for the adoption of the four-stroke cycle 
advanced by the designers of this engine may be 
reviewed. Since the machinery of a ship of this 
type only represents about one-third of the total 
cost, expense in this item was not spared, the main 
consideration being to produce an engine which 

TaB_e III.—Fuel Consumption of Engines Built by 
; i Messrs. Burmeister and Wain. 

| Main Engines | Main + Auxtliary 
| Only. Engines. 

Name of Ship. 1H.P. | BELP. LEP. | BELP. 
| Hour, Hour. Hour. | Hour. 

Ib. Ib. Ib, Ib. 
Christian X. .. 0.338 0.423 0.367 0.422 
Suecia .. os se 0.296 0.369 0.339 0.39" 
Kronprinz Gustav 
Adolf oe ° 0.34 0.425 _ 0.305+ 

California _ _ 0.828 0.384 
Siam .. _ 0.292 0.344 0.887 0.395 
Fionia .. é 0.32 0.40 ae -- 
Mississippi |. 0.304 -— |=] - 

| i i 

* Low calorific fuel ; 9900 calories. t Roumanian oil. 

far been proved in practice, although when more 
experience has been obtained with the two-cycle 
engine and sufficient confidence is established to 
justify the application of the lighter types of 

now used for four-cycle engines, a saving 
in the weight of the engine proper will be effected, 
against which, of course, must be set the increased 

“jon page 213, 

fuel consumption with the two-cycle engine—some 
15 to 20 per cent. 

With reference to the space occupied, itis found 
that 13 per cent. of the total cubic capacity of the 
ship suffices for the installation of a four-cycle 
plant, lower than which, with the present system 
of measuring tonnage for harbour and canal dues, 
it is not desirable to go. In this way one of the 
advantages of the two-cycle engines for the mercan- 
tile marine is practically nullified. 

The actual fuel consumption of Burmeister and 
Wain engined ships in service is given in Table III, 
from which it will be seen that a total consump- 
tion of less than 0.4 lb. per main engine brake 
horse-power per hour is obtained with the heaviest 
of fuel oils, and in some cases considerably less is 
recorded when the conditions were very favour- 
able and the fuel probably light and of high calorific 
value. The consumption given under ‘‘ total fuel” 
represents the total amount of fuel used by the 
main engine and the compressor and generator 
set at the time running ‘to supply the compressed 
air for the main engine and the electrical power for 
those auxiliaries necessary to the main engine, such 
as the cooling-water pumps, lubricating-oil pumps, 
&c., as well as for the steering-gear. This figure 
of 0.4 1b. per brake-horse-power hour is the 
lowest service figure published for marine oil- 
enginea, and, f er, as shown in Table III., this 
figure is not that for one engine, since all these 
engines give consistently a figure of this order. 
It might, perhaps, be emphasised at this point that 
the lubricating oil consumption with four-cycle 
engines is considerably lower than with those 
working on the two-cycle ee yee due to the high 

rceentage of the lubricating oil, which, with these 
tter, finds its way out through the exhaust-ports 

in the cylinder, which are uncovered by the piston 
at each revolution, as well as, perhaps, the extra 
amount required to compensate for the cooling 
effect of the suction and exhaust strokes of the 
four-stroke cycle. 

The latest engines of this ty . which are illus- 
trated in this issue, are install in the Mississippi, 

;| which left the Clyde on her maiden voyage in 
November. Figs. 1 to 8, on 210, 211, and 
212, illustrate the features of the engine iteelf, 
while Figs. 9 to 13, on Plate XX., and Fig. 14, 

show the ment of the 
machinery, with auxiliaries, in the ship. Each 
main engine is designed to develop 1600 indicated 
horse-power at 110 revolutions minute in six 
cylinders of 27.1 in. diameter and 40.55 in. stroke. 
The power per cylinder is then 265 indicated horse- 
power, or, assuming an efficiency of 83 per cent., 
216 brake horse-power, or slightly less than 
those of the motor-vessel Fionia, with the same 
type of engines, each cylinder of which developed 
some 265 brake horse- power, this being the highest 
powered Diesel engine in actual service at sea. 

Particulars of all Burmeister and Wain’s marine 
oil-engines are given in Table II., and it will be 
seen that, with an increase of power, the ratio of 
the cylinder stroke to the cylinder diameter has 
increased, and although the of revolution 
has been reduced from the neighbourhood of 140 to 
100 or 110, the piston yg has increased from 
620 ft. to 700 ft. or 740 ft. per minute, whilst the 
mean effective pressure in the cylinders has been 
maintained at about 90 lb. per sq. in., a figure 
which practice has shown to be highly efficacious 
and reliable. This figure of 90 ib. per sq. in. 
might be said to be the service pressure ; but, for 
comparison with other prime movers where the 

wer is stated as that developed gn the tria) trip, 
it should be mentioned that with the smaller 
engines of about 100 brake horse-power per cylin- 
der this figure we Os safely increased by some 25 
to 30 per cent. ith larger cylinders of 150 brake 
horse-power an increase of 10 to 15 per cent. can 
be made, whilst for the largest cylinders of over 
200 brake horse-poWer sufficient confidence is not 
established to permit for the present of increases 
greater than about 2 to 5 per cent. 

With the gradually augmented power of the 
engine, as shown in Table I[., the size of the engine 
has advanced, but by virtue of simplifications and 
improvements in design the over-all dimensions of 
the engine have increased but little. Thus the 
latest achievement of this firm—the six-cylinder 
1320-brake-horse-power engines of the motor-vessel 
Mississippi— have an over-all length, from over the 
flywheel at the after end of the engine to the forward 
side of the compressor, of 46 ft., and a height of 
18 ft. from the crank-shaft centre line to e top 
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INTERNAL-COMBUSTION ENGINE FOR THE “MISSISSIPPI.” 

CONSTRUCTED BY THE BURMEISTER AND WAIN (DIESEL SYSTEM) OIL ENGINE COMPANY, LIMITED, GLASGOW. 
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of the cylinder-head, as against 36 ft. 
and 15 ft. respectively for the much 
lower-powered engines of the motor- 
vessel Selandia. A compariron of the 
cylinder siz2s, especially as regards the 
height, will show that with a stroke of 
40 in., as against 28.75 in., considerable 
modifications must have been effected. | 
Of these might be cited, firstly, the 
connecting-rod length, which with the 
two last engines has been reduced from 
5 to 4.5 cranks. Secondly, the piston, 
which in the earlier engine was of a 
length of 1.5 to 1.6 cylinder diameters, 
has been reduced in length to that 
necessary to carry the six piston-ri 
(see Fig. 4), and is of about 0.6 cylinder 
diameter. This shortening of the piston 
reduces the weight of the engine by 
minimising the length of the cylinder, 
which with the Selandia’s engines was 
2.2 times the stroke, and with those 
under discussion about 1.4 strokes. The 
third factor is the elimination of thegland 
for the piston-rod, which with the earlier 
engines isolated the underside of the 
iston from the crank-case. A guard 

is now fitted to catch any piston-lubricat- 
ing oil dropping from the piston, and 
any unburnt oil from finding its way 
into the crank-case, and the crank-case, 
being in communication with the under- 
side of the piston, prevents any puffing 
of air out into the engine-room. This 
guard further prevents any splashing of 
oil on to the cylinder-walls. 

The spread of the later engines in end 
elevation, Fig. 1, gives an ap; ce 
of rigidity in comparison with the some- 
what narrow appearance of the earlier 
i sae Th tice of carrying through- 
bolts from the bed-plate to the cylinder- 
heads has been discontinued with these 
engines. 

e foregoing are the leading modifi- 
cations; minor ones may be referred 
to in the l= he of details of the 
engines of the Mississippi. The engines 
are in two sets of three cylin- 
ders, Figs. 2 and 3; each cylinder, with 
+ east - iron crank - case, is 
bolted to the bed-plate of three portions, 
as shown. The crank-case of these 
engines is exceptionally simple, and in 
general design is a reversion to former 

Fig. 2. z 

Fig.3. 

oo 9 

9 999/90 0990/9 9°90 O00 9 8@°90/90 9090 

hie 
6066 606 

Fias. 2 anp 3. Ettvation and Pian oF ENGINEs. 

y r 
i Fig. 3. 

Fig. 4. 6 

| 
| 

Yo \ 

\; 
| " 

| 
| — oan o 

=| | i j | 

' | 5 | ' FUEL Of TO 
a | iL VALVE, 

Sees | | —s 

| | | mn 
] : | coe 
/ | 

POT ; Nip | Ls 
H if | | i} | wear 

/ i! 
ies 
if | : 

o % _ 4 i. 
ef Le bt 

AS. : , \~ 4 L233 = aro ane AECULATING 

N 3 ee ce 
\ H+ | vfs 
oN H ry 

oe | oe : : / qc 

7 — (eos) 

Fic. 5. Section taroven Fue.-Insection Pump. Fic. 4. Cross-Section or EnGIng. 

_— 



FEB. 19, 1915. | ENGINEERING. 211 

ractice, except that there are six crank - cases | 
Polted together to form a unit. At the back, | 
large aluminium doors, Fig. 1, give access to the | 
moving parts, whilst the front is ribbed to carry the 
guides. The guides are water-cooled, and means 
are provided to ascertain the temperature of the 
water at exit. The cast-iron bed-plate requires no 
external sump for the lubricating oil, but is dished 
towards the centre of the engine, from which poiut 
the lubricating oil is drained off to the lubricating- 
oil circulating pump. These engines follow their 
makers’ practice in being totally enclosed and 
having a forced system of lubrication, which, with 
the high and continuous bearing pressures of the 
Diesel cycle, is now ed almost as a necessity, 
not only for efficient lubrication, but for cooling 
purposes. A certain prejudice exists in the minds 
of many marine engineers inst such a system, 
on account, probably, of difficulties experienced 
with water becoming mixed with the oil in circuit, 
since steam-glands generally leak to some extent. 
With oil-engines this disadvantage is non-existent. 
The system of lubrication is from the pumps to a 

sense “Leama cenemnevevenantnice! wl 

SS ae YY 
ee 

A 

ddddddiddadaaadéds 4 

MQQWS —_—— 

Vl) ZN! SS 

WM 

WA Y Clm@ 
HH 

N 
N 
N WS 

Ww 

y 

\ 

x 

U ie 
YYW NW 

S 

ee ccddeecddeeddda 

power conditions on the test-bench have shown 
that absolutely complete combustion with smoke- 
less exhaust and a fuel consumption of 0.304 lb. per 
indicated-horse-power hour is obtained. This figure 
almost equals the lowest given in Table III., and 
would tend to show that the flat as against the 
concave shape of piston crown entails no greater 
fuel consumption. The explanation may, perhaps, 
be found in the lesser cooling surface of the piston 
crown poasible with the flat type, and so the 
smaller radiation of the heat of combustion to the 
cooling medium—in this case oil. 

The design of cylinder and liner calls for little 
mention except that in view of the through bolts 
being attached to the crank-case top, the cylinder, 
Fig. 4, is now of sufficient section to carry the 
tension load from the cylinder-head studs to the 
bottom flange, which, to accommodate these through 
bolts, is square in plan (Figs. 2and 3). The liner is 
pressed in, in the usual way, and is supported, as 
well as at the top and the bottom, by two circular 
ribs, above which hand-holes and doors are provided 
for inspection and cleaning. The cylinder-head, 
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3-in.-diameter main along the front of the engine. 
From this main, pipes carry the oil to the main 
bearings, where it enters the crank-shaft, paeses 
along drilled holes to the crank-pin, up the con- 
necting-rod to the top end, and thence into the 
guides, to supply to them a constant stream of 
lubricant, and thence from the top end up the 
hollow piston-rod to the piston oil-cooling space. 
The crank-shaft, connecting-rod, piston-rod, &c., 

all fellow the makers’ practice, except that the 
built-up type of crank-shaft, as adopted for the 
engines of the Fionia, has not been retained, but is 
no by a solid forged one. 

‘he piston, Fig. 4, is the next main part to 
which attention may be called, and, in addition to 
previous remarks regarding the elimination of the 
piston skirt or shroud, it may be mentioned that the 
manner of its support on the flanged top of the 
piston is exceptionally neat. On the bottom side of 
the piston circular ribs are cast, facilitating heat 
radiation, and serving to procure, for the piston 
crown, support in several places and over a consider- 
able area. By this means the thickness of the crown 
1s reduced to about 0.08 of the cylinder diameter, 

as against double this thickness, which would be 
required with an unsupported crown. A feature 
of the engines of the Fionia was a supported 
crown, which, however, was considerably less neat 
and less efficient than the system under discussion. 
This thin crown greatly facilitates the transmission 
of heat from the combustion-chamber to the piston- 
cooling oil, which circulates through cored 
Sages in the circular ribs, and is enclosed by the 
guard-plate shown in Fig. 4. The form of the 
sag head is now quite flat, and so deviates more 

except for the form of the circular wall and the 
corrugation of the inner face, does not differ from 
standard practice. It will be noticed that the joint 
between the cylinder-head and the cylinder-liner is 
metal to metal, and not spigoted, as is the gencral 
practice. The corrugations shown increase the rate 
and amount of heat transfer, and make for a cool 
cylinder. 

In each cylinder-head the fuel-injection, starting- 
air, inlet, exhaust, and relief valves are accommo- 
dated as shown in Fig. 6. First, as to the starting- 
air valve c; this is one of the features of this ty 
of engine. Starting air, on being admitted to the 
starting-air passage, finds its way through holes in 
the valve-cage, through the inner sleeve, to the 
under side of the piston, bolted to the top of the 
valve, which moves in the cylinder formed on the top 
of the valve sleeve. Acting on this surface and over- 
coming the small top spring, the starting air forces 
the piston to the top ition, which is that of 
Fig. 6, and so brings into operation the cam of 
whichever cylinder may be in the starting position, 
and the valve is opened against its spring. When 
the starting air is cut off at the starting-air slide- 
control valve, Fig. 7, and the air-passages are 
opened to the atmosphere, the cam merely pushes 
the small piston into its lower and running 
position, and the valve will not open, since the 
roller is now clear of itscam. This simple start- 
ing-gear has the virtue of being entirely automatic. 
The fuel-injection valve shown at 6, Fig. 6, is 

placed in the centre of the cylinder-head, and is 
chiefly remarkable for the fact that it opens down- 
wards into the cylinder, instead of upwards, as is 
almost universal with fuel-injection valves. One 

tm the theoretic: lly best—the sphere—than in 
former engines, although experiments under full- 

outstanding advantage of a downward-opening 
valve is the simplicity of the valve-driving gear, 

since the valve can be directly driven from the 
valve lever without the interposition of any gear 
to reverse the motion. With this type of valve 
fears have been expressed regarding the conse- 
quence of a valve breaking, but the retention of 
this type seems to show that these were quite 
groundless. An advantage for this valve is the 
good distribution of the fuel into the cylinder 
which it should effect, and makes thus for a low 
fuel consumption per unit of power developed. 

The exhaust-valve a is of the usual design. Tho 
head of the valve is of special material to resist 
the burning and pitting action of the gases, and 
the seat upon which the valve works is small and 
easily removed for regrinding or renewing. A 
collar is sometimes pinned on to the valve-stem, to 
prevent the valve from dropping into the cylin- 
der in the event of the valve-spindle breaking. To 
prevent the ingress of burnt gases and particles of 
carbon into the guide for the stem, a guard is some- 
times provided ; but in the illustration no such 
devices appear. Up to the limits of power of this 
engine, the valve itself is not water-cooled in- 
ternally, and water-cooling is provided only for the 
valve-cage, as shown in Fig. 6, being taken from 
the cylinder-head water-space, passing through the 
valve-cage, and by means of a pipe, as shown, being 
finally led to the water-jacket of the water-cooled 
exhaust manifold along the cylinder-backs (see 
Fig. 10). 

All the valves are actuated in exactly the same way 
from the cam-shaft L, Figs.7 and 8. There are two 
cams—one for ahead and one for astern—for each 
valve, as follow :—P (Fig. 7) is the inlet-cam, ( the 
exhaust, R the fuel, and 8 the starting-air, all for the 
ahead direction of rotation; whilst for astern run- 
ning, T is the inlet, U the exhaust, V the fuel, and 
W the starting-air cam. Rollers and push-rods trans- 
mit the cam lift to the valve-levers on the cylinder- 
head, Fig. 1. The method of attachment of these 
levers to the valve-stem is well shown in Fig. 6, 
and the vision for adjusting the roller p te 
ances will be seen. The cam-shaft, Fig. 7, is driven 
from the crank-shaft through the medium of two 
pairs of spur-wheels, and two cranks coupled with 
connecting-rods at 90 deg. In the motor-vessel 
Fionia the drive was by means of a train of spur- 
wheels, to give a more rigid connection with less 
possibility of angular displacement between the 
crank and the cam-shafts, although the back-lash 
of the teeth and the wear of the connecting-rod 
bearings should have equal effect, and the con- 
necting-rods have the advantage where silence is 
concerned. In this engine the forced-lubrication 
system is extended to the connecting-rods and to 
the bearings of the intermediate shafts. 

Messrs. Burmeister and Wain have departed now 
from the principle of one fuel-pump, with a dis- 
tributor to supply the fuel for all the cylinders of 
the engine. In the earlier engines there were two 
—— complete, one of which was a stand-by. 

or tho large-power later engines separate pumps 
are provided, as shown eg in Fig. 7 at I, and 
as given in section in Fig. 5, to ensure that the 
stopping-up of one or more fuel-pipes or e8 
will not overload the active cylinders, or that the 
leakage of one or more fuel-injection valves will 
not rob the rest. The system of separate pumps 
tends to more even distribution of power between 
cylinders of such large size; for engines of high 
capacity any considerable unevenness of power is 
extremely undesirable. 

The six-throw pump crank-shaft, revolving at 
half-engine speed, is driven by spur-gearing from 
the cam-shaft K, Fig. 7, and the angle of these 
cranks, relative to the crank-shaft, is so arranged 
that the delivery of the pump takes place just 
before its fuel-injection valve opens. is con- 
dition holds good both for the ahead and astern 
directions of running without the need for a 
reversing-gear. The details of the pump are 
shown in Fig. 5, and the substantial drive from 
the pump-plunger for the pump-suction valve will 

noted. There is only one delivery-valve to each 
pump, and above this a vent and test-cock is 
placed. A check-valve is also fitted in the fuel- 
injection valve itself to prevent any fuel-injection 
air from getting back into the pump when the 
delivery-valve is leaking, or to prevent the engine 
compression from driving the fuel out of the pipes 
when the ine is running on starting air, and so 
destroying the effect of the initial priming by the 
hand-pump, which is shown screwed into the pump- 
chamber. 

The fulcrum shaft actuating the six pump-suction 
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The revolution of the manceuvring-shaft K is 
normally accomplished by the compressed-air servo- 
motor H through the medium of worm-gearing. 
The worm pinion-shaft is extended downwards to 
the starting-platform and through bevel-gearing 
drives the manceuvring-wheel G and the inter- 
locking-dise O, to which further reference will be 
made later. The hand-wheel G serves to manceuvre 
the engine in the event of a breakdown of the 
servo-motor H. The reversing-handle N controls 
the slide-valve of this reversing-motor H through 
the medium of the levers and rods, as shown in 
the figure. 

The lever F, working in a quadrant, starts the | 
engine and controls its speed when running. All 

Fig. 14. 

ee 

worn sHOP 

in communication with the starting-air reservoirs. 
When the lever F reaches a certain position in the 
quadrant, a Corliss trip-gear disen; the driving- 
rod to the valve E, whereby this valve drops down 
to its original position, and the engine air-pipes 
are opened to the atmosphere; and, as already 
described, the cylinder starting-air-valve rollers 
will be drawn clear of their cams. Further 
movement of the lever F acts upon the shaft 
controlling the suction-valves of the fuel-injection 
pumps I, and by permitting these suction-valves 
to seat during a part of the pump- plunger’s 
delivery stroke, fuel commences to flow to the 
cylinder-head fuel-injection valves at the same time 
as fuel-injection air is turned on by opening the 

SECTION AT FRAME N° 6 LOOKING FOR® 

COOLERS 

ak aa 

BILGE PUMP 

Fie, 14. Section at Frame 6 Looxine Forwarp. 

Diesel engines require an external starting medium, 
and compressed air, as the most convenient, is 
almost universally used. With the Burmeister and 
Wain engines, the air at a pressure of about 300 Ib. 
per sq. in. serves to accomplish the mance ivring 
operations. The advantages of low-pressure starting | 
air—i.e., the ease with which joints are kept tight, 
the facilities of safe storage, and the small cooling 
effect of the air expanding in the working cylinders 
—need not here be enlarged upon. The operation 
of cutting in and out the cylinder-head starting-air 
valves has been described when discussing the 
detailed construction of that unit, and it was 
shown that it was sufficient to open and shut a 
valve in the starting-air mains to accomplish engine- 
starting on compressed air, and ceasing to function 
by that medium. The air-slide valve E, shown in 
Figs. 7 and 8, is the valve in question, and is 
operated by the lever F being pushed towards the 
engine ; thus the cylinder starting-air valves are put 

valves in the fuel-injection air-chest B. The func- 
tion of the disc O may now be explained. Upon 
this disc two stops are provided, and are so con- 
nected to the lever F that it cannot be moved to 
put either starting air or fuel on the engine until 
the cam-shaft is fully in the ahead or astern _posi- 
tion as determined by the manceuvring-shaft K and 
its disc-wheel D. e wheel X opens a master- 
valve in the starting-air main from the reservoirs to 
the starting-air slide-valve E. 

Having descri the various operations in 
detail, the procedure for a reversal from full ahead 
to full astern, as actually accomplished in practice, 
when the stop is of a duration of a minute or so, 
may be reviewed. 

(1) The fuel lever F is pulled out, so cutting off 
the fuel supply and bringing the engine to a 
standstill. (2) The fuel-injection air is shut off at 
the valve B, in order to prevent loss of fuel-injection 
air, should one of the cylinder-head fuel-injection 

valves be in the open position. The valve X is 
then opened to be ready for manceuvring. When 
the handle F is in its outer position the 
Corliss gear is always engaged and ready to lift 
the starting-air valve E. (3) When the order 
‘‘astern” is given, the manceuvring- handle is 
pulled to astern, revolving the manceuvring-shaft K, 
so setting the engine, as fully explained, for the 
astern direction of rotation, as indicated by the 
er A, and as controlled by the stop on the disc 

. As soon as the pointer A is in its full position, 
(4) the handle F is pushed forward to admit start- 
ing air, and when the engine has reached the speed 
of revolution desired, (5) the lever F is ed 
further forward, so causing the air-valve E to be 

— open to the atmosphere ; 
and (6) simultaneously with open- 
ing the valve B for the fuel- 
injection air, (7) the lever F is 
pushed into a position where an 
overcharge of fuel is delivered ; 
and when the engine has picked 
up on fuel, (8) the lever F is 
brought back to the position for 
the desired s of revolution. 
A governor of the Aspinall type 
is driven as shown at CO, in Fig. 7, 
and acts upon the fuel- pump 
suction - valves, and prevents 
racing of the engine. 

The provision of separate pumps 
for fuel-injection, the driving of 
these pumps at the correct angle 
relative to the time of opening of 
the cylinder-head, fuel-injection 
valves, and the quick change-over 
from starting air to fuel, ensure 
that this engine will very readily 
= up on fuel. Although the 
oregoing description may seem 
long, the operation of reversal 
from full spead ahead to full speed 
astern, or vice versd, can be 
accomplished by one operator in 
less than ten seconds. In cases 
of an immediate reversal the valves 
B and X would, of ceurse, be left 
open. 

Another advantage gained by an 
aptitude for a quick start is the 
reduction which may be effected in 
the amount of starting air storage 
required, and in this case the 
storage reservoirs, of boiler form 
and construction, are seen sus- 
pended from the deck (Figs. 10, 
12, and 13). This capacity is lower 
than in earlier ships, owing in 
to the use of starting air at Ib. 
per sq. in., and to the confidence 
of experience. 

For supplying the fuel injection 
and starting air a compressor is 
D , and this is generally 
soged as an integral part of the 

engines, and is usually in- 
corporated therewith. The prac- 
tice of Messrs. Burmeister and 
Wain is to drive only the third— 
the highest ure—stage of the 
compressor from the main engine, 
and to deal separately with the 
first two stages of compression. 

In the Mississippi, as shown in 
the general arrangement of the 

machinery (Figs. 9 to 14), two auxiliary sete are 
placed in the wings at the forward end of the 

ine-room, and drive in series a dynamo and 
a double two-stage a Each of these 
auxiliary sets is of 320 brake horse-power, deve- 
loped in four cylinders of 16 in. diameter by 
21 in. stroke, and the two stages of the double 
compressor deal with sufficient air for the injection 
of the fuel into the main engine cylinders of both 
the main engines, with a margin of capacity for re- 
charging the starting-air reservoirs when such 
is necessary. The air is delivered from these two- 
stage compressors at 300 lb. per sq. in.—which, it 

ill be remembered, is the starting-air pressure— 
and is passed on to one or both of the third-stage 
compressors in the main engines, which compress 
it up to the 900 Ib. per sq. in. neceseary for the 
injection of the fuel. This system of compressed 
air is so cross-connected as to give the desired 
immunity from breakdown with the main pro- 
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pelling engines ; and whilst it might be argued 
that since the compressor is an integral part of the 
main propelling engine, it should be incorporated 
therewith, the same duplicity, without separate 
compressors so arranged, could only be obtained at 
the constant running loss of driving on each main 
engine a compressor of double capacity running at 
half its fall output. The auxiliary engines are in 
themselves complets, with their own three - stage 
compressors, &c,, and can be said generally to follow 
the same broad principles of design as the main 
engines, except in so far as their size and speed of 
revolution are concerned. Each auxiliary set also 
drives a 200-kw. generating set (Figs. 10 and 12), 
and when io harbour the double compressor is dis- 
connected and the current serves to drive the elec- 
tric winches for handling cargo. When handlin 
simultaneously the cargy of several holds, bot 
auxiliary sets may be brought into play ; but at sea 
one auxiliary set suffices for supplying the 300 lb. 
per sq. in. air to the third-stage compressors and 
for delivering the current for the electrically-driven 
auxiliaries in the engine-room, the electrical steer- 

ing-gear, and the ship’s light, heating, and cooking 
current. The second set need only be used for 
charging the reservoirs. 

The engine-room electrically-driven auxiliaries 
are as follow (Figs. 9 to 14) :—One 170-ton double- 
ram ballast-pump ; two 70-ton rotary cooling-water 
pumps, one of which serves as a pump for the main 
engine cooling, and the other as a sanitary pump ; 
and three main-engine two-throw lubricating-oil 
pumps for the forced system, each with a two- 
way filter attached. Each of these lubricating-oil 
pumps deals with 25 tons of oil per hour. For 
cooling the lubricating oil an oil-cooler of the 
ordinary surface-condenser type is placed under the 
engine-room floor between the two main engines. 

A rotary fresh-water pump for ship’s use, two 
three-throw bilge-pumps, and two double -ram 
electrically-driven fuel-oil pumps for drawing fuel 
from the double bottoms and delivering to the two 
settling-tanks placed high up on a flat at the for- 
ward end of the engine-room, complete the pump- 
ing equipment. 

A small auxiliary generating set of 120 brake 
horse-power is provided in ‘the engine-room, to 
serve only for the ship's lights, heating and ceoking 
power when in port, and to obviate unnecessary 
running at light and uneconomical load on either 
of the r sets. 

Since there is no steam aboard this vessel, a 
small Tuxham hot-bulb or semi-Diesel engine and 
high-pressure compressor set is installed in a flat 
on the port side of the engine-room, Fig. 12, to 
provide inst the extreme contingency of the 
complete loss of all the air storage. In such cir- 

oO 

420 420 Fig.l. tee 

8 

. 15 ro 20. Exuavust-Box with Water-HeEatine Cult. 

cumstances the small Tuxham engine, which can 
be started up by hand, would charge up sufficient 
reservoirs to enable one of the large auxiliary 
sets to be got under way to recharge the main 
storage. 

Electricity is used for cooking purposes, and for 
supplying hot water for baths a very novel system 
has been employed. The exhaust from the six 
cylinders of each main engine delivers to two 
exhaust manifolds, water-jacketed only on their 
upper sides, in each of which a spiral steel coil (see 
Figs. 15 to 20, on the present page) is placed. 
Fresh water circulates within this coil to prevent 
the choking with salts and deposits which would 
occur with salt-water, and as the water is heated 
it rises and circulates through a similar coil in a 
salt-water tank, giving up its heat, then returning 
to the coil in the exhaust-pipe. This hot salt- 
water serves for the baths; but should hot fresh 
water be required, it can be drawn off from the 
fresh-water system, which automatically makes up 
from a tank on deck. The fresh-water system in 
this way is always under a pressure of a head of 
water. 

Although with four-cycle eng‘nes the temperature 
of the exhaust gases is low, the spiral heating-cvil 
is placed in the exhaust manifold, where the gas 
velocity is high, and where the rate and transmis- 
sion of heat should make for efficiency. 

Alongside the fuel and lubricating-oil tanks a 
small tank of ‘‘ Soler” oil (Fig. 11) is placed, and in 
exp'anation it may be stated that this oil serves to 
start up the engines from cold when the main fuel 
is of a dense nature. 

The exhausts from the main engines are led to 
separate silencers in the funnel (fig. 9), the auxi- 
liary engines exhaust into separate silencers in the 
engine-room, and from all the silencers separate 
pipes are led to the top of the funnel, in order that, 
should smoke issue, its source may be immediately 
traced, and the remedy applied. 

The foregoing description has been made possible 
from the drawings supplied by Mr. O. E. Jorgensen, 
the managing director of the Burmeister and Wain 
Oil-Engine Company, of Glasgow, and the designer 
of this type of engine. To the foresight and enter- 
prise of Lord Pirrie, of Messrs. Harland and Wolff, 
is due the inauguration and the progress of the 
Glasgow firm and its work of adding ships to the 
list of successes tabulated in Table I. 

SourH-WesTern Po.yrecunic InstrTuTr, CHELSEA.— 
Mrs. Hayes Fisher will present the prizes and certifi- 
cates to students of evening classes and day college on 
March 12, at 8 p.m., the Right Hon. W. Hayes Fisher, 
M.P., iding. Tickets of admission may be obtained 
on application at the Institute. 

THE IKOMA TUNNEL, JAPAN. 

An electric tramway has recently been con- 
structed to connect Osaka, which is the foremost 
industrial and commercial centre of Japan, and 
has a population of 1,350,000, with the town of 
Nara, an ancient capital noted for its picturesque 
scenery and historical associations, and considered 
to be one of the most beautiful parks in Japan. 
The line, which is 19 miles long, has been laid 
with a double track to standard gauge with T- 
section rails weighing 70 lb, per yard, except in 
the cities, where grooved girder-rails, weighing 
104 lb. per yard, have been adopted to meet the 
requirements of the municipal authorities. The 
steepe-t grade on the line is 1 in 30, and the 
minimum radius of curvature in the open country 
is 25 chains ; though, in the cities, curves with a 
radius of 10 chains occur. The cars, which accom- 
modate 100 passengers, and weigh 32 tons when 
fully loaded, are mounted on two trucks equipped 
with 160-horse-power motors. Normallythe journey 
takes 45 minutes, but the time can easily be 
reduced to 40 minutes, or even less, if desired. 
All bridges and culverts on the line have been 
designed to carry two cars in succession, with an 
ample factor of safety. Power fur operating the 
line is produced at a generating station equipped 
with two 1000-kw. Curtis horizontal turbo-gene- 
rators. Fig. 1, on page 215, is reproduced from a 
photograph of the power-station, while Fig. 2, on 
the same page, shows one of the two sub-stations, 

and also serves to illustrate the permanent-way 
and overhead-line construction, which is on the 
catenary system. 

It was desired to keep the line as straight as 
possible, and the route selected for this reason in- 
volved the construction of four tunnels, the most 
important of which, the Ikoma Tunnel, forms the 
subject of this article. This tunnel penetrates the 
Ikomayama Mountains, which rise to a height of 
1500 ft. above sea-level. In cross-sectional area 
the Ikoma Tunnel is the largest in Japan, and its 
length, which is 11,088 ft., is only exceeded by 
that of the Sasago Tunnel, on the Imperial 
Japanese Government Railways. The Sasago 
Tunnel is 15,279 ft. long, but its area is only sutti- 
cient to accommodate a single-line steam-railway 
track of 3-ft. 6-in. gauge. a‘ wl 

A profile of the Ikoma Tunnel ia given in Fig. 3, 
on page 215, the vertical scale of this figure being 
five times as great as the horizontal scale. It will 
be seep that the tunnel rises on a gradient of 
1 in 66 for a distance of 88 chains from th» west 
entrance, which is nearest to Osaka, rans on the 
level for a further distance of 10 chains, and then 
gradually falls towards the eastern entrance for 

a 
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the remaining distance of 77 chains on a gradient 
of 1 in 880; the latter is, however, only provided 
for drainage purposes. Owing to the configuration 
of the ground, no shafts were used in the construc- 
tion of the tunnel. Work was, however, commenced 
from both ends simultaneously in July, 1911, and 
the tunnel was completely finished in April last. 

The location of the tunnel was accurately estab- 
lished by two independent triangulations, and for 
the alignment a transit with a 15-in. telescope, 
and circles reading by vernier to 20 seconds of 
arc, was employed. e instrument was mounted 
ona wooden tower erected on the highest point of 
the mountain, but it was necessary to choose an 
exceptionally calm, clear day for the work, as the 
tower swayed slightly in the lightest breeze. The 
observations were also aff by the movements 
of the surveyor on the tower, call for this reason 
two light men, facing in opposite directions, were 
stationed on the tower, so that, by turning the 
telescope, observations could be made in either 
direction without any movement on the part of the 
observers. In spite of these difficulties, the final 
error in alignment was only 1.3 in. in 2 miles. 
Five men were imployed for levelling, each travel- 
ling three or four times over different routes, one 
of which was about 12 miles long, and the results 
obtained proved to be accurate to within 0.6 in. 

The material excavated consisted, for the most 
part, of i larly-stratified granite and granite- 
gneiss rock, though on the western side sedimentary 
and siliceous rocks were frequently encountered. 
In many places fissures from } in. to 1 in. in thick- 
ness occurred in the granite, and these fissures 
being filled with a clayey feldspar, which, when 
wet, allowed slipping to occur, greatly increased the 
difficulty of the work. Water was not met with 
in large quantities, but what there was had no fixed 
direction of flow, and was therefore very trouble- 
some to deal with. Enormous rock pressures were 
encountered wherever water was present in the 
fissures. Although this danger was fully realised, 
and every possible precaution was taken, a serious 
accident occurred from this cause ata point 2800 ft. 
from the eastern entrance of the tunnel. When 
cutting away some of the principal props before 
commencing the brickwork, a large mass of rock 
fell in, leaving a epace 38 ft. long, 30 ft. wide, and 
about 40 ft. high. The fall killed 19 men and 
imprisoned 147 others. The latter were, however, 
rescued in a very exhausted condition after 49 
hours’ imprisonment, by driving two inlets, each 
2 ft. by 2 ft. 6 in., through the fallen rock. 
This accident delayed the whole work for sixty- 
three days. The very heavy pressures to be 
resisted are also illustrated by an incident which 
occurred at a — 5300 ft. from the eastern 
entrance. At this = upright props, 9 ft. long 
and 1 ft. 10 in. in diameter, were badly split at 
their ends by the pressure of the rocks. The 
splitting was overcome by binding the ends with 
18 or 20 turns of No. 8steel wire, but the props then 
showed a tendency to lean in a transverse direc- 
tion, and, to resist this, transverse timbers 1 ft. 2 in. 
in diameter were inserted. At first the pressure 
was sufficient to cause the ends of the transverse 
timbers to penetrate into the props for a distance 
of 2 in. or 3 in., but it afterw: increased suffi- 
ciently to drive the struts completely through the 
rops. 

, Figs. 4 to 8, on page 218, illustrate the method 
of excavation adopted, while the numbers on Fig. 9 
indicate the order in which the work was carried 
out. The distance between the heading and the 
final enlargement of the tunnel varied from 1100 ft. 
to 1600 ft. The centre-cut method was adopted, 
three to five holes being drilled near the centre 
first, and, after these had been blasted, from 12 to 
22 holes were drilled and blasted in succession, 
using common fuses, the lengths of which were 
proportioned so as to fire the charges in the 
required order. A depth of from 4 ft. to 5 ft. was 
found most suitable for the holes, and the charges 
used in each varied from 3 lb. to 5 lb., the greatest 
charges being placed in the central holes. Three 
blasts was the greatest number that could be 
carried out in 24 hours. 

Most of the drilling was done with pneumatic 
drilling-machines of the Meyer and Reyner types, 
each ~~ with four drills and mounted on 
trucks. Two sets of these machines were em- 
ployed at each face, and various column and tripod 
drills, also worked by compressed air, were used 
for the enlarging work. Air was supplied through 
5-in. pipes at a pressure of 160 lb. per sq. in. by 
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six electrically-driven compressors, three of which 
were employed at each end of the tunnel. Some 
diffi sulty was experienced in protecting these pipes, 
and the 4-in. water pipes, from the effects of t- 
ing, and several devices were tried to avoid the use 
of expensive flexible pipes. The pipes were even- 
tually wrapped with split bamboo fixed with wire, 
and this arrangement proved quite satisfactory. 

The timbering was normally arranged, as shown 
in Figs. 4 to 8, on e 218, about 29,000 cub. ft. 
being required per chain. The quantity used, 
however, varied considerably, according to the 
pressures to be resisted, as much as 117,000 cub. ft. 
per chain being employed in the bad places above 
referred to. Fig. 18, on page 219, illustrates some 
of the timbering at a point 4780 ft. from the 
eastern entrance, where the worst material was 
encountered. 

The upper part of the tunnel was lined through- 
out with a brick arch, the thickness of which varied 
from 3 to 12 rings, according to the nature of the 
ground, and the side walls were built of brickwork, 
concrete, or masonry chosen from the excavated 
material; an invert, constructed of brickwork or 
concrete, was put in wherever it was considered 
to be n In bad places the arch was made 
9 to 12 rings in thickness, and side walls 5 ft. to 
8 ft. thick were put in, with a concrete backing 
2 ft. or 3 ft. in thickness. An invert of concrete, 
4 ft. or 5 ft. thick, was used in such places, 
and the walls and inverts were conveniently 
reinforced with old 18-lb. rails, interlaced with 
No. 8 steel wires, as shown in Figs. 10 to 13, 
on page 218. At these dangerous places tho 
arch was first turned on timber centres, shown 
in Figs. 7 and 18, on pages 218 and 219, respec- 
tively, and the side walls were built in sec- 
tions 5 ft. or 6 ft. long, with spaces 7 ft. to 8 ft. 
wide between them. Four or five days later the 
material was excavated from the spaces, and the 
walls were completed. The invert was then laid 
down, after the material had been excavated from 
between the walls. This unusual sequence of 
operations was rendered necessary by the fact 
that excavation could not be completed down to 
the invert level, owing to the danger of the roof 
falling in. 

The arch was rendered waterproof by asphalt 
shee'ing made of old gunny-bags used for import- 
ing sugar. The bags were opened out and joined 
up to form sheets measuring 9 ft. by 15 ft. 
Two or three of these shects were laid one upon 
the other, with a layer of asphalt mixture between 
them to form a total thickness of 1 in. to 14 in. 
This proved to be a very effective waterproof coat- 
ing, and it had the additional advantages of being 
inexpensive and easily worked. 

Fig. 14, 7 ae 218, isa section of the tunnel 
ata rather bad place, where the arch consisted of 
seven rings of brickwork, and the invert of five 
rings. This figure gives the main dimensions of 
the tunnel, while Fig. 15 shows the loading-gauge 
and clearances between the rolling-stock and the 
tunnel walls. 

Electric power was used exclusively for lighting, 
air-compressing, ventilating, and hauling in con- 
nection with the work of construction. On an 
average, 9000 kw.-hours were consumed in 
24 hours on both faces. For ventilation, an 18-in. 
pipe was laid, and air was, at first, supplied 
through this under pressure. This arrangement, 
however, proved unsatisfactory to the workmen, 
and it was afterwards altered so as to extract the 
foul air from the workings, the end of the pi 
being shifted as required. For hauling out the 
spoil and bringing up materials, three 2-ft. 6 in. 
tracks were laid with 18-lb. rails. Two small 
electric locomotives, weighing 6 tons, and capable 
of exerting a tractive force of 1500 lb., were used 
for this purpose on each face. These locomotives 
can be distinguished in Fig. 19, on page 219, which 
is pradis e from a photograph of the eastern 
entrance of the tunnel Setine construction. At the 
heading, and on the different upper levels where 
enlargement was going on, the spoil was first 
shovelled into small cara, each having a capacity of 
about half a cubic yard. These were pushed alo 
by hand to a wooden platform, provided wi 
chutes, down which the material was tipped into 
wooden box-cars, each capable of holding about a 
cubic yard ; these cars were then hauled out by the 
locomotives. 

The total time occupied in driving the heading 
was two yearsand fifty-four days, the average 
progress for the two sides being 14.1 ft. ~ 
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and 17, on page 219, are reproduced from phote- 
graphs of the headings, taken from the east and 
west sides respectively, on January 31, 1914, when 
the a met. e average rate of — of 
the work of enlargement was 12.8 ft. a day for the 
two faces. The contractor’s estimate for the exca- 
vation, when converted into English units, works 
out to about 14s. per cubic yard, including the 
driving of the heading, making the enlargement, 
and all transportation. The cost of timbering was 
estimated at a little over 1s. 8d. per cubic yard of 
excavation. The total cost of the tunnel amounted 
to 294,000/. 

The whole of the work was superintended by Mr. 
K. C. Iwashita, President of the Osaka Electric 
Tramway Company, Limited, and by Mr. T. 
Hayami, who is acting as a director of the com- 
ee. The chief engineer was Dr. T. Oka, and 

. S. Miyagishima and Mr. H. Minami were in 
charge of the civil engineering and electrical work 
respectively. Mr. Y. Obayashi was the contractor. 

INDUSTRIAL 
Tue Director of the De ent of Labour Statistics 

ives the following information on the state of the 
ritish labour market :— 
Employment in January showed a further improve- 

ment. The industries concerned with the equipment 
of the Allied Forces continued to be very busy, with 
much overtime. In some of these trades there was a 
shortage of skilled labour, partly owing to pressure of 
work and partly to enlistments. 

The cotton trade showed a further upward move- 
ment in January, and there was also an improvement 
in coal-mining, iron and steel manufacture, and in the 
building, furnishing, wood-working, jute, and lace 
trades. Dock and other transport workers were 
exceptionally well employed, and the scarcity of 
agricultural labourers is beginning to be felt as the 
season advances. 

On the other hand, a good deal of short time was 
reported in the linen, pottery, and brick trades, and 
there was also some decline in the tin-plate, printing, 
and food-preparation trades. 
Compared with a year “go, there was a great im- 

provement in all trades affected by war contracts, 
notably engineering, shipbuilding, woollen, hosiery, 
boot, and men’s clothing trades. The building trades 
were also at a higher level than in January, 1914. 
There was, however, a considerable decline in the tin- 
—_ cotton, linen, lace, carpet, silk, bleaching and 
nishing, pottery and brick trades. 
Amongst those whose rates of wages were increased 

were 4000 building-trade operatives on the North- 
East Coast and 3590 at Bristol, 5500 coal-miners in 
the Forest of Dean, 1400 blastfurnace men in West 
Camberland, and 6100 engineers at Bolton and Bury. 
The largest bodies of workpeople affected by reduc- 
tions were 54,000 coal-miners in Northumberland, 
17,000 ironstone miners, limestone quarrymen, and 
blastfurnace men in Cleveland and Durham, and 6250 
blastfurnace men and iron and steel workers in South 
Wales and Monmouthshire. The net eflect of all the 
recorded changes was an increase of 1900/. per week. 

The total number of workpeople involved in all dis- 
putes in progress during the month was 5889, as com- 
pared with 61,783 in January, 1914. The estimated 
total aggregate duration in working days of these 
disputes was 55,900, as compared with 694,800 in 
January, 1914. 

Cases dealt with during the month include joiner- 
machinemen, Clyde district ; bricklayers’ labourers in 
steel works, Glasgow; fitters’ labourers and stage- 
makers, Newport; chippers and painters, Cardiff ; 
woollen weavers, Huddersfield ; wharf labourers, 
London ; and gas-producer men, Shotton. 
The average weekly number of vacancies notified to 

all Labour Exchanges for the five weeks ended 
January 15, 1915, was 30,589, as compared with 
32,088 in the previous four weeks, and with 19,680 in 
the five weeks ended January 16, 1914. The avera 
weekly numbers of vacancies filled for the same periods 
were 21,606, 23,822, and 15,306 respectively. 

A report on unemployment, trade-unionism, prices, 
cost of living, wages, and other industrial subjects 
has been issued by the Commonwealth Statistician 
(Mr. G. H. Knibbs). In this report information is 
published for the first time in Australia regarding a 
number of subjects. As regards trade unions, there 
was a considerable growth in 1913, the number of 
unions increasing from the previous year from 621 to 
710, and the membership from 433,224 to 497,925—an 
increase of no less than 15 per cent. The number of 
inter-state, or federated, unions increased from 72 to 
78, and the membership from 279,771 to 352,437. 
Considerable attention is devoted to the question of 
cost of living. The methods by which the results are 
computed are explained, and index numbers are fur- 
nished, showing not only the increase or decrease in 
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cost of living ineach industrial centre, but also the 
relative cost as between the several towns. The 
average increase for a capital city in 1913, compared 
with 1901, was 254 per cent., of which 84 per cent. 
was due to higher cost of food, and 17 per cent. 
to house-rent. A number of diagrams are given, 
showing clearly the variations which have occurred 
in the cost of living, while actual prices and rents 
for thirty towns are published in appendices. The 
results of operations under the Commonwealth 
and State Arbitration and Wages Board Acts are 
also shown. The total number of awards and deter- 
minations in force in Australia in 1913 was 599, 
and of istered industrial agreements 409. Of ths 
599 awards and determinations, 53 applied to whole 
States, 167 to metropolitan centres only, 173 to metro- 
politan and ss centres, and 186 to country dis- 
tricts only. Detailed information is given as to the 
number and effect of changes in rates of wages in 
1913, and the methods by which they were effected. 
The results show that 166,132 obtained increases 
aggregating 37,713/. a week, an average of 4s. 6d. per 
person a week. Particulars are also given as to the 
number of strikes and lock-outs in 1913, their cau3es, 
results, and methods of settlement. The total number 
of disputes was 208, involving a loss of 623,528 work- 
ing days and 287,739/. in wages. The report also 
contains sections dealing with wholesale prices, import 
and export prices, current rates of wages, variations 
in wages, operations of Government employment 
bureaus, assisted and nominated immigrants, indus- 
trial accidents, and international labour statistics. 

The total number of trade unions in the Common- 
wealth increased from 621 in 1912 to 710 in 1913, and 
the membership from 433,224 to 497,925. Excluding 
miscellaneous groups, the largest membership is in the 
railway and tramway service group (66,323 members), 
followed by the pastoral, agricultural, &c., group 
(61,698 members) ; shipping, &c. (40,913 members) ; 
mining, &c. (40,449 members); engineering, c. 
(39,145 members) ; food, drink, &c. (33,372 members) ; 
and building (31,544 members). Of the 497,925 union- 
ists, 477,721 are males and 20,204 females. The 
number of unions registered under the Commonwealth 
Conciliation and Arbitration Act was 84, with a 
membership of 295,760. 

The last report, dated the 8th inst., issued by the 
Steam-Engine Makers’ Society states that the mem- 
bership of the society is now 17,400, distributed over 
170 branches. The society has a capital of 140,0J0/., 
equal to 8/. per member. It has so far expended in 
benefits 840,000. The unemployed members now 
number 14, equal to 0.08 per cent. 

In the current monthly and quarterly report of the 
Associated Blacksmiths’ and Ironworkers’ Society, 
the general secretary, Mr. John Thomson, states that 
the membership at the end of the quarter was 10,788 
—an increase of 210. The income for the quarter 
was 8335/. 103. 6d.—an increase of 415/. 18s. 54d , and 
the expenditure 5033/. 5s. 5d , showing a net gain of 
3302/. 5s. ld. Four the past month the income was 
1668/., and the exp2nditure 1627/. 17s. ; the membar- 
ship at the end of the month was 10,935. Mr. Thom- 
son adds that the ramifications of the society are 
extending rapidly, and the work in increasiag the 
wages and bettering the conditions of members is 
appealing to the trade, with the result that the 
society’s ranks are swelling month by month. With 
the coming revision of rules they expect a new and 
still stronger enthusiasm. The society, he further 
states, is now the largest, wealthiest, and most pro- 
gressive in the country catering for smithy workers. 

The wages appeal of the Clyde members of the 
Amalgamated Society of Engineers from local to 
Central Conference was heard in the North-Eastern 
Station Hotel, York, on Friday last, the 12th inst. 
The men’s application was for an advance of 21. per 
hour on their present wages rate of 8}4. per hour. 
The North-West Engineering Trades Employers’ Asso- 
ciation had discussed the application in conference 
with the local officials of the men’s society, but declined 
to entertain it. Thereupon, in accordance with the 
temporary agreement between the society and the 
Federation of Engineering Employers, the nien inti- 
mated an appeal to a Central Conference representing 
the Federation and the Executive Council of the 
Amalgamated Society of Engineers. Hence the York 
Conference above referred to. ! 

The representatives of both parties had held —_ 
minary meetings in York on Thursday. In addition 
to the Clyde wages appeal a number of wages and 
other questions from different parts of the country 
were considered by the parties in the conference, and 
at the close it was stated that the representatives of 
the employers and those of the men had pe ar 

to recommend an advance on the Clyde of jd. 
per hour, or 3s. 44d. per week. 

The recommendatien of the conference is to be 
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submitted to the men. . “«" eng the —— 
organising delegate, in his February report, sta 
thet the Edinburgh demand for an advance of 2d. per 
hour ‘may be altered to whatever settlement is 
arrived at for the Clyde men, provided that the Clyde 
starting rate is recognised by the Edinburgh employers, 
and that whatever increase is granted be e retro- 
spective to February 12 or 13.” 

It is now stated, with reference to the foregoing 
paragraph, that about 2000 engineers employed by 
Messrs. G. and J. Weir, Glasgow, struck work on 
Tuesday for an advance of 2d. per hour. At the 
central ——> = in York, the Executive of 
the a ociety of Engineers agreed to 
recommend the acceptance of fd.. Put the men main- 
tained that their claim was for 2d. or nothing, and 
that the Executive had no power to make any other 
recommendation. 

ProsgcTEeD RiveR-REGULATION 1N Cutna.—American 
engineers have made a survey of the Hudi River, in China, 
and pre a comprehensive plan for its regulation—an 
undertaking which will necessitate considerably more 
earth removal than has been involved at the Panama 
Canal. The cost is estimated at more than 6,000,000/. 
and the gain by a combination of reclamation and 
rational irrigation at 10,000,000/. The greatest advan- 
tage, however, would probably be the protection against 
inundation which the regulation of this river would 
afford. The Hudi River is comparatively shallow, and has 
often proved entirely unable to dispose of the tremendous 
downpours which eccur in these districts, the result being 
a vast destruction both of human lives and property. 

Tue ENGinggRine Stanparps Commitrge.—We have 
received from the committee a copy of their report, 
No. 69, which has just been issued, on British stan- 
dard tungsten-filament glow-lamps (vacuum type) for 
automobiles. The question of standards for tungsten- 
filament glow-lamps for automobiles was refi to the 
committee by the Society of Motor Manufacturers and 
Traders. The lamps referred to in the report are in- 
tended to have an approximate efficiency of one watt per 
candle, and the description ‘‘ vacuum” type is used in 
order to distinguish them from the new “gas-filled” or 
“‘half-watt” lamps which have recently been introduced. 
The latter type of lamp will be dealt with when further 
progress has been e with their manufacture ; at the 
same time, the tolerances to ba allowed in the lamp-cap 
dimensions will also be reported upon. The cost of the 
report in question is 2s. 6d. net. 

Tue Satvace or Suips.—At the annual ral meet- 
ing of the Liverpool Salvage Association, at Liverpool, 
on Friday, the 29th ult., Mr. James P. Rudolf, Chairman, 
made an interesting report of the work of the year. He 
said that the cases dealt with by their wrecking plant had 
not been very numerous, but certaifi of them presented 
somewhat interesting features. Every case entrusted to 
them during the year had been brought to a successful 
issue. Two of the more notable cases were the Gothland 
and the Ualifornia. The Gothland, with a valuable cargo, 
struck on the Scilly Islands. The Linnet and the 
were promptly despatched. Within two days after the 
vessel stranded she was in a desperate position, prac- 
tically the whole of the bottom forward having been torn 
away, and the heavy swell threatened to cause her to slip 
off the rocks, in which event she would undoubtedly have 
foundered. Under these circumstances Captain Young 
decided to attempt to float the vessel as she was, and 
succeeded in bringing her into St. Mary’s Bay, where she 
was beached. Air-compressors were installed, and the 
vessel was safely taken to Southampton. The value of 
the system of air compression is realised when a vessel 
of this tonnage is thus enabled safely to steam such a 
distance with extensive unrepaired damage. When the 
Association’s steamers were at work on the Gothland the 
large Anchor liner California ran ashore on Tory Island. 
After some two months of tedious and anxious work, that 
vessel was successfully floated, and placed in safety. 
The staff of the Association has furnished its quota 
to the war, Captain Young, Captain Kay, and Lieu- 
tenant Datha being now employed in the Government 
service, while the Ranger and the Linnet have also been 
engaged. For salvage work the Association give a choice 
of three bases—viz. (1) Scale charges—that is to say, a 
fixed price per day for the hire of the steamers and plant; 
(2) out-of-pocket expenses plus a bonus if successful ; 
the third alternative is ‘‘No cure, no pay,” which, of 
course, means nothing in the event of non-success. 
From the technical report of the salving of the Gothland 
it appears that this vessel of 7660 tons, on voyage from 
Montreal to Rotterdam, with grain cargo, stranded on 
Crim Rock, Scilly Isles, on June 23, 1914. The Linnet 
was despatched from oer, ms the Ranger from 
Holyhead, on June 24, 1914. Divers reported 57 ft. 
of the vessel’s bottom under Nos. 1 and 2 holds ab- 
solutely gone, including ballast-tanks and shell-plating, 
the damage reaching to the top of the lower deck, and 
the forepeak gone to the 20-ft. mark. As the vessel 
was grinding heavily and slipping towards deep water, 
it was decided on June 25, 1914, to close up and secure 
all hatches with a view to floating, and, if possible, 
beaching the vessel in St. Mary’s. is was successfully 
accomplished on June 27, 1914. Part of the cargo was 
then discharged. All forward holds were platformed, 
bulkheads secured, and five air-compressors, pumps, &e., 
placed in position. The vessel was re-floated on uly 12, 
iJ14, and left for Southampton vid Falmouth, arriving 

YEAR-BOOKS AND ANNUALS. 
The ** Practical Engineer” Pocket-Book and Diary, 

1915.—This pocket-book deals with mechanical engi- 
neering, and contains close upon 650 pages of subject- 
matter. There are, in the first place, 54 pages of 
useful general information and mathematics, the book 
then dealing with steam and steam production, 
the steam ine and turbine, condensers, and 
oil-engines, air-compreesors, heating and ventilation, 
hydraulics, materials, madhine-tools, pipes, ers, 
columns, ings, and power transmission. 
tents include a diary and sheets of squared pa 
book is issued by the Technical Publishing mpany, 
Limited, 55 and 56, Chancery-lane, W.C. The price, 
post-free, is ls. 3d. and Is. 9d., according to the binding. 

The ‘* Practical Engineer” Electrical Pocket-Book 
and Diary, 1915.—This is a companion book to the 
former ; it is issued at the same prices by the same 
company. After the usual mathemati data, it 
deals exhaustively with conductivity, resistance, cir- 
cuits, systems of wirings, testing, measuring, and 
with the various types of electrical machinery and 
fittings, the distribution of light and power, &c. 
Both books have been got up with great care, and 
will prove handy for reference pu They would 
prove handier still if the advertisements were inserted 
quite separate from the indexes. In both books the 
latter are most complete. 

Business Prospects Year-Book, 1915.—The present 
is the ninth year of issue of this yonnall. It is 
edited by Messrs. Joseph Davies and ©. P. Hailey, 
and is published in London by the Financial Times, 
72, Gisaenaes E.C. t states “what will 
happen” to coal; minerals and metals; oil; the 
money market ; shipping; English, American, and 
Argentine rails; wheat; cotton and rubber, during 
the present year. The effect of the war on the various 
industries and trades is entered into in each case, and 
forms ——— reading. Statistics of output, prices 
and quotations for a number of years, and ior all the 
different centres of production are given in detail. 

Lockwood’s Price-Book, 1915.—The full title of this 
ublication is ‘* Lockwood’s Builders’ Architects’, 
mtractors’ and Engineers’ Price- Book”; it is 

edited by Mr. Francis T. W. Miller, A.R.I.B.A., and 
is published at the price of 4s. by Messrs. OCrosb 
Lockwood and Son, 7, Stationers’ Hall-court, Lud. 
ate-hill, E.C. It ~~ the latest prices of eve 
ind of material and labour in trades connected wit 

building. This forms the main portion of the book, 
a supplement covering the London Building Acts, 
by-laws and regulations. It measures 74.in. by 5 in., 
contains over 750 pages, and forms a library in iteelf. 

The South American Year- Book, 1915.—This year- 
book and directory in the English language is pub- 
lished by the Lewis Cassier Company, Limited, 
33, ord - street, Strand, W.C., at the price 
of 25s. It gives illustrated information relating 
to the ten Republics of South America; British, 
Datch, and French Guiana ; the Panama Canal; the 
Falkland Islands and Trinidad. The information for 
each State includes a short historical survey ; review 
of the form of government ; lists of the names of the 
diplomatic and consular representatives ; complete 
tables on the State loans made at different times ; 
tables of trade with various countries in imports and 
exports ; postal and telegraphic information ; and 
numerous other data of interest to industrial, commer- 
cial, and shipping firms. Information on the rail- 
ways are deta and maps illustrate the different 
systems. The book also contains a coloured may 
covering the States dealt with. It is clearly prin 
and admirably got up, and is sure to be greatly appre- 
ciated by British business men. 

The British Journal Photographic Almanack.—The 
fifty-fourth issue of this almanack, edited by Mr. 
George C. Brown, F.1.C., fully maintains the reputa- 
tion earned by ite predecessors. Besides the various 
photographic tables, formulz, and memoranda, it con- 
tains an excellent chapter on the latest methods of 
making enlargements, and a most informative treatise 
on ‘Photography with the Microscope,” by Dr. 
Duncan J. d. In this the necessary a 
and methods of employing them are illustrated, whilst 
the enlarged pictures of specimens of metallic and 
other substances are very fine, The almanack is pub- 
lished by Messrs. Henry Greenwood and Co., Limited, 
24, Wellington-street, Strand, W.C., the price being 
Is. net in paper cover and 2s. net in cloth binding. 

Warren's Map-Guide.—We have received a copy of 
this map-guide to the London motor, motor-cycle and 
cycle trade, and garages. It contains a large number 
of sectional maps of London, the firms in the trade and 
the g bein ee for each map. Reference is 
further facilita y an alphabetical index of firms 
and garages, giving the names, dresses, and the 

safely at Southampton on July 13, 1914. 

contains s street index of London, and a number of 
useful indications for motorists and oycliste. The 
book is published at the price of 5s. net, at Bank- 
buildings, Kingsway, London, W.C. 

The Sanitary Record Year-Book.—The full title of 
this guide is *‘The Sanitary Record and Municipal 
Engineering Year-Book and Empire Directory of 
Municipal Authorities and Officials,” and the present 
edition is the thirty-third annual issue. It covers the 
whole British Empire, and gives the names of the 
public authorities, clerks to the council, engineers and 
surveyors, &c., and gives also useful information on 
drainage, road-making, and so forth. Special chapters 
deal with sanitary questions, municipal engineer- 
ing, &c. The book is completed by a diary and 

andum sheets. It is published at 5s. 4d., post 
free, by the Sanitary Publishing Company, Limited, 
55 and 56, Chancery Lane, W.C. 

Sell’s Directory , | Registered Telegraphic Addresses, 
1915. Edited by Henry Sxxixi. London: The Busi- 
ness Directories, Limited, 166, Fleet-street, E.C. 
[Price 25s. net.|—The new edition of ‘‘Sell’s Direc- 
tory of Telegraphic Addresses” contains all the well- 
known features, the principal contents of the volume 
of upwards of 2600 being embraced in four 
sections. These comprise, respectively :—List of firms 
in London and country ; phic addresses of firms 
in London and country ; classified trades list ; British 
Empire overseas foreign addresses. There are 
about 90,000 names of firms who have istered 
telegraphic addresses, while in the classified trades 
list about 100,000 names are given. The volume also 
gives a list of our Consuls in foreign countries, trades 
commissioners and correspondents of the Commercial 
Intelligence Branch of the Board of Trade, post-office 
regulations, &c. Each entry is given a marginal 
number, which, with the page number, may be used 
to denote a firm by code-numbers, with a view to 
curtailing the le of a telegram. Such numbers, 
of course, are not intended to be used in addresses. 

** The Ironmonger” Metal Market Year-Book, 1915. 
London: The Ironmonger, 42, Cannon-street, E.O. 
[Price 2s. 6d. net.)|—The ninth edition of this annual 
is published under very exceptional circumstances, 
since, for a large portion of the period with which the 
little book d the metal exc’ 8 were closed on 
account of the war. The statistical returns are there- 
fore, to some extent, incomplete; but though its 
value has inevitably suffered = this, ite interest is 
more made up in other ways. For instance, it 
gives the Belgian ps ay rye and the French iron 
and steel output for the first half of the year, as well 
as the German production for the year, according to 
the Stahl Verband’s returns. It also gives par- 
ticulars of the prices obtaining in Germany since the 
outbreak of wer, of the manner in which they 
have been determined, as well as particulars of the 
measures of control adopted by the German Govern- 
ment. Another new section deals with the Tinplate 
Conference. The tables in the book will prove as 
interesting and useful to metal merchants as hitherto. 

Lazxton’s Builders’ Price- Book for 1915. Kelly’s 
Directories, Limited, 182-184, High Holborn, London, 
W.C. [Price 4s.}—The current, the ninety-eighth, 
edition of this standard year-book is published under 
difficult circumstances, owing to the temporary and 
variable high prices of some materials due to the 
war. It may thus be necessary for users to watch 
the market prices in special cases, such as timber and 
zinc, when using the book. This aspect of affairs is 
not, however, likely to affect the usefulness of the 
publication, and this edition steps naturally into the 
authoritative position i by the previous one. 
Laxton is so well known that it is hardly necessary 
to attempt a résumé of its contents, but we may men- 
tion that in addition to ite main tables of prices it 
sontains the text of many by-laws, rules, orders 
published by the London County Council, various 
Acts, wiring rules, and much other essential infor- 
mation for architects, builders, engineers, &. 

Almanacks and Calendars.—In addition to those 
already acknowledged, we have received almanacks 
from Mesera. Flowerdew and Co., 14, Bell-yard, 
Temple Bar, W.C., and Messrs. Broom and Wade. 
Limited, High Wycombe, Bucks. We have also to 
acknowledge the receipt of a small ket-diary, 
containing tables and pumping data, _ Messrs. 
Hayward-Tyler and Co., Limited, 99, Queen Victoria- 
street, E.O. 

Spanish Merowant Suipsvitpinc.— The Spanish 
Naval Construction Company, in which Messrs. Sir 
W. G. , Whitworth and Co., Limited, 
John Brown 2 Co., Limited, and 

imited, are interested, are putting down a yard at 
Bilbao for the construction of merchant ships. The 

location on the sectional maps in the guide. It also 
three British firms own 40 cent. of the capital, 60 
cent. being ald tay Gpnatelt chaschelliens. ™ ad 
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THE IKOMA TUNNEL, OSAKA-NARA ELECTRIC TRAMWAY, JAPAN. 

(For Description, see Page 214.) 

nae tno ty » Rabati «. iis ts 

> 

Fic. 16. Merettne or Heapines rrom Eastern SIpe. Fic. 17. Merrtne or Heapines From Western Sipe. 

NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 3. 

| THE promieed activity in steel developed during the 
| past six days, resulting in a eatisfactory volume of busi. 
ness and still more satisfactory inquiries. Rail orders 
for the week were 85,000 tons, those under inquiry 

| 250,000 tons. 
| New car inquiries are for 6000 cars, besides 
11,500 cars for the Pennsylvania Railroad, as here- 
tefore reported. Structural material is active. The 
Pennsylvania Railroad wants 20,000 tons for track 

|elevation in Indianapolis and 15,000 tons for bridge 
work. The Brooklyn Rapid Transit wants 15,000 tons 
| for third-rail track extension. The Carnegie Company 
has blown in five furnaces, making 28 of its 59 now 

| working. While there is general improvement, it is 
|not such as to induce consumers to order very far 
|ahead. A lower price for pig in Alabama brought 
orders for 12,800 tons, besides very many car-load 
orders. Yesterday 1500 coke-ovens were lighted up, 
making production one-half of the capacity. Bars have 
been advanced | dol. a ton, and wire products will go 
higher because of extraordinary demand. Very much 
business has been tentatively placed at present low 
prices. Should the present demand continue a week 

|or two, slight advances will be announced on plates 
|and shapes. The shipyards are crowded with work 
for the present. A possible surprise may be lurking 

|in a demand for large quantities of steel products. 
|Conditions are pointing more strongly to a much 
greater demand as the spring season approaches, but 

| the conservative spirit is still very pronounced in all 
quarters. The preparation for liberal financing of steel- 
using enterprises is quite apparent in many sections. 

Fie. 18. Setrrmvc Ur Centerine 1n Bap Grounp. 

AmeERICAN Pic-Inon.—The new year commenced in 
rz none too encouraging fashion for American metallurgy, 

| the production of American pig in January having 
| been 1,601,421 tons, as compared with 1,885,054 tons in 
| January, 1914. Some comfort, however, is found in the 
| fact that, while the production of January stood at 
1,601,421 tons, it com with an output of 1,515,752 

| tons in December. e total number of furnaces in 
blast at the commencement of February was 160, as com- 

| pared with 146 at the commencement of January. 

Tue Socrty or Enoingers (Inconporatep).—The 
following changes have been made in the Council of this 
Society :—Mr. Sherard Cowper-Coles, M.I. Mech. E., 
M.1.E.E., has been elected a Vice-President, filling the 
vacancy caused by the death of Mr. T. E. Bower last 
year; and Mr. Burnard Geen, A.M. Inst. C.E., bas been 
elected a Member of Council in the place of Mr. Cowper- 
Coles. Following the practice established last year of 
giving lectures to the members of student engineering 
societies sffiliated to the gg hes Engineers (Incorpo- 
rated), Mr. Percy Griffith, Inst. C.E., a Vice- 
President of the Socie ty, lectured on the 4th inst. before 
the Birmingham Universit — = 4 Society on the 
subject of ** Public Water Supplies.” ere was & large 
attendance of students, who evidently much appreciated 
the lecture. The Council have e arrangements for 
the deliverv during the year of lectures to the members 

Fic. 19. Eastern Evrrance or Tunnet purine Construction, | uf other affiliated student societies. 
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“THE GOVERNMENT, TRADE UNIONS, 
AND WAR MUNITIONS.” 
To Tae Eprror or ENGINEERING. : 

Sir,—I have read with great interest your article on 
the above subject in your issue of February 12, and 
having much experience of the trouble you refer t», I 
write to commend the scheme of military administration 
outlined in the latter paragraphs. Candidly, I don’s 
think reasonred argument jepee in the least to 80 per 
cent. of workmen, for these cannot, or will not, look any 
fartber ahead than the current week. 

There is no doubt that this article and the preceding 
one on bad time-keeping, in your issue of January 22, 
cover the main difficulties of the situation so far as the 
workman is concerned, and, as far as I can see, the only 
solution will be on the lines you suggest. 

Along with the temporary nsion of the rules of 
the various trade unions, particularly those rela’ to 
lines of demarcation, limited employment of unski 
labour for machine and repetition work, and overtime, 
I would be inclined to make an effort to tackle the very 
serious question of lost time by —- a definite number 
of hours fora normal week’s work, allow no overtime 
whatever until the normal week had been worked. 
case of riveters and others dependent on other members 
of their squads could easily be dealt with by the foremen. 
If this were made compulsory in all yards and works, I 
think a big improvement in time-keeping would result. 
Generally speaking, the men are anxious for overtime. 
It is ridiculous that men should be able to absent them- 
selves for one or two days, and on the third day, say a 
Saturday or Sunday, secure great excess of remuneration 
because it is reckoned as overtime for the one day. 
Your point that trades union .rules would be tem- 

porarily in abeyance as the direct result of 
military administration during the period of the war is, 
I think, a very excellent one; I think it should commend 
itself to the trades union officials. 

Yours, &c., 
SHIPYARD MANAGER. 

** SOME USEFUL AND INTERESTING 
CURVES.” 

To THe Epitor or ENGINEERING. 
Str,—May I call your attention to one simple diagram, 

which may be of some use and interest to engineers engaged 
in the testing of materials. It is known that, when con- 
traction occurs at the breaking section of a tesb-piece, 
the percantage elongation depends upon the length of the 

of this length to the 

area of the specimen, or in the case of round test-pieces 

on the ratio f of the length to the diameter. 

The length of a standard test-piece for steel forgings 
is in this country 3.76 of its diameter, but the technical 

uirements of some Continental countrits (the Russian 
Admiralty, for instance) specify in this case the elonga- 

tion for a value of re 10. There is a simple method 

by which results obtained with the British standard size 
of specimen may be reduced to those which would be re- 

corded with larger ratios of i 

specimen, or, better, on the ratio 

DIAGRAM 0." ELONGATIONS. 

§ 8 8 

t -Relative 

& § 

~ Ss 

z 

(43/5) u-Llengtv @ -Diameter 

In addition to the uniform elongation of the whole 
length of the test-piece there is a part due to the above- 
montioned local contraction, but the total absolute elon- 
gstion for bars of different lengths follows very nearly 
vhe straight-line law, and therefore we may write :— 

Ae = ale +e. . . (1) 

where \. denotes the absolute elongatiun, /: the measured 
length of the test-piece, and a an care constants. Now 
in units of diameter :— 

tj =x.dande= 8.4, 
and therefore :— 

Ne=a.r.d+8.d. 

Then the relative elongation is :— 

rt 6 {= ee+e é ° - (2) 

Equation (2) gives us an hyperbola, referred to the axes 
of ¢ and 2, its asymptotes being the axis of ¢, and the 
*traight line ¢ = a; but we can very easi i ly transform this 
curve (2) inte » thew ‘‘astaisheline law” kee ineretuting 

a new variable, < = ‘ so that (2) becomes :— 

i=a+f.z e ° - (3) 

and this gives us the eqnation of a straight line, referred 
to the axis of i and 2; this straight line cuts the axis of ¢ 
at the point i =a, giving us the constant part of the 
relative elongation, or the relative elongation, that a test- 
piece of infinite length would have. This straight line 
cn obviously be determined by measuring the relative 
el tions t, and «, for two selected hs 2, and /., 
marked upon the test-piece, so as to inelude the con- 
tracted part of the piece. Then plotting #, and 7 as 

abscissee against 4 =f and % =, we got a straight 
2 

line, such as is shown in the accompanying diagram, giving 
us the required relative elongation for specimens of any 
length, even if longer than the specimens actually tested. 
For test-pieces of rectangular section having the same 

ratio of 
breadth _ b _ 

thickness ¢ ~ ” 

we can obtain the same results by using, instead of d, the 
The | equivalent diameter d’, where the equivalent diameter 

d’ =1.13./6.6=1.138t./ ¥. 
Yours truly, 

WL. Fagaman, N.C. Lieut., I.R.N. 
Glasgow, February, 1915. 

BALANCING HIGH-SPEED MACHINERY. 
To THe Eprtor OF ENGINEERING. 

S.n —I was very much interested by Messrs. Wheeler 
and Southwell’s description (which appeared in your issue 
of January 15 last, page 64) of the apparatus they have 
devised to balance rotors. One little detail, however. 
remains to me a puzzle, and I would be very much obliged 
to the authors if they would condescend to explain it 
briefly to me. In Figs. 12 and 13, why is the outward 
movement of the bearing taken between D and A and 
between C and D, and not between B and C and between 
A and B, where there is also a peak of the sinusoid? This 
would lead to exactly opposite conclusions—namely, the 
pe of a heavy part on the D side of the armature. 
imilarly, Figs. 17 and 18, for what reason is the displace- 

ment taken as being at A and between C and D, and not 
at Cand at B? No doubt I overlook some fact in con- 
nection with the mechanism which requires that the dis- 
placement to the right should be taken, but after careful 
re-reading I was unable to find any enlightenment. 

I am, with apologies for troubling you and the authors, 
Yours faithfully, 

M. E. J. Gueory. 
40, Westmount-road, Eltham, 8.E. 
(To save time we forwarded a proof of Mr. Gheury’s 

letter to the authors of the article referred to, and we 
have received the following reply.— Eb. E ] 

To THe Eniror or ENGINEERING. 
Sir,—Mr. Gheury in bis letter asks why the right- 

hand peaks of the curves in Figs. 12 to 18 should be 
taken as indicating an outward movement of the rotor 
bearing rather than the left-hand peaks. 

This is done on the assumption that the rotor is marked 
so that horizontal radii on the right hand (when lookin 
at the end to which the optical apparatus is attached} 
correspond to similarly lettered positions on the screen. 

With the mirror connected to the bearing of the rotor 
as shown in Fig. 11, a movement of the spot of light to 
the right on the ecreen indicates a movement of the rotor 
bearing in the same direction ; so that if the rotor is 
marked as described above, the right-hand peak of the 
curve will indicate the maximum outward displacement, 
and the left-hand peak the maximum nears displace- 
ment of the bearing. 

This should have been stated, and the authors are 
indebted to Mr. Gheury for drawing attention to the 
omission. 

I am, yours faithfully, 
H. D. WHeEever. 

42, Mount Pleasant, Norwich. 

Rotary Arr-Pumps.—At a recent Friday evening 
meeting of the Junior Institution of Engineers, Mr. A. 
Arnold, in a i on “ Rotary Air-Pumps,” gave a good 
description of e Worthington bydraulic vacuum pump, 
the “Kinetic,” the Leblanc, the Rees Roturbo, the 
Wheeler or A.E.G., and the Willans Muller air-pumps, 
in which, he said, the evolution of the rotary air-pump is 
a natural outcome of poo in other directions, particu- 
larly the perfection of the steam-turbine, and its employ- 
oy in oy in which the highest efficiency is required. 

simplest rotary air-pamp is, perha ejector 
condenser, which has the ~ oe of aoe its own 

enser. The essence of the trouble with the ejector 
condenser is to get the water to entrain the air effectively. 
If the water-jet could be split up into little parcels, and 
entrap a plug of air between successive = it would 
be much more effective, and this is the i from which 
the Leblanc air-pump has been evolved. In the Rees 
Roturbo air-pump the injector water is mecha- 
nically con both at injector and discharge from 
the vacuum space, and the risk of the ejector “‘ choking,” 
and breaking the vacuum, is eliminated. The difficulty 
of pe water to entrain a reasonable volume of 
air is solved in the Worthi hydraulic vacuum pump 
by a helical form ef jet, produced the action of the 
water in an ejector upon a peculiarly:shaped gun-metal 

NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasg rw Pig-Iron Market.—Lst Thursday morning the 
market opened with a strong tone, and Cleveland war- 
rants advanced about 6d. The turnover was 4000 tons at 
from 563. 4d. to 56s. 6d. cash, from 56s. 8}d. to 56s. 94d. 
one month, and at 57s. 6d. three months, and closing 
sellers quoted 56s. . cash, 56s. 104d. one month, and 
57s. 64d. three mont In the afternoon prices were 
the turn easier, and 1000 tons of Cleveland warrants 
c hands at 56s. 54d. eight days, and 56s. 9d. one 
month, with sellers over at the latter figure, and at 
56s. 5d. cash, and 57s. 5d. three months. On Friday 
morning the market was quite idle, but prices of Cleve- 
land warrants were quoted, without change, at 56s. 5d. 
cash, 56s. - one month, and 57s. 5d. three months 
sellers. In the afternoon values fell away, and a small 
business of 2500 tons of Cleveland warrants was done 
at from 563. 3d. to 563. 1d. and 563. 14d. cash, and clos- 
ing sellers quoted 563. 2d. cash, 563. 6d. one month, and 
57s. 2d. three months. A dull tone prevailed on Mon- 
day morning, and only one Cleveland warrant was 
dealt in at 56s. cash, and at the close sellers named 
56s. O}d. cash, 563. 4d. one month, and 57s. 04d. three 
months. In the afternoon Cleveland warrants re- 
covered a little, but again only one lot was done at 
563. 6d. one month, and closing sellers quoted 
563. 3d. cash, 56s. 7d. one month, and 57s. 34. three 
months. On Tuesday morning the market was steady 
and 2000 tons of Cleveland warrants changed hands at 
56s. 2d. and 563. 2}d. cash, and a‘ 56s. 64d. one month. 
At the close the quotations were 563s. 3d. cash, 56s. 74d. 
one month, and 57s. 3d. three months sellers. Hematite, 
which has not been dealt in for some time, changed hands 
at 823. 6d. seven days, but business was confined to one 
lot. In the afternoon Cleveland warrants marked an 
advance, and were put through at from 56s. 34d. to 
56s. 53d. cash, and from 563. 7d. to 563. 9d. one month. 
The turnover was 2000 tons, and closing sellers named 
563. 61. cash, 56s. 10d. one month, and 57s. 6d. three 
months. When the market opened to-day (Wednesda; ) 
the tone was somewhat dull, and there was little dis- 
position for dealing. Cleveland warrants were the turn 
easier, and the total business was 1500 tons at 56s. 4d. 
and 56s. 43d. cash, with closing sellers at 56s. 5d. casb, 
563. 9d. one month, and 57s. 5d. three months. The 
afternoon session was d idle, and Cleveland warrants 
showed little change. At the close sellers quoted 563. 54d. 
cash, 56s. 94d. one month, and 57s. 54d. three months. 

Scotch Steel Trade.—In the Scotch steel trade there is 
still great pressure for delivery of material, and the various 
establishments are going full steam ahead. The amount 
of war stuff of one kind and another which is being pushed 
on with great energy is really enormous, and certainly 
testifies that we, as a nation, did not anticipate the 
resent conflict. It also brings home to us this 
act, that the Allies are determined that no effort 
will be spared to bring the war to a speedy and successful 
end. The scarcity of labour, coupled with the increasing 
cost of raw material and fuel, and the demand of the 
workers for improved conditions, are serious factors at 
the present time. These troubles will be overcome all 
right, as there can now be no turning back, and there is 
little doubt but that the men will be quite loyal, although 
they are feeling the in cost of living, inevitable in 
a time of war. Order-books are well filled with general 
industrial business also, but consumers continue to act 
with caution, as prices are so high. Deliveries are very 
satisfactory, considering coyeens. but a certain amount 
of delay is taking place, whichis unavoidable, as Govern- 
ment work is getting the preference. The overseas trade 
is not very brisk, owing to the high prices and dear 
freights, but quite a respectable amount is going through 
nevertheless. India and Australia are getting fair lots 
of miscellaneous material, and particular lines are also 
being delivered to several neutral Continental ports. 
Prices remain firm and unchanged, except for sheets, 
which are dearer. 

Malleable-Iron Trade.—Active conditions are geveral 
in the malleable-iron works, as there is a very good 
demand for iron and steel bars. Prices are maintaining 
a high level, and are based on 8/. 2s. 6d. per ton, less 
5 per cent. for ‘‘ Crown” bars, and round 8/. 10s. for steel 
bars. 

Scotch Pig-Iron Trade.—Practically no change falls to 
be reported in the state of the Scotch pig-iron trade, The 
local requirements are on a large scale, but shipping 
business has not yet opened out to any extent ; indeed, it 
may be some time before export orders will figure greatly 
on the books. Hematite iron is moving freely despite 
the high price of over 903. per ton for local delivery. 
The following are the market quotations for makers 
(No. 1) iron:—Olyde, 75s. 6d.; Calder and Gartsherrie, 
ell pee — 6d. in chipped - 

lasgow) ; inton, , and Glengarnoc 8. 
at Araroosan) ; Shotts, 76s., and Oarron, 77s. 6d. (both at 
Leith). 

Tue Etxcrric-Venicte Commirter.—The  Electric- 
Vehicle Committee of the Incorporated Municipal Elec- 
trical Association has decided to offer — aggregating 
102. to drivers of electric vehicles. @ prizes will be 
awarded through the Commercial Motor-Users’ Associa- 
tion, in connection with the examinations which the 

Association is to hold this year. In reply to a request 
from the Incorporated Municipal Electrieal Association, 
the Committee has decided to prepare a report on “* The 
Use of Electric Vehicles in Municipal Service,” for dis- 
cussion at the meeting of the Association on June 17 
next. The Committee is also nge for a parade of 
sleptris Vabiaian, ebsequent tr dinetieniot: 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The difficulty of obtain- 
ing supplies of any kind tends to increase each week. 
London and the South are still making big demands 
upon the South Yorkshire output, and buyers in those 
districts are paying heavy premiums to secure preferen- 
tial treatment. The pe available on the o; 
market is the subject of keen bidding from day to day. 
Sales to London buyers of medium-class house fuel 
have been registered at 22s. Quite a substantial part 
of the output sent away from the district for distribu- 
tion among householders in the South consists not 
of house fuel, but of manufacturing cobbles. Contract 
business is falling seriously into arrears. As instancing 
the result, a Sheffield co-operative concern which caters 
for upwards of 20,000 people, finding ‘‘the situation 
does not ew out any hope for gt pn at —, 
has suspen its carting ness. e wagon shor 
has in no way heen remedied, and the difficulties 
of local business are further increased owing to higher 
working costs. Thus, in consequence of the increased 
cost of horse fodder and a further advance in carters’ 
wages, South Yorkshire cartage rates have been advanced 
15 to 20 per cent. Manufacturing fuels are a strong 
market, with prices at the moment unchanged but very 
firm. Heavy tonnages are going into the large cnguounns 
works to facilitate the expeditious completion of Govern- 
meut orders. Shipments are about on the same scale. 
The Lancashire demand for slacksis decidedly brisk. Coke 
is in moderate demand. Prices on the whole are steady. 
Quotations :—Best branch hand-picked, 21s.; y 
best Silkstone, 17s. to 18s.; Derbyshire best brights, 
16s. 6d. to 18s.; Derbyshire house, 16s. to 17s. ; best 
large nuts, 15s, to 16s.; small nuts, 13s. 6d. to 14s. 6d.; 
Yorkshire hards, 15s. to 16s.; Derbyshire hards, 15s. to 
16s.; best slacks, 7s. 6d. to 8s. 6d.; seconds, 7s. bo 8s. ; 
smalls, 5s. 6d. to 6s. 6d. 

Tron and Steel.—The market for raw material has shown 
only moderate activity this week, owing to the prevalent 
high rates. Steel-makers are hoping to . able to supple- 
ment contract deliveries with pasem. Ned at lower figures 
should the prospect of better supplies of ore materialise. 
Manufacturers engaged on heavy work for the war, 
however, have been compelled to enter the prompt 
market, and have paid high prices. As much as 1 
bas been asked for East Coast mixed numbers. Sales of 
West Coast brands have been effected round about 98s. 
Common irons are moving upwards at a brisk rate. 
Derbyshire foundry has advanced 2s. to 62s., and Derby- 
shire forgea similar amount to 60s. Lincolnshire makers 
are quoting round about 66s. to 67s. for foundry and 64s. 
to 65s. for forge. Stocks are low. ‘‘ Boom ” conditions 
_ in the beavy engineering trades. How rapid has 

n their recovery is strikingly shown in the annual 
report of the Sheffield Chamber of Commerce. The 
demand for products for equip ing and arming the Allied 
armies has proved to be much larger than been anti- 
cipated and has provided work for firms who have not 
hitherto done this class of work. The output of steel 
material during the last three months of the year reached 
the highest figures on record, but there is little doubt that 
since then those figures have been surpassed by the January 
output. ee day and night at the highest pressure, 
resources are still inadequate to meet the demand, and 
employment could be found for more plant and more men. 
Moreover, while Government requirements account for 
the major part of the work on hand, a substantial amount 
of ordinary business has come to the district which was 
formerly executed in Germany. ilway steel shows a 
further improvement, and business in special steel and 
tools is on the increase. Particular attention is being 
_ to the manufacture of shoes and dies for gold-mining. 
here is a strong demand for billets ; prices are s ly. 

Siemens acid is quoted at 10/., Bessemer acid at 9/., basic 
hard at 7/. 10s., and basic soft at 7/. 

War Facts anp Fieures.—The British Dominions 
General Insurance Company, Limited, of 1, Royal Ex- 
change-avenue, London, have issued “with their com- 
pliments” a book of war facts and figures, to which 
special articles have been contributed by Mr. Spencer 
Wilkinson, Mr. Archibald Hurd, Mr. Charles C. Gray, 
Mr. Harold C. Lafone, Mr. A. H. Oeman, and Mr. A. 
Talbot. It contains information about all the belligerent 
armies and navies, and many other interesting matters, 
in addition to many maps and diagrams. 

KEpucep Licutinec and Street Acompents.—During 
the present time of reduced public lighting it bas been 
found that the number of accidents to estrians and 
vehicular trafhe is reduced by whitening the edges of the 
street kerbs, especially at street corners and carriageway 
crossings of footpaths. For this work the City Engi- 
neer of Norwich employs a pneumatic painting machine 
mounted on a steam-wagon and cuppliel with air from a 
steam-driven com r. The painting machine su 
plies lime-wash through a hose to a nozzle spacial 
designed to confine the spray to a narrow strip, and a 
man walking behind the wagon directs the nozzle to the 
edge of the kerb. In this way the work progresses at the 
rate of about three miles an hour, though the average 
omg! is reduced to about two miles an hour owing to 
the time occupied in taking out the empty lime-wash 
Containers and replacing them with full ones. At Nor- 
Wich it has not been found necessary to purchase any 
how apparatus for the work, the whole plant having been made up of appliances temporarily out of use for other 
Purposes, Itis o ted : whose other du ee kane a A 4 street-orderly men 

NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp.LessproucH, Wednesday. 
The Cleveland Iron Trade.—Business in pig-iron is, at 

present, on a very limited scale. Continued slight fluc- 
tuations in Middlesbrough warrants, caused by operations 
of outside speculators, have a rather unsteadying influence 
on Cleveland pig-iron quotations. Customers are taking 
out supplies against contracts, and are not keen to enter 
into new business, holding the belief that they are likely 
to do better by waiting awhile. on foreign 
account is all but nil, but deliveries to home consumers 
are large, and would be considerably heavier if more 
trucks were available. With a number of furnaces 
running on slack blast, and local steel works, as well 
as other home users, consumi abnormal quantities 
of pig, stocks are not accumulating to any extent, 
and, in fact, makers declare that stores at their yards 
are not increasing at all, and that the only accumulation 
is the small addition day by day to the public warrant 
stores. That pig-iron manufacturers have confidence in 
the future is emphasised by the fact that they will not 
commit themselves forward to any extent except at prices 
above current rates. No. 3 g.m.b. Cleveland Rig is 
56s. 6d. ; No. 1 is 58s. 6d. ; No. 4 foundry, 56s.; No. 4 
forge, 55s. 6d.; and mottled and white iron, each 55s. 
East Coast hematite pig tends to be easier. Makers report 
a few sales of mixed numbers at 90s., and that is regarded 
as the general market quotation; but merchants are 
pegnees to entertain offers at less, and some would 
oubtless accept 87s. 6d. Second hands, however, have 

little iron to dispose of. So far as can be ascertained, 
there is <0 gy f= oy in foreign ore, and prices are not 
easily fixed. arket quotations are nominally on the 
basis of round about 28s. 6d. ex-ship Tees for Rubio of 
50 per cent. oe. Freights Bilbao-Middlesbrough are 
13s. 74d. Coke is in fairly good request for local use, and 
Durham beehive average blast-furnace kinds are 17s. 9d. 
to 188. delivered at Tees-side works. 

Stocks and Shipments.—Stocks of Cleveland pig-iron 
in the public warrant stores now stand at 121,188 tons. 
Since the beginning of the month the stock has been 
increased by 4536 tons. Shipments of pig-iron from the 
Tees to date this month average 422 tons per working 
day, the total despatches being returned at tons, all 
of which has ar from Middlesbrough. To the same 
date last month the loadings were given at 9090 tons, or 
a daily average of 606 tons, and for the correspondin 

of February, a year ago, the clearances reach 
1,040 tons, or an average of 3402 tons per working day. 

Manufactured Iron and Steel.—There is little new to 
report concerning the various branches of the manufac- 
tured iron and steel industries. In all departments a 
great deal of work is being executed, pe have 
orders booked sufficient to keep them employed for 
some time to come. Principal market quotations stand : 
—Common iron bars, 8. 10s.; best bars, 8/. 17s. 6d.; 
best best bars, 9/. 5s. ; packing-iron, 7/. ; iron ship-plates, 
81. 10s. ; iron ship-angles, 8/. 10s. ; iron ship-rivets, 91. to 
91. 5s.; iron girder-plates, 8/.; steel bars (basic), 8J. ; 
steel bars (Siemens), 8/. ; steel ship-plates, 82. 10s. ; s 
ship-angles, 8/. 5s. ; steel boiler-plates, 91. 10s ; steel joists, 
81. 7s. 6d. to 81. 10s.; steel hoops, 8/. 5s.; steel strip, 
7l. 10s.—all less the customary cent. discount ; 
cast-iron columns, 7/. 7s. 6d. ; cast-iron railway chairs, 
4l. 7s. 6d. to 4/. 10s.; light iron rails, 7. 15s.; heavy 
steel rails, 61. 7s. 6d. to 6/. 10s. ; steel railway sleepers, 
8/.—all netf.o.b. ; galvanised ted sheets, 24 gauge, 
in bundles, 11/. 10s. to 12/. f.0.b.—less 4 per cent. 

NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has shown no great 

activity, but the pressure recently experienced contin’ 
and the outlook for the balance of the month is conside 
strong. Colliery-owners report full order-books for some 
time to come, and in many cases they are declining fresh 
orders at any price for delivery in February, while they 
require higher terms for . The best Admiralty 
large steam-coal has made 22s. to 22s. 6d.; best secondary 
ualities have brought 20s. 6d. to 21s. 6d.; other secon- 
lary descriptions have realised 20s. 3d. to 20s. 9d.; best 

bunker smalls, 17s. to 17s. 6d.; and smalls, 15s. to 
16s. per ton. The best household coal been quoted 
at 21s. to 22s.; good households have made 19s. to 20s.; 
No. 2 Rhondda large has brought 17s. 6d. to 18s. ; and 
No. 2 smalls have realised 14s. 6d. to 15s. per ton. Special 
foundry coke has brought 32s. to 35s.; good foundry coke, 
28s. to 32s.; and furnace coke, 22s. to 25s. per ton. As 
regards iron ore, Rubie has been quoted at 26s. to 28s. 
per ton, upon a basis of 50 per cent. of iron, and o 
including freight, insurance, &c., to Cardiff or Newport. 

ong See directors of the Rbymney 
Railway mpany recommend a dividend for the past 
half-year at the rate of 44 ow cent. per annum u the 
ordinary stock, making with the interim dividend a total 
return of 8} per cent. for 1914. The expenditure on 
capital account for 1914 includes 17,433/. for widening 
and sidings south of Caerphilly Tunnel, 85751. on account 
of a new station at Caerphilly, and 15,199/. for widening 
from Ystrad to Pwilypant. 

Welsh Coal P cts.— At the annual meeting of the 
Albion Steam Company, Limited, the chairman 
(Mr. Alderman Mathias) said there was a probability 
that high prices would obtain for coal this year, but 
as a large number of miners had joined the Colours 
there was likelihood of greatly reduced output. This 
meant & serious increase in the cost of production, in addi- 

dividends upon the company’s preference shares, but if 
the company did as well this year as in 1914 it would 
earn enough, with the undivided balance (15,5587 ), to pay 
four years’ preference arrears. 

A Dowlais Manager.—Mr. W. Evans, manager of the 
Dowlais Works, Dowlais, died on Friday from pneu- 
monia, after only two days’ illness. Mr. Evans, who was 
seventy-two — of age, had had a long managerial 
experience, an was for some time general manager 
of the OCyfarthfa Iron and Steel Works and Collieries. 
When the Dowlais concerns were amalgamated into an 
iron and steel combine with Messrs. Guest, Keen and 
Nettlefolds, Mr. Evans assumed the position which he 
held at his death. Mr. Evans was a member of the 
Institution of Civil Engineers, of the Colliery-Owners’ 
— and of the Council of the Iron and Steel 
netitute. 

A Colliery Purchase.—Negotiations have been com- 
pleted for the purchase by the Powell Duffryn Company 
of the Blaenant Colliery, Aberdare, together with a right 
to work all minerals at present undeveloped upon Lord 
Bute’s estates in the Abernant district. The Blaenant 
Colliery and adjoining minerals comprise an area of 1500 
acres of steam-coal seams to the east of Aberdare. lyin 
between the Aberdare Valley properties of the Powell 
Daffryn Mee ge A and their Sguborwen Colliery. The 
acquisition of the new property will give the Powell 
Duffryn a continuous ownership of an area of about 
4 ‘miles each way. 

AUSTRALIAN RarLways.—According to a report issued 
by the High Commissioner for Au ia progress is 
being e in the construction of the nscontinental 
Railway, which is to link up the railways of Western 
Australia with those of the Eastern States. During the 
four weeks ended December 19, 34} miles of posers 
was accomplished. This is a record for this line, and, so 
far as is known here, for railways in Australia. It is anti- 
cipated that still further progress will be made in the cur- 
rent year. At the West Australian end the head of the road 
now stands at 152 miles ; the earthworks have been com- 
pleted to the 157 mile, and the telegraph-line to 148 miles, 
18 miles having been erected during the month. In the 
South Australian section the head of the road has reached 
156 miles. The earthworks extend to about 160 miles, 
and the telegraph-line to 149 miles, 16 miles having been 
erected during the month. At the western end there ara 
some 628 men employed, and at the eastern end 1432 
men. The total number of miles of line laid is 308, 
This is exclusive of a considerable mileage of sidings, 
yards, &c. At the head of the road on the eastern end 
150 scoops are at present working in one gang. Good 
water has been struck in wells between 158 and 186, 
in the South Australian section, and boring for water is 
being continued at both ends in advance of construc- 
tion. One reservoir dam is almost finished in 
the eastern rection, and two others are under construc- 
tion, and also one in the western section. The news of 
the Pine Creek- Katherine River Railway, in the Northern 
Territory, is that the clearing has been completed for 
about 35 miles, the earthworks for 9 miles, and the water- 
ways for 11 miles, some 228 mun being employed. Rails 
and other material are now beirg landed at Port De~-in. 

Tue Late Rev. G. M. Oarrii.—On the 28th ult, there 
were away in the person of the Rev. G. M. Capell, 

tor of Passenham, Stony Stratford, a figure well 
known and widely respected in the mining world. Born 
in London in 1844, he was the son of the Hon. Adolphus 
Capell, brother of the fifth Earl of Essex, and the Hon. 
Mrs. Capell. eldest daughter of Viscount Maynard. He 
entered the Church and became Rector of Passenham in 
1870, a position which he retained until his death. There 
is no obvious connection between farming and mine- 
ventilation, yet it is owing to the fact that Mr. ee 
farmed his own land that bis attention was directed to 
the subject of fans, with which his name will always be 
associated. Finding his haystacks heating on one occa- 
sion, he applied artificial ventilation by means of a small 
hand-driven fan constructed in his own workshop, and 
successfully overcame the trouble in this way. e con- 
struction of this little fan led Mr. Capell to make many 
improvements in the design of fans, ard culminated in 
the construction of large fans for mine-ventilation and 
other Capell fans were a wide d ure 
from Bai and other large fans previously em- 
loyed for mine- ventilation, their principal features 
ing smal), high-speed runners. curved vanes, and 

large ratio of inlet area to body capacity. These 
features led to increased efficiency, reduced oil consump- 
tion, and low maintenance costs, the latter resulting 
from the greater rigidity of the structure. The merits 
of the fans were first recognised in Germany and Belgium, 
and a large number were installed in some of the prin- 
cipal collieries of these countries. Owing to the restricted 
air-ways in the thin eeams of these mines the fans were 
designed for very high pressures or vacua—in some 
instances as high as 15 in. water-gauge. Some hundreds 
of these fans have also been instalied in Ergland, France, 
and America, and some of them have been running satis- 
factorily for twenty-five years. During recent years Mr. 
—— devoted his attention to the design of marine 

aerial propellers, and doubtless his death will deprive 
the nation of some useful improvements in there appli- 
ances. His genial manner and devotion to scient'fic 
matters made him very popular with mining engineers, 
colliery ietors, and others with whom be came into 
contact in this country as well as on the Cuntinent and in 
America, so that his loes will be widely felt from the 

tion to which there was, of a emaller quantity for 
aale, Faesb Gesb 00 pounas tne peat! anaes of 

social standpoint as well as from the technical point of 
view: 
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GARDNER’S INTEGRATING AND RECORDING WEIR METER. 

CONSTRUCTED BY MESSRS. GLENFIELD AND KENNEDY, LIMITED, ENGINEERS, KILMARNOCK. 

(For Description, see Page 229.) 

i . . . . f an e ec The following comparison between the two ¢ of | these ts may reduce the efficiency of the vrocess, | within the substance itself. temperature o furnaces is given in the Jron Age :—In the comtnation sadn ma nes furnace is free from these difficulties. | tric furnace is under absolute control. aw 
furnace, no matter what form of fuel is used, the tem- | In the'electric furnace the temperature attainable is the | desired, whether neutral, oxidising, or uoing, 4 Ms perature cannot exceed 2000 deg. Cent. In the combus- | same, whether the furnace be operated on a commercial | obtained within the electric furnace. is . tion furnace the efficiency varies from 2 per cent. to 60 per |or a“laboratory scale. In the electric furnace the heat together with the fact that the product is generally cent., whereas in the electric furnace it a 

i 60 per cent. In the combustion furnace not onl 
about | may be developed at any desired point, and by passing |much purer than that of the combustion furnace, is 4 

Fie. 4. Fie, 6. 

Execrric and ComBusTion Furnaces ComparEp.— necessary to take care of the ucts of combustion, but | the heat necessary for the tore may be Sovceget 

y is it | the curremt through the substance that is to be treated | great factor in favour of the electric furnace. 
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THE TEST AND TRIAL OF THE NAVY. 
Tue official review placed before the House of 

Commons on Monday last by the First Lord of the 
Admiralty of what he termed *‘ the test and trial” 
of the Navy was most opportune, since we are this 
week supposed to enter upon a new phase of the 
war at sea. Germany issued a warning to 
neutral States couched in terms which suggest that 
they propose a ‘‘ blockade” of the United Kingdom, 
to prevent all merchant shipping entering and leav- 
ing our ports, and to sink without warning or board- 
ing any ship carrying a neutral flag, but suspected 
of being of British ownership or carrying contra- 
band of war. This state of affairs was to begin 
yesterday—the 18th—and it is yet too soon to 
appraise the effectiveness of the ‘* blockade ;” but 
Mr. Churchill’s review of the progress of the war 
so far does not justify any feeling of anxiety 

It was a 
remarkable coincidence that at this interesting 

e of the war the First Lord of the Admiralty 
had, in the ordinary course, to present the Navy 
Estimates to Parliament, and to make his annual 
statement in justification of such estimates. 
Naturally, these estimates are without any details, 
being represented only by token votes, while the 
number of men asked for—260,000—is more or less 
vaguely assumed. In justification of the measure of 

229 confidence thus asked for from the Houseof Commons 
in the giving to the Government of a blank cheque 

229 | for the year’s expenses on the Navy, Mr. Churchill 
was easily able to give sound reasons for the com- 
pletely hopeful spirit which he adopted and suc- 
ceeded in imparting to the entire House, and indeed 
to the nation. As the leader of the Opposition, 
Mr. Bonar Law, said afterwards: ‘‘ We are now 

faced with a new kind of threat, and no doubt 
attempts to carry it out will be made; but I think 

»-| that if it could have been carried out. effectively it 
lowing | would have been done already.” In other words, 

Germany threatens to begin now what she has been 
* eae oe for six months to effect. In estimating the 

ilities of the enemy’s success we cannot but be 
| fnduenced by the fact that our Fleet has established 

our superiority in tactics, in material, in gunnery, 
hair: | and i in the morale of our officers and men. 

Assuming as genuine the imed intention 
of the German naval authorities—an assumption 
which we cannot base on conviction—it seems that 
there is intended a concentrated attack upon our 
coast by submarine craft. In six months only 63 
British merchant vessels, excluding mine-swee 
have been lost, notwithstanding that there are 
8000 British merchant ships continuously at sea, and 
that the arrivals at British ports number 1500 per 
month. In the past three months 15 of the 19 mer- 
chant vessels sunk have been destroyed by sub- 
marines. The percentage of loss to me number of 
vessels afloat and trading to our ports is com 
tively small, and there is thus justification for the 
calmness with which the British people regard the 
new menace. The question arises as to whether 
the German submarine fleet is now being greatly 
augmented. Mr. Churchill stated in the House of 
Commons the other day that shortly before the 
outbreak of war there were completed twenty-eight 
German submarines, while sixteen were either 
under construction or had been ordered. In 
addition, there were six stibmarines stated 
to be under construction ‘in Germany for 
foreign Powers. If all these-submarines were 

mpleted and in use in the German Fleet, their 
tota , excluding losser, would only be fifty. The ques- 
tion arises as to how many of the vessels laid down 
after the outbreak of war have been completed b 
this time. ‘It is conceivable that very small craft 
might have been constructed within seven months, 
but this is practically impossible in the case of vessels 
of sufficient size to give a radius of action to enable 
them to participate in a blockade on the western 
coast of the United Kingdom, Thus at the present 
time Germany cannot ‘to make a liberal 

- | assumption, more than twenty boats having a radius 
of action equal to the task now im upon them 
on our western seaboard. It is said that several of 
their a boats were to be of 1200 tons = lace- 
ment, with four light disappearing guns, as well as an 
increated number of canpbde. firfog tubes, some of 
them discharging on the broadside. These would 
be formidable vessele, and may be available in 
the new campaign. The Admiralty, it may be safely 
assumed, do not disparage in any degree the threat 
made by Germany. On the contrary, they will 
accept her warning, and will take adequate 
measures to meet the new menace. Obviously, 
the extent and nature of the defence or counter- 
attack cannot be disclosed. As the First Lord told 
the House: ‘‘ We shall be able to meet any new 
efforts with advantages and resources incomparably 
superior to those which we had at our disposal at 
the beginning of the war.” 

The confidence which the country, no less than 
Parliament, has reposed in abundant measure in 
the Navy is based on the experience of the past 
six months, and it is thus we ell that the results of 
the “test and trial” of the Navy should be brought 
home clearly to all. Comparisons are sometimes 
made of the losses of warships on both sides, but 
these are unsatisfactory when measured by dis- 
placement tonnage or by the number of guns fitted. 
A ship commences to be obsolescent as soon as 
she is first commissioned. Consequently the 
value of a 15,000-ton ship fifteen years old is 
very much less than one of the same tonnage 
built ten years later. In order to arrive at as 
true a comparison as possible, taking into con- 
sideration the degree of obsolescence, we have 
summed up the present value of the warships lost 
by the British and German navies, deducting from 
their cost when new a percentage per annum for 
depreciation according to the various types and to 
the practice of the ius Powers in their system of 
accounting. This is a rough method of estimating 
the present relative fighting value of the ships. 
From this we find that, including even the Bul- 
wark, which was lost through misadventure, and 
not by war, the British warship losses since the 
beginning of August represent a value, less depre- 
ciation, of just under four millions sterling, whereas 
the German losses on the same basis considerably 
exceed five millions sterling. The losses of German 
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merchantmen are enormously greater than of 
British ships. Indeed, there are now no German 
merchant ships on the high seas. Imports to Ger- 
many are therefore entirely carried in neutral 
ships, and the pressure of British superiority on 
the seas exercised in preventing contraband of war 
entering German ports has brought about a situa- 
tion in Germany which must, sooner rather than 
later, influence the final issue. As Mr. Bonar Law 
sxid: ‘* Our weapon by which we hope to bring 
this war toa close is sea power, and no Govern- 
ment would be justified in giving up a single one 
of the rights which that sea power gives.” 
The establishment of that sea power since August 

is due in very large measure to the superiority of 
our war fleet. Just as our defeat off the Chile 
coast was due to preponderance of gun-power and 
superior speed on the part of the German fleet, so 
our victory off the Falkland Islands is attributable 
to the same causes. This latter victory disclosed, 
as the First Lord showed, a marvellous state of 
efficiency, alike in personnel and matériel. As 
regards the latter, it is shown that the vessels 
during the fight really achieved speeds in excess 
of those attained under the almost ideal condi- 
tions on trial trips. The Kent, launched thirteen 
years ago, and designed to attain 23} knots, 
according to Mr. Churchill caught up and defeated 
a vessel capable of steaming 244 knots ; a perform- 
ance which reflects the highest possible credit on 
the engineering branch of the Navy. This is particu- 
larly so, as the machinery of the Kent is of the 
reciprocating type, which is not so easy to over- 
eal as in the case of turbines. The other vessels, 
notably, the battle - cruisers, attained similar 
tuperiority during the fight over trial-trip results, 
oan c sequently increased the tactical advantages. 

This victory off the Falkland Islands, as Mr. 
Churchill pointed out, terminated the first phase 
of the naval war by effecting a decisive clearance of 
the German flag from the oceans of the world ; the 
two smal] German cruisers and two armed merchant- 
men which now remain at large, after all the formid- 

- able preparation for the attack on our trade routes, 
are at present in hiding. The Dogger Bank action 
between the giant cruisers of both fleets threw light, 
as the First Lord pointed out, upon rival systems of 
design and armament, and — relative gunnery 
efliciency. As in the case of the en ment off 
the Falkland Islands, the merits of unity of gun 
calibre in big, fast ships were clearly demon- 
strated. The all-big-gun ship of great speed, 
advocated and brought into being with characteristic 
resoluteness by Lord Fisher, against great opposi- 
tion, proved of enormous advantage. e Bliicher, 
although built as a reply to the earliest of these 
mighty cruisers, proved herself very d.-ficient. 
Again, it was established that the engineering 
branch of the Service conferred great advantage from 
the tactical standpoint, the speed attained being in 
excess of that reached on trial trips. Incidentally, 
the advantage of oil fuel was further proved, and 
the First Lord of the Admiralty made the interesting 
announcement that in addition to all of the vessels 
of the Queen Elizabeth class being fitted to burn 
oil fuel only, it has now been decided to alter the 
boilers of the vessels of the Royal Sovereign class, 
so that, instead of using coal and oil alternatively, 
as originally proposed, they will be exclusively 
oil-fuel burning There is gain primarily in the 
maintenance of high speed over a long period, as 
there is no possibility of clinkering or of foul tubes, 
and also, secondarily, in the re-fueling of ships 
under very easy conditions. This is a point of 
vital importance, particularly as our ships are based 
now on ports which have not the coaling facilities 
of dockyards. 

The action off the Dogger Bank was, as we 
have said, essentially a triumph of British guns 
and gunnery. We think some credit should be 
given to the armament makers as well as to the 
un-control staff and the man behind the gun, 

use it was a case of rapidity of firing as well 
as of accuracy. No one antici»ated that such 
marvellous practice could be achieved at 9 miles 
range as was displayed by the battle-cruisers of 
the British Fleet. Indeed, when it was proposed 
to fit larger than 12-in. guns to battle-cruisers, the 
argument, even of experienced naval officers, was 
that seldom would atmospheric conditions in the 
North Sea enable ships to fight at more than three 
or four miles’ range, and t even if this were 
occasionally possible, the practice would probably be 
so inaccurate as to be ineffective, and that smaller 
gune with a greater rapidity of fire were prefer: 

able. To all this, however, Lord Fisher brought 
redominant reasoning, and proceeded on his well- 
ounded conviction. Mr. Winston Churchill did well 
to refer to Lord Fisher’s work in the House of 
Commons on Monday. The final significance of the 
Dogger Bank action was the moral effect it must 
have produced. As the First Lord said in his 
speech, the Germans accepted without doubt or 
hesitation their inferiority ; they thought only of 
flight as our men thought only of pursuit. It will 
thus be recognised that in material, as well as in 
morale, we have established an enormous supe- 
riority, and that at the comparatively slight, but 
still greatly regrettable, loss of 6500 officers and 
men of our Navy since the commencement of 
the war. 
We thus enter this week upon what may be 

regarded as the third phase of the war with in- 
creased confidence. e have swept the farther 
seas clear of the enemy; in the actions of ‘‘ test 
and trial” we have established our superiority ; 
we have transported a million men across the seas 
without any accident or loss of life, in convoys each 
of forty or fifty ships, with attendant cruisers. 
Now the task which lies before us is ‘‘ anxious 
and grave,” to quote Mr. Churchill. Losses, no 
doubt, will be incurred. Of that he gave full 
warning, but he was perfectly confident that no 
vital injury could be done. ‘The reply which we 
are making is indicated in Mr. Churchill’s words 
to the effect that so far we have not attempted to 
stop imports of food to Germany ; that we have not 
revented neutral ships from trading direct with 
erman ports; and that we have allowed German 

exports in neutral — pass unchallenged. But, 
he added, ‘‘ the time come when the enjoyment 
of these immunities by a State which, as a matter 
of deliberate policy, places herself outside inter 
national obligation must be reconsidered.” The only 
interpretation to be put on these words is that a 
blockade of Germany will be declared. In any 
case, all is well with the Navy. We have an im- 
mense programme of new construction maturing 
to reinforce the Fleet and replace casualties, 
and a pre-arranged system for accelerating new 
construction has been found to yield  satis- 
factory and even surprising results. Our supply 
of ammunition is reported to be satisfactory, due 
in large measure to the steady increase in recent 
years in the funds granted by Parliament. The 
oil supply is —— and prices are favourable. 
Finally, as Mr. Churchill said, ‘“‘the Navy is as 
sound as a bell all through. . . . It will be 
found to be the product of good management and 
organisation, of sound principle in design and 
strategy, of sterling workmen and faithful work- 
manship, of careful clerks and accountants, of 
skilful engineers, and painstaking officers and 
hardy tars.” 

RESUSCITATION FROM MINE-GAS 
POISONING. 

THovcn the miner may dread methane, fire- 
damp, as his most dangerous enemy, the invidious 
afterdamp—the carbon monoxide produced by the 
explosion of methane and the combustion of coal- 
dust—generally claims more victims than the 
mechanical force of the explosion. In cases of 
carbon-monoxide poisoning (comprising poisoning 
by illuminating gas, which frequently contains 
water-gas) the chief thing is to bring oxygen into 
the system. The hiemoglobin of the blood acts as 
carrier for the oxygen, but when CO is present 
the CO is bound by preference by the hemoglobin ; 
neither forms a permanent compound with 
ncvee Boag however, but unites with it, or sepa- 
rates from it, according to the law of mass action 
and partial a. Thus a man, overcome by 
the gases following an explosion in a mine, will 
often quickly recover when brought into pure air, 
if he is still breathing. But even when the mine 
air does not contain more than 0.6 per cent. of 
CO, continued breathing of that air may make the 
lungs unfit for their task, and unconsciousness and 
asphyxiation may result. In such cases artificial 
breathing may apparently cure the victim ; but he 
may yet succumb after a few days or weeks, or 
suffer permanently from impaired sight or mental 
disturbance, if once the CO caused a degenera- 
tion of certain cells in the brain. 

Artificial respiration is best secured by the 
method which Sir Edward Schaefer and Professor 
P. T, Herring worked out at Edinburgh. The 
patient is placed on his belly, with his face tarned 

sideways so as not to obstruct breathing, and the 
operator applies pressure on the lowest ribs and 
loins, rhythmically swinging his own body forward 
and backward for this purpose; this procedure 
does not tire the operator out, and the lungs 
expand again automatically as soon as the pres- 
sure is released. The other methods—in which 
the patient is laid on his back, and his chest is 
expanded by drawing the arms forward and push- 
ing them back—are more trying to the operator, 
and less profitable for the patient, though the 
Sylvester method is advantageous in some respects. 

A committee of physiologists was appointed by 
the United States Bureau of Mines in 1912 to 
inquire into ‘ Resuscitation from Mine Gases.” 
Most of the experts had been members of a similar 
committee to report on ‘‘ Resuscitation from Electric 
Shock.” The two reports have been considered 
by practical men, and the conclusions arrived at 
are embodied in Technical Paper 77 of the Bureau 
of Mines. The chief recommendations are :—In 
case of gassing, take the victim at once into fresh 
air, and immediately give manual artificial respira- 
tion; do not stop to loosen clothing; every 
moment of delay is serious. In case of electric 
shock, free the patient from the current with a 
single quick motion, using any dry non-conductor ; 
have the current shut off, and start artificial 
breathing. Do not apply artificial respiration 
if the patient in breathing slowly; in cases 
of gassing give oxygen; do not use any mechanical 
resuscitating device unless it is operated by hand, 
and has no suction effect on the lungs. Use the 
Schaefer or prone-pressure method of artificial 
respiration without a moment’s delay, and con- 
tinue it, if necessary, for two hours and more, 
until natural breathing is restored. Keep the body 
warm, in fresh air, and send for a medical man. 

Artificial respiration by the pulmotor or by the 
similar Brat apparatus is not recommended by the 
Committee. ey found the pulmotor in many 
mines in the United States—it is the same over 
here—but they could not obtain any definite reli- 
able information about its having been successfully 
used. The Edison Company of New York sub- 
mitted records of twenty-one cases of gas-poisoning 
in which the pulmotor was said to have answered ; 
but the reports rested chiefly on hearsay evidence 
of chauffeurs and other men. In other cises from 
the Carnegie Steel Works (collapse during an 
amputation and poisoning by nitrous acid) and in 
other works the pulmotor certainly was testified 
to have setae by physicians and surgeons ; 
but the Committee object that respiration was 
restored very quickly (in a few minutes), and 
that there is no proof hence that the pul- 
motor had really done any good, as the patient 
might have recovered by himself. In any case, 

they argue, the cure was probably due to the 
oxygen -inhaling device of the pulmotor. This 
criticism appears captious, and seems to be based 
chiefly on experiments made on anzsthetised 
animals, which brought out two objections : inspira- 
tion seemed to ve easily turned into expiration, and 
the expiration was due to suction ; under that suc- 
tion the bronchioles and alveoli collapsed and stuck 
together, which would become dangerous if the 
apparatus were mechanically worked for a long 
time. It is pointed out in this connection that in 
the successful pulmotor cases, the men were only 
treated for a short time, whilst in the one case in 
which the pulmotor treatment was unsuccessfully 
continued for hours, pulmonary hemorrhage was 
subsequently detected by the autopsy. 

The Committee have no objection to hand- 
guided pulmotors, used in conjunction with a 
manual method of resuscitation. They recommend, 
on the other had, a mechanical apparatus which 
one of their members, Dr. S. J. Meltzer, devised 
for resuscitation from electric shock. This appa- 
ratus is particularly constructed to prevent the 
escape of the introduced air or oxygen through the 
nose and mouth or into the stomach. For the last- 
mentioned p the stomach is compressed by a 
belt and weight, or, in emergency cases, by the 
knee of the operator. In order to secure the former 
aims the inspiration-tube ends either in a mask or 
in a special pharyngeal-tube ; on the other end of 
the tube is the respiration-valve, which is fitted 
with a sliding ring ; when the ring is pushed (by 
hand) to the left, air is exhaled ; when to the right, 
air is inhaled. On the far side from the respiration 
valve are the oxygen-cylinders Reape see _ 

ure on the abdomen is to quicken circulation, 
tnd in eases of collapes and operations in particular, 
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a stomach-tube is pushed Momh Be pharyngeal- 
tube down into the stomach. i is om is 
said to have given satisfaction ; its advantages, 
however, are not very striking; in particular one 
does not feel certain that it will always be ready for 
service, and a single lost moment may prove fatal. 
But, of course, all depends on actual experience. 

WAR BONUS FOR RAILWAY MEN. 
CoNCUBRENTLY with the recent increase in the 

cost of living there have been marked indications 
of labour unrest, and in many directions demands 
are being made for advancement of wages. The 
case of the railway employees is in some respects 
peculiar. In the ordinary course a large proportion 
of the Conciliation Board settlements would have 
terminated at or about the end of last year, and 
the National Union of Railway Men had drafted a 
new national programme of demands, the principal 
item of which was an application for an advance of 
wages of 5s. per week. This programme was asso- 
ciated in the men’s minds with an amended concilia- 
tion scheme which was being negotiated when the war 
broke out last August. It may be recalled that the 
first scheme for conciliation and arbitration applic- 
able to railway employees was agreed to in 1907, 
and was considerably amended by the Royal Com- 
mission appointed to consider the matter after the 
railway strike of August, 1911. The 1911 scheme 
was terminable at the end of last year, and, 
in fact, the men’s representatives had given 
notice to determine it on December 1. The uego- 
tiations for an amended scheme, which it was 
hoped would embody some form of recognition of 
the men’s trade-union representatives, had reached 
an advanced stage ; indeed, we understand that at 
meetings held in July the broad outlines of the new 
scheme had been agreed to by the parties concerned 
—viz., a committee of seven general managers on 
behalf of the railways, and representatives of the 
National Union of Railwaymen and of the Asso- 
ciated Society of Locomotive Engineers and Fire- 
men for the men. The outbreak of war put a 
period to these negotiations and to the men’s 
hopes of immediate revision of their service condi- 
tions. Moreover, in view of the urgency of the 
position from a national point of view, the same 
parties entered into an agreement which provided 
for the continuance of the 1911 conciliation scheme 
and of the settlements thereunder for an indefinite 
period, subject to six weeks’ notice by either 
party. This arrangement was accep’ by. the 
railway men without demur until early this year, 
when renewed demands to proceed with the national 
programme were made by a large number of branches 
of the union. There was obvious danger of the 
union officials being stampeded into taking a course 
of action that would have been distinctly opposed 
to national interests, bearing in mind the importance 
of maintaining railway communication, and a crisis 
was only averted by a meeting between the parties. 
After much negotiation an agreement was arrived 
at last Saturday. This provides that a bonus 
of 3s. per week shall be paid to all employees of 
eighteen years of age and upwards, embraced in the 
conciliation scheme, whose standard rate of wages 
is under 30s., and 2s. to employees whose standard 
rate of wages is 303s. or more, the first payment to 
be made in the week commencing February 15. 
The arrangement is to remain in force during the 
continuance of the present agreement between the 
Government and the railway companies, but to be 
subject to review at the end of three months. 
When notice is given by the Government to deter- 
mine their control of the railways, the railway 
companies will give not less than two weeks’ notice 
to the railwaymen’s trade unions to discontinue the 
bonus. We estimate that some 275,000 men are 
directly affected by the agreement, and assuming 
that one-third of them receive wages of 30s. and 
upwards, the cost of the bonus will be at the rate 
of about two million pounds per annum. 

But obviously the concession of a war bonus 
cannot be limited to one section only of the railway 
employees. There are about 180, wage-earners 
outside the conciliation scheme, apart from 60,000 
clerks ; and even if the latter be excluded, the 
former will have to be considered. The greater 
number of men so involved are artisans and 
labourers employed in the large railway works, and 
there has already been considerable agitation at 
certain of the large centres. That these men will 
have to be dealt with is, we believe, generally 

Lancashire 

and Yorkshire Railway has already effected a settle- 
ment with the men at Horwich Works, under 
which an advance of w: of 2s. has been given 
to adults, coupled with an addition of 5 per cent. 
to the piecework rates and Is. to boys. This 
basis has also been accepted by the Midland Com- 
a a employees at Derby, while the Swindon 

orks men have been granted a bonus on similar 
terms to that applicable to railway men. [f, as we 
anticipate, the majority of the men outside the 
conciliation scheme are granted a bonus or ad- 
vance of wages, the additional cost will be at the 
rate of at least 1,000,000/. per annum, from which 
it will be seen that the railways are committed to 
a very substantial addition to their wages bills. 

We should add that while the Scotch and certain 
English railways were not parties to the agree- 
ment, it is understood that they generally recognise 
the necessity for making an allowance, and it may 
be taken that, for all practical purposes, the 
arrangement is applicable to all the railway com- 
panies of Great Britain. The North-Eastern Rail- 
way is negotiating direct with its Conciliation Con- 
ference, and the Scotch companies with their 
own men. 

PHENOL FOR COAL ANALYSIS. 
BroapDiy speaking, coal is analysed and tested 

for practical purposes in two ways. In one case 
the elementary constituents of the coal—carbon, 
hydrogen, oxygen, and nitrogen—are determined 
separately by ultimate analysis, in addition to 
moisture and ash ; the data obtained are useful for 
calculating the total heat content or calorific value 
of the coal. Alternatively the volatile matter is 
separated by distillation from the tixed carbon ; the 
ratio of the two, designated the fuel ratio, in a 
certain measure indicates how much of the coal will 
be available as coke and how much in volatile and 
condensable products. Neither of the two methods 
gives any clue as to the real constituents of the 
coal, which is more or less a complex of hydro- 
carbons. But as it is quite understood that coal 
changes in the course of time, and that the 
period during which a coal may be stored with- 
out serious loss, its spontaneous combustion, 
smoke formation, and the behaviour of coal in 
general depend uponthenature of the original consti- 
tuents, other methods have been tried. ese latter 
methods are still in the research stage. The 
general idea of the research is to separate the 
different constituents so far as possible by the use 
of solvents. Already at the time of the first 
London Exhibition of 1851, Smythe tried benzene, 
chloroform, alcohol, acetone, ethyl ether, and 
petroleum ether, for this purpose on a lignite from 
the Rhine; Remsch, in 1885, used alkaline solvents. 
H. B. Baker, in 1901, and A. Wahl, and several 
others after him applied pyridin with better results 
than previously obtained. A. H. Clark and R. V. 
Wheeler* found that pyridin roughly separated the 
coal into an extract containing mainly the resinous 
substances—i.e., the degradation products of the 
resins and gums in the plants which had been 
transformed into coal, and an insoluble residue 
consisting of the degradation products of the cellu- 
lose ; by further treating the pyridin extract with 
chloroform they obtained an extract almost entirely 
resinous in character. They also observed that the 
destructive distillation of coal gave, below 750 deg. 
Cent., chiefly ‘‘ paraffin-yielding ” constituents de- 
rived from the resinous compounds, and above that 
temperature ‘* hydrogen - yielding ” compounds 
(mainly hydrogen and oxides of carbon). Thus the 
extraction with pyridin and chloroform effected 
somewhat the same separation of the coal consti- 
tuents as the destructive distillation, and coal would 
— to consist of two types of constituents, 
differing as to the case of their decomposition. 

Other organic solvents were tried in 1912 by 
Frazer and Hoffman (Technical Paper 5 of the 
the United States Bureau of Mines). They found 
phenol to be a suitable solvent, and phenol in al 
ticular has been experimented with by 8S. W. Parr 
and H. F. Hadley in the Engineering Experiment 
Station of the University of Illinois (see Bulletin 
76 of that station). Pars and Hadley have studied 
a great many organic solvents as to their effective- 
ness as solvent. fr coal. In the first rank they 
put phenol (C,H, © H, chemically the alcohol of 
benzene; it has the character of an acid, and 
is commonly styled carbolic acid]. The several 

sosepted by the railways; indeed, the 

cresols, aniline and methyl aniline, otherwise effi- 
cient, decomposed during the extraction. Pyridin 
came next in order, but it appeared to introduce 
some nitrogen into the extract, a fact alread 
noticed by others ; acetone, benzene, carbon disul- 
phide, and turpentine gave only small amounts of 
extract. When the extraction in the hot by means 
of phenol was continued too long, above twenty 
hours, a little phenol or some decomposition pro- 
duct of it remained in the extract. 

Fifteen different coals, mostly from various mines 
in the State of Illinois, have been treated with 
phenol, generally in samples of about 5 grammes, 
ranging in ash content from 3 to 13.5 per cent. 
In all cases the extract and the residue together 
approximately made up 100 per cent., again show- 
ing that the continued extraction did not lead to 
any loss or gain of substance. The rtions of 
extract to residue varied greatly in different cases ; 
a lignite from Wyoming yielded only 0.6 gramme 
of extract, a Pocahontas coal from Western Vir- 
ginia only 0.09 gramme; the average weight of 
extract was about 1.5 gramme, the rest being in- 
soluble residue. The extract had in most cases 
a sufficiently definite melting-point and decompo- 
sition temperature, and seemed to be the vital 

constituent concerned in the coking. Both the 
extract and the residue, especially the latter, as 
well as the coal itself, Bos absorbed oxygen, 
and the oxygen seemed to be chemically bound. 
In this respect Parr and Hadley differ from Clark 
and Wheeler, who assumed that the oxygen formed 
more or less loose additional complexes, not of defi- 
nite compositions, with the constituents of the 
coal. The coking pro of the extract was 
decidedly iapelent Ly the absorption of oxygen. 

These are the chief results. We will give a few 
ticulars of the experiments, which appear to 

ave been conducted with care and forethought. 
Owing to the importance of avoiding oxidation, the 
continuous extraction, at 110 deg. Cent., was 
generally effected im an atmosphere of carbon 
dioxide. At higher temperatures, more extract 
and less residue was obtained than at 110 deg. 
Cent. In order to free the product from the 
solvent, phenol, distillation was carried on at 
reduced pressure. The cooled extract softened 
when heated above 300 deg., without at first becom- 
ing sticky; at higher temperature it swelled to 
three or four times its volume, gave off volatile 
matter, and loft a very friable, shiny mass; not 
heated above 350 deg., it became brittle again on 
cooling. The heated residue also yielded volatile 
matter, and a very poor, non-caking kind of 
coke. When the extract and the residue were 
mixed again in the original proportions, a proper 
coke could be obtained. A great many coking 
(destructive distillation) experiments were made, 
and the photographs of the products are interest- 
ing. Both the residue and the extract were hygro- 
scopic, the residue particularly. The ultimate 
analyses of the original coal, the extract, and the 
residue differed little as to the proportions of the 
main elements, whilst the pyridin extracts seem to 
be less rich in oxygen than the coal itself. Slow 
or rapid oxidation, at ordi or higher tempera- 
ture, decreased the solubility of the coal in phenol ; 
the residue could be exposed to 105 deg. Cent. 
without altering it noticeably, because the coking 
roperty depends mainly on the extract. The 
estructive distillation of the three substances 

—coal, extract, residue—gave less ethylene and 
ethane and similar compounds, but more carbon 
dioxide and carbon monoxide when the materials 
had previously been oxidised than when not. This 
is the reason why Parr and Hadley assume that 
the oxygen enters into chemical combination with 
both residue and extract, and is not merely 
absorbed or adsorbed. 

NOTES. 
Tue German Ratiways anv THE War. 

A Duron officer, General van Voorst tot Voorst, 
has recently given a survey of the development of 
the German railway system from a military point 
of view since the Franco-German War. During 
1870-71 there were at the disposal of the German 
military authorities altogether seven railway lines 
in North Germany and three in South Germany, 
of which only one (the Berlin-Cologne line) had 
double tracks. All the same it was found possible 
to pont Rennes army corps, with an aggregate 

men, to the frontier in the course of aa of Lo 4 —, Sager: 1918, page f 450, 
sleven days. Since then the militery authorities 
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have been engaged in pe ssens me | the country’s 
railway system from a strategical point of view, 
and with striking success. Germany now 
twelve double-tracked railways between Osnabriick 
and Ulm. This means that every army corps 
garrisoned east of this district, together with 
the reserve army corps formed at mobilisation, 
has a double-line railway at its disposal. Not 
less than eighteen double-line bridges cross the 
Rhine, so that nine to ten cav: divisions 
can be conveyed from the Rhine westward 
simultaneously with the above-mentioned army 
corps. Four brigades, with some cavalry and 
satieiy, require 96 trains—24 on each line. 
Owing to the fact that all these trains could be 
despatched in the course of 12 hours, it became 
possible to effect the whole transport to the 
western frontier in about 20 hours. e rt 
commenced on August 3 (the second day of mobilisa- 
tion), in the evening, and was finished at noon on the 
4th. The frontier was passed during the night, and 
Liége assaulted August 5 and 6. As far as the 
transport of troops from the western to the eastern 
theatre of war is concerned; there are six double- 
line railways available. As the distance between 
Maubéuge and Konigsberg is about 1600 km., and 
a military train under ordinary circumstances 
travels-about 400 km. in the twenty-four hours, 
this journey will take some four days. For the 
transport of six army corps, of 40,000 men 
each, from the west to the east front a week is 
generally allowed. An army corps requires 
124 trains, and two or three days are absorbed 
in the necessary preparations. 

REINFORCED CONCRETE aS AN EMERGENCY REPAIR 
FoR AN IRON CHIMNEY. 

Mr. A. L. Pierce, Superintendent and Electrical 
Engineer, Borough Electric Works, Wallingford, 
Conn., stated, at a recent meeting at Philadelphia 
of the American Association for the Advancement 
of Science, that an iron chimney, 90 ft. high, at the 
steam-power house of the Borough Electric Works, 
showed unmistakable signs that the iron plates were 
very seriously corroded at a point approximately 
6 ft. from the base. Test-holes showed that the 
plates at the corroded zone had become so thin as 
to greatly endanger the further life of the chimney. 
The tests were made at a time when the entire load 
was being carried by the boilers using the chimney ; 
the boilers could therefore not beshut down, Any 
repairs had thus to be done with the chimney 
in use, and carrying gases having a temperature of 
400 deg. Fahr. and over. Several methods of 
repair were proposed. Mr. Pierce considered that 
a temporary repair at least could be effected b 
building a reinforced-concrete collar, or shell, 
round the weakened portion, and the contract for 
the work was given to the Sperry Engineering 
Company, Newhaven, Conn. Reinforcing - iron 
having a diameter of § in. was placed in horizontal 
and vertical planes, having 8-in. centres; the iron 
was ata distance of about 3 in. from the iron 
chimney, and was securely wired at each intersec- 
tion of the reinforcing. A circular form was 
built, having a diameter 1 ft. greater than the 
chimney; the form was in sections, to facili- 
tate handling. The reinforcing-iron and form 
were extended to a height of 25 ft., and the same 
reinforcing and concrete were placed round the 
breeching to the side of the boiler-house. The 
work was completed in about four days. The con- 
crete consisted of a high-grade Portland cement, 
sharp sand and screened gravel, mixed in the pro- 
portion of 1 to 2} to 44. It was mixed very wet, 
owing to the high temperature of the gases and the 
depth of the form, 25 ft. Very little ramming or 
spading could be done ; the concrete set very 
uniformly, and very little trowelling was required 
after the form was removed. The use of reinforced 
concrete in this connection has removed a very 
serious difficulty, and Mr. Pierce is confident that 
the life of the chimney will extend) at least to the 
time when the present boiler plant is abandoned, 
and boilers of a different type are installed, requir- 
ing a much larger chimney, in a different location. 

Tue Use or Exgorricrry ry Mines. 

The Coal Mines Act of 1911, which came into 
force in July, 1912, requires a return to be made 
each year of the aggregate horse-power of electric 
motors in use above and below ground at each coal- 
mine. These returns in the course of a few years 
will afford interesting information bearing on the 
progress in this application of electricity. ‘The 

summarised figures for 1913 are contained in the 
recently-published Part II. of the General Report 
for 1913 of the Chief Inspector of Mines. e 
total horse-power of the motors in use on the sur- 
face at the time of the returns for that year was 
256,675%, the corresponding total for underground 
use being 371,421 horse-power. These figures 
respectively show the large increases of 32 24 
and 17.29 per cent. over the oes for 1912. 
Stated in another way, which well illustrates the 
increasing employment of electricity not only 
absolutely, but relatively, the tons of mineral 
raised per electrical horse-power employed were 
480 in 1913 against 534 in 1912. ese figures 
are not, however, quite fair, since there was a six 
weeks’ general coal strike in 1912. In 1913 there 
were 1307 electrical coal-cutters at work, as compared 
with 1314 in 1912. The corresponding figures for 
com -air machines were 1509 and 1310. The 
total quantity of mineral cut by the électrical 
machines in 1913 was 14,310,312 tons, and by the 
compressed-air machines 10,299,646 tons. These 
totals include fire-clay, iron-stone, &c., as well as 
coal. More than half the electrical machines were 
of the disc type, and more than a quarter of the 
bar type. Of the compressed-air machines, more 
than half were of the percussive class, and one- 
third were of the disc type. All the t isc, 
bar, chain, percussive, and rotary heading—were 
included under each class. Of electric miners’ 
lamps, there were 37,823 in use in 1913, as com- 
pared with 10,727 in 1912. The total of all classes 
of lamp in use in 1913 was 777,824. Of the 
electric lamps, 24,237 were of the O.E.A.G. 
type, 10,283 of the Gray Sussman, 2420 of the 
Oldham, 503 of the Wolf, the remaining 380 being 
divided among various other makes. Electricity was 
employed for lighting 387,973 lamps out of the total 
of 777,824, and 282,857 of the lamps had magnetic 
locks. The electrical accidents during 1913 included 
none calling for special remark, unless one is 
going to include the Senghenydd disaster, with its 
toll of 439 lives. One theory of that explosion 
was that it was caused by sparking at bare signal- 
ling-wires. This was never established, how- 
ever. Another doubtful case was a fire at Blaen- 
avon Big Pit, which caused three deaths. This 
was put down by most investigators to the failure 
of an electric cable. Apart from these doubtful 
cases there were 15 known electrical accidents, 
resulting in 16 deaths. There were 12 electric- 
shock accidents below ground, in which 13 persons 
were killed. This figure of 13 compares unfavour- 
ably with the fi 9 and 7 for the two preceding 
years ; but, allowing for the increase in plant, 
there is nothing to suggest that the greater atten- 
tion now being paid to the safety of electrical 
-: in mines is not resulting in diminishing 
risk. 

COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

. We give below a few data _—z eng ab and 
ign engineering projects, taken from the of 

Trade. Journal, g information concerning these 
pencemenes be obtained from the Commercial Intelligence 
ye Board of Trade, 73, Basinghall-street, London, 

Australia: With reference to the call for tenders by 
the Metropolitan Board of Water Supply and Sewerage 
for the supply and delivery at the pumping station at 
Ryde, N. ., of a steam-turbine, with condenser, air- 

mp, &c., and spares, the Sydney office of H.M. Trade 
mmissioner notifies that the time for the receipt of 

tenders has been ex > tenders will now 
received at the offices of the Metropolitan Board of Water 
Supply and Sewerage, 341, Pitt-street, Sydney, N.S. W., 
up 5 = . } March 15. — — — be accom- 
pani y a deposit, varying from 5. to , according 
to the value of the offer. fe will be observed that the 
time for the receipt of tenders is limited, and this intima- 
tion will therefore be of use only to firms having agents 
in the Commonwealth who can be instructed by cable. 

Spain: The Gaceta de Madrid publishes a notice to 
the effect that tenders will be received at the Direccién 
General de Obras Piiblicas, Madrid, up to noon on July 3, 
for the ovnstruction and working, for a period of 99 years, 
of the Z (Empalme) to Almeria section of the 
strategic railway from Torre del Mar to Zurgena. The 
cost of construction is estimated at 24,717,920 pesetas 
(about 988,700/.), on which interest not exceeding 5 
cent. per annum will be guaranteed by the State. The 
minimum rolling-stock required to w: the line will be 
12 locomotives, 31 passenger coaches, five brake vans, 40 
covered and 70 o goods wag An option on the 
concession is held by Don Francisco J. Cervantes. Workon 
the line must be commenced within three months from the 
date of the award of the concession, and completed within 
four years. Although this contract will probably be 
awarded to a Spanish firm, nevertheless the carrying out 

of the works may necessitate the purchase of material 
outside Spain. Gaceta also notifies that a concession 
has been awarded to Don Celso Casaos for the utilisation 
of the waters of the Rio Dulce, at the rate of 2500 litres 
= Oe mea for the production of electric power for the 
gbting of the town of Mandayona, and for industrial 

purposes. Work must be commenced within twelve 
months and completed within » further two years. A 
further concession authorises Don Ramén Maurell y 
Lépez to utilise the waters of the Rio Isbor, at the rate 
of 2000 litres per second, for the production of electric 
power for industrial purposes in the town of Isbor. The 
necessary works must be completed within a period of 
two years. 

Brazil : The Diario Ofi-ial, Rio de Janeiro, publishes 
the text of the Brazilian Budget (Expenditure) Law for 
1915 (No. 2924), dated January 5, from which it appears 
that the total expénditure provided for in the Budget 
amounts to 378,871,412 milreis currency, and 70,999,236 
milreis gold |milreis currency at par = 1s. 4d.; milreis 
gold = 2s. 3d.] The following amounts may be specially 
noted as of interest :—The Ministry of Marine is autho- 
rised to expend 7,723,270 milreis currency on naval arma- 
ments, artillery supplies, constructional material, Ad- 
miralty works, coal, &o. The Ministry of War is 
authorised to expend 2,453,297 milreis currency on 
arsenal and fortress material, barrack construction 
and other army works. The Ministry of Ways and 
Communications is authorised to expend a total sum of 
100,761,204 milreis currency and 11,066 045 milreis gold, 
but detailed amounts for actual construction works and 
for the acquisition of material are not separately shown. 
The Ministry is authorised, however, to grant concessions 
for railway construction, bridge construction, port im- 
Provement works, erection of wireless-telegraph stations, 

The Diario also publishes a Decree granting to 
Senhor Alberto Alvares de Azevedo de Castro a sixty 
years’ concession for the construction and working of a 
railway from Ouyaha, via Sant’ Anna do Pi yba, to 
the yp Railway, with which it will connect 
either at Jangada or S. José do Rio Preto. A similar 
concession for the same period has granted to Dr. 
José Agostinho dos Reis, for a railway between Cuyabé 
and the town of Santarém. By the same Decree the 
Executive Power is also authorised to grant concessions 
by public contract for the construction and — for 
a period of sixty years each, of the followin way 
extensions :—(1) From the S. Pedro station of the 8. Luiz 
and S. Borja line to Pelotas, via S. Sepé, Cacapava, and 
Cangussti ; (2) from the S. Sebastiaio terminus of the Sant 
*Anna do Livramento Railway to Pedras Brancas, via 
Lavras, Cacapava, and Encruzilhada; and (3) from the 
S. Luiz Railway to the colony of Serre Azul. 

Argentina : The Boletin Oficial, Buenos Aires, publishes 
a Decree approving an ad 1 ferendum agreement entered 
into between the Director-General of Irrigation and the 
Government of the Province of Catamarca for the carry- 
ing out of irrigation works in the Department of Belén at 
a cost of 100,000 pesos currency (about 8750/.). 

Siam: The Acting British Consul-General at Bangkok 
reports that tenders are invited by the Siamese Royal 
Railway Department (Broad-Gauge), the name under 
which the Administration of the Siamese Northern Rail- 
way is now known, for the enpply of 159 goods wagons, 

ther with parts. @ gauge of the railway is 
4 ft. =. Prices must be given ¢.i.f. Sealed tenders, 
marked ‘‘Tender for Rolling-Stock, 1915,” will be re- 
ceived up to 10 a.m. on July 29 by the Director-General, 
Royal Railway Department (Broad-Gauge), Bangkok, 
where also copies of the specification, form of tender, and 
drawings may be ehtainsd on payment of 10 ticals (about 
15s.) per set. 

German Prate-Giass MANUFACTURE.—The German 
plate-glass manufacturing concerns have felt the effect of 
the war to a pomeer+ came extent, and have found it 
anoint to reduce their dividends materially. Thus the 

kirchen - Schalke Glass Company is only paying 
6 per cent. dividend for last year, against 16 per cent. for 
the previous year. Tbeconcern in question is principally 
a German one as regards capita), which is rather unusual 
in this industry in Germany. 

Tue CommerciaL Moror - UsErs’ AssoctaTiIon.—In 
connection with the examinations for drivers which are 

be | being held by the Commercial Motor-Users’ Association 
as an item in its (1915) annual inspection of commercial 
motors, the first entries have now been received. The 
have come from Messrs. Edward Nelson and Co., whic 
firm controls the motor department of the British and 
Argentine Meat Company, Limited. The lectures will 
be posted fortnightly to the drivers, the first being sent 
in the next week or so. Full particulars and entry forms 

can he obtained from the eecretary, Mr. F. G. Bristow, 
at 83, Pall Mall, London. S.W. 

Tur INSTITUTION OF AUTOMUBILE ENGINEERS.—At the 
meeting of the above Institution, on the 10th inst., » 

was read by Mr. J. F. Henderson on ‘* Magneto 
gnition.” In the course of the discussion, Sir Robert 
Hadfield dwelt on the importance of the question of the 

steels to be used for magnetos, and pointed out that the 

subject was receiving attention from a sub-committee 

of the Institution Electrical Engineers. Mr. A. P. 

Young, of the British Thomson- Houston Company, 

showed a number of = to poe = voltage 

vel 4 t was seen that there was 4 

coe opers is oy op of about 10,000 volts, and 

oapelie rapid fall to a very low voltage. The annnal 

general meeting of the Institution will be held in the bail 
of the Insvitutiun of Mechanical Engineers on March 
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The Oil Conquest of the World. By Freprric A. TALBor. 
Illustrateu. London: W. Heinemann. [Price 6s. net.) 

THE importance of oil in the commercial world, 
due both to the unexpected directions in which it 
has found employment and to the gigantic scale of 
its successful operations in many industries, makes 
the history of its past, the opportunities for the 
present, and the outlook for the future as necessary 
as they are fascinating. Its greatest development 
is entirely of modern creation, the facts should be 
fresh in our memory and accurate in points of 
detail, but the very rapidity of the growth has 
hidden and distorted much that is inent. Yet 
the first experiments to create power from burning 
oil date back to only about fifty years ago. The 
improvement introduced into illuminants by the 
utilisation of mineral oils is only a few years older. 
In the same space of time, as a lubricant, oil has 
worked a revolution in some descriptions of engi- 
neering plant. In the fiscal world it has been 
responsible for some of the most reckless expendi- 
ture, unwarranted speculation, and daring, but 
successful finance. ‘I'he stern necessities for the 
conduct of a huge indispensable traffic, created by 
skill and enterprise of no common order, are sur- 
rounded by a halo of romance as exciting as the 
most lively imagination ever devised. Tv all these 
aspects, and to some others, Mr. Talbot endeavours 
to do justice, writing in a popular manner, to be 
readily understood by the non-technical reader. His 
book is interesting, if superficial ; it is impressive 
by the magnitude of the operations described, and 
entertaining by the varied character of the details 
presented. 

The history of the industry is replete with many 
dramatic incidents, and the tale unfolded is full of 
excitement and adventure, not always flattering to 
human nature. The author recalis for us the 
humble beginnings of this vast enterprise, the 
early days that Mr. Henry has recently described 
with so much detail, when Colonel Drake, perse- 
vering in the face of difficulty. and prejudice, 
succeeded in raising petroleum to the surface from 
a depth of some 70 ft., thus modestly inaugurating 
that outlet to capital and ingenuity which has 
covered the world with a network of derricks and 
pipe-lines, to win and convey the underground 
stores of wealth and energy to the busy marts of 
industrial activity. Although the future possi- 
bilities of petroleum could nut have been realised 
when Oil Creek was yielding its first fruits, the 
eagerness to tap these newly-found supplies forms 
a remarkable epoch in the history of speculation, 
and has not been exceeded, if equalled, even where 
the occurrence of gold ore has appealed more im- 
mediately to the cupidity of man. Disappointment 
and failure have not taught caution.to the rash, 
and the excitement of gambling has élaimed many 
victims. Every promising new find, as at 4 
repeats the same experience. The rewards have 
been too many and too palpable to allow -hope to 
die; but the vast prizes that follow successful 
prospecting must grow scarcer as the petroleum- 
fields become more fully exploited. The world may 
again be startled by those mighty up-rushes of gas 
and oil that advertised Mexico as a great oil- 
producing country ; butas the geological conditions 
that have led to the formation ot these under- 
ground supplies are now fairly clearly apprehended, 
the chances of such mammoth discoveries must 
become less probable. Indeed, so enormous has 
been the output, and so great the demand, that it 
is difficult to exclude altogether the idea of possible 
exhaustion in the near future. The annual pro- 
duction has increased by leaps and bounds, and is 
probably now not less than 500 million barrels ; 
yet as far as can be seen, the tendency is for the 
demand to grow at a more rapid rate, since new 
uses and applications for the oil are being con- 
tinually discovered. 

The rate of consumption can be feebly estimated 
by noting the continual growth of the means for 
distribution. Only a few years ago a tank-steamer 
of 1000 tons oil capacity seemed a big venture in 
the oil-carrying trade; to-day vessels carryi 
16,000 tons are on the seas, provided with such 
facilities for loading and unloading cargo that their 
voyages are made with a celerity which enables them 
to earn dividends when other freight cannot. The 
author looks forward to the construction of huge 
tankers of 30,000 tons, so insistent is the ery for 

charges toa minimum. For already oil is growing 
more expensive, restricting its application in un- 
tried directions. The cost of winning the crude oil is 
increasing, and the first check on production seems 
to be in sight. In the fields that have been longest 
worked the upper layers of oil have been ex- 
hausted. In some districts where, a few years ago, 
fortunes were lost and won by oil booms, where a 
forest of derricks was the most remarkable feature 
in the landscape, where speculation was most keen 
and excitement most rampant, the husbandman 
drives his plough and the ‘‘lowing herd wind slowly 
o’er the lea.” In other places, where oil is still 
plentiful, the wells have to be sunk to a greater 
depth, the speculative driller has to toil for a 
longer period than formerly before he meets 
fortune, and he draws more blanks than prizes in 
the gamble. In Burmah, where re-drilling un to 
deeper strata has become necessary, the yield from 
the lower sands is not equal to the upper, though 
the supply is still generous. In Baku, the drills 
descend to a greater depth than was the case a 
quarter of a century ayo. In Galicia, a well of 
4000 ft. is no uncommon depth, and the cost of 
sinking to this level is proportionately heavy. The 
troubles arising from water become more pro- 
nounced, and the hazard to invested capital more 
oppressive. Evidently re-drilling and deeper drill- 
ing cannot be continued indefinitely. 

‘he uncertainty of productiveness and the many 
chances of disaster, as by fire, must make any 
attempt to forecast the longevity of an oil-produc- 
ing district extremely precarious, far more than in 
the case of coal, where a large ‘‘ probable error ” 
has to be admitted. The author assures us that 
in the United States alone the proved oil deposits 
represent a store that would continue to supply 
the world’s present output for 24 thousand years. 
This is eminently satisfactory, but it would be more 
so if he had told us how these figures had been 
derived, and on what evidence they rested, suggest- 
ing as they do an enormous underground lake of 
greater extent than any single sheet of fresh water 
on the surface. 

One is more inclined to look with some suspicion 
on these huge figures when reports of temporary 
shortages are rumoured, and the market price is 

ived to fluctuate rather wildly. Certainly 
the necessity for greater care in the collection and 
storagé of oil is acknowledged, and we hear less of 
the carelessness and extravagance which charac- 
terised the methods employed at the wells in the 
dawn of the industry. ‘The great losses of oil that 
followed from inadequate control of the internal 
forces set free by boring, or resulted from the un- 
governable fires that carried desolation far and 
wide, are kept more within, bounds, but the oil 
industry has even now to bear an annual loss that 
must be reckoned in millions. But notwithstand- 
ing the practice of greater economy in handling the 
crude oil and the adoption of improved methods in 
the refineries, the outlook is hardly reassuring. 
Fresh claimants on its stores appear daily. The 
shipping world has perceived the advantages of 
oil fuel, and both the navies and the mercantile 
marine of all nations are competing for an adequate 
supply to displace the less commodious coal, and 
the author looks forward to an increased demand 
that will soon equal the present output. Is the 
supply so inexhaustible that such an enormous 
demand can be faced without misgiving. The 
testimony of experts is uncertain, but in any case 
the demand can only be met by doubling the 
number aud capacity of pipe-lines, tank-tarms, 
refineries, and transport arrangements. At the 
moment, the refineries are severely taxed to 
meet the world’s requirements for what is 

merally known as ‘‘ motor spirit.’”” The supply 
for the motorist, as for the internal - combus- 
tion engine, is steadily diminishing. The days 
when the density of petrol ranged from 0.636 
to 0.657 appear to have e for ever. Specific 
density for a while hovered about 0.680, and not 

infrequently trouble arose from mixing or adulte- 
ration. To-day the density has deteriorated to 
0.715 or 0.730, practically the benzine or naphtha 
of ten years ago. Hereabout the persistent down- 
ward movement must stop, for the line of demar- 
cation that separates the explosive from the illumi- 
nating oils is dangerously near. ‘‘ This division,” 
says Mr. Talbot, ‘‘from the vaporising point of 
view is very sharply defined, sv that, generally 
speaking, 0.730 spirit, under present conditions, is 

oil, and so imperative is the reduction of carrying 
considered to be the limit to which the refiner may | the 

this point of view, the employment of alcohol seems 
attractive, and other processes have been mooted ; 
but the advantages and the possibilities of oil are 
patent, and a life-and-death struggle will be 
to maintain the prominent place that petroleum 
oils have won on the world’s market. Like the 
author, no one is p to prophesy the future 
of oil, but many may be inclined to say with him, 
**Oil will seal the fate of nations during the 
twentieth century.” 

Although we have dealt at perhaps undue le 
on the rather gloomy outlook for the future that 
Mr. Talbot has drawn, it would be to give a false 
impression of his book if we allowed it to be sup- 
posed that it is more occupied with the future than 
with the present or the past. His historical des- 
criptions are interesting, though they do not 
the charm of novelty; Others have told us of the 
manner of drilling for oil, painted the class of 
men who adopt this profession, and demonstrated 
how unremunerative the work has proved. The 
spectacular display made by huge conflagrations of 
gas and oil has been utilised by many sensational 
writers. The construction of pipe-lines, the collec- 
tion of the crude oil, the task of the refineries, the 
fiscal arrangements that ensure the smooth working 
of this vast and complicated scheme have been the 
themes of many articles; but Mr. Talbot writes 
impressively, states his facts lucidly, and welds the 
whole into a tale that increases our respect for the 
indomitable zeal and pertinacity of the American 

ple, who, faced by new problems of overwhelm- 
ing stringency, have devised an effective machinery 
that handles all with ease and economy. ‘Though 
he devotes the greater part of his book to the 
winning and treatment of natural oils, he has 
something to say of their many products and of the 
uses to which these are put. (nly those who are 
engaged in the ind would imagine that in the 
manufacture of some distinct articles of com- 
merce, petroleum plays a not unimportant part. 
Not content with arousing our curiosity concerning 
some of these, the author breaks away to the appa- 
rently trivial employment of oil in butter substi- 
tutes, forming an anti-climax, or a foil, to the 
magnificent tale of enterprise and adventure he set 
out to unfold. 
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COMPETITION WITH GERMANY AND AvusTRiA-HoNGARY. 
—The Board of ‘I'rade continues to receive a very large 
number of inquiries with rd to the purchase or sale 
of articles in trades interf: with by the war. Inquiries 
come from producers seeking markets and from buyers 
seeking sou:ces of supply. Board of ‘I'rade has pub- 
lished a lists of — concerned, and = 
arrangements for putting different parties in touch wi 
one another. Their latest list is numbered 8), and the 
number and variety of articles listed suggests that the 
services ed in t weeks in this manner have 
been of no little value. The list 8b deals with inquiries 
for sources of supply. British firms interested, as +up- 
pliers of articles mentioned, should i with 

proceed in the provision of a motor fuel.” From 
Director of the Commercial Intelligence Branch of 

the Board uf Trade, 73, Basinghall-street, E.O, ’ 
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REMOVAL OF CARBON BISULPHIDE FROM 
COAL-GAS. 

Tue way in which, after many years of varied 
experimenting, the South Metropolitan Gas Company 
has succeeded in getting rid of the obnoxious carbon 
bisulphide always present in coal-gas was ae 
b Mr. E. V. Evans in a recent meeting of the Society 
of Chemical Industry. To Mr. Evans and to his 
chief, Dr. Charles Carpenter, the main credit is due 
for this triumph of engineering chemistry. Mr. 
W. J. A. Butterfield rightly accentuated this aspect 
of the problem. There is nothing novel in the idea of 
decomposing the CS, by heat. Suggestions of that 
kind were tried more than thirty years ago; but the 
plants would not work like the laboratory apparatus, 
and the engineers lust heart. Mr. Evans himself 
pleaded guilty to having made a disastrous mistake in 
passing from a 10-cub.-ft. laboratory apparatus at 
once to a plsnt dealing with 50,000 cub. ft. of per 
hour; but the mistake was instructive, and while it 
has taken seven years to bring the process to a suc- 
cessful issue with the aid of nickel as catalyst, that is 
really only a comparatively short time. 

The amount of sulphur compounds, mainly carbon 
bisulphide (CS,) remaining in coal-gas after the ex- 
traction of the sulphuretted hydrogen or hydrogen 
sulphide (HS), is only 0.02 per cent. That really is 
the chief trouble. t such high dilution only re- 
actions of high velocity are likely to be effective. 
Three methods appear available for the removal of 
the OS,. The first reste on the absorption of both 
H.S and CS, by lime or other alkaline earths and 
alkalis with the formation of a thiocarbonate. Unfor- 
tunately the lime absorbs also the carbon dioxide, 
which is a superfluous, —— not an obnoxious, con- 
stituent of the gas, and prohibitive quantities of lime 
would be needed fur this purpose. If not removed, 
however, the CO, decomposes the thiocarbonate ; any 
oxygen present has the same effect, and attempts 
to regenerate the decomposed mass in situ have so 
far failed.. The ‘‘athion” process, now on trial at 
Heidelberg, is open to the same objection that the 
carbon dioxide has first to be removed; the absorbent 
used there is alkaline cellulose. Absorption by solids 
is always slow, moreover, but liquid ammonia not 
answered either ; thus this first method is not pro- 
mising. 
The second method relies on the absorption of the 

CS, by amino compounds (aniline, toluidine, &c.), 
in the presence of a catalyst with the formation of 
thiooarbanilides, which form the starting-point of the 
manufacture of artificial indigo by Sandmeyer’s re- 
action. The products are volatile, however, and the 
cost of washing the gas with weak acids or oils to 
bind the amino compounds would be high. 

The third method, which has now proved successful, 
is based on the observation, by Vernon Harcourt and 
others, that most of the sulphur compounds in coal- 
gas are decomposed and converted into hydrogen 
sulphide, H,S (which is wee es pine absorbed by iron 
oxide), when the gas is heated to deg. Cent. Mr. 
Evans took this line of research up in 1908. He found 
that CS, was not decomposed when carried by a 
current of nitrogen, but that the reaction did take 
place, according to CS, + 2H, = 2H,8S + C, and 
was irreversible, moreover, when hydrogen or coal- 
as acted as carrier for small percentages of carbon 

Fisulphide ; the presence of water vapour did not dis- 
turb the reaction, which, it is noteworthy, depends 
upon the action of hydrogen, not of steam. The pres- 
ence of certain metallic catalysts, of large porosity 
(finely divided so as to offer large surface), accelerated 
this reaction ; the carbon liberated by the reaction was 
deposited in the pores of the catalysts, but could be 
burned out again in situ. Iron proved the most active 
catalyst available at low cost; the decomposition 
temperature was 450 deg. to 500 deg.; for the regene- 
ration (by combustion or aeration) of the catalyst, the 
iron had to be heated to 450 deg. for several weeks ; iron 
pipes answered as containers for the catalyst. Havin 
ascertained the suitable volume and weight ratios, al 
found that 80 per cent. of the CS, could be eliminated 
by the new process without deteriorating, by the 
heating, the quality of the coal-gas, M-. Evans had an 
iron retort made to deal with 50,000 cub. ft. (instead 
of 10 cub. ft.) per hour, as we mentioned already. 
The jump was too great. In spite of the interposition 
of a tubular heat-interchanger, the enormous volume 
of gas cooled the catalyst so much that hardly any 
decomposition took place, even when the retort was 
red-hot outside; and when the regeneration of the 
catalyst was tried, a hole was burned in the retort. 

Attempts were then made with porous clay impreg- 
nated with metallic solutions. In that condition iron 
oxide was not active enough ; nickel (reduced by hydro- 
gen from the chloride) answered ; but a higher tempera- 
ture (600 deg.) seemed to be required for the reaction. 
That was undesirable, lest the coal-gas should be im- 
poverished, and the deposition of carbon in the pores 
roved troublesome. After a t deal of experiment- 

ing, in apparatus capable of dealing with 2000 cub. ft. 
of gas per hour, on the preheatingof the gas, the amount, 

porosity, density, and specific heat of the catalyst, the 
ex surfaces of the catalysts and their containers 

other features, a plant for 2 million cub. ft. of gee 
per day was erected in 1911, and this was followed by 
& plant of five times that capacity (10 million cub. ft. 
on day) in 1913. In these plants the gas is pre- 
eated by passing through 2-in. horizontal tubes 

before entering the four vertical reaction tubes, 6 in. 
in diameter, connected in parallel, the whole set being 
placed within the heating chamber. Such 4 unit dealt 
with 5000 cub. ft. of gas per hour, and in large plants 
& proportionate number of unite were installed. 

hen Mr. Evans delivered his lecture, the 1913 
plant had been in constant operation for almost two 
years, and, on an average, the percentage of sulphur 
compounds had been reduced to 20 per cent. of the 
amount before treatment, that is, from 35 grains per 
100 cub. ft. to 8 or 7 grains. In other respects the treat- 
ment makes little difference, as the following figures, 
giving the values before (and after) treatment will 
exemplify: candle-power, 14.7 (14.7); gross British 
thermal units, 590 (594.4) ; sulphur, 35.07 (7.52) grains 
per 100 cub. ft. ; naphthalene, 5.54 (4.71) grains ; hydro- 
cyanic acid, 22.19 (18.75) grains ; most of the other 
constituents, CO, CO,, H, O, were hardly affected, 
but there is a slight rise in methane, 26.85 (27.26) per 

cent. by volume. A little ammonia also results from 
the treatment ; this is an advantageous feature, inas- 
much as the ammonia keeps the iron oxide (wanted 
for absorbing the H,S formed by the reaction) alkaline. 

The catalytic material is a mixture of finely- 
divided nickel (reduced from the chloride) and of a 
small quantity of nickel ryt the latter amount 
depe upon the ratio of H,S to H in the original 
gas. Most of the sulphuretted hydrogen of the crude 
gas has to be removed before the treatment ; otherwise 
carbon oxysulphide (COS) is formed by the interaction 
of the CS, the CO in contact with the hot catalyst, 
and the presence of this undesirable COS becomes per- 
ceptible when the crude gas contains more than 100 
grains of HS per 100 cub. ft. The above-mentioned 
increase in the methane percentage would be greater, 
if the reaction were conducted under different condi- 
tions ; it is partly the presence of sulphur which 
keeps it so low in the process under notice, because 
sulp' ur acts asa poison as regards methane production 
in the presence of nickel. It is interesting, as Dr. H. G. 
Colman emphasised during the discussion, that nickel 
is poisoned as a ae by sulphur at 250 deg., but is 
so no longer at 450 deg. The contact between nickel 
and carbon monoxide might be thought to lead to the 
formation of nickel carbunyl ; the Mond nickel reduc- 
tion process is based upon the fact that nickel and 
carbon monoxide form a volatile compound at about 
100 deg. Cent., which is decom with deposi- 
tion of metallic nickel above 200 deg. Cent. The pre- 
sence of this poisonous nickel carbonyl in coal-gas, 
from which nickel might afterwards be deposited, 
would be most objectionable. No trace of nickel has, 
however, ever been detected in the gee treated by 
the Evans process, even when the working tempera- 
ture had been lowered to 250 deg. Cent. ; yet, to make 
sure of its exclusion, contact between the gas and the 
nickel is not allowed to take place at a temperature 
below 300 deg. 

The latest and largest of these installations is the 
laut put up at EastGreenwich in the early part of 1914. 

The capacity of the plant is 15 million cub. ft. of gas 

per day; it is divided into five units, each of 3 million 
cub. ft. The 2-in. preheating pipes have, at Greenwich, 
been replaced by heat-interchangers erected outside 
the furnace setting. The general arrangements are 
illustrated in Figs. 1 and 2. Each unit consists of a 
central producer A surmounted by a combustion- 
chamber B ; on both sides of B are heating-chambers, 
in which a temperature of from 420 deg. to 440 deg. 
Cent. is maintained about the reaction-tubes F con- 
oe catalyst. The gas entering through the 
pipes H is preheated to a small extent in C ; the chief 
preheating takes place in the heat-interchangers G, in 
which the gas flows in the opposite direction to that 
requiring treatment ; D is the collector-tube, and J 
the pipe carrying off the treated gas; K indicates 
the hopper, and L the coke-handling plant. When the 
catalyst is to be revived, the temperature in the 
heating - chamber is lowered, and air is pumped 
through the reaction-tubes at a definite rate ; this 
rocess requires about a week, during the first four 
ays of which all the oxygen of the air is taken up 

by the carbon deposited in the catalyst and burned to 
carbon dioxide. When oxygen ap in the effluent 
gas, the temperature in C is raised to 430 deg. Cent., 
and is kept at that height until the evolution of CO, 
has The aeration period is then complete, 
and before re-starting the decomposition the air left 
in the pipe system is swept out with waste combustion 
gases; similarly, the gas is swept out by combustion 
gases when preparing for aeration. e catalyst 
remains active in its tubes for 30 or 35 days ; then the 
efficiency falls off, and is restored by the aeration 
sent just described. No deterioration of the nickel 
as so far been noticed after two years’ working. 
The capital outlay for plant per million cubic feet of 

gas per day was estimated by Mr. Evans to be about 
500/., and the working cost at 0.3d. per 1000 cub. ft. 

of gas, this latter figure including interest on capital 
depreciation, repair, and maintenance. This ex pendi- 
ture is not prohibitive. As we have already stated, some 
sulphur—7 or 8 grains per 100 cub. ft.—is still left in 
the gas. This sulphur is mainly present as thiophen ; 
but there are other organic sulphur compounds, not 
yet identified. Various methods have been tried to 
remove them, so far without real success. In Sweden 
the carbon bisulphide itself has been eliminated by 
washing the gas with alcohol, which absorbs the 
thiophen as well as the CS,. This process is to be 
tried in England. The advantage of the alcohol treat- 
ment, as well 8s of the Evans process, is that the gas 
can be treated as such without previous removal of 
the carbon dioxide. 

Tue Mancuester Suip Canat Company.—The report 
of the directors for the year 1914 shows continued pro- 
gress. The net income of the whole undertaking, ship 
canaland Bridgewater departments, amounted to 364,040/., 
an increase of 7963/. as compared with the previous year. 
Out of the year’s net income of 364,040/., the yments 
in respect of rentals and other fixed charges cal interes 
on loan capital amounted to 334,250/.; leaving an available 
balance, to be carried forward to next year’s account, of 
29,790. The net receipts from the working of the ship 
canal showed an increase of 17,349/.; but inst this 
there was a decrease in the net receipts from the working 
of the Bridgewater canals of 10,9497. The expenditure 
showed a decrease of 17,931. On maintenance (including 
dredging) the expenditure was 9851/. less; on traffic 
expenses, 18097. less; and the loss on working of dock 
labour was only 643/. against 10,262/., as com with 
the previous year, when a prolonged strike at the Man- 
chester docks added greatly to the cost of working of the 
traffic. Up tothe end of July there was a steady increase 
of ship canal revenue, but immediately after the out- 
break of war a heavy falling-off was experienced. Many 
of the lines of steamers stopped running, and the sailings 
of o lines were curtailed. After August there was a 
gradual improvement, but the weight of traffic and the 
revenue during five war months—August to December 
inclusive—were considerably smaller than during the 
corres ing period of the previous year. The weight 
of merchandise imported and exported in sea-going 
vessels during the year on which toll was paid for passing 
over the ship canal was 347,933 tons less than in the 
— year. Of this decrease, 80,000 tons consisted of 

w-class traffic which paid only a smal) toll, but there 
was also a large falling-off in the imports of manufactured 
iron from gium owing to the war, and in imports of 
timber, partly owing to the war interfering with ship- 
ments from Boston Norway, and Northern Russia, and 
also to the difficulty in securing freight space from North 
America. The following is a statement of the eves 
merchandise traffi or ise c and the receipts of the port the 
pent ears during which the ship canal has been 
open for traffic :— 

Ship Canal Tolls, 
Y Sea-Borne Barge Total Ship Dues, and 
om. Traffic. Traffic. Tons. Miscellaneous 

Receipts. 
tons tons £ 

1804 686,158 239,501 925,659 97,901 
18956 1,087,448 271,432 1,358,875 137,474 
1900 2,784,843 275,673 3,060,516 290,830 
1905 3,998,110 260,244 4,253,354 449,436 
1910 4,618,070 319,561 4,937,631 555,735 
1911 4,894, $23,142 5,217,812 580,841 
1912 = 5,021,691 318,193 5,339,884 605,179 
1918 5,457,218 322,943 5,780,161 654,937 
1914 109,285 $15,447 6,424,732 656,237 
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THE LATE MR. CHARLES C. SCOTT. 
WIpESPREAD regret has been experienced at the 

death, at Halkshill, Larga, on the 11th inst., of Mr. 
Charles Cuningham Scott, the Chairman, since 1905, 
of Scotts’ Shipbuilding and Engineering Company, 
Limited, of Greenock, and the head of the sixth 
generation of Scotts who have carried on the industry 
at Greenock for more than 200 years. Mr. Charles 
Scott has, undoubtedly, as will presently be shown, 
advanced the reputation of the firm so far as material 
welfare is concerned, great as that was when he suc- 
ceeded to a share in its direction, and it is high credit 
to say that he has maintained ite best traditions, 
not only from the manufacturing point of view, but 
particularly from the ethical standpoint. Under the 
conditions of modern commercialism, it is not always 
easy to resist the temptations to stray from the path 
of rectitude which come with present-day competition 
and the handicaps imposed by labour exactions, but 
heredity and training brought to the subject of our 
memoir a keen sense of honour in business as in life, 
which not only influenecd his own work, but that of 
those members of his staff who were partly responsible 
for the management of the concern. In many ways 
he won confidence, not only for his sense of upright- 
ness, which was his strongest characteristic, but for 
that sound, practical, engineering common - sense 
which influenced all his decisions, and particularly in 
connection with the departures made by the firm 
during his régime. 

Mr. Scott was the eldest son of the late Mr. John 
Scott, C.B., of Hawkshill—a shipbuilder who was 
himself held in very high esteem—and was born in 1867. 
When ten years of age, he was sent toa private schoul 
in the south of England, and three years later entered 
Fettes College, Edinburgh, proceeding thence to Edin- 
burgh University, where he attended during three years 
—from 1885 to 1888. During the University vacations 
he worked as an apprentice in successive departments 
of the ficm’s pa: «weer so that he was trained 
under what has since been termed the ‘‘ thin-sandwich 
system.” His university course, however, was planned 
on & broad scheme of culture in art and science, and 
in the works he came into close contact, while still 
@ young man, with the problems of manufacture and 
with the greater difficulties sometimes associated with 
the control and management of men. In this way 
he acquired a sympathy with the workers, which, 
combined with a strong independence of character, 
enabled him, while chsirman of the employers’ asso- 
ciations, to take a fiir, yet firm, view of all labour 
disputes. 

Having finished his college course, he devoted him- 
self exclusively to practical work, becoming, in 1890, 
assistant engine-works manager, under his uncle, the 
late Mr. Robert Sinclair Scott. The engine factory 
was then known as the Greenock Foundry, and under- 
took a considerable amount of work in the manufac- 
ture of propelling machinery for the warships built in 
the naval dockyards. One of the first Government 
jobs with which Mr. Charles Scott was associated 
was the machiaery for the battleships Barfleur and 
Centurion. A few years later he was also asso- 
ciated with the construction of the machinery of 
H.M.S. Canopus. In 1900 he became assistant general 
manager, when, for family reasons, the firm became a 
private limited company. His father died three 
years later, and he was appointed one of the managing 
directors, and on the death of his uncle, in 1905, he 
became chairman of the company. The engine factory 
had continued to produce increasingly important 
work, and in 1902 they supplied the machinery for 
the battleship Prince of Wales. In the shipyard, 
however, the naval work done was comparatively 
unimportant until the firm were entrusted with the 
building of the battle-cruiser Argyll in 1902, and in 
addition to the machinery for this vessel, they were 
entrusted also with the building of the machinery for 
the Defence, a vessel of still greater power. 

A great step forward, however, was taken soon 
after Air. Scott became chairman, as the Admiralty, 
in 1909, entrusted the firm with the building of the 
first Dreadnought battleship laid down on the River | J 
Clyde, the Colossus, which was succeeded two years 
later by the Ajax. In 1908 they obtained the contract 
for the construction of the machinery of the St. 
Vincent, also a Dreadnought battleship. In 1912, 
largely owing to the enterprise of the subject of our 
memoir, the work of building submarines was taken 
up, an entirely new design being adopted by the firm, 
with highly successful results. Since then the firm 
have entered u the building of every type of 
warship, including destroyers, so that it will be 
recognised that in the brief period during which Mr. 

turbine merchant vessel yet constructed, the Tran- 
sylvania, illustrated in last week’s ENGINEERING. 

Although having little inclination for public life, 
Mr. Scott recognised his respontibilities in respect of 
the administrative affairs of the profession. He was 
& Member of Council of the Institution of Naval 
Architects and a member of the Institution of Engi- 
neers and Shipbuilders in Scotland. He was a Past- 
President of the Clyde Shipbuilders’ Association, 
of the North-West Engineering Association, and of 
the Glasgow and District Deaughtsmen and Engineers’ 
Society. He was a Member of Committee of the 
British Corporation for the Registry of Shipping. 

Like his father, he was a consistent supporter of 
the Volunteer movement, and subsequently of the 
Territorial Army. He became attached, when eighteen 
ears of , to his father’s regiment, the First Ren- 
rew and Dumbarton Volunteer Artillery, and, passin 
through the various ranks, became a lieutenant-colone 
commanding in 1902. He was etted lieutenant- 
colonel commanding the Third Highland Howitzer 
Brigade and the Royal Field Artillery in 1907. Fur- 
ther, he had the distinction of being a member of the 
Royal Company of Archers, an ancient institution, 
which is the King’s Body-Guard for Scotland. He wasa 
Justice of the Peace for Renfrewshire. As regards 
recreation, he shared his interests between yachting and 
game-shooting. In this he followed practically his pro- 
genitors, for they had been noted among Clyde yachts- 
men from the earliest days of this pastime. He wasa 
member of the Royal Northern Yacht Club, of which 
his Se was an original member, and of the 
Mudhook Club. In politics he was a Conservative, 
but it must be confessed that the party game never 
had much attraction for him. In 1898 he married the 
fourth daughter of the late Mr. H. E. Crum-Ewing, 
Lord-Lieutenant of Dumbartonshire, and his wife and 
four daughters survive him, and have the sympathy of 
@ very wide circle of professional and private friends, 
as well as of the workers in the firm’s employment, as 
testified by the large attendance at his funeral from 
Halkshill to Largs Cemetery on Saturday last. 

ROYAL METEOROLOGICAL SOCIETY. 
TuE monthly meeting was held on the 17th inst., at 

the Surveyors’ Institution, Westminster, Captain H. G. 
keene, F.R.S8., —, in “ie —— iii 

paper on ** Observations of t pper at 
Aberdeen by Means of Pilot Balloons” was submitted by 
Mr. A. E. M. Geddes. These observations were made 

and 1913, and in every case two theodolites were used, 
thus securing an accurate determination of the flights to 
a level of 3000 metres. In clear weather the upward 
velocity of the balloon is shown to be fairly uniform, but 
to depend on more than the free lift. When clouds are 
present, they influence considerably this velocity, the 
effect differing according tothe nature of the cloud. The 
gradient wind velocities and directions have been calcu- 
lated and compared with those actually found by 
observation. 
A paper from Mr. V. G. Anderson, of Melbourne Uni- 

versity, was also read on the ** Influence of Weather Con- 
ditions upon the Amounts of Nitric Acid and cA Nitrous 
Acid inthe Rainfall at Melbourne, Australia.” The author 
described the methods adopted, and stated that the results 
of the daily determinations from November 1, 1912, to 
February 28, 1914, when correlated with the meteorological 
data for Melbourne and the isobaric charts fur Australia, 
revealed the existence of a relation between weather 
conditions and the amounts of the nitrogen acids in the 
rainfall. The concentration of nitric acid reached a 
Maximum in summer, & minimum in winter, and an 
intermediate position in autumn and spring. The con- 
centration of nitrous acid reached a maximum in winter, 
and a minimum in summer. Nine well-defined recurring 
types of rainstorms have been investigated, the amounts 
(pounds per 1000 acres) of oxidised nitrogen per day 
ws from 1.5 in the case of certain Antarctic storms to 
35 in the case of intense Tropical storms. 

Our Coat Aproap.—The loss, in consequence of the 
war, of the Russian, , Belgian, Austrian, Rou- 
manian, and Turkish markets continues 'y to reduce 
the external demand for British coal, the shipments for 
anuary coming out at only 3,612,963 tons, as com 

with 5,794,770 tons in January, 1914, and 6,070,318 tons 
in January, 1913. These totals were increased by the 
addition of coke and patent fuel to 3,769,598 tons, 
6,088,971 tons and 6,374,152 tons, and they were further 
augmented to 5,146,679 tons, 7,819,983 tons, and 8,131,831 
tons, when account was taken of bunker coal shipped for 
the use of steamers engaged in foreign trade. 

Copper SxHiPMENTs.—Returns issued by the Metal 
Information Bureau (L. H. Quin), 3, East India-avenue. 
London, show that from August 5 to December 28, 1914, 
32 vessels carrying co from America were detained, 

Scott has had chief control of the company great | 
developments have been made in warship construc- 
tion. The same can be said as regards merchant | %%  ailed before war broke out, and was 
work. The firm have had great influence in the China 
trade, and Mr. Scott a year or two ago visited the | 
Kast in connection with the work there. Influence | 
has also been exerted in the general oversea trade, 
the latest of their vessels being the largest geared- 

the total quantity involved being 19,550 tons. Of these 
vessels, one, the Belgia, a German ship carrying 100 

headed for 
Hamburg. From tember 26 to October 9 four vessels 

\for Rotterdam were held up, their cargo being pur- 
chased by Great Britain. Fourteen boats for Italy have 
been detained at Gibraltar, car:ying about 9000 tons of 
copper, and 13 vessels for Sweden, with about 5500 tons, 

at the Observatory, King’s College, during the years 1912 | 8™@P 

GARDNER’S INTEGRATING AND 
RECORDING WEIR-METER. 

Tux problem of measuring moderate or large volumes 
of water, or other liquid, having no practicable poten- 
tial head, is usually dealt with by arranging that the 
liquid shall flow over a rectangular weir, or through a 
V-notch, so that the amount ing can be computed 
by measuring the height of the liquid above the weir- 
sill, or apex of the notch, and using this height in one 
of the well-known formule. There are instruments 
on the market by means of which time-scale charts of 
the liquid passing the weir, or notch, are produced. 
Some consist essentially of a rotating clock-driven 
drum, over which a pen moves in a straight line. The 
pen is driven by a float, the motion being transmitted 
to it by some form of eccentric which embodies a 
formula for the weir, or notch, in such a way as to 
ive pen movements proportional to the amount of 
iquid flowing. The resultant of the motion of the 
drum and the pen gives a time-quantity curve, from 
which the amount of water passed in a given time may 
be obtained by measuring the area inside the curve 
and multiplying by the suitable chart factor. There 
are some inconveniences in the use of such machines. 
The estimation of the chart area is a comparatively 
troublesome job, even if a planimeter is used, and a 
suurce of error is introduced in this measurement, 
while an attendant capable of undertaking such deli- 
cate work must be employed. Further, it is necessary 
entirely to interrupt measurements when the chart is 
being changed—usually every twenty-four hours— 
while it is bar gee to deduce at any instant the 
amount pas: without stopping the machine and 
estimating the chart area. Similarly, if it is desired 
to obtain the quantities of liquid which have flowed 
during various periods of the twenty-four hours, it is 
necessary to measure the chart areas for each of these 
periods independently. 

With a view to avoiding some of the inconveniences 
of this type of meter, and minimising liability to 
error, the indicating and recording weir-meter illus- 
trated on pages 222, 230, and 231, has been intro- 
duced. The instrument is the invention of Mr. J. A. 
Gardner, and is manufactured by Messrs. Glenfield 
and Kennedy, Limited, of Kilmarnock. In it. the 
time-scale chart has been eliminated, and the quan- 
tities of liquid passed are indexed on a series of dials, 
just as in an ordinary water or gas-meter ; while, in 
addition, the instrument may be arranged to give a 

hic record of the integration, from which, by 
simple subtraction, the amount of liquid passed be- 
tween any two hours of the day may be ascertained. 
In principle the operation of the meter depends upon 
the differential action between a constant-time-keep- 
ing clock and a variable clock. The rate of the vari- 
able clock is controlled by alterations in the 
length of its ar ge oapey these alterations being 
in turn controlled by a float, through the inter- 
mediation of a rotating cam, which embodies in its 
outline the curve of flow of the liquid, and the curve 
of acceleration of the pendulum. ‘The differential 
action of the constant and variable clocks is con- 
tained in an epicyclic train of wheels, from which the 
driving motion for the index dials is taken. This 
train is arranged so that the resultant motion of the 
constant and variable clocks causes the index gearing 
te remain stationary when the cam is in its zero posi- 
tion—i.e., when the float is in its lowest position and 
no liquid is passing. 

The general a ment of the mechanism will be 
seen from Figs. 1 to 9 on pages 222 and 230. The float 
which controls the ition of the rotating cam is 
a ed either in the notch-tank, or slongside in a 
special float-tank, as shown in Figs. 2 and 4. The float 
is attached to a cord which passes round, and is 
fastened to a pulley on the spindle carrying the 
cam, so that the rise and fall of the float rotates 
this spindle, and with it the cam. The pulley 
will be seen in the foreground in Fig. 5. The 
effective length of the variable pendulum is con- 
trolled by the rise and fall of a carriage, running in 
vertical guides, which is best seen in Fig. 5. is 
carriage carries a roller which rests on the rotating 
cam, so that the vertical position of the carriage is 
determined by the angular position of the cam. The 
variable pendulum is carried by the travelling car- 
riage, “ty in order to relieve the cam of the greater 
part of the weight of the pendulum and carriage, a 
counterweight is fitted, as shown in the figures. 

The variable pendulum consists of a flexible steel 
tape, which is attached to the carriage wy a small stud, 
as shown at T in Fig. 11 on page 230. he movement 
of the pendulum is communicated to the variable 
clock by means of a jaw consisting cf two pairs of 
rollers mounted on the dead-beat escapement.. These 
rollers are shown at E E in Figs. 11 and 12 on 
230. Above these rollers two other pairs of fixed rollers 
M M, Fig. 12, are situated. These upper rollers form 
a fulcrum for the lower swinging part of the pen- 
dulum, and prevent flexure above this point. It will 
be obvious that as the moving carriage rises and carries 

i have been detained in various British porte. the pendulum with it, the steel tape will slide through 

i 

| 
i 

) 
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the roller-jaws, so that the effective pendulum length 
will be reduced. The result of the whole arrangement 
is that the rate of the variable clock varies in terms 
of the height of the water in the tank, as the rate of 
the clock is determined by the length of its pendulum, 
which, in turn, is determined by the position of the 
rotating cam, and this position is a function of the 
height of the water in the tank. Details of the slidin 
carriage and pendulum suspension are given in Figs. 10 
to 16, above. 

The epicyelic gear, which combines the motions of 
the constant and variable clocks, is shown in Fig. 20, 
on 231. It consists essentially of three bevel- 
wheels K K, PP, and MM. _ In the gear shown in the 
figure an extra bevel-wheel X X opposite to PP is 
fitted, this serves to equalise the drive and pre- 
vents cross-strains on the spindle AA, but, from 
a purely kinematic point of view, this wheel is 

undant. The spider BB BB, carrying the wheels 
P P and X X, is connected to, and is carried round by, 
the spindle A A, which comes from the varying clock. 
Bevel-wheels M M and K K run loose on spindle AA. 
M M is fast to pinion O O, which gears with spur-wheel 

(aur) 

\ 

SS. SS is fastened to the spindle 
T, which is connected to the 
minute-hand spindle of the con- 
stant clock, and thus makes one 
revolution per‘ hour. OO has 
thirty teeth, and SS ninety 
teeth, so that OO makes three 
revolutions perhour. ‘Ihe spur- 
wheel H H is fast to the bevel- 
wheel K K, so that its motion is , ; 
a resultant o! the two motions acting on K K vid the A A—i.c., fromsix revolutions—the constant three revo- 

bevel-wheels P T and X X—i.e., the motion from the | lutions due to O O have to be subtracted. The — 

spindle A A through spider B BB B, and the motion | tions of A A area function of the length of the — e 

from spindle T through the wheels S S and 00. It is | pendulum, and this is arranged so that a range vat wo 
obvious that if the spindle A is stationary, H H will 0 to 3 revolutions is obtained, which is trans r ia 
make a constant three revolutions per hour, owing to a range of from 0 to 3 in the wheel H H. ——— — 

the drive from OO ; whereas if A makes one and a and gearing are, of course, arranged Pg ae t < “ 
revolutions per hour, H H will be stationary, since 0 O | tionary state of the wheel H H corresponds to =| aE 

and A A revolve in opposite directions, and since the over the notch, while the maximum oe S i 

effect of the revolutions of A A is doubled in H H owing | —1.¢., three revolutions per hour—corresponds Pon 
to the epicyclic train. Similarly, if A A makes three | maximum flow over the notch. The ae an be 

revolutions per hour, H H will also make three revolu- | are suitably red to the wheel H H, and it wi 

tions, as from the doubled effect of the revolutions of | obvious that an integration of the water that is passed 
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Fig. 8. PENDULUM ACCELERATION CURVE. Fig. 17.CURVE OF FLOW 30° V NOTCH. 
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can be obtained, since the of the variable clock 
is a function of the rate of flow, and the necessary 
time factor is supplied by the constant clock. 

The method on which the cam is set out is illus- 
trated in Figs. 17 to 19. The curve given in Fig. 17 
shows the rate of flow of liquid over a 90 deg. V 
notch. This curve is constructed from the well-known 
formula 

10000 

31.) 

2500 

Q = 0.305 Hi, 

in which Q is the liquid passed per minute in cubic 
feet, and H is the depth of water in inches, above the 
apex of the notch. e curve shown in Fig. 18 is the 
acceleration curve for a pendulum, and is set out in 
accordance with the formula 

D =0.16 JL, 
where D is the duration of a beat in seconds, and L is 
the effective length of the pendulum in inches. It 
will be understood that the curve is set out in reference 
to the instrument, and that the pendulum heights 
above zero, given on the abscisse line, refer to the 
vertical movements of the carriage above its lower 
position—i.e., they indicate the amount which is 
subtracted from the maximum oo of the pendulum, 
to give its shorter le s and co uent greater 
number of beats. The Snexiove sors = length— 
i.¢., the — at the zero of the diagram—is about 
174 in., and the heights given must be subtracted 

51 

a Ss 

& nH ~ 

Pendulum Beats per Hour. 

8 é‘ 

Fic. 

from this 174 in. to give the actual lengths. In the 
same way the pendulum-beats per hour, given on the 
ordinate line, are the increase of beats owing to the 
decrease in length, and must be added to the beats of 
the original 174-in. pendulum to give the actual beats 
per hour. The 17}-in. pendulum at the zero of the 
diagram will make about 5380 beats per hour. 
The method of setting out the cam is shown in 

Fig. 19. The distances Q F, FE, E D, DC, and CB, 
marked around a circle struck from centre A, are set off 
proportional to the curve of flow, and represent dif- 
ferent and definite heights of water in the notch. Dis- 
tances F U, ET, DS, C R, and BP are taken from 
the pendulum curve, and represent the respective lifts 
necessary to accelerate the beats, and thereby the 
speed of the varying clock correlative with the rate 
of flow corresponding to points Q, F, E, D, C, and B. 
The cam is made in one piece, and concentric with the 
pulley shown, round which the cord from the float 
passes. The rise and fall of the float cause a rotation , 

asin K) 

24. 

of the pulley and cam, so that as the roller takes u 
various positions on the cam, as shown at Q, U, T, §, 
&c., the length of the pendulum causes the rate of 
the variable clock and the revolutions of the dials to 
be exactly commensurate with the rates of flow at the 
various points. 

In addition to the index dials from which an integra- 
tion of the liquid passed may be read, the instrument 
may be arranged to draw a chart from which the 
amount passed during any period of the 24 hours may 
be obtained by simple subtraction. The ordinates 
of the chart represent total quantity passed, so that 
no estimation of area or other process beyond simple 
reading off is required. The chart paper is fixed on a 
vertical rotating drum, over which a pen moves in a 
vertical straight line. The drum is driven by bevel 
gearing from the constant clock, while the pen is 
driven by a cord which is wound on to a pulley 
driven by bevel gear from the resultany side of the 
epicyclic train. The cord is carried from the 
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ulley to the pen- carriage over a guide- pulley 
Reed 46 the top of a. standard placed alongside 
the drum. The a will be clearly seen 
in Fig. 7, while the bevel drives are shown in 
Fig. 9. The adjustment of the pen to its new zero 
position, when changing the chart, does not affect the 
ydex dials. The type of chart used, on a reduced 
scale, is shown in Fig. 21. The standard size is 24 in. 
by 12 in. It will clear from Fig. 21 that the 
amount of liquid passed Letween any two times may 
be obtained directly—thus between 8 a.m. and 2 p.m. 
178,000—88,000, or 110,000 gallons were metered ; 
between 8.15 a.m. and 9 a.m., 16,000 gallone ; between 
12.15 p.m. and 12.45 p.m., 1000 gallons ; and so on. 
When setting up the instrument it is, of course, 

necessary to obtain an accurate adjustment of the 
zero, between the level of the liquid in the tank 
and the apparatus. To facilitate this operation 
the tank is usually fitted with a zero pointer—that 
is, a pointer set some 2 ft. back from the notch, and 
capable of vertical adjustment by means of a 
screw and jamb-nut, and the setting is carried out 
by means of the small gun-metal blocks shown in 
Fig. 22. These blocks are supplied with the instru- 
ment. The V block is placed in the notch, and the 
square block is steadied on top of the pointer. A 
straight-edge is then put across the blocks, and a spirit- 
level stoeal above it. The pointer is then raised or 
lowered until the oan yog a is perfectly level, after 
which the water is run into the tank, and by observing 
that the tip of the pointer is neither above or below 
the surface of the liquid, an extremely fine zero setting 
for the float may be obtained. ‘The cam is then ad- 
justed until the pointer on the pendulum-carriage 
points to the zero mark on the cam, the final adjust- 
ment being made by a screwed coupling provided on 
the wire for the purpose. At this stage it is necessary 
to ascertain that the constant clock is keeping time, 
after which the length of the variable pendulum has 
to be adjusted, by means of a screw provided for 
the purpose, until there is no motion of the index. 
The instrument will then be ready for work, and will 
accurately integrate all liquid flowing over the notch. 

Although in the instrument described above it has 
been assumed that a 90 deg. Y-notch was used, it is 
obvious that other forms may be employed by suitably 
forming the cam. For small flows, Y-notches of 
smaller angle, as, for instance, those shown in Fig. 23, 
may be used; while for some large meters rect- 
angular weirs, with or without end contraction, may 
prove more suitable. As far as the meter is con- 
verned, the matter is simply one of embodying the 
suitable formula in the cam. Our final illustration, 
Fig. 24, on oy og shows anew form of this meter 
which has just been introduced. In all essentials the 
meter is the same as the one we have described, but 
the arrangements adopted allow of a more compact 
build, so that the base area has been nearly halved. 
As will be seen, the contour of the cam has been 
slotted out of a hollow cylinder fixed with its axes 
vertical. The clockwork has also been much reduced 
in size, and mounted vertically in a square case. The 
index has also been formed by a number of small dials 
mounted horizontally in the conventional way in place 
of the circular index originally used. 

The possible applications of this instrument are 
very large. It may be used not only for the meter- 
ing of water-supply from various sources, but also 
for the measurement of cleaned sewage, mineral oils, 
&e. It is also suitable for dealing with acids, alkalies 
in solution, or other corrosive liquids, since no part 
of the apparatus, except the notch and the float, come 
in contact with the liquid, and these can, when neces- 
sary, be made of non-corrosive material, such as delf or 
glass. The meter may also be very profitably em- 
ployed in engine-rooms in connection with the air- 
ump discharge from surface-condensing engines. 

Poneiderable accuracy may be obtained with this 
application, as the float may be made to compensate 
alnest exactly for fairly large variations in hot-water 
temperatures. The application of such meters to 
individual engines allows of a continuous and accurate 
record of steam a being kept, while the 
weight of water in pounds per hour passing from the 
condenser may be ascertained at any instant by read- 
ing the large scale which is engraved on the cam. 
These features allow a close watch to be kept on steam 
consumption, and are likely to lead to the detection of 
incipient faults or careless running in such a way as 
to ensure that the whole plant may eonstantly be kept 
in a state of high efficiency. 

Cement in Germany.—The union of the building trades 
in Greater Berlin has strongly urged its members not to 
enter upon any contracts with the Cement Central. This 
move has been undertaken so as to ae the posi- 
tion of the union in its relations with the t Central, 
with which a good deal of dissatisfaction prevails also 
in other parts of Germany. It has been proposed to 
respond to the higher prices demanded by a_ boycott, 
A Government maximum price has also been under venti- 
lation, but is not expected to come into operation at 
present, 

CONDITIONS AFFECTING THE VARIA- 
TIONS IN STRENGTH OF WIRELESS 
SIGNALS.* 
By Professor E. W. Marcuant, D.Sc., Member. 

Introduction.—The ch which take place in the 
strength of signals received from any transmitting station 
are well known to every wireless operator. As ; ago 
as 1902 Marconi drew attention to the remarkable differ- 
ence in the age of signals received by day and by 
night, and his observations have been repeated an 
recorded by many other observers, recently by Taylort 
and Austin.} 
Remarkable distances have been covered at night by 

using comparatively small-power plants; for example, 
the signals from a boat — from Gibraltar to Port 
Said with a standard 1.5-kw. set were received at Liver- 
pool with great clearness on Sunday evening, June 14, 
1914—+.¢., at a distance of over 1200 miles. 
The complete explanation of freak signals such as this 

is a matter that requires further investigation. Theories 
involving the reflection and refraction of the electro- 
magnetic waves have been develoyed by Heaviside, 
Eccles,§ Kennelly,|| Erskine-Murray, {| and others, but it 
is very difficult to express an —— as to their validity 
without accurate experimental data. Although many 
records have been en, very few of these give actual 
measurements of signal strength, and it was with the 
view of securing such information that the following 
investigations were undertaken. 

Their scope is confined to (1) observations of the effects 
of atmospheric conditions of all kinds on the strength of 
signals, and for this purpose a series of observations, 
lasting for a year, has been made; (2) variations notice- 
able at sunset in the strength of the signals ; (3) observa- 
tions on fluctuations in the strength of signals during the 
night. 
The stations between which most measurements have 

been made are Liverpool and Paris, which lie mutually 
almost north-west and south-east. Some results are re- 
corded in connection with the new station (recently 
destroyed) erected in Brussels by Mr. Goldschmidt. The 
bulk of the work, however, has been done in connection 
with the Eiffel Tower station. 

Previous Work.—Special mention may be made of the 
results published by H. Mosler in August, 1913.** These 
experiments are very similar to those described below and 
were made between Norddeich and a station lying 
420 km. east of it, the transmission being entirely over 
land. Measurements of the time-signals were made five 
or six times a montb, both by day and by night, and it was 
found that the day strength appeared to be very nearly 
constant—1.¢., it was not affected by the altitude of the 
sun. The ratio between night strength and day strength 
varied considerably, being greatest in the spring and 
autumn, and least during June, when the ratio was only 
1.04. The maximum ratio was 3.15 on November 13, the 
other maximum being 2.2 in April. 

An interesting record is also os in this paper of the 
change in signal strength which occurs at night, some- 
times within a few minutes. On November 12, 1913, 
such a record was taken, and variations from 100 mm. up 
to 200 mm., and down to 40 mm. deflection were observed 
on the recording galvanometer, for the same strength of 
signal, repeated continuously. 

Another experimenter on the same subject is A. H. 
Taylor, who has describedt++ observations made between 
the University of North Dakota and stations on the east 
coast of America, 1200 miles distant. He came to the 
conclusion that the best condition for signalling was when 
the intervening s was cloudy. Signals were not so 
strong on a clear day, or in bright sunshine. 
Some further observations have recently been published?t 

by him on the relation between good transmission and 
weather conditions. The main result confirms his previous 
observations, that the most favourable condition for 
signalling over land is cloudy sky. The same conclusion 
was suggested by the author in a paper read before the 
British Association.§§ Taylor shows that this result 
eannot be explained by the reduced ground absorption 
after heavy rainfall, but must be due to variations in the 
absorptive capacity of the intervening medium. He 
suggests that the radiation received from a transmitting- 
station may be divided into three parts :— 

1. The portion reflected from the cloud level—i.e., the 

* Paper read before the Institution of Electrical Engi- 
neers, February 11, 1915. 

+ A. H. Taylor, ‘‘ Wireless and Weather,” Electrical 
World, vol. )xii., page 425, 1913. 
t Journal of the ee Academy of Sciences, 

vol. iii., wee a 191 
§ W. H. les, on “‘ Certain Phenomena Accompany- 

ing the Propagation of Electric Waves over the Surface 
of the Globe,” Electrician, vol. lxix., page 1015, 1912. 

|| A. E. Kennelly, ‘*The ae Effect in Radio- 
telegraphy.” Proceedings of the Institute of Radio Engi- 
neers. vol, i., page 39, 1913. 

qT J. see Murrey. “The Function of the Atmo- 
here in Wireless Telegraphy,” Year-Book of Wireless 
elegraphy, 506, 1914. 
** H. Mosler, ‘* Intensitiits ngen Radiotelegraph- 

ischer Zeichen zu Verschiedeuen Jahres und Tageszeiten,” 
Elektrotechnische Zeitschrift, vol. xxxiv., page 996, 1913. 

++ Loe, cit. 
tt A. H. Taylor, ‘‘ Radiotransmission and Weather,” 

Phusical Review, vol. iii., Series 2, page 346, 1914. 
§§ E. W. Marchant, ‘‘ Effect of Atmospheric Condi- 

tions on the Strength of Signals Received at Liverpool 
from Paris and Some Otber Places, with an 
Soe the Diurnal Variation in the Energy Re- 

part which is propagated between two parallel surfaces 
formed by the earth and by the clouds. 

2. The pordion entering the “‘ middle,” ionized region 
and refracted (this portion is more absorbed by day than 

es 3. The portion passing through the middle pagion and 
reflected on the upper permanently ionized ayer of 
ey a (this portion is almost entirely absent in day- 
light, but would © powerful at night). 
The large variation ai night may be due to changes in 

the amount of energy reflected from the upper ionized 
dj|layer. Thechief interest in Taylor’s paper lies in his sug- 

gestion that there is a distinct difference between the 
medium below and above the cloud level. 
Some very interesting results have been published by 

Lutza,* who bas made experiments with balloons, making 
double flights, one at a low altitude and the other at a 
much higher one. He investigated the variation in 
signal strength on these two balloons, using similar 
aerials on them and ongloying a shunted telephone 
method of estimating it. For these experiments a special 
set of signals was sent out from the Eiffel Tower station 
at quarter-hour intervals. He found that the signal 
strength did not appear to change very much until an 
altitude of 1000 to 1500 metres was attained, but that at 
altitudes of 5000 metres and over it fell to less than 10 per 
cent. of the value that was observed at the lower levels. 
The transition from strong to weak signals with changing 
altitude seems to be comparatively sudden, and to take 
place at a height of between about 2500 and 3500 metres. 

In one flight in which the records have been particu- 
larly complete, he shows that at the lower and higher 
levels the moisture in the atmosphere was considerable, 
that the air currents at the lower level were from the 
south, and that at the higher level they were from the 
west. Both these currents appear to have been saturated 
with moisture. Between the two levels, however, there 
was a comparatively dry layer of air and the signal 
strength weakened after the balloon passed through this 
layer on its se flight. 

It is difficult to say whether there is any relation 
between the presence of this air layer and the signal- 
st variation, but the results that Lutze has obtained 
would seem to be of great value in their bearing on the 
theory of transmission. ‘They seem to provide clear 
evidence that there is, on a much lower level than has 
previously been suggested, a mass of ionised air which 
absorbs a considerable amount of the energy of the trans- 
mitted electro-magnetic waves. 
_ Marconi has described the changes which takes place 
in the strength of the signals transmitted across the 
Atlantic ; the curve showing the remarkable strengthen- 
ing of the signal about an hour after sunset at Glace Bay 
and about an hour before sunrise at Clifden is weil 
known, and Dr. Eccles has based his theories very largely 
on these results. + 

L. W. Austin, in some experiments made to compare 
the efficiency of arc and spark transmission, states that 
the signals are weakest during July and August. These 
tests were made, however, with wave-lengths of from 
3590 to 7000 metres and between places 1780 miles apart. 
Howe§ has shown that the current received by an 

antenna ata + distance from the transmitter, on the 
assumption of a perfectly conducting earth and a non- 
ioni atmosphere, is much smaller than that actually 
found by experiment, thus strongly supporting the theory 
of reflection or refraction due to ionisation of the upper 
atmosphere. 
_ Kennelly,|| in discussing the observed changes of the 
intensity of signals near sunset and sunrise, arrives at 
the conclusion that they may be explained by reflecting 
effects on the boundary surface or shadow wall between 
darkness (air of.small conductivity) and illumination (air 
of marked conductivity). According to his theory there 
should bea dip in the curve of signal strength at sunset 
between two places lying north-west and south-east of 
each other, at the summer solstice—i.e., when the shadow 

d crosses the line between the two places. The curve 
given in Fig. 4, on , Shows no appreciable dip in 
the records obtained in July, whereas there does seem 
some slight evidence of diminution in strength when the 
shadow d lies between the two places on March 27 
and October 11 (Fig. 5, page 234). 

K. E. F. Schmidt has obtained itive results of the 
increase in signal ——_ at night (over a distance of 
8 km.) of the order of per cent. in December. In 
some experiments made between Norddeich and Halle, 
400 km. apart, the ratio of intensity between night and 
day in October, 1911, was 1.47, measured on a barretter. 
The corresponding figures found with a shunted tele- 
phone are interesting from the point of view of the accu- 
racy of this method of observation. He finds the ratio 
varies from 0.56 to 2.37 by shunted telephone, whereas 
the corresponding variation with the barretter is from 
1.4 to 1.47. This result is entirely borne out by the 
author’s observations, and is confirmed in a paper just 
published by A. Klages and O. Demmler. {/ 

* Abhandlung der Naturwissenschaftlicher Gesellschaft 
zu Halle, vol. i., 1914. : 

+ G. Marconi, ‘‘ Transatlantic Wireless Telegraphy, 
Proceedings of the Royal Institution, vol. x., page 107, 
1908, 
+ Journal of the Washington Academy of Sciences, 

vol. iii., page 517, 1913. — 
§ G. W. O. Howe, “The Transmission of Electro- 

mugnetic Waves Through and Around the Earth,” Elec- 
trician, vol. lxxii., page 484, 1913. 

|| Loe. ett. y 
§ A. Klages and O. Demmler, ‘ Lautstiirkemessun- 

gen nach der Parallelohmmethode und ihre Quantita- 
tive Brauchbarkeit,” Jahrbuch der Drahtlosen Tekgraphie, 
vol. viii., page 212, 1914. 

” 
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Messrs. E. Rothé and R. Clarté* have studied the signals 

emitted from the Eiffel Tower. y_ have confirmed 
the observations of Mosler that the difference between 
day and night transmission is not the same at all times 
of the year, and they have also shown that there 1s a con- 
siderable difference between night and day signals on 
successive days. In July the ratio between the day and 
the night strength appears to have been very nearly unity, 
whereas in February the differences amounted to as much 
as 46 per cent. of the greatest energy received. These 
results confirm those obtained by the author during 1913, 
and show that the difference in signal strength from day to 
day is more marked than the difference in signal strength 
between one month and another. It is interesting to 
note that the special emission made on July 26, 1913, by 

the increase of strength was very marked 
oO 
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of an L shape, 
and a vertical height above ground of 150 ft, 
over land which is covered with buildings, and con- 
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culation from inductance and capacity of the wires. 

strength of signal received by an antenna is the resist- 
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tests was compuratively simple. The main part of it con- 
M. Ferrié, at the request of the author, showed very | sisted of a ring of two 3-in. warolge 
little increase of strength at Nancy, whereas at Liverpool of a square of about 50 ft. side. e 

n October 27, the increase observed at Nancy is of were connected with the water-pipe system of the building. 
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The second factor which has a great influence on the 

earth. It is well known that in the new stations 
are being erected in connection with the Imperial 

conductivity. 
The earthing system in connection with these 

laid in the form 
earth-wire was 

to one side of these pipes, and they, in turn, 
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Fig. 8. SIGNAL FROM PARIS (LOWFREQUENCY SPARK). . 

SIGNAL FROM CLIFDEN SHOWING BAD ‘A 
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the same order of magnitude as that observed in Liver- 
pool ; the difference hetween the night and day signals 
being approximately 50 per cent. In this case, however, 
the strengthening is slightly greater at Nancy than it is 
in Liverpool. The shadow band at sunset on July 26 
crosses the line between Liverpool and Paris at an angle 
of about 40 deg. On October 27 the shadow band at 
sunset is nearly parallel to the line between the two 
Pp 
Methods of Observation.—In order to obtain comparable 

measurements of signal strength it is of importance that 
the aerial circuit should be of a definite form ; preferably 
the aerial should be isolated from buildings and other 
obstructions which might interfere with the waves that 
are received from the transmitter. On general grounds 
it would seem desirable that an antenna of symmetrical 
form should be em ed. Where these ideal conditions 
cannot be obtai absolute measurements are of little 
value, but the figures which show the variations obtained 
on (an aerial working under less favourable conditions 
should give reliable comparisons between signal strengths 
from day to day. 

_* E. Rothé and R. Clarté, “* Influence de I’Etat de 
?Atmosphére sur le Propagation et la Réception des 
7 Heriziennes, Comptes Rendus, vol. clviii., page 699, 

This arr ment was found to give very satisfactory 
results, and was thought to be more iable than a 
system which would have involved burying conductors in 
ground having « substratum of hard sandstone. 
The a ment of the circuit used in connection with 

the aerial is shown in Fig. 1, above. The coupling between 
the aerial circuit and the receiving circuit varied within 
wide limits ; for most of the it was 3.75 per cent. 
—i.¢., this coupling was used for the Paris si The 
coupling coefficient was accurately measured in all cases, 
and by means of the ex ion given in the a) ix, the 
current received in the aerial circuit could be determined 
from the readings of the galvanometer in series with the 
crystal detector on the closed circuit. The measurements 
of mutual induction, self-induction, and capacity have 
been made by a Campbell mutual variable standard used 
in conjunction with a a a periods) alter- 
nator and vibration galvanometer. This arrangement 
enabled measurements of inductances of the order of 10 
microhenries to be made within 1 per cent. without 
serious difficulty. The wave-meter employed for méasur- 
ing the wave-length, and also for calibrating the crystal, 
was calibrated in the same way. The capacities and 
inductances of the aerial circuit were also nieasured by the 
mutual variable standard. te 
The tesistance of the circuit was estimated 

buzzer 
as the ba 
— was determined by the crystal detector) was varied 
y. altering the inductionless resistance in the circuit. By 

is 

signals. 7 ly was this the case durin: 
Cc June, July, A 

circuit was tuned to the same natural period the 
zzer circuit, and the current through the circuit 

means & curve connecting current and resistance in 
the circuit can be drawn, and, extra ion, the 
resistance of the circuit itself can inbek This f This result 

measured by ordinary was checked against 
methods, and also by measurements of the decrement of 
the circuit as described below. The resistance found for 
the Paris wave- was 37 ohms; that estimated from 

e decrement was 36 ohms. The actual resistance of the 
wire calculated by Rayleigh’s formula is 4.5 ohms, and 
the difference between represents the effective 
resistance of the crystal detector and its connections. As 
this is large compared with the effective resistance of the 
coils, the correction to be made when the inductance, and 
—~ ee the coil resistance, in this circuit are varied is 
8 

The natural wave-length of the aerial was determined 
by exciting it inductively from a closed circuit coupled 
very loosely to it, and varying the natural period of the 
oscillating circuit until maximum antenna current was 
obtained. natural frequency of this oecillating 
circuit was then found by means of a wave-meter. 
The decrement of the secondary circuits was determined 

by aes Sam inductively from the buzzer circuit and 
ae capacity in the circuit, thus altering its 
natu’ od by a known amount. The change in the 
current flowing in this circuit was observed by a galvano- 
meter, arranged in series with the ordinary crystal 
detector shunted across the fixed inductance. 

It is difficult to measure the earth resistance of the 
antenna circuit, but the determination of the decrement 
of the signals received enables the constancy of the re- 
sistance of the earth to be determined to any required 
d of accuracy.” It was found that decrement 
did not vary very much from day to day, and in making 
calculations of received energy, the earth resistance has 
been assumed constant. 

MEASUREMENT OF CURRENT IN THE CrystaL Orrculr. 

The current received by the antenna was estimated 
from the current flowing through the crystal circuit, as 
explained above. As far as variations are concerned, it 
was sufficient to note the changes in the galvanometer 
currents due to the received signals. The crystal com- 
bination used in nearly all the tests was the one known 
as permeee, with crystals of zincite and chaloopyrites. 

n order to simplify the work as much as possible, the 
secondary circuit was calibrated on the same wave-length 
as that of the received signal. This not only surmounts 
the difficulty that the sensitiveness of the crystal may 
depend upon the frequency of the currents passing 
through it, but, as is shown in the ge it enables 
the antenna current to be determined directly in terms 
of the current in the buzzer circuit by using a constant 
multiplier. 

As has heen shown by the author} and many others, the 
current flowing in the crystal circuit connected to any 
oscillating system is F pate yw to the square of the 
oscillating current. This result has been checked in con- 
nection with all the crystals used in the experiments. 
It may be interesting to note that this result appears to 
show that the action of these crystals is not valve action, 
but one in which the magnitude of the current flowing 
in the circuit depends on a thermo-electromotive force 
induced by the heating effect of the oscillating current. 

It has been shown by Eccles and others that the law of 
variation of current in the crystal circuit with variation 
in current in the oscillating circuit varies with the magni- 
tude of the oscillating current, and that the action of the 
crystal approximates more closely to a pure valve action 
for large currente, 
With the currents used in these experiments (the 

maximum value usually not exceeding 2 micro-amperes) 
the square law is accurately true. Other crystals that 
have been tried are combinations of zincite and galena, 
brass wire and silicon, and iron wire and silicon. 
With « particularly sensitive silicon crystal it was found 

that the iron-wire-silicon combination was almost as 
sensitive as the ikon ; but this combination was not 
as reliable as the perikon—i.e., the sensitiveness of the 
crystal was more liable to be upset by atmospheric dis- 
charges, and, for this reason, the perikon has been pre- 
ferred in all these tests. 

In series with the crystal was placed a high-resistance 
(8000 ohms) telephone receiver, an ordinary Broca galva- 
nometer with a period of about 9 seconds, and an 
Einthoven galvanometer with a silvered quartz fibre 
baving a natural —_— of about A, second when working 
at normal sensibility. It might have been expected that 
for long dashes the Broca galvanometer would have 

oved satisfactory and sensitive enough for the purpose. 
The actual deflection of the instrument for a given current 
in the circuit is greater that of the Einthoven, the 
norma! sensitiveness of the instrument being 400 mm. per 
micro-ampere, but in practice it was fo that extra- 
neous causes made it almost impossible to use the Broca 

vanometer for purposes of measurement. The greatest 
ifficulty was met with in connection with the atmo- 

ic dischar; which, at certain times of the year, are 
hable to interfere very seriously with the ‘reception of 

and September. ~ dy of ° dring many 
monthsin the wale ae Broca galvanometer was quite 
effective, though even under the most favourable atmo- 

. Assuming that ‘the “decrement of the wave-train 
emitted is 

t, ‘‘ The Measurement of the Strength 
ireless Si ” ** Vear-Book of Wireless Tele- 

graphy,” page 515, 1914. 
secondary 

by inducing a high-frequency current in it by meas of a 




