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THE TEHU ANTEPEC RAILWAY 'AND TER­
MINAL PORTS. 

No. I. 

O~E of the most remarkable features in connection 
with the early conquests by the paniards was their 
knowledge of topography, and this in spite of the fact 
that the maps which existed in those days were of the 
very crudest character. H did not ta.ke Hernan Cortes the . ' conqueror of MeXIco, who landed on the coast on 
Ma.r.ch 4th, 1519, very long to appreciate the best way o( 
gettmg a~ross the huge continent. Those who study a 
modern map will see that the Spaniard selected the very 
na~rowest nPck of land: and the question is how he 
a.rm ·ed ll;t the knowledge which intluenced him. In a 
letter ~hich Cortes addresRed to his Soverei~n, Charles Y. 
of Spa.m, a fter pointing out that be had " despatched an 
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stated, about some 108 kiloms. of line had been laid- we 
cannot use the word "constructod "-by Don Deltic 
Sanchez, and paid for by the Mexican Government. 
There remained 2 kiloms. further to build, and oo1y a. 
very small proportion of this had been completed when 
death put an end to McMurdo's enterprise. 

In January, 1 92. his widow came to an arrangement 
with the Mexican Government to rescind the contract; 
and here attention mav be called to the honourable 

• 
manner in which the Government dealt with l\1rs. 
Me Murdo, offering liberal terms of compensation instead 
of demanding recompense for not carrying out the con­
tract, a policy which contrasts vividly with the attitude 
adopted by the Portuguese Government towards the 
same lady, a executrix, in connection with the Lorenzo· 
Marquez Railwu.y. A settlement in this latter case was 
delayed for years, and tinally the question went to arbi-

Fig. 1- BRIOGE OVER lHE JAL TEPEC RIVER AT SANTA LUCRECIA 

expedition to Guatemala " be says:-" I ha.Ye received 
information , as well as of the great riches of that country, 
that in the opinion of my nad~Zators there is a strait 
leading from that bay into the opposite sea, which is the 
thing above all others in the world I am desirous of 
meeting with on account of the immense utility which I 
am convinced would result from it to the advantage of 
your Imperial Majesty." 

After Cortes came the Colonial Governments of 
1\Iexico, which were also prompt to realise the geographical 
and strategical importance of the I st hmus of Tehuan­
tepec. Again and again under successive governors, 
the route was explored and surveyed, the idea being, 
there can he no question-for documents prove it-to 
cut a canal through the isthmus in practically the same 
way as that at Panama is now being made. A certain 
Agustin Cramer, an enflineer of some repute in his day, 
was commissioned by the Viceroy, Don Antonio M. de 
B ucareli, in 1774, to ma.ke the necessary surveys of the 
isthmus, and, this being done, be strongly advocated the 
opening up of a canal to connect the Pacific and Atlantic 
Oceans. Either the Government lacked the funds or the 
pluck to make the attempt ; but, the advantages of such 
an undertaking being obvious, efforts were made by 
American capitalists to take up the project. A notable 
American civil engineer , Captain James B. Eads, having 
expended some time and much trouble upon suneying 
the ground in 1 1, drew up plans for e. ship railway, a 
scheme which, as it may be remembered, was at one time 
strongly recommended for the Panama. route as also for 
that of the Darien. Experience now proves conclusively 
that a ship railway would ha.ve been impossible in practice. 

Captain E ads tinding no one sufficiently enterprising to 
support him financially, although the Government gave 
him every inducement by renewing his concession again 
and again, a Mexican ne.med Don Deltic Sanchez 
endeavoured to raise sufficient funds to carry out a 
contract which he had made to do the work, hut he 
failed , his contract being rer:cinded in 1 . Don Delfin 
Sancbez was a very much esteemed engineer, whose 
bona fides was unquestionable, and his railway connection 
eminently commendable. He was granted a regular .con· 
tract to build the railway, for which be was to be patd at. 
the rate of 25,000 dols. (£2500) per kilometre. The con­
tract wu.s signed in October, 1882, and the line was to 
be completed and opened for t raffic by February, 1 5. 
By t he commencement of 1 83, however, the arrange­
ment was found to be unworkable ; but, meanwhile, Senor 
Sancbez bad received a considerable sum from the Govern­
ment "on account." payments having been made to h im 
amounting to 700,000 dols. at the offset, while a further 
sum of 733,134 dols. was paid-562,190 dols. for material 
used and work done upon 108 kilomP., and 170,224 i!ol~. 
as a.n indemnity for bavinll h is contract cancelled. Tb1s 

• 
brings us to the end of l~ 

To Don Delfin Sa.nchez succeeded Colonel E dward 
McMurdo of London and New York, who, with that bold­
ness and ~ePponeibility which characterised ~im thro~gh 
life, entRred the lists as contractor; and there 1s no say~ a~ 
what might ha,·e been the result bad not Me Murdo d1ed 
in 1 92. That the issue might easily have been chaos 
is possible when one remembers what happened in con­
nection with the Lorem:o Marque? (Portuguese South 
Africa) Railway conces~ion, which was also secured. by 
the same enterprisin~ American engineer. At the tune 
that Colonel Mdlurdo entered upon the scene, as already 

• 

tration, when a. most inadequate award was made in 
favour of Mrs. Mc Murdo. 

With the disappearance of the American element, other 
entreprenetLT8 a.ppeared upon the scene in the persons of 
Messrs. J . H . Hampson, E. L. Cortbell and the Hon. 
Cba.ndos S. Sta.ohope. In February, 1 92, these gentle­
men commenced to build and complete the remainder of 
the line, which they undertook to extend to Saline. Cruz 
by June, 1 93. It was a. rash contract into which to 
enter, for, as any practical engineer could have seen, it 
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was quite impot sible that the line could have been 
finished in anything like this time. It is not surprising 
to le-am that the combination soon collapsed, Messrs. 
Hampson and Cortbell retiring from the contract, and 
Mr. Stanhope being left to carry it out as best he could. 
So much money had already been frittered away upon 
the undertaking, that Mr. Stanbope found himself almost 
hopelessly opposed a.t the outset by lack of funds. After 
mu :}h trouble be formed a. small syndicate for the purpose of 
completing the remaining 60 kiloroR. of line. His con­
tract stipulated for a payment of 1,113,035 doh., and the 
time allotted to him was nine months. By dint of much 

• 
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persevera.nce and pluck the work was actuall.v completed 
within the specitied period, but, as may readily be assumed, 
it was of a. ma.keshift character, a.nd such as no practical 
railway engineer would have passed. 

The Mexican Government, however, had never lost 
faith either 8.'1 to the completion of the line or its eventual 
,·alue, and when the opportunity presented itself for enter­
ing into an arran~rP.ment with a leadin!Z firw of British 
enuineers it was ta.kPn advanta!{e of, and then it wa.s that 
S. PeA.rson and Son, Limited, who had alreadv constructPd 
the drainaEtA works of the Valley of Mexico and the 
port works of Vera 0ruz, two enormous engineering enter­
prises which bad baftied the skill and resources of cen· 
turies, came upon the scene, destined to complete the 
undertaJ,:iog and to bestow upon it the seal of permanency 
and prosperity. 

This, then, is the early history of the Tebuantepec 
Ra.ilwa.y, which now runs from Puerto Mexico- formerly 
known as Coatzacoalcos-on the Atlantic side to S&Jina 
Cruz on the Pacific side, a tota.l length of 810 kiloms., 
with a branch line from Juile to Sa.n Juan Eva.ngelista, a 
further 28 kiloms. To the e ma.v be added a recently 
onened branch from Carmen-37 kiloms. from Puerto 
M exico-to Minatithio, about 14 kiloms in length, a small 
branch which was constructed especia.lly for the con­
venience of the oil refiner.v belonging to S. Pea.rson and 
Snn, Limited, which is situated at the little towu of 
Minatithl.n. 

In this article it is proposed to deal with the Tehuan­
trpec enterprise in three Rections- firstly, a description of 
th"' railwa.v line; secondly, with the two terminal ports 
of Puerto Mexico and Saline. Cruz ; and thirdly, with the 
ad,·anta~es of the Tehuantepec route as compared with 
those of other i"thmus routes, and general conclusions 
with regard to the whole undertaking. In our issue of 
February 1st, 1907, we gave an a.rticle on this ra.ilwa.y and 
its ports, in which we printed maps of the railway and of 
the ports, as well as a number of engravings showing 
various portions of t he undertaking, some bein~ in the 
text and some in a special supplement. We would refer 
our readers to this article in order that they ma.y better 
follow the text of the present series. 

RAILWAY ROUTE. 

The Isthmus of Tebuantepec has a width at its 
narrowest point of 125 miles, and it lies between 16 deg. 
and 18 deg. north latitude and 94 deg. and 96 deg. west 
longitude. With the sin~le exception of the Isthmus of 
Panama, this narrow neck of land forms the slenderest 
Plip of territory on the Western H emierohere, separating 
the wa.ters of the Atlantic and Pacific Oceans. The 
engineering conditions for building a ra.ilway across this 
isthmus necessitate a gradual ascent from the mouth of 
the Coatzacoalcos River, crossin~ many eftiuents of that 
stream until a. fairly flat tableland is reached. At a 
distance of 79 miles from Coatzcoe.lcos there is a. depres­
sion at the J a.ltepec River, a.nd between this point and 
the Atlantic the g-ra.dients are about 60ft. to the mile. 
The heaviest climb, however, commences at the point 
known as Santa Lucrecia., a.t which poin t the J a.ltepec 
River is cro!lsed on a. steel bridge 560ft. in len~h-com­
posed of five spans-and of this an engraving is given in 
Figs. 1 and 2. The bridge crossed, the Malatengo 
Canyon is entered at a distance of about 38 miles beyond, 
and there the route is through rock-cuts and chasms 
leadin~ up to Rincon Antonio, which is known as the 
" divide," and is, in effect, a. junction of considerable 
dimensions. Here are found the ex ten si ve ya.rds and 
shops of the company, the entire area having been 
rescued from a sandy waste and converted into a model 
township. occupied entirely by the railway and its 
workpeople. 

Leaving Rincon Antonio, the line enters the Chh·ela 
Pass, which is crossed at a height of 730ft. above sea 
level, the bighe~t point on the route, and from which the 
descent to the Pc~.cific is decidedly abrupt in comparison, 
some of the steepest gra.dieots on the section being here 
encountered. At the Chivela Pass, which extends from 
kilom. 209 to kilom. 247, a distance of 3 kiloms., 
the track runs over two horse-shoe curves and throuJ?h 
one tunnel, the latter hein~ stone lined and handsomely 
faced a.t hoth ends. Daring the reconstruction of the 
road, which was found ner.essa.ry almost from beginning 
to end when Pe8l·son and Son took it over. ma.ny of 
the heaviest gradients were reduced and the curves 
straightened. The whole liDA has been adapted to curves 
of a minimum radius of 150 m. compensated and a 
(!radient of 1 -6 per cent., except the track in the Chh·ela 
Pass, where the curvature comes to a minimum radius of 
80 m. and a ma.ximum gradient of 2. 07 per cent. 

CONSTHUCTION WORK. 

Some of the heavie~t construction work on the line is 
to be found on the Malatengo Canyon, from kilometre 
1 to 202, namely, 14 kilometres. With regard to t.be 
bridgeP, whereas for the first two or three years that the 
line was working several wooden structures were em­
ployed temporarily, there are now to be found upon the 
route from end to end nothing but stPel brid~es of the 
finest construction, the most important of which are the 
following ·:-

Chl\ca.la.pa Bridge, at kilometre 13, witll three spans of 
23.29 m. each, plate uirder riveted. 

Santa Lucrecia Bridge, a.t kilometre 127, five spans of 
36 .30 m. each, lattice girdar, P ratt type. 

Tolosa Brid~Ze, a.t kilometre 159, three spans of 36.30 m 
each, lattice girder, Pratt type. 

Sarabia Bridge. a.t kilometre 176, one span of 86 . SO m., 
lattice gir4ar, Pratt type, and four spans of 16 . 3S m. each, 
plate girders ri vetPd. 

Malattogo Bridge, at kilometre 190, two spans of 
37. 03 m. each, lattice girders, Pra.tt type. 

Tehuantepec Bridge, a.t kilometre 291, three spans of 
61 . 2 t m. each, lattice girders, Pra.tt type. 

There are some other and smaller bridges, ha.ving spans 
between 14 m. and 30 m., with lattice hal£-through gir· 
ders, and still others, also small, with spans between 
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5.30 m. and 13 m., and plate deck girders. The culverts 
are of concrete on the northern division, and of lJlasonry 
on the central and southern division. The total number 
of brid~es and culverts is 846. 

The finest steel bridge, perhaps, is that over the J al­
tepec River, at Santa Lucrecia, the junction of the 
Te~uantepec with. the Yera ~ruz and Isthmus Railway. 
Thts handsome bndge, 560ft. m length, is composed of 
five spans, and is of steel throughout. The masonry 
abutments are of a thoroughly substantial and permanent 
chare:cter, and capable of carrying, with the brid~e itself, 
a we1ght far greater than they will ever be called upon 
to sustain. 

On the whole, it may be said that as it exists to-de.:v 
the Tehue.ntepec Railway is one of the best constructed 
lin~s of its kind i~ the world, capable of sustaining all the 
fre1ght traffic whtch ca.n be obtained for it-and that is 
saying_ e. good deal. . The road is standard gauge of 
4ft. stm., and where 1t passes over the clayey soil there 
are rock ballast and gra"el. The ties, or, as we call 
them, the sleepers, are creosoted pine, California red­
wood and nati>e hardwood. Eighty-pound steel rails are 
employed, and besides the 190 miles (304 kiloms.) of 
main track, the!e are 60 miles (96 kiloms.) of sidings, 
capable of handhn~ three-quarters to one million tons of 
freight annually . Regarding the railway's business up to 
the present time, we shall speak more fully later on. 

The cost of this undertaking, including both the 
railway and harbour works at Saline. Cruz and Puerto 
Mexico (Coa.tza.coalcos), has up to date exceeded 
£9,000,000, and before finality is reached the figures will 
probably stand at a round .£10,000,000, which may be 
divided up as follows :-
Reconstruction of railway, rollin~r stock, bridges ter-

minal facilities, plans, and buildings... ... ..: ... £3.000 000 
Harbour works at al ina Crnz... ... . .. .. . ... . .. 4, 700,000 

,. ,. , Puerto Mexico (Coatzacoalcos) 2,300,000 

The Vera. Cruz and Isthmus Railway joins the Tehuan­
tepec National Railway at Santa Lucrecia. ; the Pan-· 
American Railroad joins the Tebua.ntepec National at Sa.n 
Geronimo, a.nd is now open for traffic to the important 
coffee centres of Huixtla and Ta.pachula., and as far as 
Mariscal, a distance of 714 kilometres. The old station 
buildings at Santa. Lucrecia. and San Geronimo were found 
t o be inadequate to handle the great increases in the 
traffic moving over the Tebue.ntepec National Railway 
in connection with the Vera Cruz and Isthmus, and 
the Pan-Aruerican, and new and suhstantial masonry 
buildings have been built this year at both Santa 
Lucretia and San Geronimo. Between Puerto Mexico 
and Saline. Cruz there are thirty-four stations, the 
most important being Juile, Santa Lucrecia, R incon 
Antonio, and San Geronimo. The distance between port 
and port in kilometres is exactly 303.5, and the average 
time occupied in transit is 12t hours up and lot hours 
down. Trains leave Puerto Mexico daily at 6 a.m. 
arriving at Saline. Cruz at 6.30 p.m.; and 6.15 p.m.: 
arrivin~ at Saline. Cruz at 8.5, while others leave Saline. 
Cruz daily at 8.5 &:·I?·• arriving at Puerto l\lexico at 6.15 p.m.; 
and 7.0 p.m., arnvmg at Puerbo Mexico at 8 25 a.m. 

At present the line is a single track only, but provision 
has been m ade for doubling it, and there can be no 
question that the track will have to be doubled very 
shortly . In this event it will be the only double-track 
line in the Republic of Mexico, and whenever the decision 
to build the extra track is arrived at the line will be con­
structed within a comparatively short time, and the 
expense attached thereto will be correspondingly light. 
Sir Weetman Pearson, in a speech m ade on the 23rd 
January, 1907, when the President of the Republic opened 
the line, said :-"I "enture to make a prophecy of a 
double track within seven years, if not within five." 

While the passenger rolling-stock used on the 
Tehuantepec line is necessarily small, in view of the com­
paratively limited number of passengers now being 
carried, it is very complete, and comprises the latest 
type of passenger coaches, with Pullmans running over 
the line from Santa Lucrecia to Saline. Cruz, and vice 
versa. On the other hand, the freight cars already 
number over 1200, and an addiliional 200 box-cars have 
been ordered this year, to cope with the ever-increasing 
traffic. There Me also about 130 gondolas, each of 30 tons 
capacity, 80 stock cars, and 60 locomotives, and at the 
present time every single car, excepting those in the 
repairing ~;beds, is in requisition. The Tehuantepec 
Railway was the first Mexican line to introduce oil as 
fuel, and all the locomoliives have been gradually con­
verted from coal to oil-burning, by which means a saving 
of something like 30 per cent. is achieved. Throughout 
the railway workshops the stationary boilers are run by 
oil fuel, this being obtained from S. Pearson and Son's 
refinery at Mina.titlt\n. At Puerto Mexico, the Tehu­
antepec Railway possesses a colossal tank constructed of 
steel, capable of storing 1,500,000 gallons of oil, from 
which the latter is distributed to smaller tanks along the 
line of railway, each of which has a storage capacity of 
6500 gallons. 

EXPERIMENTS WITH CENTRIFUGAL PUMPS. 
By J . G. DA Yl , B. Se., and W. R. HARDING. 

LITTLE is known of the frictional conditions prevailing 
and the losses occurring in centrifugal pumps, and, in view 
of this, the results obtained from systematic tests recen tly 
made, a.nd the conclusions arising therefrom, cannot fail 
to do something towards connecLing the several existing 
theories with actual results. 
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will be considered below in such detail as is necessary. 
The successful application of the formula to these very 
complete trials led to the attempt, in all cases satisfactory, 
to apply it to the published results* of the performance of 
other centrifugal pumps. The wide range of application 
of this formula leads to the conclusion that it is quite 
general in form, and applicable to any similar pump, 
large or small, with .. suitable variation of the constants 
involved. This will allow of an accurate prediction of 
the performance of a pomp under any conditions, once 
the constants have been determined in the manner indi­
cated below. The possibility of such a prediction of results 
should render this method of no small interest to manu­
facturers and others. 

It is proposed to deal here briefly with the derivation of 
the generd.l formula, following with a description of the 
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to be re.dia.l-Fig. 1-v a.nd v 1 being the linear velocity of 
the inner and outer tips of the vanes, which make angles 
8 and pat entry and exit respectively; the vector A B 
represents the velocity of the water relative to the wheel 
at inlet. Moreover, a velocity represented by tt• must be 
impressed by the vane on the water, in order to cause it 
to take the direction B C instead of B A. B C is the 
velocity of water relative to the impeller at entry to va.ne. 
Thus the loss of head due to the change of velocity 
impressed on the water by the vane is represented by 

u', /2 g, where u, = v - u cot 8 • • • (1) 

(2) Loss of head at exit from impeller vanes.-Let 4 

be the angle of guide vanes at the impeller exit, A.Dd let 
P be the point under consideration. The water clearly 
tends to flow along the tangent to the vane at P, namely, 
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trials made on a small centrifugal pump, and the verifica· 
tion of the theory by the application of the formula to its 
performance, and also to the published results of trials on 
other pumps. 

General Theoretical Considerations.-In hydraulic 
engines in general, where moving and fixed vanes are 
employed, the necessary conditions for the most efficient 
working are that there shall be no loss of head due to 
" shock "- incurred by abrupt change of >elocity of 
the working fluid-and that the fluid shall leave the moving 
vanes with no velocity relative to them. On this hypo­
thesis, the usual expressions for the theoretical performance 
of the various types of turbines are obtained, and, with 
suitable modifications to allow for frictional and other 
losses, apply to results obtained in practice. The question 
as to what extent a turbine is reversible has been greatly 
disputed, and practical results have been somewhat unex­
pected. For example, t he 80 per ceot. efficiency of a re­
action turbine may be reduced to, say, 55 per cent. when 
working as a centrifugal pump. (See Dr. Stanton's 
Researches.) This is accounted for by the difficulty ex­
perienced, even when great care is taken to avoid shocks 
and sudden enlargements, in converting the kinetic energy 
of the water leaving the impeller or wheel of the pump 
into anything approaching the equivalent static or pressure 
head. Various methods have been adopted in pump 
design for the reduction of this loss, due to the partial 
dissipation of the "whirl " or tangential velocity head. 
Among these may be mentioned the additioo of a " whirling 
chamber" (Thotnson), the backward, or re-curving of the 
impeller blades (Appold), and the more recent use of 
" guide passages " outside the impeller (Reynolds). 

The loss by " shock," due to more or less abrupt change 
in the absolute velocity of the water at the impe]ler exit, 
may be expressed in terms of the discharge velocity, and 
is convenientlv denoted by discharge velocity bead, or 
~ U'/2 g, where C is the ab~olute velocity of discharge from 
the impeller vane tips, and (is Borda's coefficient, varying 
with the type of pump, but having an a>erage value of 
from 0 · 5 to 0 · 6, including the loss in the impeller itself in 
a modern torbine pump. E specially in the older form s 
of pumps, where the discharge takes place into a body of 
water having a much smaller absolute velocity, is this 
loss exaggerated. 

The bead lost by friction in the case of a disc robating 
in a fluid is proportional to the square of the peripheral 
speed. The friction is also stated to increase with the 
area of the pump casing; this is due, no doubt. to the 
st illing of the eddies by the surface of the stationary 
casing, and the reacting of this stilled water on the 
surface of the rotating wheel. 

The above indicates briefly the nature of the losses to 
be expected in centrifugal pumps, and we now proceed to 
outline the deduction of a genera..l type of expression for 
the actual working head in any pump. This is due to 
Mr. F. C. Lea, B.Sc., A. M. I.C.E., of the Central 
Technical College, S.W., to whom best thanks are due for 
this a.nd other valuable suggest.ions. 

DEDUCTIOX OF GEXERAL FORMULA FOR THE WORKING 
HEAD IN A CE~TRIFUUAL P UMP. 

along B' A'-Fie. 2. It the va.ne at exit bad some other 
angle p", so that B" A" represented the direction of the vane 
at P , and there were no velocity of whirl at exit, there 
would be no loss of head at exit. But in a practical case 
there is a velocity of whirl (or tangential component of 
the absolute velocity of the water) V~o due to the blade 
having some other angle p at exit. B ' A' is then the 
velocity of the water relative to the wheel at exit, and 
the ultimate absolute velocity of flow along the guide 
vanes at P will be represented by the '\"ector 0 ' R' . But 
in order to cause the water to reach R' instead of A' , the 
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velocity A' K ', namely, u', , must be impressed on it by 
the wheel. So that the head lost at exit is equal to 

( u ', )' I 2 g, where u', = v1 - u1 (cot 4 

• 

A general formula for the losses in e. centrifugal pump 
-in terms of the discharge, peripheral speed, and head­
has been obtained from quite general theoretical con­
siderations, and has been applied successfully to actual 
practical cases within wide limits. The closeness with 
which theoretical and experimental results agree points 
to the soundness of the theory. 

(1) L o8B of hl'ad at entry to impeller vanes.-Assuming 
the velocity of Bow u of water entering the impeller vanes 

+ cot p) • • • • . • (2) 
Other losses_ occurring in the pump.-Frictional loeses, 

as yet unconstdered, may be taken as being proportional 
to the square of the velocity of flow through the wl:eel, 
also to the square of the peripheral speed. Thus fric~icn!U 
losses are represented by-

The first tests were made on a. small pump, and these 

· Pn.,.oruJ : "Proceeding~." l ruJUtuuoo of C11'.1 Eogioeers, Yo•. >.h ii., 
1 age 272. 

R:v-eau : Tua Eso t'>IIIR, 1902. 
St. 1nton : I n~t1tutl •n of Meonnnical Engineers. 1903. 
Further ddt.nil• of the deri\·ation and applleatioas of the fomlula to the 

abO\'e tri~ls v.~ tl be found lo the rtcen!.l) publiahed treati~e on 
•·nydr:ut:lc, ," b.1 Mr. f '. C'. Len. (Arnold. ) 

8 (u1) 'lj2 g - t (t·1)' '2 g • • • • 
where 8 and I are constants . . . . . . . . t3) 
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. The ce1:1trifugal head will probably diminish as the 
dtscharge mcre&:ses, for any given velocity of flow, since 
the. water leavmg the "eye" of the pump-assumed 
radially- from the suction pipe will have less chance of 
assuming the velocity proper to it at that particular speed 
of the pump, the greater the speed with which it passes 
through the impeller •anes. The centri.fugal head thus 
depends upon vh and also upon u1, and it is a-ssumed 
reasonably that the change in the centrifugal head as 
the discharge varies, may be expressed by- ' 

(kv1- nu1)~2 g .... 
where k and n are conste.nts . . . . . . . . (4) 

THE ENGINEER 

The sum of the readings of the two gauges gives the 
existing bead kin lb. per square inch. 

Pilot tube.-For the measurement of the velocity, and, 
therefore, also of the volume of water delivered by the 
pump, a Pitot tube is employed. This consists essentially 
of a small tube a introduced into the delivery pipe, so as 
to record only the preesure of the moving water, and a 
second tube b at right angles to a, on the orifice of which 
the flowing w~~oter impinges, recording the sum of the 
pressure and velocity heads. The tubes are connected 
through suitable reservoirs to gauge tubes A and B, each 
of some 9ft. length, and in a continuous circuit with one 
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with which it is possible to work with the apparatus 
employed, and the overall efficiency of the pump, the 
results have not sufficient direct bearing on the present 
work to justify their being given here. The normal brake 
horse-power of the pump is roughly 0.9, the combined 
efficiency of pump and motor about 34 per cent., the 
efficiency of the motor alone at normal load 7 5 per cent., 
and of the pump alone about 45 per cent. This 
efficiency is low, a.s the pump is small, and the losses 
consequently more exaggerated than in larger sizes. 

Fi ... S. 

In the following experiments, h, the bead under which 
the pump is working, or lift, is measured directly in 
pounds per square inch , and converted to feet of water 
conveniently by means of a conversion curve. Q,a is 
calculated from the velocity Q A in the discharge pipe, 
the latter being measured by the Pitot tube and con­
verted to feet per second . • 

Veloc1ty· Discharge Curves at Constant Head (Experimental) 

Theoret icar Curl'es m4y be superimposed from tile 1'4/uu 'T.;hu!atetl which hHve bun c.;lcul4tetl 
A is the a. rea of the discharge pipe in square feet-equal 

to 0.0191, since the diameter is 1.875in. 28 !room the Formula h><2g- mv,' ~ C".r·IJ ~ K('~<~)z 

26 -- 1/JIJSU" IJ 15 17 I!J '.3 ? C I' n " r!' ll:~ Note... The Cun-es for IZ 14. 16. 18. 10. ~ 
""" lL ~ / 1/ 

a is equal to0.096 square feet. Thus Q'a= [0.1995 Q/A] . 
Experimentally it was fonnd that Q/A = 2.498 \ \'a . 
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v1 is directly proportional to the speed of the shaft, and 
since the periphery of the wheel is !.54Ft. in circum­
ference, we have v1 = 0.0257 X R.P.M. in feet per second. 

General observations on experimental procedure.­
In all cases both ascending and descending values of the 
variables have been observed and plotted. For con­
venience the quantities have been plotted as observed 
-that is, without conversion in the above manner-in 
every case where the mere introduction of a. constant 
factor is necessary to convert quantities read from the 
curves to a form suita.b!e for the calculation of m, C, 
and K. IZ 
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Damping the vibration of the gauge pointers as far as 
possible by throttling with the adjustable cocks is 
found to give increased accuracy of reading. In all 
cases the " suction bead" increases and the "pressure 
head " decreases as the flow through the pump 
increases, the Emm of the two readings giving the lift h. 
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The speed and discharge can always be adjusted by 
suitaHe regulation of the field resistances and the stop 
valve to obtain any desired value-within limits--of the 
bead ; in the same way, throughout the experiments, any 
two of the three quantities measured-head, speed, and 
discharge-can be varied to obtain a desired value of 
the third. ISOO 

S p e e d- R e v o f u t 1 o n s P e ,. M 1 n u c e In e•ery experiment the " mean " of the readings over 
a period of one 10inute has been taken ; the speed being 
registered in the case of "constant-head " and "constant-

• 

HKow (Actual bead) = (Theoretical bead) - {Head lost). 
h = (Yt . t:t g) - (losses 1, 2, 3, and 4) 

v1 (vl - 111 cot p) _ (t• - u cot 8)2 

g 2g 
( p 
-
1 

v1 - 111 (cot a + cot p) 

2g 

_ .' s u 12 + f •·1' 1 _. _( 7>_· _v..:..1 __ n_r_t _P 
l 2 g ~ g j • "l.g 

Now to obtain a parabolic expression for lt in terms of 
u 1 and vh we may write 1L1 and 8 for u and p respectively , 
by the introduction of suitable constant factors, ~ince 
8 and p are themselves conste.nt, and u is proportional to 
t t 1 , so that the expression reduces to-

2 g k = m 'Vt2 + C tt1 V1 + K Ut' . • • • (5) 
where m, C, and R, are conste.nts, depending on the 
dimensions and design of any particular pump. 

These constants can always be determi ned by solving 
the simulte.neons equation given by three independent 
experiments on the pump, each gi•ing an expression 
similar to (5). 

In the particular case investigated the values of the 
conste.nts were determined as follows :-

k is the actual lift, or working bead, of the pump in feet. 
Q is the discharge in cubic feet per second. 
a is the normal area of water passages a.t the periphery 

of the wheel in sqnare feet. 
v1 is the peripheral speed in feet per second. 
Then u1 becomes Qfa, so that 

2 g k = m<VJ' + C (Qfa) Vt + K (Q a )2• • • • (D) 
Apparatus.-Tbe experiments described below were 

carried out at the Central Technical College Engineering 
Laboratories. The centrifugal pump is by Messrs. 
Mather and Pla.tt, and is of the makers' atandard type, 
having a normal capacity of 85 gallons per minute 
against a bead of 35ft., and rnnning normally at 2020 
revolutions per minute. Driven through an ordinary 
flange coupling by an electric motor, it is of the "guide 
p9oSsage " type a turbine pump-the general arrange­
ment being indicated in Fig. 3. The number of vanes in 
the impeller is six, and the approximate angles at entry 
and exit respectively are 8 = 5° and p = 30". Ther e 
are four guide blades-not shown- at an angle a = 3° to 
5°. The snction pipe, which mnst not exceed 34ft. in 
height above water level, terminates in a. foot valve K 
about 3in. from the bottom of the tank, to prevent back­
ward flow of the water before starting. In starting up a 
pump any air remaining in the suction pipe must be 
repla.ced with water, either by filling through a suitable 
aperture, or, in the case of large pumps, by exhausting 
the air by means of a steam ejector after closing the 
delivery valve. On leaving the pump the water passes 
through a throttle valve V, just below which is fitted a 
pressme gauge G, which provides an imaginary head. 
The deli>ery pipe takes tbe form of an inverted U, and 
terminates about Sin. from the bottom of the tank, which 
contains about 20in. of water. Since the pump is not at 
water level, the additional bead due to suction must be 
measured, and provision is made for this by the vacuum 
gauge g, fitted soi?le ?in. past the ben~ in the s~ction 
pipe. This precaution 18 neceesary to a >old the centrifugal 
bead in the ber.d being includ<.d in the gauge reading. 

• . • 1 di£charge " curves by means of a stop-watch and revolu-
anotb~r and w1th the delivery ptpe. The pressure head tion counter, and in the case of the "conshnt speed " 
Pa bemg com~on, the amount' !' by whlch the ~aded curves by a specially calibrated sensitive speed indicator. 
water column m B exceeds that m A, measures directly . . . . 
the discharge >elocity bead in inches. The pnmary obJect of the expenments bemg to deter-

' . . . 1 . mine acco.rately the values qf m, C, and K in expression 
Then Q A = k 2g ' a 12 = 1 "' \ a • {D), it is noted that when the discharge is zero the bead h 

The velocity in the delivery pipe ill, of course, variable becomes m v1
2t2 g. The pump is t-herefore run with 

over the section, following a parabolic law~see Fig. 4- water in the volute space and wheel, having the stop 
and to obtain the mean velocity with a perfect Pitot tube valve closed. Any point on a cnrve plotted, connecting 
- i .e., one in which k is unity-the tube b would need to simultaneously observed values of v1 and h, then deter­
be at P, to dispensP. with an independent calibration. mines a value of m-see Fig. 6. 
Any possible error due to deviation from this position is The mean of a number of such values is found. The 
however eliminated-provided the pipe runs full-by an values of m for a curve determined from thirty-seven 
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independent determination of k or j , readily effected by 
plotting a curve connecting corresponding values of V a 
and Q. Q is measured by weighing, or by flow through 
an orifice or weir, or by any standard method. 

The motor is a 2 horse-power shunt-wound machine­
type E. 0.- by Messrs. Matber and Platt, and is stated 
to take 10 amperes at normal load on a 200-volt supply, 
running at 2020 1 e•olutions per minute. It is of the two­
polar constrnction, fittt'!d with carbon brnsbes, and has 
the usual type of starting switch and field regulating 
re!?u tances, by which the speed can be very finely 
adjusted. Sufficient electrical tests were made to give a 
complete knowledge of the working under various condi· 
tions; but although of intereEt in illustrating the accuracy 

independent experiments vary between 1. 058 and 1 . 096 
for a range of speed from 1500 to 2050 revolutions per 
minute. 

The mean value of m is 1 . 087. 
C and K are now determinable from two experiments, 

from which simultaneous values of lz, v 11 and Qla are 
taken, the value of nt already obtained being used in the 
solution of the simultaneous equation. 

Velocity dtscharge curves at constant head.-By suit­
able adjustment of the speed and discharge, a series of 
fifteel curves has been obtained from 270 independent 
experiments with the pump working under constant beads 
of ll lb., 12lb., 13lb., . . . . 25 lb. per square inch 
(25ft. to 60ft). The corresponding range of speed is 1500 



~ 2500 re\'olutions per minute, and of delivery pipe \'elo­
Clty Oft. to 26ft. per second (0 to 177 gallons per minute). 

The experimental points on eight typical curves only 
have been denoted. The mean curve in each case is 
very definitely outlined, and parabolic in form-see 
F. I'! lg. i), 

From the plotted curves C and K are now determined. 
For ta.k:ing any two points, say, on the 20 lb. per square 
inch constant-head curve1 whose co-ordinates are : -Speed 
2049 and 2122 revolutions per minute, a.nd Q/a = 0. 1995 
X Q/A = 2.485 and 3. 52ft. per second respectively,expres­
sion (D) becomes in the two cases-
2 g (46.2} = 1.087 (52.6}2 + 52.6 (2 .4 5} C + (2A85P K 
2 g (46. 2) = 1. 0 7 (54- 5)~ + 54.. 5 (3. 520) C + (3. 520)2 K 

From which C = 2.47 and K = - 58 .. 
The results show tha.t C and R do not vary greatly. 

considering the wide range through which the experi­
mental curves have been plotted, and that each eolution 

be in unstable equilibrium within the ra.nge of speed a u., 
and the least touch of the valve may give the double 
value of the discharge for that pa.r tioula.r speed. 

Impendiny delivery.-Denoting the critical peripheral 
speed-i.e., the speed which is just sufficient to prevent 
downflow of water in the delivery pipe, the water being 
at rest in the impeller and in the suction pipe-by Y c , 
h bein~ the available hea.d, Y r should not greatly exceed 
\ ~ y h, but is, of qgurse, influenced by the frictional con­
ditions a.nd the shape of the blades. At low discharges 
the points are not generally so well in accordance with 
the regular outline of the curves as at the higher values, 
and this is probably due to discontinuity of action in the 
Pitot tube, caused by the pipe not running full. That 
such a condition is possible in this case has been proved 
by special investigations, details of which it is hardly of 
va.lue to give in this article. 

H ead velocity crtrvea at constant diaclwrge.-The 

_f.igure 7.-lfead Dtscharge Curves at Constant SP..eed 
(Curves obcamed by Dtrecc E.xpertmenc are shewn. Exactly stmilar curves 

h obtamed !'or Sr~ 7;, 2305;2240,'2225,'2210,'2/25,'20'1-2,'2007 are not drawn ) 
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is the result obtained from a. pair o£ points not ta.ken 
close together on the curves. Sixty independent solutions 
such as tDe above show that on the experimental curves 
C varies from 1. 80 to 2. 81 ; mean of readings 2. 26 
R varies from - 50 to - 7 4 . 9 ; mean of readings - 62 .1 

Putting in the mean values of the constants as above 
(D) becomes-
64·4 h = 1 ·087 v1

2 + 2·26 v 1 Qfa- 62·1 (Q,a)2 • (E) 
From this expression, gh·iog h any definite fixed value, 
and assigning a value to one of the other unknowns, the 
second can be calculated , so obta.ining a series of values 
connecting v1 and Q a for the chosen constant head. In 
the solution of these equations, the following method is 
convenient :-Divide (D) throughout by m, and we have 
a.n equation of the general form:-

a1 y 2 + b y + c = 0 , 
-;-:,---:---

th t . - b ± V b .. - 4 ct1 c 
a 1sy= · 

:.!u• 
In our case a1 is I. 

Assign values to Q A convenient for plotting. Each of 
the corresponding values of Q, a gives a ve:Jue for b, 
which equals 2 · 26 Q/(1 · 087 a), and c, which equals 

-62 ·l (QI ) 2
, and the solution of each equation for v1 is 

1·~7 I a 
only a matter of substituting in the formula given above 
for y, which is identical with v 1• The speed in revolu­
tions per minute, namely, 60 v1 1- 54, is in each case plotted 
aga.iost the corresponding value of Q A, and the values 
chosen for the latter are conveniently the same for each 
constant head curve so calculated from (E). The curves 
obtained in the a.bove manner are found to agree so 
closely with the experimental curves already plotted that 
in most cases they are hardly to be distinguished from 
them. 

A special point of note in these curves is the double 
value of the discharge possible throughout a range of 
speed a a 1-Fig. 5. The pump will not start up until the 
speed 0 a, has been exceeded; thereupon the discharge 
suddenly leaps to beyond D1. On further opening the 
valve, D1 increases, and the speed rises as the load is 
increased. On shutting down, the Pitot tube is seen to 

)ooltD ~ 

velocity head \'(I being maintained at constant values 
0, 5, 10, 16, &c., to 98 inches, corresponding readings of the 
speed and bead h are noted. The readings are limited 
in some cases by the speed, in others by the gauge, so 
that the experimental limits differ for various di~charges. 
For each dischar#te a curve of parabolic form is obtained 
experimentally-Fig. 6-the tangent to the vertex being 
parallel to the "speed" axis, again giving a. double value 
to the speed for the range of head h1, although this is 
outside the experimental range. The thirteen curves so 
determined from 162 independent experiments (the range 
of head being 9 lb. to 3 l1b. per sq. in., and of speed 1600 to 
2500 R.P.M.) could, of course, be utilised for determining 
C and K, using the mean value of m already obtained. 
It is more convenient, however, to superimpose the curves 
calculated from expression (E) for these e~perimental dis­
charges, in order to determine how nearly they coincide. 
This might be done by proceeding with expression (E) at 
the constant discharges chosen, in a sim~r manner to 
that employed in the case of constant head. A more 
direct method is to cut the '' constant head " curves with 
horizontal lines representing the constant discharges, 
reading off the values of the speed for every head, tabu­
lating the values thus:-

I Head in pounds per square inch. 

11 12 I 13 14 16 16 I 17 1 
I • 

;.,. .... - 0 };)3:-l 1500 I 1648 1701 1760 1817 1 76 1930 .,o<~> 
lP .D 5 1520 1575 1631 1688 1744 1800 1857 1913 -e>"'::> c :.:SG) ..... 10 1530 1686 1644 1699 1754 1810 1866 1920! -8 lP .,Q .., 

1605 1662 1717 1770 1826 1880 1936 -og_s 15 15U .. .... ·- 20 1574 1630 1685 1710 1794 1847 189 1954 g, 
~ce:: 25 159S 1650 1703 1758 1813 1 65 1915 l!\701 -:::>·- .., 
e~. 30 1622 1673 1723 li7i 1c32 1883 193~ 19 5 ; 
~.::. 35 1647 1695 174;) 1 ' 00 1 52 1902 1958 2003,::: 

0'- 1670 1il 176 1 20 1'-iO 19:.!0 1970 20'.20 I lP ~ 40 

~~~ 50 1713 1762 1809 186:.! 1910 1956 2006 2055 "0 
Cl) 

65 1775 1820 1867 1915 1963 2010 2059 2110 ~ ~.eo"' 0 1835 1883 1930 1975 2020 2065 2115 2165 './J iS c." 98 1915 1958 2002 2049 2090 2139 2184 2228 
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Head in pounds per ~quare inch. 

19 20 I 21 2'2 23 I 21 I 25 

>.-~ 0 1!l 1 2030 2080 2130 21 0 Z'l'l 2:li'o .. o ... 2'l<>i 2254 0 .D 5 1965 2015 2065 2111 :215~ -::l > Ill ::> 
1975 20'20 2071 2120 :.!166 2'.213 U59 ·-·- ~ ~ 10 8 --;-=~ 

15 1987 2033 2081 2130 2180 2224 2'.269 't:'OO .. c ... 
20 2003 2050 2095 2144 2193 :.!239 2285 lP ·- ·- c. ~ce::. 25 2017 2062 2110 2158 2206 :.!'.255 2300 -::.·-

2'.270 2317 "' o~ 30 2032 2078 2125 2174 2221 > .. < - 2332 lP 

35 2048 2()9•) 2140 2189 2".2.'35 2'285 ,.,. .s:: ,..... .., 0' . - :l:Hi 40 206:3 2108 2156 2'203 2'250 2301 I o~ 

2187 2'235 2'282 23:30 2375 '0 bD 50 209 2145 .. .. G:l 

"'~~ 65 21!10 2193 2235 227 2323 2372 2416 G:l c. 
~ .2-"' 0 2'205 22<13 2'28-i 2325 2370 2415 2460 (JJ 
.s c.~ 

9 2265 2;-303 23-13 2383 2423 2463 2505 A 

For any experimental con~tant ~iscba.~ge. the calcu­
lated or " theoretical •· curve 1s obtamed duectly by plot­
ting corresponding values of h and Q, A as tabulate~. 
The above table also serves for the plottmg of •· theoreti­
cal·· curves of constant head discharge, if the constant 
discharge curves should ha.ve been dra.wn first. 

The coincidence of the experimental with the calcu­
lated curves is very marked. But, as befor.e, ~cc.asiona.l 
discontinuity in the action of the Pitot tube ts mdica.ted. 

Head discharge curve~ at constant 8peed.-The regu­
lating resistances being ~justed d~.8 each e~pe~ment 
to obta.in a constant reading of a sensttive speed mdtcator, 
a series of seventeen curves has been obtained. from 1 5 
independent experiments, giving a range of sp~ed of from 
1625 to 240 revolutions per minute, of head l:llb. to 
29lb. per square inob, and of (~ A Oft. to 24ft. per second. 
These curves are parabolic, with the tangent to the vertex 
parallel to the discharge axis, and again a double ~~ue of 
the discharge for the same head between the hmtts of 
head 0 hand 0 h.-Fig. 7-is obtained, the unstable con­
dition being quite noticeable during the course of the 
experiments. The low discharges a.gain point to discon­
tinuity in the Pitot tube. 

The "theoretical" curves for the above are conveniently 
plotted in a similar way to those for constant discharge, 
namely, by cutting the constant bead curves with vertical 
lines at the speeds chosen, and reading off the values of 
the discharge for every head, tabulating and plotting. 

These curves agree very closely 'vith those obtained by 
direct experiment, almost coinciding with them in the 
majority of cases . 

Efficiency curves (elect rical).-These are of interest as 
a very complete test of the l)erformance of the pump . 
The power required to drive the motor light at all speeds 
is constant; the same applies to driving the pump with­
oat water, the total losses in the motor-friction, eddy 
current, and hysteresis- being the same for all speeds. 
Sets of curves have been plotted, and from these-not 
given here- the efficiency of the pump under any con­
ditions may be found. 

General conclusi07U.-From the above, it is clear that 
the same parabolic expression for the lift of the pump 
gives curves which agree very closely with the curves 
obtained by independent experiments o,·er the ranges 
indicated above. This expression may be termed the 
Character-istic Equation of the pump. 

The above test has been a severe one, and it ha.s seemed 
reasonable to suppose that, within limits, the same form 
of expression will apply to other pumps of a similar type. 

It has been applied successfully to the following oases: 
-A centrifugal pump te ted by Mr. Livens-" Proceed­
ings," Institution of Mechanical Engineers, 1003- having 
a wheel19 . 5in. diameter p about 18.., and 8 = 1°, which 
running at 550 revolutions per minute gave an efficiency 
of 71 per cent. when deliverinf? 1600 gallons per minute 
against a bead of 25ft. The charMteristic equation is 
found to be 1.18 Vt~ + 3 llt v. - 142 u1g = 2 g h. 

Again, for a turbine pump having six vanes (8 = 5"' and 
p = 30) and (our guide vane (a = 3° - ), where the 
wheel diameter is 2 · 5 times the discharge pipe diameter 
the characteristic equation is :- ' 

0 -84 v.z + 48·3 11 1 v 1 - 5 7 u12 = 2 g h. 
In the a.bo~e cases .v1 and 111 are the peripheral speed, 

and the radie.l velo01ty of Bow at exit from the wheel 
- i .e., Q a-in feet per second respectively, h the lift in 
feet. For other particulars see " H;ydrauJies" (Lea). 
The results obtained from the test of a Mathe'r and Platt 
high-lift turbine pump-see " Hydraulics and it11 Applica­
ti~ns," page 61 , Gibson,,1908-delivering 2200 g&llons per 
mmute at ~100 revolutions per minute against a head of 
140ft., promtse from the curves shown a result similar to 
that of the smaller pump here tested, but no deta.ils are 
forthcoming. The efficiency of this pump rises to 70 
per cent. 

It is probable that in the sma.ll pump tested above the 
losses are more exaggerated than they would be in larger 
pumps. 

The smo?thness of finish and accuracy of the vane 
angles a.re tmportant features of pumps by continental 
m~kers tn gene~al, the reduction of friction by this means 
bemg_ very const~erable. The pump on which the above 
de~cr1bed experrments have been made is not finely 
firushed. 

It w~uJd be of great interest in future experiments to 
determme the range of practical application of the 
characteristic equation in the case of larger pumps but 
from the above results and applications there seems 'little 
doubt tha.t this method of stating the performance of a 
pu~p un~er ~own or tried conditions, and thence fore­
cas~~ Wlth f&U' accuracy it performance under untried 
?onditions, c~n be advantageously and easily adopted 
m most practical cases. 
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THE EFFICIENCY OF ELEOTRIO POWER 
STATIONS. 

IN th_e g~nera.tion of electric power, or more correctly 
~peaJung, lfl the transformation of the heat energy in coal 
mto electncal energy, excellent opportunities are afforded 
for observi?g the ine~c~ency of the process. In order to 
sell electric power 1t 1s necessary to measure it a.ccu­
ra.tely, and _ha:ving done so,_ knowing the amount of fuel 
consumed, 1t 1s easy to arrtve at what has been lost in 
the processes of transformation. 

An American engineer, in referring to the boiler plant 
of the traction company which works the street car 
sys~m of Clenland, Ohio, recently said that the thermal 
effi01et;tcy of that plant was approximately 8 per cent. 
By this he meant that out of every 100 tons of coal 
bu~ned the ~nergy of but 8 tons wa.s delivered to the 
SWltchboa.rd m the form of electricity. As a. matter of 
fact, 8 p~r cent. is a fair ~gure for some of the largest and 
best equ1ppe~ power stations at present in operation. It 
has been estimated-by Mr. H obart, we believe-that 
the a.~era.ge. ove~a.ll efficiency of existing British steam 
elec~nc stations Is froJ:? 3.5 to 4.5 per cent. The thermal 
~ffic1enc~ o~ a generatmg station may be defined by sa.y­
mg that 1t 1s the ratio of the heat units supplied to the 
bus bars to the heat units in the coal. A kilowatt hour 
or unit is equivalent to 3412.66 British thermal 
units, so that we ma.y write thermal efficiency equals 

3412.66 X 100 
pounds of coal per unit X calorific value. 

It is interesting to calculate the thermal efficiencies of 
different stations and to endeavour to discover the reason 
for the varying results, but the main trouble lies in the 
~ollection of the _nece~sary data.. To take a. single case, 
m one of the sta.t10ns m this country, during a. period of 
twelve months 10,217,158 units were generated and 
18,417 tons of coal were consumed. Thus 4.02lb. of coal 
were. consumed in generating a. unit. The estimated mean 
calorific value of the fuel wa.s 12,500 British thermal units 
so that the thermal efficiency of that particular statio~ 

3412.66 X 100 
was 4.02 X 1250 = 6.78 per cent. 

Durin~ the yea:; ~nding June 30th, 1904, the output of 
the Berlin Electnctty Works was 113 million units, which 
were supplied from a. number of distributed power stations. 
The overall thermal efficiency for those stations during 
that period works out at 9.6 per cent. In the following 
year, when the output had risen to 141 million units 
the efficiency was 10 per cent., and in the year 1906: 
when the load reached 167 million units, the efficiency 
only rose to 10. 3 per cent. Thus it will be seen that 
even with an enormous output such as that the thermal 
efficiency, though high in comparison with that of some 
plants, is at the same time in reality low. In the fore. 
going it will be observed that the units considered are 
those delivered to the bus bars of the station, and not to 
the consumers, and, therefore, the transmission losses 
have not been taken into account. 

If we try to analyse the losses in a generating station 
by fixing a. certain efficiency for the steam raising plant, 
another for the engines or turbines, and so on, it will be 
found that unless these assumed efficiencies are fixed low 
it will not be possible to get them to add up to a figure 
corresponding with that calculated as above. The actual 
result obtained by the formula. will always seem too low. 
This, however, is a very natural result when it is remem­
bered that the plant is only running at its full output 
during a portion of the time, and it is, t herefore, some­
what difficult to estimate the average efficiency of each 
constituent. But that which adds to this discrepancy by 
a. considerable amount is the question of ba..nking. In 
the large lighting stations, and particularly during the 
winter months, when bad fogs are liable to come on with 
practically no warning, the quantity of coal used for 
banking purposes has a very appreciable effect upon the 
t otal consumption, and therefore upon the overall thermal 
efficiency. But quif " apart from such questions as these, 
i t is well known t h 1.t under the best conditions an 
efficiency of much more than 11 per cent. cannot be 
expected. 

F rom tests carried out on a large number of generating 
stations in America. the various losses are estimated as 
follows :-Loss in ashes and leakage, 6 per cent. ; heat 
lost in chimney, 22 per cent.; that delivered to auxiliaries 
and losses from pipes, 7. 4 per cent. ; main a.nd auxiliary 
exhaust, 58.7 per cent. ; and minor losses 1.47 per cent., 
giving a. total of 95 .57 per cent. Of this loss 5 per cent. 
is returned by the feed-water heater , so that the overall 
thermal efficiency becomes 9. 43 per cent. Different 
investigators have naturally obtamed slightly varying 
results, but where the discrepancy comes in is generally 
fairly evident, and, all things considered, the net results 
are not far apart. 

Occasionally engineers are reminded that we are wast­
ing our coal with enormous rapidity, a.nd that a heat 
engine is essentially uneconomical. The unscientific 
public becomes al~~ormed ; but when the newspaper 
announcement goes on to state that there is ample coal 
for at least another hundred years the story becomes 
less exciting. One of the greatest helps in the way of 
saving coal, although, unfortunately, not possible to a great 
extent in this country, is the utilisation of water power. 
In America, on the other hand, where they are excep­
tionally wealthy in this respect, the reduction in the coal 
consumption is enormous. This is brought to light in a 
statement made by Mr. L. B. Stillwell in a paper which 
be read before the American I nstitute of Electrical 
Engineers in May of this year. During the year 1908, he 
states, the plants of the Niagara. Falls Power Company 
delivered an output of 560,000,000 units. Had this out­
put been generated by large modem central stations using 
steam power the consumption of coal would have approxi­
mated 2000 tons per da.y. Were the users of Nia.gara 
power dependent to-day upon their own individual 
steam plants they would use in the aggregate not less 
th"n 8000 tons of coaJ per day-in other words, more 

than ~ ,000,000 tons per annum. If this power were 
:epla-cmg steam as used under average conditions 
m the manufacturing cities, instead of being used 
f?r the most part in supplying power to a compara­
tively small number of consumers using large amounts 
of power, it is estimated that it would replace and save 
nearly 2,000 000 tons of coal per annum. Whilst in this 
country we can never hope to benefit to an appreciable 
extent from natural sources of power we do, and have 
done for years, looked forward to improvements in the 
efficiency of our prime movers. It is not due to lack of 
energy on the part of English engineers, or indeed of 
enginee~s in any other pad of the globe, that more 
econonncal results have not been obtained. No subject 
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which were illuminated by a. constantly burning Argand 
burner receiving its supply of oil gas from large reservoirs 
contained in the bull of the vessel. On her completion 
the boat wa.s anchored, for experimental purposes, off 
Southend for about a month, and gave every satisfaction ; 
and afterwards, for a more severe trial in open water, was 
placed off the North Goodwin light vessel, during which 
time and whilst being towed back to Blackwall the 
mechanism worked most efficiently. We were recently 
courteously invited by the Trinity House to inspect it, and 
are permitted by them to reproduce the accompanying 
engravings, Figs. 1 to 4, and to give the following descrip­
tion of the boat. 

As will be seen from the engravings, the hull has some-
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Fir . 1- DETAILS OF THE OPTICAL APPARATUS 

has, or in all probability ever will, receive greater atten­
tion , and yet to·day it is by no means easy to see where 
further improvements in the steam plant is to corue from. 
I n the gas engine we place great hopes, for in this direc­
tion the view is not so misty. '!'hat the thermal efficiency 
is higher all the world knows; that this type of engine 
will become still more economical is probable, and that 
the gas engine stations alrea.dy in operation show an 
appreciably higher overall t hermal efficiency than the 
steam stations was clearly shown in the paper recently 
read before the Institution of E lectrical Engineers by 
Messrs. Andrews and Porter. 

~bing the shape of a ~feboat. Its total length is 65ft., 
1ts ~earn 18tft., and 1ts depth lO! ft. The lantern is 
earned on a four-legged steel structure erected amidships. 
There are two holds-one forward and one aft--and each 
contains two gasholders each having a capacity of 
3~5 cu~ic feet. T_hese re~eivers, when fully charged 
Wlth o1l gas, conta.m suffic1ent for keeping the light in 
action for about 100 days. 

UNWATCHED FLASHING GAS-LIGHTED BOAT. 

OuR readers will be aware that for a number of years 
now there have been stationed on the river Thames, and 
at numerous points ronnd our coasts, Bashing or occult· 
ing light s exhibited from gas buoys. The light in these 
has been produced by means of a fixed dioptric lens 
having an oil gas burner, and the occulting or Bashing 
of the light has been brought about by means of Pintsch's 
regulator, which can be adjusted to turn the gas on and off 
at stated intervals with wonderful accuracy. The neces· 
sa.ry gas is contained under pressure in the body of the 
buoy, a.nd the light is being continuously lit and ex­
tinguished automatically d~~oy and night. We shall have 
something more to say regarding these buoys later on ; 
but, meanwhile, we turn to a further development. 

The Corporation of Trinity Houee, in whose hands is 
entrusted the lighting of the coasts and channels of 
England and Wales, have for some time been experiment· 
ing in the direction of obtaining something in between 
these buoys and the lightship proper. What has been 
aimed at has been the provision of a flashing light produced 
by a. revolving lens in place of the fixed lenses used on ga.s 
buoys, thereby increasing the power of the light by con· 
densing it into revolving beams, without the necessity of 
having men stationed on board the vessel. 

After mature consideration Sir Thomas Matthews, 
engineer-in-chief to the Trinity House, decided to advise 
the Corporation io construct a. vessel similar to, but con­
siderably smaller than, an ordinary lightship. Thi~ pro­
posal having b£en approved, the veseel was built and 
provided with a. lantern carried on a. structure which gave 
the focal plane of the lenses a height of 26ft., and 
the light a range of visibility of ten miles. In this 
lantern was fitted an automatically driven pair of lenses, 

The lantern is 5ft. 3in. in diameter, and the light gives 
a Bash of 5100 candle-power intensity at intervals of ten 
seconds. The revolving mechanism, which is shown in 
Figs. 1 and 2, is exceedingly ingenious. The gas in the 
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F ig . 2-PLAN OF LANTERN 

reservoir holders is compressed to 7! atmospheres. 
This, of course, is too high a. pressure at which to work 
the burner, and the gas is consequently first passed 
through a. governor or pressure-reducing valve, which 
dBlivers it at a pressure of 7 lb. on the square inob. 
:r'his governor i_s shown in the engraving, Fig. 1. It 
1s fixed to the s1de of the lantern, and from a rigid pipe 
connected to it is taken a. fiexible rubber conneQ~iQQ to 
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UNWATCHED FLASHI N G GAS- LI GH T ED BOAT 
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the apparatus. Before it passes to the burner, the 
gas is taken to a small three-cylinder motor, in which 
the cylinders are arranged at 120 deg. apart. The cylin­
ders are -fin. in diameter, and are single-acting. They all 
work on to one crank, the shaft of which is connected to 
the turntable of the lenS' by toothed gearing. The turn­
table is carried in a mercury bath, and there are ball bear· 
ings at the top and bottom of the carriage. The whole 
mechanism is so beautifully made and adjusted that the 
power developed by the expansion of the gas in the three 
cyiinders of the motor is sufficient not only to rAvolve the 
lenses, but to do so at an absolutely accurate rate. We 
had an opportunity of observing this for ourselves, and 
the experiment was not carried out in the workshop, but 
on board the vessel itself, and with the mechanism just 

Konrl Pum,t>SftiN-1 

SIR TIJOM:Ai::l MATTHEWS, TRINITY HOUi::lE, ENGINEER 
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that pressure should the exhaust from the motor be 
insufficient. I t will also automatically supply the full 
quantity of gas to the burner in the event of the motor 
stopping, thus maintaining a light in the apparatus, 
al~hough the beam in lliis case would be stationary. In 
case anything shop.ld occur by which the pressure on 
the burner rose above 3in., a further safety governor is 
provided. Connection is made to it through a flexible 
rubber pipe, and the function of this governor is to 
exhaust the excess of gas into the atmosphere through 
the discharge pipe shown. 

As will be seen from Fig. 2 the appa.rat11s is carried 
on double gimbals, so that, no matter how the vessel may 
roll, the lamp is always verticai. The trunnions of the 
gimbals work io ball bearings, and the whole mechan-
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• F ig. 3-LONGITUDINAL SECTION OF THE GAS-LIGHTED BOAT 

as it had come out oi its unwatched trial of one month 
down the river. A sensitive governor is provided, which 
acts by putting a brake on the mechanism should there 
be any tendency to go too fast. 

There are several points in connection with the 
mechanism which call for remark. The first is that the 
gas, as it is exhausted from the cylinders, is burnt in the 
light. It is delivered from the cylinders into the case 
containing them, this case being hermetica1ly closed, the 
mechanism spindle passing through n. mercury sealed 
gland. Prom the case it is led to a cylindrical reser· 
voir, this being provided in order to counteract any 
tendency to pulsation which there might be owing to the 
discharge of the cylinders of the motor. From this reser­
voir the gas passes to the low-pressure side of the governor 
and thence to the burner. The high-pressure side of 
the governor is connected with the feed-pipe to the 
motor, and the governor is set to give a pressure of 3in. 
of water on the burner, and will admit gas to make up 

ism is so accurately adjusted that it responds to the 
slightest motion of the vessel. A weighted rod is pro· 
vided to act as a pendulum, and to prevent undue motion. 
On it is carried a wood buffer which can come into con­
tact with a wood fender carried round the inside of the 
lantern. The balance is so arranged that an oscillation 
from one side of the lantern to the other occupies a period 
of five seconds. 

The gas burner consumes 4 cubic feet of gas per hour, 
and as the light is in action continuously day and night 
this repreeents a no inconsiderable amount of gas in the 
course of the year. In order to reduce this consumption 
Sir Thomas Matthews has been experimenting for some 
considerable time with the use of incandescent inverted 
mantles, and has been very suocessfw with them as 
applied to buoys, obtaining not only a largely increased 
illumination but a very decided deorP.ase in gas consump· 
tion. It is proposed to adapt this system for use with the 
un watched light vessel described above. If this were 
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done, so greab is the saving o£ gas that it wowd be neces­
sary to fill only one of the four reservoirs with gas. The 
remainder might be filled with compressed air for driving 
the motor. '!'he life of the mantle varies to some ex~ent, 
but as far as experience has gone it is q llite long enough 
to permit a period of, say, a month to elapse between 
inspections. The adoption of incandescent inverted 
mantles as contemplated would practically triple the 
intensity of the beam of light, while considera bly reducing 
the consumption of gas. The Corporn.tion of Trinity House 
are, moreover, qllite sanglline that they may soon be able 
to apply this system of dioptric apparatus to light vessels 
generally, in lieu of the present catoptric method of 
illumination, which wo11ld prove a further stride of the 
utwost importance. The illuminant, however, in this 
case wowd be incandescent oil. 

Then too-to recur to the subject of the gas-lighted 
boat-a. fu rther improvement will probably be added by 
means of an anangement for automatically c11tting off 
the gas supply to tbe mantle between sunrise and sunset. 
The principle of this device is that of a graduated cam 
which can turn on and shut off the gas at greater or less 
intervals, according to the variation in the length of day 
with the time of year. A pilot light would always be 
b111·ning, of course ; but this wowd consume a. compara­
tively small amount of gas. With all these appliances 
the unwatohed boat would look after itself for long periods, 
lighting up the burner when it got dark, and extinguishing 
it when it got light, and giving a reglllar flashing light 
during the hours of darkness. 

Nor is this t he full extent of the proposed automatism 
of the vessel. The hwl has been constructed with a. well, 
designed to accommodate an automatic submarine bell­
signalling apparatus. This at present has not been fitted, 
but we understand that so successful have been the trials 
with the automatic apparatus of the Submarine Signal Com­
pany on the Nab buoy in the Trinity House service, that i t 
is practically certain that advantage will be taken of the 
forethought in providing for the addition of one of these. In 
this case, with everything working well-and we see no rea­
son whatever why it should not - the unwatched light vessel 
might take the place of some of the watched vessels, and 
much saving of expenditure be thus effected. As we saw 
the vessel, the fog signalling equipment consisted of a 
6 cwt. bell, which was suspended in the superstructure, 
and was so110ded, through the motion of the boat, by four 
hammers in the upper part of the superstructure. Our 
engraving shows this bell with its clappers in position. 

'l 'he whole of the lighting apparatus in connection with 
the vessel, with the exception of the lenses, which were 
supplied by Chance Bros. and Co., of Birmingham, has 
been constructed at the Trinity House Engineering work­
shops at Blackwall. 

We may add that the hull of the boat was built by 
H. and C. Gra.yson, Limited, of Liverpool. 

TBK following information is from the report by the 
British Vice-Consul at Emden (Mr. W. H . .M. Sinclair) on tht~ 
trade of that district in 1908, which will shortly be issued :-An 
undertaking which will be of interest has been initiated near 
Aurich with Government assistance. Works are being erected 
with a view to utilising peat, of whioh a vast supply is available, 
for the generating of electricity. The Government will , it is 
reported, require a supply of some 2,000,000 kilowlltt.<~ yearly in 
connection with the harbour at Emden . 
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THE RHEIMS AERONAUTICAL MEETING. 
No. I. 

Tu& official commencement of the Rheims aeronautical 
meeting now being held under the management of the Aero 
Club of France took place last Sunday. Throughout the 
previous week the a.erooa.uts who bad entered for the 
different competitions comprised in the programme had 
spent much time in the adjusting and testing of their 
machines and getting used to the conditions of flight 
imposed on them by the rules of the meeting. These 
rules add some new difficulties to those which 
already attend successful flight, but while doing so 
they call for the solution of problems which must be 
overcome before we can seriously consider aerial traffic 
and transportation. 

Hitherto it has been found most suitable to make 
flights either in the early morning or late evening, as 
experience shows that at these time the atmospheric con· 
ditions are most likelv to be such as to render the 
attempts successful. By the rules drawn up for the 
Rheims meeting it is made obligatory that n':> official 
start in any of the competitions be made before 10 a..m. 
and none later than 7 p.m. 

The restrictions laid on starting from the ground work 
also for the ultimate progress of the art, and early in the 
week one aeronaut was disqualified, as far as the attempt 
in question is concerned, for occupying too much time in 
leaving the ground. 

With regard to the path of flight the competitors are 
bound to follow the track laid out on the plains of 
Betheny. This track is rectangular in shape, and 
measures 10 kilometres to the lap. At the corners c;o.called 
pyramids have been erected to mark the course, while 
about half-way down one of +.be shorter sides accommo· 
dation has been provided for the judges and timekeepers. 
At this point also the starting and finishing posts are 
situated, and, on the outer side of the course, stands for 
spectators, garages, and manreuvring grounds for the 
aeroplanes are provided. 

The programme for the week contains six principal 
events, for which substantial monetary prizes will be 
given. Although the direct scientific results will oroba.bly 
be of little value, since it is not for the accumu1ation of 
such data that the meeting is being held, there can be no 
doubt that the various competitions which have been 
arranged will test thoroughly the capabilities of the 
different types of aeroplanes at present in existence. 
Thus, the speed, endurance, and passenger carrying 
capabilities of the machines will be tested, and, in addi· 
tion, a. competition has been arranged in which the 
altitude to which the aeroplane can reach is taken 
as the point to be contested. There ar~ three distinct 
competitions for speed-the Gordoo Bennett International 
Cup Race of 20 kiloms., the Prix de Vitesse of 30kiloms., 
and the Tour de Piste of 10 kiloms.; while the Grand 
Prix, which is exciting the largest amount of interest 
after the Gordon Beonett Cup, will be given as the reward 
for the greatest endurance. So far eleven entries have 
been received for the International race, but of these it 
would seem five only are likely to take part in this event, 
which has been set down on the programme for to· 
morrow (Saturday). Of the entrants likely to participate, 
three will be Frenchmen, one will represent this country, 
and the United States will contribute the fifth. As 
might be expected, the majority of the a.eronauts at 
Rheims this week are French, and the Aero Club of 
France has found it necessary to institute eliminating 
trials to determine their choice of three representatives. 

'Where the success of the meeting is so entirely a.t the 
mercy of the chances of Nature it is necessary to econo· 
mise the favourable moments in the meteorological 
conditions. To this end it has been decided that, wher­
ever possible, a competitor may be held as having com­
peted in several events with the same flight. The 
passenger and altitude competitions are, however, to be 
kept separate in this respect from each other and the 
rest, while the Gordon Bennett race is likewise a. 
separate event. 

When the meeting opened on Sunday morning at 
10 o'clock the state of the weather was far from being 
satisfactory; but, despite the wind and rain, the com­
mittee expressed a. desire that the Gordon Bennett 
elimination trials should be proceeded with if possible. 
In compliance with this request several aerooauts 
attempted to make a start, but up till mid-day all these, 
with the exception of one by M. Lefebvre, ended in failure. 
M. Lefebvre, on a. Wright biplane, set out intending to 
complete the three laps required for the Prix de Vitesse, 
but after accomplishing 1~ laps he was forced to descend, 
the cause not being stated. He was, however, entitled 
under the ruling mentioned above t o enter this as a.n 
attempt for the Tour de Piste, and his official time 
for the 10-kilom. lap of this competition has been given 
as 8 min. 58~ sec. During the afternoon all attempts had 
to be completely abandoned on account of the high wind, 
but towards six o'clock in the evening the atmospheric 
conditions improved somewhat, and in a short time 
several aerooa.uts were on their machines. Some of these 
succeeded in flying the 30 kiloms. for the Prix de Vitesse. 
From the particulars of these and other results, which we 
give below, it will be seen that M. Lefebvre's morning 
performance remained unexcelled. Thus the first day 
passed without any exceptional results being recorded, 
although sufficient was done to enable the committee to 
select two of the French competitors as their representa.­
ti ves for the Gordon Bennett race. Their choice fell on 
MM. Lefebvre and Bleriot, while M. La.tha.m's name wa.s 
provisionally indicated as that of the third, the final 
decision being held over until the results of the succeeding 
days coold be compared. 

On Monday the weather bad improved to a. certain 
extent, although the state of the wind was still such as to 
give the officials and competitors cause for anxiety. As 
on the previous day, the flights attempted in the morning 
were on the whole unsuccessful. In the afternoon, how­
ever, several good performances were recorded, the most 
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notable of which was M. Paulha.n's flight of 49t kiloms. 
To accomplish this he remained in the air for 70 minutes. 
He had earlier in the day carried out a. flight of 
57 minutes' duration, and thus he made a double entry 
for the Grand Pri.x. M. Bleriot, on his 50 horse-power 
Antoinette, succeeded shortly afterwards in establishing 
a new record for the 10 kiloms., reducing the time taken 
by M. Lefebvre on the previous day by 16i seconds. This, 
in turn, was quickly improved upon by Mr. Curtiss, t he 
American representative, who flew over the 10-kilom. 
lap in 8 min. 35f sec., which remained as the best 
performance so far for the Tour de Piste. 

Tuesday morning was entirely devoid of attempts, and 
it was not until nearly five in the afternoon that the first 
flight of the day was undertaken, a.s the weather again 
was unfavourable. The proceedings about this time ware 
witnessed by President Fallieres and other ministers, who 
had travelled to Rheims expressly for the purpose. 

M. P~~oulhan again distinguished himself, and despite 
the strong wind blowing, completed the three laps for 
the Prix de Vitesse in 38 min. 12 sec. M. La.tha.m 
immediately afterwards set out on a similar course, and 
succeeded in accomplishing the dietance in 30 min. 2 sec., 
although a twentieth part of this will be added on as a 
penalty for not fin.ishing a. previous flight. Meanwhile 
M. Bleriot had flown away on the single lap journey for 
the Tour de Piste, and, flying low, broke the record made 
by Curtiss on the previous day by doing the 10 kiloms. in 
8 min. 4t sec. No other flights calling for special mention 
were made during the day. 

The weather conditions on Wednesday morning were 
likewise of a nature to forbid any attempts at flight. 
About 3 o'clock in the afternoon several aerooa.uts brought 
their machines to the starting point, but none succeeded 
in getting off. Shortly before 4 M. Pa.ulhan made a 
start in the Grand Prix contest, and was immediately 
followed by M. La.tham. The latter, however, had only 
accomplished one round when he came back to earth 
again. At the end of Paulhan's second round, M. Fournier, 
on a Voisin biplane, set out to follow him, but only 
succeeded in flying a short distance, when he was caught 
by a gust of wind and fell heavily to earth. In 
addition to the entire wreck of his machine, he was 
himself stunned. Meanwhile Pa.ulha.n continued on 
his course, and it was soon apparent that he was likely 
to create a record for both time and distance. His 
flight was keenly watched, and towards the end all othera 
were given up, even his rival a.erona.uts lending him 
their encouragement. On his eleventh circuit of the 
course, it was announced that he bad beaten the world's 
record for duration of flight, which was made a. few 
weeks ago by Sommer, who, on a Fa.rmao biplane, 
remained in the air 2 h. 27 min. In the middle of his 
fourteenth circuit Pa.ulha.n was seen to be descending, 
and it was learned that his petrol supply had become 
exhausted. He had, however, easily established a. record 
for both time and distance, having remained in the air 
for 2 h. 43 min. 24 sec., during which time he flew a 
distance of 181 kilometres- about 82 miles. 

This notable performance was practically the only 
event of the day, other a.eronauts being on the whole 
unfortunate. 

The table appended is necessarily incomplete, the more 
notable flights only having been entered, and the figures 
given are provisional, as the final results have not yet 
been issued. Three of the machines are illustrated on 
page 218. 

Spuds a"'d Dt41a1lcu at Rlt.tims. 
R9ferences :-G.P. = Grand Pri:r. P. V. = Prix de Vitesse. 

Date. 

Aug. 22 .. .. , 
, 
, 
, 
" , 
" , 
, 

Aug. 23 
, 
" Aug. 24 

" .. 
Aug. 25 

' ·-.. Q • 
Q.g 

a-2 
8'"' 

T.P. 

" .. 
" 
" , 
, 
•• P. V. 
, 
" 
" G.P. 

T.P. 

" P. V. 
l'.P. 
P.V. 
O.P. 

T.P. = Tour de Piste. 

Aerooaut. 

Lefebvre 
Tissandier .. . 
De Lambert .. . 
Lath am... . .. 
Paulhan 
Sommer 
Cockbu•o .. 
Buoao Varilla 
Lefebvre 
Paulhao 
De Lambert .. . 
Tissandier .. . 
Paul ban 
Cu.rtiss . .. . .. 

Machine. 

Wright ... 

" ••• 

" ... 
Antoinette 
Voisio ... 
}' armao ... 

" Voisio ... 
Wright • •• 
Voisin ••• 
Wright ... 

... 

. . . 

.. 

Distancf' 
10 

kiloms. 
cothelar 

1lap 

" ,. 
" 
" .. 
" 
" 3Japs 

" 
" t' 0. 't 

Voisin ... . .. 49! km. 
Herring-Curti~ 1~lap 
BMriot . . . . .. , 
Voiein . . . .. . 3 laps 

Bl~riot . .. .. 
P11ulbao 
Bl~riot ... 
Lath am 
Paulhan 

BM riot .. .. . 1 lap 
Antoinette .. 3 laps 

. . Voisio . . . . .. 131 km. 

ELECTROLYSIS. 

Time. 

m. 8. 
8 58! 
9 26i 
9 33f 
9 47 

10 50 
11 24~ 6 
11 44 
13 ~ 29 
32 49t 
29 2 
28 59~ 

8 !U 8 
38 12 
8 4 

30 2 
163 24 

Tag restrictions imposed by the Board of Trade have 
compelled engineers in this country to pay great atten­
tion to the bonding of rails on our electric traction 
systems, and it is thanks to these restrictions that the 
troubles arising from electrolysis have been re­
duced to their present low standard. The resistance of 
the return-circuit of an electric tramway is made up of 
the rails themselves and the bonds connecting them 
together. If this resistance is large, the current on its 
way back to the power-house will take up another path, 
provided, of course, that it can find one of sufficiently low 
resistance. Thus, a.s many engineers have often found to 
their sorrow, instead of the current returning to the 
power-house or sub-station by way of the rails, some of 
it finds its way back through the earth, or more correctly 
speaking, through things which are buried in the earth. 
Gas pipes, water mains, lead-covered cables, &c., are 
all more or less good conductors of electricity, 
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and it is well known that with badly hooded rails 
they will readily act as such. It is equally well 
known that whenever current passes from a. pipe or 
cable to the ground, or to another pipe or cable, corrosion 
of the metal takes place, holes and pittings are pr~duced, 
causing leaky pipes, rotting away the lead cover10g on 
telephone and other cables, and so giving rise to a. great 
amount of inconvenience, expense, and annoyance. The 
corrosion may be slow or it may be npid, depending on 
the strength of t he stray current. It is for good reason, 
therefore, tha.t the Board of Trade requires that a con· 
tinuous record be kept of tha difference in potential 
between the point of the uniosula.ted return furthest from 
and nearest · to the power station. Should at any time 
the difference of potential exceed 7 volts steps must be 
taken to reduce it below that limit. The usual method 
of reducing the drop at times of heavy loads is by means 
of a. negative or return wire booster, which may be 
regarded as a pump for pumping back the current to 
the station. There are other requirements of the Board 
of Trade which have to be complied with, but we need not 
enter into them here ; our object is merely to emphasise 
the importance of these restrictions, and to draw atten· 
tion to what has happened at Winnipeg in consequence 
of no such rules being in force. 

In J a.nua.ry last the Board of Control of Winnipeg 
engaged Professor L. A. Herdt, of the McGill University, 
to report upon the electrical conditions existing in the 
city, particularly in connection with the return current 
of the Winnipeg Electric Railway Company's system and 
its connection with the Government telephone cable 
system, and to submit recommendations dealing with 
improvements of the present state of affairs, so tba~ 
electrolysis or fire risks, if such existed, might be elimi­
nated. His report, which has recently been issued, shows 
what a large amount of damage can be done to water 
pipes, ~·c., with badly bonded rails and a high resistance 
return circuit due to other causes. The Winnipeg Street 
Railway Company has two plants in the city. One of 
them is a. steam plant, which is kept in reserve, while the 
other, which furnishes the whole of the electric current 
for the street railway, receives its power from a. hydro­
electric plant on the Winnipeg River. At t imes the 
current taken by the railway, reaches 9000 amperes, but 
the average current is 6000 amperes. It appears that the 
return circuit of practically the whole system is abnor· 
ma.lly imperfect, and that the soil in the city has a. 
~ma.rkably low resistance, so that in order to prevent 
leakage currents a very small drop in the rail return 
would be necessary. 

According to a. report of the city electrician electrolytic 
action has mainly taken place in six districts. Lengths 
of water pipe and lead-covered cables taken from those 
districts have been examined, and there appears to be no 
doubt that the holes and breaks in them have been caused 
by electrolysis. The damage in four districts is believed 
to be due to the very bad condition of the bonding. The 
condition of which may be judged when it is stated 
that in one place, where the road bed is unpa.ved, the bond 
wires, which are No. 0 B and S soft copper wire, with 
bonding cap terminals, gave pressure drop readings 
equivalent to that of rails from 20ft. to 60ft. long. In this 
country nearly all specifications ca.ll for 98 per cent. con­
ductivity in the bonds, and this is generally obtained. 
At some parts the bonds are uncovered, and many of 
these have been found to be broken altogether. Professor 
Herdt states that in another district the rails are bonded 
to the water pipes, and the heavy water mains in this 
street carry a. large part of the current, until it reaches a 
point where the str~~oy currents pass into the telephone 
cables, which are bonded to the nega.ti ve bus bars . of the 
sub-station, and also to the intricate network of mains and 
service pipes lying in another district. It seems that in 
their efforts to stop electrolysis a great deal has been done 
in the way of bonding water and gas mains direct to the 
rails. Indeed, one i!l led to suppose from the report that 
these gas and water mains, and the telephone cables, act 
just as much as return conductors as the rails themselves, 
or possibly even more so . 

The practice of bonding the tracks to water and 
gas pipes, while affording local protection, has undoubtedly 
encouraged leakage currents, and there appears good 
reason to believe that the electrolysis troubles have been 
intensified to a great extent by adopting this practice . 
Professor Herdt, in his report, calls attention to this, and 
recommends that the practice be abe.ndoned. A great 
number of American engineers appear to place reliance 
on this practice of relieving mains from electrolysis at 
badly affected places, but they seem to overlook the fact 
that it is inviting the current to leave the rails and take 
to the pipes, and it often gives rise to electrolytic action 
at the joints. The conditions of things is well brought 
out in a paragraph having reference to a. test which was 
~ade in the basement of a building where a record­
mg ammeter was connected between a. water main and 
telephone cable. At one time 50 amperes were recorded 
and the water pipe wa.s positive to the telephone cables. 
. In addition to the imper!ect condition of the bonding 
m the greater part of the City, the general design of the 
system also appears to add materially to the electrolysis 
trouble. It is obvioua that not only must the rails be well 
bonded, but that they themselves should be of ample 
section to carry whatever return current they may be 
ca.lle~ upon to deal :With. And no less important is the 
questiOn of low res1stance return feeders, which should 
ta.~e ~he current fro~?. the ~ails at various points. But at 
Wmmpeg the cond1t1oos m these respects are anything 
but ideal. Between the rails, which are 70 lb. and 90 lb., 
there is a. 500,000 circular mil cable which is cross­
bonded to th~ tuck. Readings taken along the line 
between the high-pressure hydrants and domestic water 
pipes show these positive to the rails. As a matter of 
fact, throughout the whole centre of the city this condi­
tion is met. At one point the tracks are bonded to return 
fe~ders of a. total sectional area. equal to 6,848,000 circular 
roils .. The drop of. potential be~ween this point and the 
nega.t1ve bus bars, 1£ these carr1ed the railway current 
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eJtogether, would reaoh 12 volts at times. The distance is 
approximately 1200ft.; in other words, the drop of 
potent.ieJ from these tracks to the station is one volt per 
100ft., which is, of conrse, excessive. Other return feeders 
are bonded to the tracks at different points, but they are 
of comparath·ely small section, and little current can be 
carried by them. 

The remedies for the trouble are naturally very 
evident. Professor Herdt, in drawing up his recom· 
mendations, has undoubtedly given sound advice, which if 
acted upon will, we feel sure, remove the unpleasant 
state of affairs at present existing at Winnipeg. First 
he recommends the erection of sub-stations at different 
points, with a. view to diminishing the amount of current 
to be returned through the rails in the centre of the 
city . Proper re-bonding of all tracks that show defect, and 
special bonding and cross-bonding a.t intersections, is 
urged upon the company, and also a system of inspection 
of track returns. It is satisfactory to learn that the 
company has placed an order for electriceJ machinery, 
which will be erected in three new sub-stations, and 
which will reduce very largely the amount of current 
through the rails now very much overloaded. Its desire 
quickly to remedy matters is also evident from the fact 
that the company has now in operation a. bonding car for 
electrically brazing copper bonds on the rail joints. The 
amount of copper in the return feeders will have to be 
increased, and it seems that the cost of removing electro­
lysis troubles from Winnipeg will amount to something 
considerable. 

BRITISH ASSOCIATION FOR THE ADVANCE­
MENT OF SCIE.NCE. 

TuE annueJ meeting of the British Association for the 
Advancement of Science opened on Wednesday a.t Winni­
peg, .Manitoba. This is the third occasion on which the 
Dominion of Canada. has witnessed the convention of the 
members, preYions meetings having been held at Mon­
treal and Toronto in 1884 and 1897 respectively. The 
meetings are being held in the buildings of Manitoba 
University, while other collegt~s and balls are being 
utilised for reception and other purposes. Sir J. J . 
Tbomson is the president this year, and on the opening 
day delivered his address, part of which is given below. 

ADDRI:~ BY PROFESSOR 1R J. J. TBOMSON, l\I.A., LL.D. 
D.Sc., F.R. ., President. 

T"'ENTY-nn; years ~o a great change was made in the practice 
of tbe British Associatlon. From the foundation of our Societ} 
until1884 its meetings bad always been held in the British Isles ; 
in that year, however, the Association met in Montreal, and a step 
was taken which changed us from an insular into an Imperial 
Association. For this change, wbicb now I think meets with 
nothing but approva!, Canada is mainly responsible. Men of 
science welcome it f<>r the increased oppor tunities it gives them of 
studying under the most pleasant and fa'"ourable conditions 
different parts of our Empire, of making new friends ; such meet­
ings as these not only promote the progress of science, but also 
help to strengthen the bonds which bind together the different 
portions of the King's dominions. 

This year, for the third time in a quarter of a century, we are 
meeting in Canada. AP. if to give us an object lesson in the growth 
of Empire, you in Winnipeg took the opportunity at onr first 
meeting in Canada in 1884 to invite onr members to visit Manitoba 
and see for themselves t.be development of the Province at that 
time. Those who were fortunate enough to be your guests then 
as well as now are confronted with a change which must seem to 
them unexampled and almost incredible. Great cities have sprung 
up, immense areas have been converted from prairies to prosperous 
farms, ftonrisb ing industries have been started, and tbe population 
has quadrupled. As tbe President of a scientific association I hope 
I may be pardoned if I point out that even the enterprise and 
energy of your people and the richness of your country would have 
been powerless to effect this change witbont the resonrcee placed 
at their disposal by the labours of men of science. 

The eminence of my predecessors in the chair at the meetings of 
the British Association in Canada makes my task this even.ing a 
difficnlt one. The meeting at Montreal was presided over by Lord 
Rayleigh, wbo, like Lord Kelvin, his colleatrue in tbe cbair of 
Section A at that meeting, has left the lion's mark on every 
department of physics, and wbo has shown that, vast as is the 
empire of physics, there are still men who can e:rtend its frontiers 
in all of the many regions under its sway. lt has been my lot to 
succeed Lord Rayleigh in other offices as well as this, and I know 
bow difficult a man be is to follow. 

The President of the second meeting in Canada-tbat held in 
1 97 at Toronto-was Sir John Evans, one of tbe men who, like 
Boyle, Cavendisb, Darwin, Joule, and Hnggin~, have, from their 
own resources and without tbe aid deri\"ed from official positions or 
from the univeraities, made memorable contributions to science ; 
such m on form one of the characteristic features of British science. 
May we not hope that, as tbe knowledge of science and the 
interest taken in it increase, more of the large number of men of 
independent means in our country may be found working for the 
advancement of science, and thereby rendering services to the 
community no 181's valuable than the political, philanthropic, and 
social work at which miiny of tbern labour with so much zeal and 
success ~ 

I can, however, claim to have some experience of, at any rate, 
one branch of Canadian seience, for it has been my privilege to 
receive at the Cavendisb Laboratory many students from yonr 
universities. Some of these have been holders of what is known 
as the 1851 scholarships. These scholarships are provided from 
~e surplus of the Great Exhibition of 1851, and are placed at the 
disposal of most of the younger uni~ersities in the British Empire, 
to enable students to devote themselves for two or three years to 
original research in various branches of science. I have bad many 
o_pportunities of seeing tbe work of these scholars, and I should 
like to put on record my OJ;linion that tbe~ is_ no educational 
endowment in tbe conntry wb1cb has done or 1li dolDg better work. 

I have bad, as I said, the privil~e of havin11: as pupils students f~m 
your uoivemties as well as from those of New Zeal~d, Australia, 
and the u nited tates, and have tbns bad opportunities of compar­
ing the effect on the best men of tbe educational system in force_ at 
yonr universities with that which prevails in tbe older Eng~b 
universities. Well as the result, I bave come to the conclUSion 
that there is a good deal in the latter system which you have t_>een 
wise not to imitate. The cb1ef evil from which we at Cambndge 
suffer and which you have avoided is, I am convinced, the ex­
cessive competition for scholarships which confronts our students 
at almost every stage of their education. You may form some 
estimate of the prevalence of tbese scholarships if I tell you that 
the colleges in the Universi ty of Cambridge a lone give more than 
.£85,000 a year in scholarships to undergraduates, and ~ suppose 
the case is much the same at Oxford. The result of tb1s IS that 
preparation for these scholarships dominates tbe educati?n o~ ~be 
great majority of the cleverer ~;>oya who come to these umvermt1~s, 
and indeed in some quarters 1t seems to be held that the cb1ef 
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duty of a schoolmaster, and the best test of his efficiency, is to I of these has drawn workers to tbe frontie_rs of_ these re~tions who 
make his boys get scholarships. The preparation for the scholar · would otherwise have worked nearer the JUnction of tbe_ two. . In 
ship too often means that about two years before the e:ramination part, ~· it may be d~e.to the fact that the proble~ wtth. '"hlch 
the boy begins to specialise and from tbe age of six t.een does the apphed mathematician has to deal are exceed1~ly d1fficult, 
little el e than tbe subject, ~ it mathematics, classics, or nat~ and ~any may bave felt tbat the problems presented by the_ older 
science, for which be wishes to get a scbolar$bip ; then, on entenng phySics have been worked . over so often by men of tbe_ htghest 
the university, be spends three or four years studying the same genius tbat there was but li_ttle c~ance of any problem wb1cb they 
subject before be takes his degree, when his real life work ought could have any hope of solvmg bemg !_eft. . . 
to begin. How has this training fitted him for this work I ~ut the newer developments of phySics hav~ opened nrgm ground 
I will take the ~«e in v.bicb the system might perhaps be ex~ted wb1cb bas not _y~t been work !'Id over, and wb1cb offers problems. to 
to show to greatest advantage, when his work is to be on~nal ~e mathemabc1sn of_ great mterest and no,elty--problems wb1cb 
research in the subject be has been studying. He has certamly wtll s':lgges~ and reqUire new methods_ of atteck, the d~velopmcnt 
acquired a very minut& acquaintance with his subject--indeed, the of wb1ch wtll advance pure mathematics as well ~ ~bySics. 
knowledge po..osessed by some of tbe students t rained under this . I have alluded to the fact that pure mathematicians_ ~ave_ been 
system is 9.uite remarkable much greater than tbat of any other mdebted to the study of concrete p~blems folr tho ongmation of 
students I have ever met.' But though be has ac'\uired know- some of tbeir ~~t valua~le conceptions; but, tbo~b, no doubt, 
ledge, the effect of studying one subject, and one subJe<:t only, for pure ~athematiCIIIDS are m many ways very exceptional folk, y_et 
&o long a time is too often to dull his enthusiasm for 1t, and he 10 tb1s ~pect_ they are very bum&';!- l\lo.st of ns n~ed to tackle 
begins research with much of his early interest and keenness ome definite d1fficulty.h?fore our miDds develop wbaoever powers 
e''aporated. Now there is hardly any quality more essential to tbey may possess. Th1s 1~ true for even_ tbe youngest of u•, for our 
success in research than enthusiasm. Research is difficult, subool boys and school g1rls, and I thmk tbe moral ~be ~ rawn 
laborious, often disheartening. The carefully designed apparatus from it is _that we ~hould aim at ~:!laking the education m . our 
refuses to work, it develops defects wbicb may take mon~bs of schools as httle ~ook1sh _and as pract1cal and concrete as .poss~ ble. 
patient work to rectify, the results obtained may aopear IDCOD· ~ once bad_ an 1 llu~tratJOn of the power ~f ~e conc~ete m stlmu­
sistent with each otber and with every known law of Nature, sle~p- lattng the mmd wb1~b made a v.,ry l~ting 1mpresston upon m~. 
less nights and laborious days_ may se!'lm only to make tbe confuston One. of my first pup1ls came. to me. wttb the assurance from h1s 
more confounded, and tbere IS notbmg for tbe student to do but preVIous teacher that be knew httle and ~~d le.."S abo~t 
to take for bis motto " It's dog~~:ed as does it," and plod <>n, com- mat hero~ tics, anrl that be_ bad no chance o! ob~ rung a degree 1n 
fortin~t himself with tbe assurance that wben success does come, that subJect. For some time I_ th~ngbt th1s !'l.i~mate was correct, 
the difficulties he has overcome will increase the pleasure--one of but be h•ppened to be enthus1as~c ah?ut billiard~, and wbe~ _we 
the most exquisite men can enjoy-of getting some conc_eption were re~ding t_b11t part_ of mechaniCS wb1cb deals wttb the colhSJon 
which will make all that was tangled, confused, and contrad1?tory, of elastiC bodies _I pomted . out tb~t many of the ~ffects be was 
clear and con istent. Unles'l be bas enthusiasm to carry brm on constantly ohserv1og were 1llustrat1ons of the subject we were 
when tbe prospect seems almost hopeless and the labour and strain studying. From that tim~ be was a c~anged man. He bad ne~·er 
incessant, tbe student may give up his task and take to easier, before regarded mathematic> as anything bnt a means of_annoymg 
tbousrb less important, pursuits. innocen_t undergrad~ates; now, when ~e :mw wba_t Important 

I am convinced tbat no greater evil can be done to a young man results 1t could obtam, be became entbus1astic about 1t, developed 
tb111 to dull his enthusiasm. In a very considerable experience of very considerable mathematical abili ty, and, though be bad 
students of physics beginning research, I bave met with more- already wasted two out of his three years at college, took a good 
many more-failures from lack of enthusiasm and determination place. in the _mathematical tripos. . . . 
tban from any lack of lroowledge or of what is usually known as It IS posstble to read books, to pass examtnations w1tbout tbe 
cleverness. bigber qualities of the mind being called into play. I ndeed, I 

This continual harping from an early age on one subject, wbicb doubt if there is any process in wbicb the mind is more qui~ent 
is so e fficient in quenching enthusiasm, is much encouraged by tbe than in reading without interest. I might appeal to the wtde­
practice of the colleges to give scholarships for proficiency in one spread habit of reading in bed as a prevention of insomnia as a 
subject alone. I went tbrou.gb a list of tbe scholarships awarded proof of this. But it is not possible for a boy to make a boat or 
in the University of Cambridge la..'lt winter, and though there were for a girl to cook a d inner without using their brains. With 
202 of them, I could only 6nd three cases in which it was specified practical things tbe difficul ties have to be surmounted, the boat 
that tbe award was made for proficiency in more than one subject. mn.st be made water-ti~~:bt, the din"ner must be cooked, while in 

Tbe premature specialisation fostered by the preparation for reading there is always the hope that t he difficulties which have 
these scholarships injures tbe s tudent by depriving him of been slurred over will not be set in the examination. 
adeq,uate literary culture, while when it extends, as it often does, to I think it was Helmboltz who said that often in t be course of a 
specialisation in one or two branches of science, it retards the pro- research more thought and enerJty were spent in reducing a 
g re.."S of science by tending to isolate one science from another. refractory piece of brass to order than in devising the method or 
Tbe boundaries between tbe sciences are arbitrary, and tend to planning the scheme of campaign. This constant noed for 
disappear as science P.rogresses. The principles of one science thought and action gives to original reasearch in any branch of 
often find most s tnking and suggestive illustrations in the experimental science great educational value even for those who 
phenomena of another. 'l'bus, for example, the physicist find s in will not become professional men of science. I ba'"e bad con· 
astronomy tbat effects be bas observed in the laboratory are siderable experience with students beginning research in experi­
illustrated on the grand scale in the sun and stars. No better mental pbySic.'•, and I have always been struck by tbe quite 
illustration of this could be given than Professor Hale's recent dis- remarkable improvement in judgment, independence of thought 
covery of tbe Zeeman effect in the light from sun spots; in and maturity produced by a year's research. Research develop 
chemistry, too, the physicist finds in the behaviour of the whole qualities which are apt to atrophy when the student is preparing 
series of reactions illustrations of the great laws of thermodynamics, for examinations, and, quite apart from the addition of new 
wbile if be tarns to tbe biological sciences be is confronted by pro- knowledge to our store, is of the greatest importance as a means 
blems, mostly unEolved, of unsurpassed interest. Consider for a of education. 
moment thu problem presented by almost any pla.nt--the cbarac- It is tbe practice in many universities to make special provision 
terislic and often e~:quisite detail of Bower, leaf, and babit--and for the reception of students from otber universities who wisb to 
remember that the mechanism wbicb controls this almost infinite do original research or to study the more advanced parts of tbeir 
complexity was once contained in a seed perhaps hardly large subject, and considerable numbers of snob students migrate from 
enough to be visible. We have here one of tbe most entrancing one university to another. I think it wonld be a good thing if 
problems in chemistry and physics it is po.~sible to concei>e. this practice were to extE-nd to students at an earlier stage in tbeir 

Again, the specialisation prevalent in schools often prevents career ; especially should I like to see a considerable interchange 
students ol science from acquiring RDfficient knowledge of mathe- of students between tbe universities in the Mother Country and 
matics ; it is true tbat roost of those who study physics do some tbose in the Colonies. 
mathematics, but I bold that, in general, tbey do not do enongb, 1 am quite sure that many of our English students, especially 
and that they a re not as efficient pbysicillts as they would be if tb :>Se destined for public life, could have no more valuable ex­
they bad a wider knowledge of that subject. There seems at perience tban to spend a year in one or other of your universities, 
present a tendency in some quarters to discourage tbe use of and I hope some of your students might profit by a " isit to ours. 
mathematics in physics ; indeed, one might infer, from tbe state- l can think of nothing more likely to lead to a better under­
meats of some writers in quasi-scientific journals, that ignorance standing of the feelings, the sympathies, and, what is not less 
of mathematics is almost a virtue. If tb1s is so, then surely of all important, the prejudices, of one country by another, than bv the 
the virtues this is the easiest and most prevalent. youths of those countri~ spending a part of their student life 

I do not for a moment urge tbat the physicist sbonld confine together. Undergraduates as a rule do not wear a mask either 
himself to looking at his problems from the mathematical point of politeness or any other material, and have probably a better 
of view ; on the contrary, 1 think a famous French mathematician knowledge of each other's opinions and points of view-in fact, 
and pbyaici8t was guilty of only slight exaggeration wben be said know each other better than do people of riper age. To bring 
that no dU!covery wa.s really important or properly understood by this communion of students about there must be co-operation 
1ts author unless and until be could explain it to the lirst man be between the uni'"ersities throughout tbe Empire ; there mnst be 
met in the st~et. . . . recogniti<!n of each other's. examinations, residence, and degrees. 
. But two po1Dts o~ ':'ew are better than one, and th~ phySiciSt who Before thiS can t_>e accomphs~ed there must, as my frei nd l\lr . E. 
IS .also_ a mathematict!ln pos:;esses a most powerful 1ns~ment ~or B. . argant polDted ou~ 1n a lecture given at the l\IcG1U 
sc1enti6c reeearcb Wlth which many of tbe greatest d iSCOvenes Un1vennty, be co-operation and recognition between the uni­
bave been made ; for example, electric wa\"es were discovered by versities in each part of the Empire. I do not mean for a 
mathematics long before tbey were detected in the laboratory. He moment tbat all universities in a countrv should be under one 
bas also at. his command a language c_lear , con_cis~,. and univ~rsal , go~ern~~nt. I am a strong believer in the individuality of 
and ~e~e 1s_ n~ better way of. detecting ambJgUI!'Jes ~d d1scre- umve~ties, but 1 do not think this is in any way inconsistent with 
panc1es 10 b1s 1deas than by tr}'lng to expr~«.s them ID thiS language. tbe pohcy of an open door from one university to e''ery other in 
Again, it often happens tbat we are not nble to appreciate the full the Empire. 
significance of some physical discovery until we have subjected it It has usually been the practice of the president of this Associn­
~ mathem~tical treatment, when we_ find that tbe effect we have tion ~ give sume account of the progress made in the last few 
diSCOvered IDVOives other dfects wb1cb have not been detected, years 10 the branch of science which be has the honour to 
and we a re able by this means to duplicate the dis:covery. Thus represent. 
James Thom~n, starting from the fact that ice floats <.n water, I propose this evening to follow that precedent, and to attempt 
showed that it follows by matbe_matics that ice can h? melted to give a very_ shor t account of some of the more recent develop­
and water prevented from freezmg by p~sure. Th1s effect, monts of pbys1cs, and tbe new conceptions of physical processes 
wbicb was at tbat time unknown, was afterwards verified to which tbey have led. 
by his brother, Lord Kelvin. Multitudes of similar duplication of Tbe period wbicb has elapsed since the Association l~ASt met in 
physical discoveries ~y m!'thema_tics could be quo~. Canadc. bas been one of almost unparalleled activity in many 

I bave been plea~mg ID tbe ~n~rests of pbymcs for a greater branches of physics, and many new and unsuspected properties of 
study of mathematiC~ by phys1c1sts. __ I w~uld ~so plead for a ma~ter and e lectricity have been discovered. Tbe history of this 
greater s~dy of phySics by mathematic1a.os 10 the 1nterest of pure penod affords a_ remarkable illustration of tbe effect which may be 
mathem!'tics. . produced _~Y a Single discovery ; for it is, I think, to the discovery 
. Tbe history of pure matbem_atics shows _that many of tbe most of ~he Rontgen rays that we owe the rapidity of the progress 
1mportant branches of t~e subjec~ have a.nsen from the attempts wbJcb has recently been made in physics. A striking d tscovery like 
mad~ to get a matbe_mat1cal_ solution of a problem snggested by tbat of the Rontgen rays acts much like the discovery of ~~:old in a 
p~ymcs. Thus the ditfere~bal cal.culns ~from attempts to deal spanely populated country ; it attracts workers who come in the 
wtth the problem of mo'?ng bod1~. ~ouner's ~beorem resulted first place for the gold, but wbo may find tbat the country has 
from_ attempts to. deal wt_th the VIbrations of strings and_ the con- other .P~Ucts, other charms, perhaps even more valuable than 
ducti~n o_f he~t ; 1n~eed, 1t would seem that ~b_e ~ost frwtful crop tbe go.d 1tself. The country in which the gold was discovered in 
of_ sctentific 1deas 1s. produced by cross-fertil_Jsation _betw~en the the _case _of the R~intgen rays was the department of physics 
aund _and some defi~te fact, and that the DUDd by 1tself 18 com- dee:ling Wltb the discharge of electricity through gases, a subject 
parat1!ely ~nproduct1ve. . . which, almost from tbe beginning of electrical ecience, bad 

I thm_k, if we _could trace .the _o~n of _some of our most com- attracted a few enthusiastic worken>, who felt convinced that the 
prebenstve *!ld Important SCientific 1deM, 1t would ~e found that key to unlock the secret of electricity was to be found in a ,·acuum 
they arose ~ ~ _the attempt to ~nd an explanation of some tube. Rontgen, in 1 95, showed that when electricit passed 
apparently t_n VIal and very spectal p~enomen~n ; when once tbrongh such a tube, the t ube emitted rays which co~ld 
sta~d the 1d~ grew to such generality and Importance that through bodies opaque to ordinary light, which could ~ 
tbe1r m?dest ongtn could b~ly be _suspected. Water vaP?ur we example, pass through the fiesh of the body, and throw a sb'adow 
know wtll refuse to ~ondense l!lto ram unless ~ere are particles of of the bones on a suitable screen. The fascination of this dis­
dust_ to form nucle1; ~ an 1dea befo~e ~king shape seems to covery attracted many workers to the subject of the discb e of 
reqrure a nucleus of sohd fact round wb1~b 1t can condense. . ~lectricity throug~ gases, and led to g1'61lt impro~ements i: tbe 

1 have yeutured to urge. tbe closer uruon between mathematics mstruments used m this type of re•earcb. It is n?t, however to 
and pbyRJcs, because_ I th1nk of _late years there has been so~e tbe ~wer of probing dark places, important though tbis is that 
tend_ency for these _sciences to ~rift apart, and that the workers tn the 1nftnence of Rontgen rays on the progress of science has ~ainl 
applied matbe~a~1cs are relahvely fewer than they were some been due ; it is rather because three rays make gases and indeel 
years ago. Th18 1s no doubt due to some nt.ent to the remark- solids and liquids through which tbtty ""-- condu' to ' f 1 ' 
bl d I ts d · th •· -t f · · tal · . . • ...--. c rs o e ec-a e. eve opmen rna e 10 e . .....,. ew years m ex penmen tr1c1ty. It 1s true that before the discovery of these ra s other 
pbys~cs on tbe one band, and _m the most abstnct and. me_ta· methods of maldng gases conductors were known, but ~one of 
pbys1cal parts of pure mathematics on tbe other. Tbe fascmation these was so convenient for the purpoa.es of accurate measurement. 
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The study of gases exposed to Rontgen rsys has revealed in 
such gases the presence of particles chuged with electricity ; some 
of th81Je particles are chuged with positive, others with negative 
electricity. 

The p roperties of these particles have been investigated ; we 
know the charge they carry, the speed with which they move 
under an electric force, the rste at which tbe oppositely charged 
ones recombine, and these investigations have thrown a new light, 
not only on electricity, but also on the structure of matter. 

We know from t h&.c~ investigations that electricity, like matter , 
is molecular in structure, that just as a quantity of hydrogen is a 
collection of an immense number of small particles called molecul~, 
so a charge of electricity is made up of a great number of small 
ch&Jltes, each of a perfectly definite and known amount.. 

Belmholb said in 1~SO that in his opinion the evidence in favour 
of the molecular constitution of electricity-was even stronger tba.n 
th.1t in favour of the molecular constitution of matter. now 
m uch stronger is that evidence now, when we have measured the 
charge on the unit and found it to be the same from whatever 
sotuce tbe electricity is obtained. Nay, further , the molecular 
theory of matter is indebted to the molecular theory of electricity 
for t be most accurate determination of its fundamental quantity, 
the number of molecules in any given quantity of an elementary 
substance. 

The great advantage of the electrical methods for the study of 
the properties of matter is due to the fact that whenever a 
particle LS electrified it is very ea..jJy identified, whereas an on­
charged molecule is most elusive ; and it is only when thue are 
p~nt in immense numbers that we are able to detect them. A 
very simple calcnlatioo will illu trste the difference in our power 
of detecting electrified and unelectrified molecules. The smallest 
quantity of unelectrified matter ever detected is probably that of 
neon., one of the inert gases of the atmosphere. Professor 

trutt has ! hown that the amount of neon in one-twentieth of o. 
cubic centimetre of the air at ordinary pressures can be detected 
by the ~>pectro!eope ; ir Williarn Ramsay estimates that the neon 
in the air onJy amounts to one part of neon in 100 000 parts of 
air, so that tbe neon in one-twentieth of a cubic centimetre of air 
would only occupy at atmospheric pl"t'&ure a volume of half a 
millionth of a cub1c centimetre. \\'ban stated in this form the 
quantity seems eJ~ceedinllly small, but in thi small volume there 
are about ten million mill:oo molecules. Now the population of 
the earth is estimated at about fift.een hundred millions, so t.ba t 
the smallest numb<!r of molecules of neon we can identify is about 
iOOO times the population of the earth. In other words, if we bad 
no better te...~ for the existence of a man than we have for that of 
an unelectrified molecule we should come to the conclusion that 
the earth is uninhabited. Coptrast this with our power of d etecting 
electrified molecules. We can by the electrical method, even 
better by the cloud method of C. T. R. Wilson, detect the presence 
of three or four charged particles io a cubic centimetre. Ruther­
ford has shown that we can detect the presence of a single a 
particle. !\ow the a particle is a charged atom of helium: if this 
atom bad been uncharged we should have required more than a 
million million of them, instead cf one, before we should have 
been able to detect them. 

We may, I think, conclude, 'ince electri fied particles can be 
studied "tl'itb so mncb greater ease than unelectrified ones, that we 
shall obtain a knowledge of the ultimate structure of electricity 
before we arrive •at a corresponding degree of certainty with 
regard to the structure of matter. 

We have already made considerable progress in the task of 
diEcovering what the structure of electricity is. We have known 
for some time that of one ldnd of electricity-the negative- and 
a very interesting one it is. We know tbat negative electricity is 
made up of units all of which are of the same kind ; that t h~.>-Se 
units are e11ceedingly small compared with even the smallest atom, 
for the mass of the unit is only r-fnth part of the mass of an 
atom of hydrogen ; that its radios is only 10 - Js centimetre, and 
that these units, '' corpu9Cles" as they have been called, can be 
obtained from all substances. The size of these corpuscles is on 
an altogether different scale from that of atoms ; the volume of a 
corpuscle bea.rl' to that of tbe atom about the same relation as 
that of a speck of -lust to the volume of this room. Under suit­
able conditions they move at enormous speeds wbicb approach io 
some instances the velocity of light. 

Tbe discovery of these corpuscles is an interesting example of 
the way Nature responds to tbe dem::mds made upon her by 
mathematicians. Some years before the discovery of cor puscles it 
bad been shown by a mathematical in,.estigation that the mass of 
a body must be increased by a charge of electricity. This increase, 
however , is greater for small bodies than for large ones, and even 
bodies as small as atoms are bopeleuly too large to Ehow any 
appreciable effect; thus the result seemed entirely academic. 
After a time corpuscles were discovered, and these are so much 
smaller than the atom that the increase in mass due to tbe charge 
becomes not merely appreciable, but so great tbat, as the experi­
ments of Kaufmann and Bocberer have shown, the whole of the 
mass of the corpuscle arises from its charge. 

We know a great deal about negative electricity ; what do we 
know about positive electricity 1 Is positive electricity molecular 
in structure 1 Is it made up into units, each unit carrying a 
charge equal io magnitude, though opposite in sign, to that 
carried by a corpuscle ! Does, o r does not, tbis unit differ, in size 
and physical properties, very widely from the corpuscle 1 We 
know that by suitable processes we can get corpuscles out of any 
kind of matter, and that the corpuscles will be tbe same from 
whatever source they may be derived. Is a similar thing true for 
positive electricity ! Can we get, for example, a positive unit from 
oxygen of the same kind as that we get from hydrogen ! 

For my own part, I think the evidence is in favour of the view 
that we can, altho11,gh the nature of tbe unit of poeitive electricity 
makes the proof much more difficult than for the negative unit. 

In the first place, we find that ' be positive particles-" canal­
&Vableo" is their technical name-discovered by our distinguished 
guest, Dr . Goldsteiu, which are fonnd when ao electric discbe.rge 
passes through a highly rarefied gas, are, wben tbe pressure is very 
low, the same, whatever may have been tbe gas in the vessel to 
~in with. If we pomp out the gas until the pressure is too low 
to allow the dischal'll:e to pass, and tbeo introduce a small quantity 
of gas and restart the discharge, the positi,.e particles are the 
same whatever kind of gas may have been introduced. 

I ha\ e, for er.a.mple, put into the e11hausted vessel oxy~en, argon, 
helium, the \'&pour of carbon tetrachloride, none of which contain 
hydrogen, and found the positive particles to be the same as when 
hydrogen was introduced. 

Some experiments made lately by Wellisch , in the Cavendish 
Laboratory, stro~ly support the view that there is a definite unit 
of positive electricity independent of the gas from which it is 
derived ; these e11periments were on the velocity with which 
positive particles move through mixed gases. If we have a 
millture of methyl-iodide and hydrogen exposed to ROntgen rsys, 
tbe effect of the rays on tbe methyl-iodide is so mnch greater than 
on the hydrogen, that, even when the mixture contains only a 
small percentage of methyl-iodide, practically all the electricity 
comes from this gas, and not from the hydrogen. 

Now, if the positive particles were m~:~rely the residue left when 
a corpuscle bad been abstracted from the methyl-iodide, these 
particles would have the dimen.<Qons of a molecule of methyl-iodide; 
this is very large and heavy, and would tllerefore mo,.e more 
slowly through the hydrogen molecules than the positive particles 
derived from hydrogen itself, which would, on this view, be of the 
me and weight of the li~bt hydrogen molecules. Welli."Cb found 
that the velocities of both the positive and negative parcels through 
the mixture were the same as the velocities through pure hydrogen, 
although in the one case the ions bad originated from methyl­
iodide, and in the other from hydrogen ; a similar result was 
obtained when carbon tetrachloride or mercury methyl was used 
i nstead of methyl-iodide. These and similar results lead to the 
oonclusion that the atom of the different chemical elements con-
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tains definite units of positive as well as of negative electricity, and 
that the positiTe electrici ty, like tbe negative, is molecular in 
tructure. 

The invertigations made on the unit of positive electricity show 
that it is of quite a different kind from the unit of negative, the 
mass of the negative unit is eaceedingly small compared wi th any 
atom, the only positive units t hat up to the present have been 
detected a re quite comparsble in mass with the mass of an atom 
of hydrogen ; in fact, they seem equal to it.. This makes it more 
difficult to be certain that the unit of positive electricity has been 
isolated. for we have to be on our guard against it being a much 
smaller body attached to the byd~en atoms which happen to be 
present in the vessel If the positive units have a much greater 
ma than the negative ones, they ought not to be ao easily 
deflected by magnetic forces when moving at equal speeds ; and 
in general the insensibility of the positive particles to the influence 
of a magnet is very marked ; though there are ea..~ when the 
positive particles are mucb more readily deflected, and these bnve 
been interpreted as proving the nistence of positive units compar­
able in m'.I.SS witb the negative ones. I have found, however , that 
in these cases the positive particles are moving very @)owly, and 
that the ease with which they are deflected is due to the smallo&Fa 
of the velocity, and not to that of the mass. It should, however, 
be noted that .M. Jean Becquerel has observed in the at»>orption 
spectra of some minerals, and Professor Wood in the rotation of 
the plAne of polarisation by sodium vapcur, effects wbich could be 
e11plained by tl:le pl"t' ence in the substances of positive units com­
parsble in ma.."S with corpuscles. This, however, is not the only 
e11plnnatioo which can be given of these f'ffects, and at present the 
smallest positive electrified particles of wb1ch we have dil"t'ct experi­
mental evidence have masses comparable with that of an atom of 
hydrogen. 

A knowledge of the mass and size of the two units of electricity, 
the positive and the nega tive, wo11,)d give us the material for con­
structing what may be called a molecular theory of electricity, and 
would be a starting point for a theory of the structure of matter ; 
for the most natural view to take, as a provisional hypothesis, is 
that matter is just a colleetion of ~itive and negative units of 
electricity, and that the forces wh1ch bold atoms and moleculea 
together, the proper ties which differentiate one l,.;od of matter 
from another, all bave their origin i n the electrical forces uerted 
by positive and negative units of electricity, grouped together in 
different ways in the atoms of tbe different elemen ts. 

As it would seem that tbe units of positive and negative electricity 
are of very different sizes, we must regard matter as a muture 
containing systems of very different types, one type corresponding 
to the small corpuscle, the other to the large positi\'e unit.. 

ince the energy associated with a given charge is greater, the 
smaller the body on which the charge is concentrated, the energy 
stored u p in the negative corpuscles will be far g reater than 
that stored 11,p by t he positive. T he a mount of enel'll:y which is 
stored up in ordmar y matter in tbe form of the electrostatic 
potential energy of its corpuscles is, I think, not generally realised 
All substances give out cor puscles, so that we may assume that 
eacb atom of a substance contains at least one cor puscle. From 
the rize and the charge on the corpuscle, both of which are known., 
we find that each corpuscle has 8 x 1()--7 ergs "of energy ; this is 
oo the supposition that the usual expressions for the energy of a 
chuged body bold when, as in the case of a cor puscle_. the charge 
is reduced to one unit. Now, in one gramme of hydrogen there 
are about 6 x 1()2.1 atoms, so if t here is ouly one corpuscle in each 
atom, the energy due to the corpuscles in a g rsmme of hydr~en 
would be 4 x 1016 ergs, or 11 x 1()9 calories. This is more than 
eeven times the beat developed by one gramme of radium, o r than 
that developed by the burning of five tons of coal T hus we see 
that even ord inary matter contains enormous stores of energy ; 
this energy is fortunately kept fast bound by the corpuscles ; if at 
any time an appreciable fraction were to get fr~e, the earth would 
explode and become a gaseous nebula. 

The matter of which I have been speakiog so far is the material 
which builds up the earth, tbe sun, and the stars, the matter 
studied by the chemi t, and which be can represent by a formula; 
this matter occupies, however, but an insignificant fraction uf the 
universe, it forms but minute island.s in the great ocean of tbe 
ether , the substance with which the whole universe is filled. 

'l be ether is not a fantastic creation of the speculative philoso­
pher ; it is as essential to us as the a ir we b reathe. For we must 
remember that we on this earth are not living on our own resources ; 
we are dependent from minute to minute upon what we are getting 
from the sun, and the gifts of the sun are conveyed to us by the 
ether. It is to the sun that we owe not merely night and day, 
springtime and harvest, but it is the energy of the sun, stored up 
in coal, io waterfalls, in food, that practically does all the work of 
the world. 

How great is the supply the sun lavishes upon us becomea clear 
when we consider that the beat received by the earth under a bigb 
sun and a clear sky is equivalent, according to the measurements 
of Langley, to about 7000 horse-power per acre. Though our engi­
neers have not yet discovered bow to utilise t his enormous supply 
of power, they will, I have not the slightest doubt, ultimately 
succeed in doing ro; and when coal is e11bausted a nd our water­
power inadequate, it may be that this is the source from which we 
shall derive the energy necessary for the world's work. When 
tba•. comes about, our centres of industrial activity may perhaps 
be transferred to the burning deserts of the Sahara, and tbe value 
of land determined by its suitability for t he reception of t raps to 
catch sunbeams. 

This energy, in the i nterval between its departure from the sun 
and ita arrival at the earth, must be in the s pace between them. 
Thus this space must contain something which, like ordinary 
matter, can store up energy, which can carry at an enormous pace 
the energy associated with light and beat, aod which cao, in 
addition, exert the enormous stresses necessary to keep the earth 
circling round the sun and the moon round the earth. 

Tbe study of this all-pervading substance is, perhaps, the most 
fascinating and important duty of the physicist. 

On the electro-magnetic theory of light, now u niversally ac­
cepted, the energy streaming to the earth trsvels through the 
ether in electric waves ; t hus practically the whole of the energy 
at our disposal btts at one t ime or another been electrical energy. 
The ether must, then, be the seat of electrical and magnetic 
forces. We k now, thanks to the genius of Clerk Maxwell, the 
founder and inspirer of modern electrical theory, the equations 
which e11press the relation between these forces, and although for 
some purposes these are all we requi re, yet they do not tell us 
very much about the nature of the ether. 

The interest inspired by equations, too, in some minds is apt to 
be somewhat Platonic : and 80mething more grossly mechanical­
a model, for example, is felt by many to be more suggestive and 
manageable, and for them a more powerful instrument of research, 
than a purely analytical theory. 

1s the ether dense or rare f Has it a structure ' Is it at restor 
in motion t are some of the quostioos wbicb force themselves 
upon us. 

!.-et us consider some of tbe facts known about the ether. 
When light falls on a body and is absorbed by it , the l.lody is 
pushed forward in the direction in which the light is tra'l'elling, 
and if the body is free to move it is et in motion by the liltht. 
No w it is a fundamental principle of dynamics that when a body is 
set moving in a certain direction, or, to use the language of 
dynamics &ClJUir~ momentum in that direction., some other mass 
must loose the same amount of momentum; in other words, the 
amount of momentum in the universe is constant.. Thus, 
when the body is pushed forward by the !Uzbt some 
other system must have lost the momentum the body acquires, 
and the only other system available is the wave of light 
falling on the body ; hence we conclude t hat there must have 
been momentum i n the wave in the -di rection in -which it 
is travelling. Momentum, however , implies mass in motion. 
We conclude, then, that in the ether through which the wave is 
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moving there is mas moving with the "_&locity of light.. The ex­
periment& made on the p ressure doe to light enable us to calc~te 
tbis mass, and we find that in a cubic kilometre of ether carrJlng 
light as intense as sun.ligbt is at t~e _surface of th~ l!artb, the ma 
moving i~ only about one-fifty-milltooth of a m1lhgrsmm~. ~Ve 
must be careful not to confuse this with the mass of a_ cub1c kilo­
metre of ether ; it is only the mass moved. when the ~1ght passes 
tbrougb it ; the vast majori ty of the et~er 1s left un~JSturbed by 
the ligh t.. Now, on the electro-magnet1c theory of . hgbt, a wa':e 
of light may be rejlarded as made up of g roup_s of hoes of _elect.nc 
force moving with the velocity of light; and 1f we ~ke tb1~ po10t 
of view we can prove th't the mass of ether per cub1c cent1m~tre 
carried along is proport!onal ~ the ene~r posae.---sed by these hoes 
of electric force per cub1c centi~etre, dtvtd~ by the equare of the 
veloci1y of light. Blt though bnes of electric force carry som~ of 
the ether along with tbem as they move, the amo~nt so ca~ned, 
even in the strorutest electric fields we can produce, lS but a m1nute 
fraction of the ether in their neighbour hood. . . . 

This is proved by tu1 e11per iment made by S1r Ohver Lodge m 
which light was made to travel through an electric field in rapid 
motion. If the electric field bad carried the whole of the ether 
with it, the velocity of the light would have been increase~ by the 
velocity of t he electric field . As a matter of fact, no u~creaae 
whatever could be detected , though it would have been regtatered 
if it bad amounted to one-thousandth par t of tbat of the field. 

The ether carried along by a wave of ~bt must be ':n uceed­
ingly small part of the volume thro11,gh wb1cb the wave IS sprea~. 
Parts of this volume are in motion, but by far the greater par t LS 

at rest· thns io the wave front there cannot be uniformity, at 
some ~rts the ether is mo,.ing, at others i t is at _rest-in other 
word11 the wave front mu~t t-e more analogous to bnght specks on 
a dark jm>uod than to a uniformly illuminated surface. 

The place where the density of the ether carried along by an 
electric field rises to its h ighest value is close to a corpuscle, for 
round the corpuscles a re by fa.r the strongest elect ric field of 
which we have any knowledge. We know the mass of the cor­
puscle, we know from Kaufmann's experiments that t his arises 
ent irely from the electric charge, and is therefore due to the ether 
carried along with the cor puscle by the lines of force attached 
to it. 

A simplecalcuhtion shows that one-half of this mass iR contained 
in a volume seven times that of a corouscle. ince we know tbe 
volume of the corpuscle as well as the mass, we ca_n calc ulate the 
density of the ether attached to the corpuscle ; domg so, we find 
it amounts to the prodigious value of about 5 x 1010, or about 
2000 million times that of lead. Sir Oliver Lodge, by somewhat 
different consid eratioruo, has a r rived a t a value of tbe same order 
of magnitude. 

Tbusarouod the cor puscle ether must have an eJ~travagantdeMity: 
whether the density is as g reat as t his in other places depends upon 
whether the ether is compressible or not. If it is compressi ble. 
then it may be condensed round tbe corpuscles, and there have 
an abnormally g reat d ensity ; if it is not compressible, then _the 
den!ity in free space cannot be less than the n umber I have JUSt 
mentioned. 

W ith respect to this point we must remember that the forces 
acting on the ether close to tbe corpuscle are prodigious. If the 
ether were, for e11ample, an ideal gas whose density incre<LSed in 
proportion to the pressure, however g reat the p ressure might be, 
then if, when ecposed to the pressures which e~ist in some direc­
tions close to the cor puscle, i t had the density stated above, its 
density under atmospheric pressure would only be about 8 x }()-tfl, 
or a cubic kilometre would have a mass less than a Q;ramme ; so 
that instead of being almost incomparsbly d enser than lead, it. 
would be almost incomparsbly ra rer than the lightest ga~~. 

I d o not know at present of a ny effect which would enable us to 
d etermine whether ether is compressible or not. And although at 
first sight the id ea that we are i mmersed in a med ium almost 
intinitely deo.ser than lead mi6bt seem inconceivable, it is not so 
if we remember that in all p robability matter is composed mainly 
of boles. We may, io fact; regard matter as possessing a bird-cage 
kind of structure io which the volume of t he ether disturbed by 
the wires where the structure is moved is infinitesimal in compari­
son with the volume enclosed by them. If we do this, no d ifficulty 
arises from the g reat density of the ether ; all we have to do is to 
increase the distance between the wires in propor tion as we 
increase the d ensity of the ether. 

(To be conlin'JUd). 

A cCORDC\O to t he Xachrnhl.m fur Handd und lndtu>tr~ 
(Berlin) of July 29th, the city authon t,ies of Belgrade a re 
arranging to enlarge the drinking-water system, to defray tbe 
cost of which a loan will be issued. The intention is to build • 
reservoir oo an elevation near Belgrade, in order to get the requi­
site pressure for taking the water to the city. 

.METEOROLOGICAL REPORT t'OR 1908-9.-The report of t he ~­
tronome.r Royal states that during the twelve months ended d.pril 
30t.b last the highest temperature in the shade was St.O deg. on 
July 3rd. The lowest temperature recorded was 12.1 deg. on 
December 30th. Doring the winter there were 54 day11 on which 
the temperature fell lJelow 32. 0 deg., being two le j than the 
average number. The mean daily horizontal movement of the ai r in 
the year was 266 miles, which is 16 miles below t be average of the 
preceding 41 years. Tbe g reatest recorded daily movement was 
776 miles oo l<'ebruary 3rd, and the least 36 miles on January 28th. 
Tbe greatest recorded pressure of the wind was 16.2 lb. on the 
square foot on eptember 9t.b , and the greatest hourly velocity 
4i$ miles on Xovember 23rd and February 3rd. The n11,mber of 
hours of b right sunshine recorded was 1752 out of 445l:l hours 
d";ring whi~b the SUf1 was abov~ the_ horizon. As C?Dtributing to 
thiS exceptionally high proportion, 1t may be mentioned that in 
three of the months-October, Xovember , and April-the a.mount 
registered was tbe highest for those months, reaching in Apri l a 
percentage of 60 for the first time in any month, and in three 
other months-June, January, and February-the amount regis­
tered was the second highest for those month.s. The rainfall for the 
year was 22 60in., being 1.52io. less than the average of t.be 65 years 
1841-1005. The num'ler of rainy days--0.005in. or over-was 155. 
The mean temperature for the year 1908 was 49.8 deg., or 0.2 deg. 
above tbe average for the 65 years 1841-1905. 

DB"ED?U'G P.t.AST t'OR TBB PORT OF PARA.- Last month (July) 
there satled from the Clyde, bound for the Port of Para, Brazil, a 
powerful buc~et d redQ;er named Aodre Reboucas, constructed by 
Messrs. Lobn1tz and Co., of Renfrew, for the Port of Para. This 
d redger wa.~ ordered as recently as .March lltb, the keel was laid 
on April 11th and the vessel ready for trial on July 9th tbus 
being completely manufactured and delivered within four ~ontbs 
from the time of passing the order and creating a record in 
rapidity of cons truction for this class of vessel. The dredger is of 
the non-propelling_ type, ve ry stiffly and powerfully con­
structed for d redgm.g to a depth of 46ft. below water level in 
b_ard mate.rial. 'fbe 600 horse - power d redging engines are 
SttU:&ted ~tgb ';'P near the top tumbler, and their gearing is 
deStg~ed to so Slmple a manner that one may say they pro.ctically 
act dlr&Ctly upon the buckets, and thus work with the greatest 
possible efficiency io dealing with bard material. The huge shaft 
of the tumbler over which the buckets turn at tbe top is of solid 
steel 1~in. in diameter, similar to that of the great dredger 
Peluse, owned by the uez Canal Company. All the ~tear wheels 
have thei r teeth machine cut from the solid steeL Three large 
vertical sid~ hopper barges were b11,ilt at the same time by 
.Messrs. Lobnttz and Co., Renfrew, Scotland, to serve this d redger 
which will be used by the contractors, .Messrs. S. Pearson and Son' 
Limite~, of Westminster, together with the e11isting large self~ 
prop_elling buc~et d redge_r, tw~ le.rge suction dredgers, and other 
Boating plant m connectton wtth the impor tant new port works 
under construction at Para. 
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THE LATEST SYSTEM OF POWER RAILWAY 
SIGNALLING. 

THERE has recently been brought into use at Yarnton, 
nea.r Oxford, on the Great Western Rail way, a.n all-electric 
power-signa.1ling plant which contains some novel features. 

The locking frame-page 214-conta.ins fifty levers , <'f which 
seven a.re spare. These levers are of the usual m iniature 
type employed in power systems, but they ditier from most of 
the others in that the lever oa.n be pulled fully over , and 
point levers can also be put fully to normal at one stroke 
instead of there being a pause in the middle of the move­
ment. This pause, it should be noted, arises through a 
check look that stops the lever after it has travelled suffi­
ciently fa.r to switch in the electrical or other power to operate 
the points. This lock is taken out of the lever by power over 
a. return wire or pipe from the points . The return current 
flows a.s soon as, but not before, the points a.re in their 
altered position, a.nd-if facing points-duly plunged a.nd 
locked. Unless a.nd until, therefore, the lever has done its 
work the check lock cannot be withdrawn , and this not only 
gives an intimation to the signalman that the work is not 
done, but, a.s the lever is not fully over, the sympathetic 
levers-such as a siding signal following the opening of some 
siding points-cannot be pulled until all is in order. This 
' ' return indication,'' whilst very useful, is apt to spoil t he other­
wife beneficial effects of power signalling, in that the signal­
man has to pause in the middle of moving a lever. 

In the new frame at Yarnton there is no such check look, 
and the signalman is able to pull over t he levers in the same 
way as in a. mechanically-operated frame, but much quicker 

ELECTRICALL V-OPERATED SIGNA L 

and with no exertion, of c?urse ; but the safeguards afforded 
by the 1 1 return indication ' ' are to be fo~nd here, t~oug~ th_ey 
are provided in another way. These constst of electnce.l cucru~s 
to the corresponding signals: which are not cc;>mpleted unt_1l 
the point lever h as done tts work. There IS also what IS 
known as " constant detection" of the points, and this 
causes any signal at once to be thrown to danger , or , if 
already at danger , to be kept there, should a.ny points such a 
signal applies to become damaged in ~ny way. _ I!?- or~er ,t,h_at 
t he signalman may know bow ~he return _ mdic~tu~n _Is, 
there is provided behind each pomt lever a vtsua.l md10a.t10n 
with three screens- " normal, " " wrong," " reversed." 

Two views on page 214 show the lay ~ut at faci~g :points and 
trailing points respectively. The only difference hes 1n the fact 
that the former has a facing point locking ba.r. :b'or eaoh there 
is a plunger working through the casting ~een in. the " four­
foot " into a divided stretcher rod. I n thiS castrng are the 
circuit controller-whereby the current is cut off when the 
points a re over-:-the detect?rs, and ~eturn-indication circuits. 

Above is a. v1ew of a stgnal. Stgnals are operated by a. 
m otor h aving a. combined elec~ric clutch ~ear and holding-?ff 
coil, and the signal goes on without r~tatrn~ th~ mc;>to~ or Its 
gear wheels, and all risk of the l~tter Jammmg 1s ehlll:ma.te~. 

The exterior of the signal-box 1s also shown. Oppos1te to It 
is a. small power-house containing a. 10 horse- power oil engine 
connected to a generator, which supplies the necessary 
current for two batteries of f\0 cells. Sufficient power is 
provided by charging three to four hours twice a. week. 

The work h as been carried out by McKenzie and H olland, 
Limited, of Victoria-street, Westminster, and Worcester. 

ADMIRALTY COURSES OF lNSTROCTION.-The SacretA.ry of the 
Admiralty announces that courses of instruction for officers_will be 
held as follows:-Si~nals (Portsmouth), short course for Lieuten­
ants RN 2nd to 23rd October, 1909; short course for R.N.R. 
Offic'ers. 2ard October to 6th November, 1909. Physical Training 
(Ports~outb), short course for Lieutenants, R.N , Captains and 
Lieutenants, R.M., and Warrant Officers, R.N., 11th October to 
11th December, 1909. Gunnery and Torpedo, short course for 
K.N. V.R. Officers, 9th to 22nd October, 1909. 
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A NEW HYDRAULIC FORGING PRESS. 

A NEW a.nd powerful h ydraulic forging press has recently 
been completed by Henry Berry and Co. , Limited, of Leeds, 
for a. foreign Government. It will be seen from the accom­
panying engraving that the frame is of the "overhung" type, 
a.nd is in one piece, with the table a.nd cylinders. Three 
cylinders a.re embodied in the design of the machine, two of 
these being vertical and one horizontal. Of the vertical 
cylinders, one can exert a. total pressure of 500 tons, while 
the other gives 100 tons. The horizontal cylinder is capable 
of exerting a force of 250 tons, the stroke of all three cylinders 
being 2ft. Each of t he vertical cylinders ha.s attached to it 
a. separate draw-back cylinder. To economise the consump­
tion of high -pressure water , the 500-ton \ertica.l and the 
horizontal cylinders a.re fitted with means whereby the rams 
may be brought up to t he work by, and the cylinders filled 
with low-pressure water taken from a. supply contained in an 
overhead tank. Thus, the high-pressure supply is only called 
upon to provide energy for doing the useful work of the press. 
The table is 4ft. square, and is provided on the top a.nd front 
side with the customary slots for the bolts holding down the 
work, or, a.s may be sometimes desired, securing an extension 
to the front of the table. 

The body of t he press, which is made of Siemens-Martin 
cast steel, has formed on it, in line with the horizontal 
cylinder , two lugs which will be found of use in the manipu­
lation of some jobs, such as tube staving. A set of Berry's 
patented working valves mounted on a. stand, having inlet and 
outlet connections common to all the valves, is supplied with 
the press, and is placed near it, so that the operator has a. 
good view of the work on the table. 

MILITARY TRACTORS IN GERMANY. 

IT ma.y not be generally known that in order to promote 
the construction a.nd use of heavy motor vehicles, with a view 
to these being a.va.ila.ble for the use of the army in the event 
of wa.r, t he German Parliament voted the sum of £40,000 as 
subsidies for this purpose in the Budget year of 1908-09, a.nd 
the sum similarly appropriated for 1909-10 has been increased 
to £50,000. The State subsidy amounts to £200 towards the 
production of t he tractor a.nd £50 per annum towards the cost 
of maintenance. It is not quite clear whether the makers 
receive the total ' of t hese two sums, or whether they are 
awarded the former on the fulfilm'ent of certain conditions, 
thus leaving the annual gran t for the benefit of the pur­
ch asers of the lorries, but it is highly probably that the 
allocations a.re divided in the latter manner, a.nd thus assist 
both the manufacturer and the users. As a. result of t he 
t rials of heavy motor vehicles which took place in 1908, sub­
sidies were granted to 11 engineering firms as makers, 
and the number of tractors concerned was 158, of which 88 
were in the possession of breweries, 8 were employed in con-

nection with agriculture, 7 were used by motor vehicle work­
ing companies, 6 by brickyards, a.nd 5 by mining undertakings, 
whilst the remainder were distributed over a. large number of 
industries. · 

The military authorities, after the trials which took place 
in 1908, decided to make further experiments this year under 
more exacting conditions and extending over many days. A 
route compriEing a round trip between Berlin and Stuttgar t, 
of a. total distance of 1458 miles, was mapped out for trials 
under war conditions, and the tests took place between April 
26th a.nd Ma.y 21st, in conjunction with the international 
competition organised by the Imperial Automobile Club a.nd 
the Association of Motor Vehicle Manufacturers. The coin­
cidence of the two events proved to be an unsatisfactory 
arrangement, a.nd it is improbable that a. repetition will occur 
in the future, whilst the early period of the year chosen for 
the trials was also unfortunate, owing to the fact that the 
principal works of repairs to the roads were in progress, a.s is 
customary at the season, and this wa.s not without influence 
upon the running of t he vehicles. 

The trials, which were extended over a considerably longer 
period than in the case of the preceding so-ca.lled subsidy 
experiments, lasted 27 days, of which 20 days were occupied 
in travelling, and 17 heavy vehicles pa.rticipa.ted and were 
snbmitted by the firms of Argus, Bussing, Eisenach, Nacke, 
Lloyd, Ga.ggena.u, Soest , Daimler, Durkopp, E hrhardt, Mula.g, 
and theN orddeutsche Automobile Gesellscha.ft. Of these twelve 
firms, those of Argus, E hrha.rdt and Soest ha.d not previously 
become entitled to subsidies, a.nd the entrance of their vehicles 
was intended to qualify for this position, wh ilst t he other 
nine firms sought to test on a long endurance trial the re2ults 
of t he improvements which they had introduced. The t rials 
were conducted and supervised by the military motor car 
division, as represented by 5 officers, 6 non-commissioned 
officers and 62 men, a.nd the personnel placed at disposal by 
the makers a.ocommoda.ted themselves to t he military require­
ments. 

The route of 1458 miles wa.s formed partly of level road, 
partly hilly and partly of a. mountainous character with long 
a.nd heavy gradients up to 13 per cent., and the varying con­
ditions of the road surface placed considerable demands both on 
the vehicles a.nd the drivers. N otwithsta.nding these matters, 
and with the exception of the Soest tractor-which was 
withdrawn by the firm on the fi rst day of the outward 
journey-all the vehicles returned to Berlin at the proper 
time on Ma.y 21st. The departures were made every da.y a.t 
6 a..m., and the arrivals always took place before darkness set 
in. A pauseof from one to two hours was made a t mid-da.y, 
and the work of replenishing fuel and attention to engines 
and vehicles ha.d to be completed in one hour , soldiers ren­
dering assistance to the representatives of the makers. The 
control of the fuel consumption in the case of each tractor 
wa.s exercised by the officers appointed for the purpose. 

The vehicles were divided into t wo columns for the pur­
pose of securing better supervision, .the intervening distance 
being 1 kilom., whilst a distance of from 33ft. to 66ft. wa.s 
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to be arranged between t he vehicles. It was, however, found 
necessary to alter this arrangement on certain days, particu­
larly from F rankfort-on-the-Main, in consequence of the 
raising of a. large amount of dust, and the intervals between 
the tractors b&d to be increaseu to 660ft. and over. In addi­
tion to this, the authorities bad largely-as, for inst~~tnce, in 
the Bavarian Palatinat&-prescribed longer distances between 
the vehicles, and t his naturally extended the length of the 
column. The whole distance of 1458 miles was accomplished , 
including the mid-day stops, in 218 hours' travelling, or at 
the average rate of a bout 6 7 miles an hour. This low rate 
m ight be surprising, having regard to the ff\Ot that the 
average speed in the earlier trials was considerably greater, 
but it is largely explained by the cond it ion of t he roads and 
tbe regulations made by the aut horities, specially in connec­
tion with the international competition organised by the 
Imperial Automobile Club, as already mentioned. The daily 
stages were calculated at 72 miles, although longer distances 
were travelled on certain days; and the greatest distance was 
accomplished on the fifteenth day bet ween Stuttgart and 
Tauberbisobofsheim, which is 86 miles. The following table, 
which is taken from the Kolnische Zeitung , gives particulars 
of the tract.ors engaged in the trials :-

A 
R 

'lfiiS .. .. 
11 lng 
Do.lml~r I. .. 
Daimler 11. 
Durkorp I. 
Durk~ 11. 
Ehrh '· I. 
Ehrbardt 11. 
1-:i'!ennch 
Mulag I. .. 
M11lng IL. . 
Nneke.. . 
Norddeut~he 

b1le I. .. 
Nrtddeutsche 

bile 11. .. 
Lloyd .. . 
Soest .. .. 
Oaggeuau .. 

-0 .. 
$• 
~ c - o -·-::>..-
C::> --o .. ~ -.. E .. 
0 :.-; 

.. .. • lm 

.. .. . 850 

.. .. .. 800 .. .. .. 800 

.. .. . 8:0 
. .. . lm 
. .. . 850 
. .. . 850 

.. .. .. fOO 

.. .. .. 750 

.. .. .. 750 

.. .. • 850 
AntOI110· .. .. . 850 
.\UlOIIlO· 

.. .. .. 851) 

.. . . . lm 

.. . . . 800 

.. .. .. 850 

- -

I c 
0 G> 

• ·- .s::. .. .. ... 
- G> COl ~ .. -
d~ ·- c -c ... - .., _ C o:Je ·= 0 ='- o-
El?- ,r;c Clo.'q ot ruel. Cl)- ,.. • 

::£'" c ~- ·;: <.. .. ·; s., o eo., 
z~ u s=> 

0 !=: 2 -· 0 .s::. - s .c ... 
0 .... ... 

-
30 407b Li.:M benzine 30.5 
~8 42-SS Ben1.ol -
35 4050 .. ?:11 
35 4050 .. 298 
38 41,('3 .. 323 
38 4400 .. 311 
3b 4l00 .. 3o6 
3> 41f0 .. 3117 
M 4250 .. 317 
M 3900 lleavy beoziue 340 
35 3900 .. 356 
37 ~% Benzol 307 

40 4~00 .. 307 

40 4200 .. 281 
3S 4443 Light benzine 377 
30 - - -
35 4314 Ben') benzine 249 

It is necessary to e:rplain that tbe Bossing tractor, of which 
no particulars are given respecting the fuel consumption, 
was only driven to Stuttgart, as the vehicle bad been sold to 
the H anover br ick works, and h&d to be delivered ; and that 
the name Mulag is an abbreviation of Motoren u nd Last­
wagen Actien Gesellsobaft, of Aix-la-Cbapelle. The width of 
the tractors between the outside wheels ranged from 5ft. to 
5.9ft., the m ilitary authorities having specified that the 
width should not exceed 6.56ft. The use of benzol and 
benzine as fuel is a result of the endeavours made by t he 
military authorities to promote the use of native products so 
as to render the country m ore independent of imports from 
abroad, a nd by the end of t he present year they will have 
about 300 heavy vebicles at disposal as a consequence of the 
increased subsidy granted in the current financial year. 

ORE PROCESS AT THE OPEN-HEARTH PLANT 
OF THE DNEPROVSKY WORKS, SOUTH 
RUSSIA. 

By M. PA \'LOJt'F. 
l\IUCH attention has been paid, in teob nical literature, to 
the ore process as conducted at t he Yurievsky Works, South 
Russia, the records of some consecutive beats made in the 
Yurievsky open -hearth furnaces being described in German 
by R . Genzmer, C. Dicbmann , and T. Naske, whnse articles 
have been reproduced in many French ax;d English journals. 

Trusting that the results obtain ed at the Dneprovsky Iron 
and S:eel Works, where the ore process is praotil:ed on a large 
scale, will also be of interest, the author presents the follow­
ing table, t o which it will be sufficient to add a short 
explanation . 

Jf,$11/tl of Opaati(}n. of IM 0Mn lttllrtl• Ful'1w.rt No. 6, lJn.tprOt'IKY 
Jmn ltnd St,~l Worl-1, Ruuia, A pril, 1909. 

eo -,r; .. c . - - G> ... of 0 -d Ql .-. ..:.::·- 8-' . CQ.J..:.: ~ 0~ ... «. ~. :: o-., 
... .;~ .... :..?.:,....-. 

"' '"o _. .!! t'1 
:: .... :se 'O,r; ....... .. Cl~ 

t:'" "' O c ., ll'>g3'0 ... .. ~ .. .s::. 
~ If 

... "'N ... 0 Q, »:: 
Q, Q, Q, -- 11 0 

Number of hco.t~ mnde • 100 20 3.63 - -
Charged- Tons. Tons. Ton a. Tons. Tons. 

lfolt!n iron .. .. .. 38' 2.22 76b.44 139.00 91.47 92.<.7 
Solid iron .. .. • .. 104 .55 20.91 3.79 2.49 2.5\ 

teel scro.p . . . . . . . 239.10 47.82 8.67 5.71 5.74 
Add1tions (rrrro-mnngnn.) .. 13.76 :us 0.5) 0.33 0.33 

otnl metAl charged .. .. 4189.63 837.92 151.96 100.00 lOO.bS 
u~ d -

175.28 3l.79 20.92 21.07 Ore .. .. .. .. .. .. 87b.39 
Dolomll e .. .. .. .. . 203.9-1 40.79 7.40 4.87 4.90 
Lime~<tone .. .. .. .. 432.' 2 P6 .52 J5.fl9 10.33 10.39 
Coni .. .. .. . . . . .. 824 .47 1b4.89 29.90 19.68 19.111 

T 

Recehed-
151.00 99.3b 10 '.00 Steel In ~ood ingots .. .. 4162.73 832.55 

Steel in ..cro.p .. • . 13'>.04 ?:1.20 4.93 3.25 3.27 

Total steel receh ed .. .. .. 4298.77 859.75 155.93 102.61 103.?:1 

-
The iron, taken in a molten state from the mixer, is pro­

duced by smelting red hem atites of Krivoi Rog with small 
proportions of mill cinder , open-hearth and Bessemer slag, 
and has the following composition :-carbon about S'75 per 
cent.; silicon from 0'7 per cent. to 1'8 per cent., and on an 
a verage per month, 1'35 per cent.; manganese from 1'2 per 
cent. to 2 1 per cent., and 1'82 on an average; sulphur 
about o·os per cent., and phosphorus ranges between 0'40 
per cent. and 0'15 per cent. 

A very rich portion of Krivoi Rog bematites, used in a 
Jumpy state a s an oxidising agent, contains 3 per cen~. of 
silica. 1'0 per cent. of alumina, and about 93 per cent. of Jron 
oxid~tbat is, 65 per cent of Fe; other constituents may be 
found in negligible quantities. 

The shed for the basic open-hea rth furMces in which the 
process is conducted is represented in d 9tail by side elevation 
and three sections on the bbles 4G and 47 of tbo author's album 
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of open-hearth furnaces; bu t it must_ be me~tioned be~~ that 1 
the roof-to prevent the rapid corrosion durmg the boiling­
at the present is placed biflber, t he distance between the 
bottom and roof being made 8ft. Sin . 

Three furnaces, working with ore process and having the 
bed surface SOft. 2in. by lOft., may be rated as 32-ton ones ; 
but they run with metallic charges of from 40~ to 43 tons . 

In spite of the deep metal bath thus obtained, the average 
duration of one heat was, in April, 6 b. SOmin ., thanks to 
the powerful oxidation performed by the ore. Thirty minut?s 
were needed for the bed repairing, 34 min. for charging sohd 
iron and scrap, 63 min. for charging molten_ iron by t_b.ree 
ladles, thus leaving 4 b. 20 min . for the smeltmg and boiling 
periods. 

The fuel consumption , shown in the above table, may be 
called low, taking into consideration the quality of coal used ; 
the lat ter often contains 12 per cent. of ash and 6 per cent . 
of moisture. 

The amoun t of a single addition used-that is, ferro­
manganese-was also small, thanks to the high percentage of 
ma nganese in the iron treated. 

As t o the amount of scrap produced , it appears to be some­
what large, but its quantity is explained by the fact that a 
very large n umber of ingots must be poured from one beat, 
because each ingot , being of 6~in . by 6~in. in section, weighs 
only 325lb. 

In conclusion, it may be added that about 80 per cent. of 
iron introduced into the bath by the ore is reduced by the 
open-hearth process as conducted at the Dneprovsky Works. 

8~-INCH CENTRE SCREW-CUTTING LATHE. 
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SHORT NOTICES. 
Electrical Installations. By Rankin Kennedy. L ondon : 

Caxton P ublishing Company, Limited, Clun House, Surrey­
s treet, Strand , W.O. A new edition, revised and enlarged, 
in five volumes. Price 7s. 6d. net per volume.-Tbe appear­
ance of this new and revised edition cle~~trly indicates that the 
work is in demand among a certain section interested in 
electrical engineering. Students, am"'tte~us, and oth_ers 
desirous of knowing just a little about pract1ca_lly cveryt~mg 
met with in the various branches of the electn cal profession , 
and who do not wish to be troubled with much theory, will 
fin :l that the work suits them admirably. To t hose, how­
ever who find it neces11ary to deal with things quantitatively, 
the ~ork does not so much a ppeal. Tbe highly coloured illus­
trations the cardboard models of mach ines and apparatus 
which a~e to be found in the front of each book, coupled with 
th9 absence of mathema tics, all serve to make the volumes 
attractive t o young readers, and should at least stimulate a 
desire ior m ore thorough and advanced knowledge. Many 
new illustrations have been included in this second edition. 
and on the whole, the work is fairly well up to date, although 
too ' much attention and space is devoted t o antiquated 
designs. The author would have done much better had he 
deleted a great portion of the historical matter and used the 
Ppao~ for m ore fully describing the machines and appara tus 
now m use. 

Sanitation and Sanitary Engineering. By W. P. Gerhard. 
New York : Published by the autbor.-Tbe author of the 
present volume does not state for what cll\ss of readers be 
intends his book, nor does a perusal of it help one to arrive 
at a decision in the m'tter. It is difficult to say whether be 
means it to be a popular account of the work of the sanitary 

T HIS lathe, illustrated above, has been designed by engineer, or a. more or less scientific treatise on the subject. 
it!l makers, the Colchester Lathe Company, to obtain If the former be the correct view, we cannot refrain from 
a maximum amount of power at all spindle speeds. expressing the opinion that he has under-estimated the 
T he beadstock is fitted with a three-speed cone to take intelligence of his readers ; if the latter, then the book can­
a S~in. belt; the largest size step is 18in. diameter and not be recommended as authoritative. Dealing first with 
the smallest 14iin. The l!lpindle, which has a 2jin. bole the profession and practice of sanitary engineering, he 
right t hrough it, runs in adjustable parallel phosphor catalogues a list of such operations as are to be seen daily in 
bronze bearings, the thrust being taken by a ball bear- the streets of any large town, and dismisses them without 
ing against the rear housing. All t he wheels are enclosed in any remark of importance. The work of the sanitary engi­
guards. The reverse motion is fi tted inside the headstock, and neer in time of epidemics, war, and sudden calamities is 
is arranged to be worked by a small lever , thus rendering it discussed in the second chapter, a history of sanitation from 
unnecessary to use a. lo"'king n ut. Two back gears are pro- 1850 t o 1900 in the third-which is, perhaps, the m ost 
vided, the raLio being 3.3 to 1 and 10 85 to 1. Countersba.ft valuable pa rt of t he book-an account of the sanitation of 
spetds a re 370 and 205, which give the following spindle Greater New York is given in the fourth , while the fifth is a 
speeds :- translation of an article on the corresponding conditions in m iig ~~ ~ 2~~ 1~I Russia, the author bfing indebted for this to a German 

42 M 28 23 19 15.5 m edical journal of 1806. 

"('be special features claimed for this lathe as being those by Princip~s of Reinforced Concrete Constructi<m.. By F. E. 
which its great cutting powera are obtai.ned are as follows :- Turneaure an<i E. R. Maurer. New York : John Wiley and 
First , the size of cone, viz. , 14fin. , 16~in ., and 18in. diameter Sons. Price 15s. net.-This book, which is a second and 
for S~in. belt. Attention is called to tbe fact that if, say, conRiderably enlarged edition, treats of the principles of 
a cutting speed of 70ft. per minute is required the back gear mechanics underlying the design of reinforced concreto, and 
giving a reduction of 3 .3 is used from 2~in. diameter up to in the earl ier chapters the results of many experiments are 
5in. diameter inclusive, and the 10 85 reduction from 5 given wbicb will assist in t he establishment of coefficients and 
upwards. Secondly, the loose beads took is very massive and is working stresses . While in the first five eh 1 pters the more 
held down l:y two bolts. The spindle is ground, and the centre or less theoretical side of the subject is dealt with, the sixth 
is adjustable sideways for taper turning. T hirdly, the bed is of consists of a convenient collection of for mult\! and diagrams, 
strong box section a nd has square edges. The standards of which will prove of great value as a source of reference to 
the bed form C'bange wheel and tool cabinets, each wheel designers. The remaining chapters, five in number, treat of 
having its own place and being easily accessible. Fourthly, the use of the material in various structures, such as arches, 
the eaddle has a long bearing surface. Fifthly, all the gear- retaining walls, chimneys, &c. Some typical examples of 
ing in the apron is carried on double bearings, the rack the types of structures discussed are given, and throughout 
pinion being cut from t he solid and supported underneath the book numerous clear diagrams and sketches are inserted. 
the rack. Bixthly, that the feeds are positive and fool-proof; Elementary Mtcha.n ics of Solids and F luids. By A. c. 
and lastly, that no friction clutches are used , and the screw- J ones and c. H. Blomfield. London : Edward Arnold. 
cutting, sliding, and surfacing motions can only be used Price 4s. 6d.-The importance of a thorough understanding 
singly. The gear-box gives th ree rates of feed-S, 16, and 32 of the m ore elementa ry parts of dy namics and h ydrostatics at 
cuts per inch. The leading screw is ~in . pitch. The follow- t~e very outset of an_e?gineer's career is now too well recog­
ing are the principal particulars of the tool :-Bed, 16~in. ntsed to need emphastsmg. In the present volume there will 
wide by l2!in. deep ; frontspindle bearing, 5in .diameter by7iin. be found a satisfactory treatment of the subjeots, and it 
long ; the speed cone, 18in., 16~ in., l din. diameter for S~in. should prove of use to m any classes of readers-first-year 
belt, ratio of gearing 3.8 to 1 and 10.85 to 1, wi ll swing over students, and to workmen whose duty brings t hem into 
saddle 12in. diameter ; admits between centres with 8ft. bed, touch with , and necessitates a knowledge o f, some of the 
3ft.; approximate weight with 8ft. bed, 50 cwt. The lathe is fundamental results of physical science, in particular . An 
supplied with catch plate, face-plate, stationary stay, and elementary knowledge of mathematic'! is assumed a s already 
travelling stays; 2:Z change wheels, spanners, trough, pump, among the acquirements of the student, but it will be found 
and piping. This lat ter is part of the design, and is made that the authors have treated their subject with discernment, 
telescopic. and laid stress on those parts which experience ha<~ shown are 

t likely to cause especial difficulty to the beginner. 
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RAILWAY MATTBBS. 

T u& Oe.na.dia.n Ra.ilwe.y Commission he.s issued e.n 
?rde~ compelling every railway in Canada to have the whole of 
1ts nght-of-way properly fenced in by . J_anuary 1st, 1911. The 
order states that the fenc~ mwt be of a m101mum height of 4ft. 6in •. 
and g~tes must be prov1ded at every farm crossing. At every 
le~el hl(rhway crossing there mu,t be adequate cattle guards. The 
w1dth o~ approaches to level cro!'lSings must be 20ft. on concession 
and mam roads and 16ft. on side atd bush roads. 

AccoRDING to the R ailway T1-mes, the Gree.t Ee.stem 
Railway Company will close to Passengers. on and after October 1st 
next, the Churehbury, Forty Rill , and 1'heobald's Park stations 
on the Cbesh?nt branch of the system, owing to the competition 
of the electnc tramway cars. 'l'he district will continue to be 
served by the adjacent <~tations on the Enfio)d Town and 
Cambridge main line<~, namely, Lower Edmonton Bush Rill Park 
Enfi~ld 'l'own, Ponder's End, Brimsdown, Enfield Lock, Waltha~ 
Cross, and Cbeshunt. 

T~B Mexic? ~orth.W~stern Railway Company has 
acqmr~d the R1o (~rande S1erra Ma~re and Pacific Railroad, 
extendm~r f~m El ~aso Tt>rrszas, 160 miles. By con~>truoting 
about 160 m1les of hne to effect a connection between the ierra 
Madre and Pacific and the Chihuahua and Pacific which were 
purchased ~om~ time since, the 1\.r exico North-W este~n will get an 
outlet for 1ts timber through Ch1huahua on the Mesican Central 
as well. a.:' th~ugh El Paso, Tex. , on its own line. The manage~ 
ment, 1t IS S8.1d, proposes to build this connection next year. 

Tee Nachriclden fiir H andel und Ind11strie (Berlin) of 
,J_uly Sl s_t announce!', on the authority of the German Consul in 
' alpar~lSo, that the concession for the construction and working 
of a ratlway from the Bay of Camarones to the Bolivian frontier 
~bich was previ,..usly ~rrante~ to ' alvador l?.quierdo, JUmi~ 
~anches, and Rodolfo Hothstem, and afterwards withdrawn has 
now been t ransferred to the Comunidad Chilcay" y Jo'errocar;il de 
Camarone~. . It appears also that the same company has applied 
to the Bohv1an Government for a concession in respect of a railway 
from Chilcaya to Oruro. 

T;BE ci~cular ra.ilwa.y which serves some portions of 
Rerhn and 1ts ~>uburbs WIIS the scene of a curious accident on Thurs· 
day, Augnst 19th. An iron tower on the premi~es of the lmperial 
Gas Company at choneberg, which are ~kirted by the line col­
lapsed ~hortly before midday, just as a train was pas.~ing by. 'The 
tower _was about 280ft. high, and wa.q intended for the storage of 
maten al for a new gasometer. The fragments in their fall 
wrecked the last compartment of the passio~ train. One person 
was severely injured , while four others were ~lightly hurt. T raffic 
on the railway line was subsequently restored. 

TBBRE has recently been considerable activity in the 
building of inter-urban lines in Mexico, and it has been announced 
that an American syndicate is planning a new line from the city 
of Guaymas to the suburban towns of Aurora, S'ln Jose, De 
(:uay~as, and Empalme. This road will be about 16 miles long. 
There 1s also a Canadian syndicate in the field, and it is planning 
a line between Mexico City and Puebla.. The proposed hne runs 
between the two 'l"olcanoes, Popocatepetl and Ixtacoihuatl, and 
parts of it will lie above the winter snow line. Power for its 
operation will be obtained from the electric plant of the Mexican 
Light and Power Company al Necaxa.. 

T aB Western Ra.ilwe.ys of France h ave obte.ined 
authority from the Government to electrify tbPir lines. A 
ht>ginning is to be made with the lines v. hich run from the St;, 
Lazare tation in Paris to Argenteuil and Saint-Germoin-en-Laye. 
Special trsoks will be laid, so that the service can be effected with · 
out any interference with the steam-driven t rains. Suh-~tations 
wiJI be erected which will supply continuous current at 600 volts. 
It is anticipated that from twelve to twenty trains, composed of a 
maximum of six double carriages 20 m. lonqo, can be run per hour. 
The perman~ntway, the t>quipmentof line, &c., willcost£1,160,000; 
the rolling stock and COD'~"erter stations, £800,000 ; interest on 
capit.sl and other expenditure bringing the total amount to 
£'2,~ 0,000 for the 33.5 kiloms. of the line to be constructed. 

TaB £ 1,230,000 which is to be spent by the Transvaal 
Government on railways will be divided up as follow!! :-The 

elati line is to be bought for £800,000, and the following new 
railways constructed :-An extension of the Pretoria-Pietersburg 
Railway from Pietersborg to a point near Bandolier Kop, a distance 
of 64 miles, at a cost of £250,000 ; a railway from Welverdiend 
S tation to near Lichtenburg, with a westerly extension from a 
point near Treurfontein, a diRtance of 154 mile.•, at a cost of 
£400,000 j an extension from Ermelo to Piet Retief, i2 miles long, 
at a cost of £255,000 ; a line from Geduld Station, 1•til Benoni, to 
a junction with the Germiston-Ermelo Railway at a point 
i miles east of Germiston, distance 13 miles, at a cost of £75,000; 

a line, being an extension of the Komati- elati Railwny, to a 
point near the Great Letaba River, distance 150 miles, at a cost of 
£250,000. 

AT last, states a consular report, the celebra ted circular 
railway round Moscow, which has been in construction for so 
many years, and has cost so many millions of roubles, has been 
completed and opened. The results, however, have been any­
thing but satisfactory. Firstly, as rt~~ards passenger traffic, 
owing to the high fares and e'l"en more owmg to the stations being 
often built in the middle of 6elds without any means of getting to 
them, tbe line has proved a complete failure. The number of 
pa..«Sengers was absolutely ridiculous, a few dozen per month, and 
in the autumn it was decided to suspend pa.s!enger traffic. Affairs 
are but little better as concerns goods traffic. Owing to the 
exceptionally high and unsati~factory tariff, every merehant wbo 
can possibly manage it avoids using the line for transporting his 
wares. In a word, the line has in no way ful6lled the espeotations 
of the Government, which financed the undertaking. Seeing that 
affairs are in a hopeless state, the Government are going to revise 
tbe tariff, when possibly the line may begin to exereise tbe 
inRnence hoped for by the constructors. 

A RBJ>ORT presented to the Board of T rade upon the 
accidents which occurred on railways in the United Kingdom 
during the year 1908 shows that during the year 1043 persons were 
killed and i984 injured by accidents due to the running of trains 
or the movement of railway vehicles, the average 6gures for the 
previous ten years being 1155 killed and 7036 injured. During the 
year no passengers lost their lives in accidents to trains in which 
they were travelling, aod the number injured-283 -is very low 
compared with previou11 years. The average numbers for the past 
ten years have been 21 killed and 626 injored. So far as the 
records extends, there has only been one previous year, 1901, in 
which no passengers were killed in train e:ooidents.. In the .olass 
of accidents caused by the movement of tr81ns and r811 way veh1cles 
exclusive of train accidents, 102 passengers were killed and 2242 
injured, the corresponding avera~~:es for thd te1_1 years previous 
being 120 killed and 17 4 injured. The ca..~ua.lties to passengers 
in this class largely arise from the carelessneFS of the passengers 
themselves. Of servants of railway companies and contractors, 
376 were killed aod 59i6 injured. In this class of accidents the 
number killed shows a large decrease compared with the average 
for the previous ten years. In addition to&:ccidents c~used by the 
running of trains and the movemen~ of r~ulway veb~olas, a large 
number of accidents unconnected w1th ra1lway workmg occu rred 
on railway premises. Accidents of this kind accounted for the 
death of 85 persons and injury to 20,501. The. bulk of these 
nccidedts were duo to misadventure, and comparatively few could 
he attributed to preventable causes. 

THE ENGINEER 

NOTES AND MEMORANDA. 

AccoRDING to ~ p_a.rlie.me_nta.ry return of last Tuesday, 
the number of apphcat1ons rece1ved from all countries for British 
patents from January lst to July 31st last totalled 17 869 com­
pared wi_tb !6,303 in ~he corr~sponding period of last year'. Of 
the apphcabons rece•ved dur~o~r the first !'even months of this 
year, 1735 were from G"rmany, 15i9 from the United State.Q 660 
from France, 192 from Austria-Hungary, and 118 from Canad'a. 

Ta_E loftiest chimney in the world, states the Scientific 
A mt'Tt<'an, was recently put into service at the largo smelting 
works at Grel\t Falls, Mont. , where it will serve to carry off the 
gM_es ~rom _the ~rre~~:ter part .of the lar~re plant. The chimney, 
wb1ch IS hu1lt of bnck, IS sa1d to be 506ft. in hei~tht above the 
~~:round. The Rue includes a dust chamber in which vertically­
~ung wires serve to take out the dust from the smoke. The dust 
IS remov~d from the wires by shaking mechanisll! and falls in 
hoppers m the floor, from which it is loaded into cars in a pit 
below. 

. IN a. printed reply to a question a.ddre~:sed to the P re· 
e1_dent of the Board of Trnde by Mr. Tyson Wilson, 1\fr. Teonant 
g•ve11 the value of the machinery imported into And exported from 
the United Kin~rdom during the years 1906, 1907, and 1908. The 
tables "how that the total imporls in 1906 amountt>d to £5 126 972 · 
in 1907 to £5,311,681 ; and in 1908 to £4,562,904. • Dedu~ting 
re-exports, the net imports in the three years were £ 3 663 732 
£ 3, 78,Pll, and £ 3,452,361. Against thQe figures were to h~ set 
the total exports of machinery manufactured in the United King­
d,..m. which in 1906 amounted to £2 440 481 • in 1907 to 
£34,293,955; and in 190 to £33,594,796. ' ' ' 

. Tag British Consul at Stockholm, Mr. M. Villiers , in 
h1s annual report for 1908, says that it is now claimed that a com­
!Dercial_ly econo!Dic~l method oi smelting iron ore by electricity 
·~ now 10 operat1on 10 Sweden, by whibh it is hoped that with the 
a1d o~ the vast water power of the country its enormous mineral 
depos1ts of ore may be smelted without the importation of so 
mu~h coal or such a consumption of chnrcoal. The cost of pro· 
ducmg a ton of pill: iron in this electric furnace is estimated to be 
about £ 1 12s. . In addition, the life of the furnace wiU, it i, 
sta~d, be cons1derably longer tban tbat of li blast furnace. It is 
ola1med that the product of the eleotrio furnace is of excellent 
quality. 

TaE introduction of labour-savin g m achinery on the 
f!-rm_bas ~en one of the principal features of the modern revolu­
tion 10 agn culture, an-t has been rendered necessary by the diffi . 
~ulty of getting sufficient help. Few contrivances are more 
mteresting th~n the milking machine. A lengthy test has been 
made at t_he Wisc<;msin A~rricultural Experiment Station, and is 
recorded 10 Bulletin No. 173. The machine worked more qdckly 
and more cheaply than a man ; it yielded a cleaner milk, which 
therefore kept better, and, finally, was shown to have no injurious 
effect. on the udders or the general health of the animals. The 
machtne, of course, requires proper attention and careful working 
to ge_t the bes t results, but proved decidedly economical in herds 
of th1rty cows or more. There are already signs that the agricul­
tural labourer of the next. generation will be in the main an 

. ' ' engmeer. 

A 30rn. cast iron water main laid on a timber t restle 
in Devereaux-streat, Pbiladelpbia, was lowered last autumn to low 
concrete piers by the Bureau of Water, in connection with the 
grading of the s treet. The section lowered bad a total length of 
ahout llOOft., and the trestle was 27ft. high. The supply was shut 
off and the pipe out into two sections, each approximately 550ft. 
long, so that the work was done in two successive operations. 'l'he 
trestle was of a simple two-post type, the bents bAing cross-braced 
and oaving di&~Zooal bracing running longitudinally from bent to 
bent. A gallows frame was erected on top of each bent over the 
6rst half of the pipe to be lowered, and was fitted with a screw 
long enough to reach to the final resting place of the pipe. The 
screw was held by a nut, hearing on the top of the gallows frame 
and having two handles. The lower end of the screw was attached 
to a strap p!LS$ing under the pipe. Two men were placed at each 
screw, and the entire 550ft. of pipe lowered simultaneously. 

A MART piece of work was recentl.v carried out by the 
Knowles Oxy~~:en Company, Limited, Walsall-street, Wolvcr­
ha~pton, at Pearson's Furnaces, Netherton, where, owing to an 
acc1dent, the crank shaft of a large vertical blowing engine had 
?roken. Amongst other damage. the piston-rod had been bent 
m soch a manner that it seemed impossible to remove it from the 
cylinder. However, the Knowies Oxygen Company, by means of 
an oxy:hy~rog_en blow-pipe, cut off ihe piston-rod, which was 
about 7m. 10 dtameter, close to the gland of the cylinder. The 
work was one of particular difficulty, because the out had to be 
made overhead, close under the laflle cylinder cover, and at a 
considerable height from the ground, with the result that the 
burning metal, while the work was being done, showered down on 
the men and their wooden staging, and made it imp_ossil>le for the 
shaft to be cut through at one operation. In sp1te of this, and 
that it was, we understand, the first attempt of the kind the men 
bad ever made, the work only occopied thirty-five minutes from 
11tart to fin ish. 

IT is frequently useful to h a.ve at band approximate 
figu res for tbe relative space occupied by the different depart· 
ments of an engineering works. In a recent paper before the 
Gl&Sjlow Technical College Scientific Society Messrs. G. H. Gibson 
and A. Home-l'tforton give the followin~t apportionment of covered 
area :-Pattern a hop, 4 per cent. ; foundry, 25 per cent.; machine 
shop, 35 per cent. ; erecting and fitting shop, 20 per cent.; testing 
shop, 5 per cent.; stores and tool-room, 11 per cent. We presume 
that the figure for the patteru shop does not include pattern 
stores. The same gentlemen have analysed the cost records of a 
number of engineering and other factories, and find the average 
distribution of cost to be :- L'\bour, 37 per cent.; m11.terial, 62 per 
cent.; power, 3 per cent. ; and other costs, 8 per cent. As might 
be anticipated, considerable variations from the average were 
found. 1t will be noted how small the cost of power is, and it is 
unfortunate that manufacturers by their policy of secrecy make it 
impossible for most factory costs to be discussed in a logical 
manner. If such discussions were usual considerable economies 
would certainly be effected, to the advantage of everybody. 

AN invention which, e.fter expert testing, he.s been 
pronounced a valuable addition to the means of combatiog 
bacterial disease, is reported from Chemnitz. It is a highly 
lustrous paint, applied to all surfaces in the ordinary way, with a 
basis of white lead or zinc white. Ita chief value is for disinfect­
ing, and it is prepared and sold more specifically for use in rooms, 
&c where it is desired to combat pathogenic germs. German 
Officials have made exhaustive tests of the ~ermicidal properties 
of " vitralin " under varying conditions. The results may be 
hriefiy summarised as follows :-When in contact with the vitralin 
coating the bacilli of tuberculosis (as found in saliva) are com­
pletely destroyed in three days. Diphtheria baci 'li require five 
houn>, typhoid bacilli eight hours, and those of pus from six to 
thirteen hours. No lethal effect could be observed upon the 
spores of anthrax, even when t he contact lasted thirty days, 
although a distinctly retarding influence upon the development of 
the t>pores was noticed. Control experiments carried on simol­
taneously with surfaces covered with ordinary oil colours, white­
wash, &c., showed either no germicidal power or a much less 
degree of efficacy. Direct sunlight renders the lethal action much 
more rapid than does diffused daylight. The investigator 
came to the conclusion that the specific disinfectant property of 
vitralin results from the oxidation of the linseed oil, which forms 
an important constituent of this paint. 
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ENBROBTIC efforts are being made in Logrono to bring 
to a successful issue the proposed extensive scheme for the con­
struction of the "Victoria and Alfon110" dam works in Lodosa. 
The cost is estimated at 9,863,000 pesetas (about £352,250), and 
the work will involve the irrigation of an area coverin~ about 
74,000 acres, which will benefit five districts in the proVInce of 
Logrono, eight in Navarre, and twelve in Saragossa. 

A SEillES of compa.re.tive tests on the ce.se-hardening 
power of various gases, the resolts of which were communicated 
by Olsen and Weiffenback at the recent Brooklyn meeting of the 
American Institute of Chemical Engineers, have shown that the 
case-hardening effect of O'\rbon monoxide is ~~:reater than that of 
acetylene or methane. It is stated that the carbon monoxide 
process has been applied to commercia.! case-hardening, aud that 
a patent covering it has recently been taken out in France. 

TaE new airship school which is being constructed a.t 
F riedriohshafen is nearing completion, and will be opened in 
October. The majority of the pupils there will be young cadets, 
who are obliged to bind themselves for a course of instruction for 
two years. P rovision is also being made, however, for the instruc­
tion of senior officers, naval men, and military engineers. The 
Government's subsidy has been supplemented by the generosity of 
well-known i ndu~trial 6rms, and Count Zeppelin will present the 
school with a balloon, and steam launches, as well as motor cars, 
are to be used for following the flights of airships. 

A SERIOUs high-tension accident occurred on Wednes­
day of last week at Olginate, a smnll village on the river Adda, 
near L'lke Como. T his place h 11upplied by overhead wirbs with 
electric current at 3000 volts from a water-power station in the 
neighbourhood. It appears that during a thunderstorm one of 
the overhead high-tension wires fell, and came into contact with 
the low-tension dist ributing mains, which are also carried over­
bead. The result was that tbe house fittings were all charged to 
the higher potential, and many persons were injured while 
attempting to switch off the current. It is said that twelve 
people were killed, and nearly thirty badly injured. There was 
considerable panic, which was increased by the fact that the lights 
were all extinguished. 

As already announced, the Cunard Company has deter­
mined to make Fishguard a port of call for passengers and mails. 
The service will be started by the .Mauretania, now on her way 
acro~ the Atlantic, and she is expected to arrive on Monday 
morning next. The Great Western Railway Company is using 
every endeavour to moke the new arrangement a success, and it is 
thought highly probable that a service of special trains will be run 
direct from Fisbguard to Dover for the convenience of passengers 
t ravelling direct to the Continent. An experimental train 
will meet the fi rst boat. At fi rst, at any raw, the liners will not 
come alongside the quay at Fishguard ; but the mails and 
passengers will be removed by tender. The vessels will then 
proceed to Liverpool. 

SoME interesting e):periments a.re being conducted by 
the South Park Commis.~ioners of Chicago in the lighting of the 
boulevards under their control. Several different types of lamps 
have been installed on temporary posts in order that the 
comparative illuminating effect may be observed anrl a deter­
mination made of bow high the lamps should be hung and bow 
far apart, and similar considerations. The lamps under test or 
about to be tested include incandescent gas lamps, enclosed arc!<, 
magnetite arcs, flaming arcs, and incandescent tungsten lamps. 
The commissioners hope to obtain valuable datn, both as regards 
illumination and economy, from these trials, the latter being an 
important factor, as it is estimated that 1,000,000 kilowatt hours 
per annum will be required for the lighting of Grant Park alone. 

RECENTLY the Lords Commissioners of the Admire.lty 
bad under their consideration the question of the emoluments of 
officers of the Royal Marines appointed to the charge of wireless 
telegraphy stations, and, as a consequence, they came to the con­
clusion that the extra responsibility imposed upon these officers 
merited additional remuneration. The final result is that his 
Majesty, by an Order in Council , has just sanctioned the grant of 
an allowance of two shillings and si'(pence a day to officers of the 
Royal Marines when appointed to the charge of wireless telegraphy 
stations. I n addition, there is to be a further allowance of one 
shilling a day in lieu of a servant to these officers while they are 
employed on telegraphic duty. The new allowances are to take 
effect as from November 14th, 1908, and they are to be in addition 
to the full pay of the officers employed. 

IT has been decided, after e.n experiment extending 
O'l'er two years in the Place de la R~publique, <'ne of the busiest 
squares in Paris, to adopt the method for the laying of wood pave­
ment which has been thus tested, along the entire length of the 
Rue de Rivoli. The process in question, which is the invention of 
M. Managnan, consists in a preliminary t reatment of the wood 
blocks to give them the qualities of suppleness and strength. 'l'be 
wood is heated to a temperature of 0 aeg. Cent. in a special bath, 
containing alkaline, carbonates, and wood tar. By this treatment 
it loses 20 per cent. of water and 10 per cent. of solid matters of 
various kinds, and there r6mains a timber, the density of which 
has been increased by 40 or 50 per cent. The new materia.! 
prepared in this way avoids the necessity of repairs for two years 
at least, which, in Paris, entail a cost of not le!IS than Is. 3d. per 
square metre annually. 

IT is reported that the Tre.nsva.a.l Government have 
extensive improvements in hand with the telegraph and telephone 
services all over the colony, which will make it one of the best 
equipped in the world. lt is suggested to link up every town, and 
main trunk lines are to be carried to every point where the railway 
lines cross the border, with a view to their ultimate extension to 
the coast ports when the other colonies are ready. It is regarded 
as certain that the Union Go'l'ernment will 6nd telephonic com­
munication between Cape Town ~And Pretoria absolutely essential. 
The scheme contemplates conneotions with farmhouses as well as 
the establishment of call offices at convenient centres. It is esti­
mated that the coast extensions will cost £ 250,000. A concentrator 
has already been installed in Johannesburg to enable messages 
between minor offices to pass direct to their destination, without 
any necessity for taking off and re-transmission at central stations 
as heretofore. 

TaB text wa-s issued last Tuesday of the Bill presented 
by Mr. M'Kenna to make better provision respecting naval 
establishments in British possessions. The memorandum of the 
measure states that the Colonial Fortifications Act, 18i7 
authorised the transfer by Order in Council to the Governor of ~ 
colony of "any forti6cations, works, buildings, or land in the 
colony held in trust for the defence of that colony." Provisional 
arrangements have been made with Canada for the transfer to the 
Canadian Government of the naval establishments at Halifax and 
Esquimalt, but these arran~ements cannot be carried into effect 
without legislative sanction, the naval establi~hments not being 
works "held in trust for the defence of the colony. " The present 
Bill proposes to (rive the necessary legislative sanction to these 
arrangementAJ, and to any proposals of a similar nature which 
may be made in the futu re. The transfer can be made upon such 
conditions a.nd subject to such reservations as may be specified in 
t he Order in Council, and, consequently, there is full power to 
make it a condition that the establishments shall be kept in a 
state of efficiency, and that the right of user for his MajeQty's 
navy shC\UD be pre erved. 
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A eroplane Developme n t ln France. 

ONE of the reasons for the success of the F rench 
in following up new lines of research is probably 
to be found in the fact that they often allow them­
selves to be influenced by imagination rather than 
by the practical aspect of the problems they are 
trying to solve. I n some cases data are so entirely 
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to a. scientific basis before undertaking a vast 
amo~t of experimental work. In other w:>rds, the 
experrmenter ha.s to take the materials he has in 
hand and " worry through " with them until he has 
evolved his machine in something like a practical 
fori?. It was so in the case of the motor ca.r, 
whlCh at first was so crude as to excite the ridicule 
of everyone not possessing the saving . grace of 
imagination. Apparently the same influence is at 
work in the evolution of the aeroplane, which is 
arousing so much interest on the other side of the 
Channel. The meeting a.t Rheims this week is a 
case in point. Capital to a.n almost unlimited 
extent has been raised to make this ancient city a 
centre of the a~ronautical movement, and while, of 
course, the science of aeronautics would not be given 
this support unless there was some hope of corre­
sponding business advantages, it must be admitted 
that the risks of failure are so great as to make 
this expenditure something more than an invest­
ment. Many towns and centres a.re trying to 
identify themselves in the same way with aero­
nautics, and are offering encouragement tha.t has 
probably never been accorded to any other movement. 

Seeing that makers of aeroplanes are still working 
more or less in the dark, it may be interesting to 
deal briefly with the ideas which are influencing our 
French friends in evolving a satisfactory type of 
flying machine. These ideas have always been 
entirely cpposed to those of the American school, 
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'Telephone-No. 13352 Central. factor in mechanical flight. By the application of 
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the cellular principle Voisin and other makers, and, 
to a less extent, the Wrights, have sought to obtain 
an automatic stability with relatively low engine 
powers, thereby allowing of the use of more trust­
worthy engines ; but it is toberemarkedthat,following 
the example of the Wrights, t he French makers of 
bi-planes have been modifying their apparatus, and 
rely more upon stability by bending the planes, and 
are employing higher powered engines. For the 
moment nothing practical has been done in the way 
of designing aeroplanes which will preserve their 
stability when being driven slowly. According to 
French experimenters, the stability of the aero-

CONTENTS. plane, in the present state of the art, must depend 
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wa.y of providing sufficient power to raise the 
apparatus are so great that the principle has been 
abandoned by experimenters until the science of 
aviation has made greater headway. Until this 
system can be developed search will still 
continue for the aeroplane which will rise from 
the ground at as obtuse an angle as possible. 
It cannot become practical so long as it is obliged 
to run along the ground or be propelled by dropped 
weights. This necessitates condi~ions of surface 
for starting that it is not always easy to find. 
Some builders of aeroplanes are trying to solve 
this problem by varying the inclination of the 
propeller so that tbe pressure may be directed as 
much as possible under the planes fo r lifting. As 
research is thus confined to t he simple type of 
apparatus, which relies for its sustentation upon 
gliding as opposed to lifting, the only way of in 
creasing the carrying power of the machine is to 
increase its speed. The area cannot be enlarged 
unduly without necessitating much higher power, 
and with this power the sa.me sustaining force can 
be obtained v.ith smaller planes at greater speeds. 
M. Soreau has calculated tha.t with its present 
surface increased by only 10 per cent. a bi-plane of 
the Farma.n type can carry a. ton, including, of 
course, the machinery, when t ravelling at three 
times the present speed-that is to say, at from 
110 to 125 miles per hour. As, however, the 
increase of resistance offered to the aeroplane varies 
as the square of the velocity, there is obviously 
a. critical speed which would prove dangerous to the 
exist ing type of apparatus, and to attain the speeds 
necessary for carrying good loads the aeroplane 
would need to be of much stronger construction. 
Besides the design and the assembling of the planes, 
there is a1so the question of the motor, which at 
present offers the greatest difficulty to aeroplane 
makers. For the moment they have no alternative 
between an imperfect special type of aeroplane 
engine and the ordinary petrol motor modified to 
meet the special conditions. Under the impression 
that a. minimum weight was absolutely essential to 
success in mechanical flight, builders of special 
engines with eight or more cylinders have in some 
cases been cutting the weight so fine as seriously to 
impair the reliability of the engine. The majority 
of troubles with aeroplanes arise from this cause. 
Monoplanes are usually fitted with these specially 
light engines, and few of them have been able to 
remain in t he a.ir, except under especia.lly favourable 
conditions, for any great length of time. Experi­
menters with bi-planes have for the most part 
returned to the ordinary type of petrol engine, and 
as this limitation of motive power has necessitated 
a great deal of attention being given to the efficiency 
of the propeller, the shor~comings of t he motor, in 
the present stage of aeroplane construction, ha.ve 
not been wi~hout their advantages. The perform­
ances of bi-plane apparatus fitted with such engines 
have certainly been more consistent. If speeds of 
100 miles an hour and more are to be attained it 
can only be done with special engines which may 
be evolved from some of the types now being built, 
and as all the engine builders in France are now 
giving attention to specially light and powerful 
motors for aviation work, there is every reason for 
hoping that considerable progress will be made in 
this branch of aeroplane engineering at an early 
date. 

Although there is undoubtedly a furore for the 
aeroplane, it is probable that a considerable t ime 
will elapse before it develops into anything like a 
prac~ical machine. The remarkable performances 
that have been accomplished from time to time are 
to be attributed mainly to the patience and courage 
of the men who have driven the machines. They 
have waited their opportunities when everything 
was in their favour, and it is because these oppor­
t~ities a.:e so rare that there are so few long­
dtstance flights. On the first day of t he Rheims 
meeting only a few succeeded in ma.king flights 
between t he squalls of rain and wind, some of them 
coming to grief mainly through irregularities of the 
engine, and it was only when the sun had set, and 
the wind died down to a perfect ca.lm, that com­
petitors tried their machines one after the other 
until there were eight apparatus in the air at the 
same time. On subsequent occasions competitors 
were more fortunate, but it was a common observa­
tion that the aeroplane was still the slave of the 
wind. · 
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British Association. Sir J. J. T homson, as a. Cam­
bridge professor, has had unriva.lled opportunities 
of studying the etl'ects of education upon young 
men of all nationalities, and he is able to speak 
with authority upon the faults and virtues of our 
present system. It must, however, be borne in 
mind that be himself has made the great reputation 
he enjoys in the fields of pure science, and it is 
desirable that aJl who read his words should be 
reminded that between pure science a.nd ordinary 
work-a.-day engineering a grea.t gulf is fixed, which 
is only now and again traversed by the more gifted 
spirits on one side or the other. The pure scientist 
is rarely interested in the financial aspects of the 
problems he sets himself to solve ; he is frequently 
independent of time, and he always comes to his 
task fitted with a peculiar mind- a. gift of the gods 
-and A. particular form of training. The work-a.­
day scientist, be he engineer, electrician, or 
chemist, has to make a. living by the production of 
articles directly useful to man or by the prosecution 
of routine humdrum essential work. He is inter­
ested deeply and intimately in all the very things 
that the pure scientist cares nothing about. To 
him the financial value of his work is of fa.r greater 
interest than its scientific value, and science is very 
truly and accurately his ba.ndmaid rather than his 
goddess. Wber6a.s the pll!"e scientist finds beatitude 
in her presence alone, the working scientist bustles 
her hither and thither with very little respect, and 
the only assistance he asks from her is that she 
will show him the means of making more money 
out of his engine, dynamo, waterworks, or what not. 
Both men have t heir sphere of usefulness, and it ill 
becomes either to reproach the other with short­
comings. But it is wholly impossible for the two 
ever to effect a. complete amalgamation in a single 
brain, and we are convinced that as a whole better 
work is done by the two acting in complementary 
capacities to each other than by attempting such a 

• uniOn. 
Sir J. J. Thomson speaks throughout the address 

which we are considering of physics, but he no­
where tells us what be wishes to imply by t he 
term. In many schools and colleges physics mean 
sound, liRht, and heat, but we are certain that the 
President of the British Association takes a. far 
wider view. Apart from the fa.ct that he wouJd of 
necessity include aJl those theories on the constitu­
tion of matter which are collected under the head 
of the new physics, he, no doubt, will permit us to 
number the practical applications of heat and the 
strength of materials upon which nearly the whole 
progress of the modern world rests. If we a.re right in 
regarding his use of the word in this light, t hen 
many of his observations apply as directly to the 
engineer as they do to the pure scientist, and whilst 
we can only commend many of them-as, for 
example, his remarks on the dangers of specialisation 
at a.n earlya.ge,and thedisadva.nta.ges of scholarships, 
to the attention of our readers as the opinions of a. 
man who has bad unsurpassed opportunities of judging 
-one at least of the others we must be permitted 
to criticise. Sir J. J. Thomson writes :-" Again 
the specialisation prevalent in schools often prevents 
students of science from acquiring sufficient know­
ledge of mathematics. It is true that most of those 
who study physics do some mathematics, but I bold 
that, in general, they do not do enough, and that 
th ey are not a.s efficient physicists as they would be 
if they bad a wider knowledge of that subject. 
There seems at present a tendency in some quarters 
to discourage the use of mathematics in physics. 
Indeed, one might infer, !'rom the statements of some 
writers in quasi-scientific journals, that ignorance 
of mathematics is almost a virtue." If we are to 
take this as a blow directed at the many thousands 
of engineers who do not consider a very advanced 
mathematical training necessary to welfare in their 
profession, then we say that its force de~ends 
entirely upon the point of view. For scientific 
engineering a. profound knowledge of mathematics 
is necessary ; for ordinary engineering, and for 
what Sir J. J. Tbomson would no doubt call quasi­
scientific engineering advanced mathematics are 
not only wholly unnecessary, but they are apt 
to become an actual danger~ Nearly aJl problems in 
engineering can be solved by the application of a 
grea.t deal of common sense, plenty of experience, 
and a few simple mathematical operations. There 
are very few, if any, problems in practical engineer­
ing which do not surrender to the simplest mathe­
matics once the conditions are fully understood. 
The difficulty is not so much in solving the problem 
as in sta.tiog it clearly, and if there is a.ny aspect of 
mathematics that needs development in schools and 
colleges more than another, it is the ability to see 
precisely what is wanted, to know what is aimed 
at, and the road by which it is to be attained. 

T HE ENG I NEE R 

'Whether that is taught by a study of the higher 
mathematics or not we leave professors to say. 
But what " quasi-scientific journals " mean when 
they say that too much weight is laid upon ma.tbe­
ma.tical knowledge by teachers is that the machinery 
and apparatus of the higher mathematics are not 
required in the ordinary affairs of engineers, and 
that a. sound kno~ledge of precedent, a. sound know­
ledge of physical facts, is much better worth acquir­
ing than an intimate A.cquainta.nce with the abstruse 
properties of conic sections. 

Need we, in conclusion, remind the mathemati­
cally minded that the problems of practical engi­
neering are as open to them as they are to the rest 
of the world. They know as much about the steam 
engine, tbe gas engine, the dynamo and motor, 
the machine tool, the screw propeller and flying 
machine, as the rest of the world knows. Can 
we then doubt that if revolutions are possible in 
the construction of such things by the application 
of advanced mathematics, that such advances would 
have been made long ago? Mathemat ics must 
prove their pre-eminence by works before engineers 
will be disposed to concede to them the position 
which has been gained and is still held by the step­
by-step progress of the practical man who looks 
upon mathematics as a handmaid and not as a. 
goddess, and who, recognising the necessity of 
making something, goes along step by step, blunder­
ing, if you will, but getting gradually to his goal. 
Without mathemat ics engineering could scarcely 
continue, and no advances would be made; but look 
where we will, we see the truth of the fact that in 
a.l1 save a. very few cases the progress of invention 
is due to men who have attacked their problems by 
the experimental method, a.nd this in spite of the 
fact that there was a fair field for both parties. 
That Sir J . J. Thomson is himself not blind to this 
fact is proved by the following pa.ssa.ge in his 
address: "How great is the supply (of beat) the sun 
lavishes upon us," be sA.ys, "becomes clear when we 
consider that the heat received by the earth under 
a high sun and clear sky is equivalent, according to 
the measurements of Langley, to about 7000 horse­
power per acre. Though our engineers have not 
yet 'discovered bow to utilise this enormous supply 
of power, they will, I have not the slightest doubt, 
uUimately succeed in doing so." We are content 
to leave the subject at that ; the mathematician 
shows us where t he power lies, the engineer 
abstracts it. 

The S tren gth of Rolle d Beams . 

IT is a popular fiction tbA.t we have nothing to 
learn concerning that type of rolled beams and gir­
ders which is largely employed in buildings, small 
bridges, and structures of secondary importance. 
They are freely bought like bricks or lime or boat·ds, 
without question, save as to price, and loaded with­
out much care as to their fitness for the work they 
ba,·e to do. So long a.s their general dimensions 
appear to be suitable, nothing more is asked. They 
are simply marketable commodities, a.nd the user 
depends on the reputation of the ma.kers for their 
qua.lity. Now and again, however, tests are made, 
and the results are not infrequently anything but 
reassuring. The rolling of a fairly heavy double­
flanged beam is by no means a simple matter, 
because of the various " draughts " put on the 
metal in going through t he rolls. The edges of the 
flanges do not run as fast as the central portions, 
and they must either be dragged through the 
grooves, or else the central portions must be com­
pressed. T he roots of the flanges-that is to say, 
the places where the central web joins the fiA.Dges­
tend to be unsound, and initial stresses are no 
doubt set up which may ultimately do harm. 

To overcome difficulties like these the Bethlehem 
Steel Company, of Pennsylvania , has been turning 
out I beams with the Grey universal beam mill, 
for which it is claimed that "in the Grey mill the 
flanges and web of the beam are formed by the 
simultaneous operation of independent horizontal 
anC! vertical rolls, thus admitting of the effective 
rolling of the metal in the flanges as well as the 
web. This renders it possible to produce wider 
flanges than by beam mills of the ordinary type, in 
which the linear speed of rolling at different points 
of t he beam varies inversely with the distance from 
the centre of the roll, resulting in a. dragging action 
upon the flange metal, which becomes emphasised 
with increasing flange width." It is further claimed 
that in beams of " standard " section the webs are 
too thick for economy, but that they cannot be 
made thinner in the ordinary mill. This does not 
include all the points in favour of the product of 
the Grey mill, but it is unnecessary to specify them 
particularly, because they do not a.ppea.t· to possess 
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the advan tages claimed for t~em. Mr .. Ma~burg, 
professor of civil engineering m the Umve~tty_ of 
Pennsylvania, has carried out a ~bora.tory mqmry 
intended to settle the compa.rat1 ve values of the 
Grey beams and the standard beams. The results 
were unexpected. It is asserted for the G:rey 
beams (1) that the material in the flanges rece1ves 
more work in rolling, and is, therefore, of better 
quality ; (2) that tha material throughout the sec­
tion is more nearly uniform in quality ; (3) that the 
beams are comparatively free from internal stresses. 
The tests are far from e~tablishing t.he validity of 
these claims. For the sake of comparison, standard 
section beams were tes~ed at the same time, 
and it was found that these also did not come 
up to the nominal excellence attributed to 
them. The Engineering Ne1cs is not unnatura1ly 
disconcerted, seeing bow largely I beams are 
used in the construction of "skyscrapers." Our 
contemporary says:-" No doubt most of us have 
always had a. silent conviction that an I beam would 
develop practically the full strength of its material, 
i.e., would not fail until its extreme fibres were 
stressed approximately as high as the ultima~e 
streng~h of the steel composing the beam. In tb1s 
connection we bM·e been inclined to think >a.guely 
of something like 55,000 lb. to 62,000 lb. per square 
inch, and to credit our beams, when stressed to a 
16,000 lb. fibre stress, with a. safety factor ~f 3! to 
4. When we see from Professor Marburg s tests, 
however, that 15in. I beams averaged only 42,600 lb. 
per square inch in ultimate atrength, while 24in. 
I beams showed only 34,000 lb. per square inch, 
our tacit assumptions seem gravely over-optimistic, 
and our safety factor drops to a figure between 2 . 0 
and 2. 7 ! " Why are these beams so defective ? 
Let us see what Professor Marburg has to say on 
the subject. 

It will be remembere-1 that his experiments were 
mainly intended to settle whether the wide-fla.nged 
thin-webbed Grey bea.m was or '\!Oa.s not better 
than the normal or standard beam made by the 
Bethlehem Company. A curious fact demonstrated 
by the inquiry is that while the elastic limit of 
the standard beam is >ery constant at about 
20,000 lb. per inch for a.ll sections, that of t he Grey 
beams fall off very rapidly, being only 10, 00 lb. for 
girders 30in. deep. The method of failure is instruc­
th·e. The 15in. Grey girder gave way by the twist­
ing of the web, while the standard failed by the 
lateral deflection of the top flange. This was t he 
case with all depths and sizes. In the standard · 
bea.m the initial cause of failure appeared to be the 
lateral weakness of the top flange in comoression. 
W hile the flange gave way near the centre of the 
length of t he girder, the vertical position of the 
web near t he ends was well maintained. The 
failru·e of the Grey beam was, on the contrary, 
genera1ly speaking, marked by a sudden and con­
siderable twisting of the web, usually in opposite 
directions a.t opposite ends, t he beam, as a whole, 
assuming the shape of a very flat letter S. Taking 
genera.lly the breaking stress of the beams tested, we 
find that, according to Professor Ma.rburg, the use of a 
working stress of 16,000 lb, or 7 . 14 tons, as usually 
recommended for buildings, is indefensible. In his 
judgment, further inquiry is imperatively demanded. 
His investigations showed that very considerable 
differences in quality exist in the same section of 
the beam, depending on the locality. Thus, to cite 
two or three examples, specimens cut from the web 
of Grey beams bad an elastic limit of 36, 00 lb. and 
a. yield point of 42,500 lb. per square inch, while 
the root of the flange gave 16,300 lb. and 34,400 lb. 
only. In all the girders tested there were dis­
crepancies of this kind: Nothing was done in the 
way of reheating to get rid of initial stt·esses. The 
low elastic limit of the metal near the roots of the 
flanges is very peculiar. Its cause has yet to be 
ascertained. 
. So far as can be seen, the Grey theory of rolling 
Is unsound, rather better results being got with the 
standard mill. It must not be forgotten that the 
number of tests made was small, but the girders may 
be regarded as quite representative. There hM·e 
been some serious accidents in the United States, 
tall buildings collapsing in whole or in part. 
Poesibly an exaggerated estimate of the strength of 
beams may haYe been a. contributing cause. We 
do not suppose the inquiry will cease a.t this point. 
~o d?ubt the Pennsylvania Steel Company will fall 
m wttb Professor Marburg's suggestion that an 
extended inquiry should be carried out to throw more 
light on :-The low elastic limit of the metal near 
the root of the flange; its cause and prevention. 
The low el~stic limits in bending for the deeper 
beams ; the1r cause and prevention, unless it can be 
proved conclusively that the values obtained in the 
present series are abnormal. Tbe effect, both 
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on the elastic limit in bending and modulus of 
rupture, of variations in the supports and lateral 
restraint a.t the ends and intermediate points. 
Extended tests should be ca.rried out to settle the 
crippling strength of thin webs. An experimental 
inquiry is desirable relative to the existence and 
magnitude of internal stresses, a.nd how these are 
affected by different methods of rolling, finishing­
tempera.ture, &c. 

It is a. long time since anything like a. complete 
• • • 
m qmry mto the strength of rolled steel beams ba.s 
been carried out in this country. A reft~rence to 
text-books will show tha.t investigation has been 
mainly confined to iron beams. Various individual 
and special tests h ave been and are being made, no 
doubt; but these are very far from covering the 
whole groun d. They have been for the m ost part 
made with ship 's beams, bulb, and a.ngle steels. It 
goes without sa.ying that British standard sections 
are the result of experiments, and yet it is possible 
that these experiments may not be in any way con­
clusive. I t is not, we think, quite fair to take it for 
granted that the girders turned out by the Bethle­
hem mills are strictly except ional. 

The Stream Line Theory and Colllslons at Sea. 

THERE would a.t first appear to be very litt le 
connection, if any, between streamlines and collisions, 
but a curious and exceptional paper is in front 
of us, which shows that under certa.in cond itions 
t he nature of the rea ctions on moving ve~sels in 
close proximity may make it much more difficult to 
avoid a collision than one would suppose. The 
paper is called "Some Model Experiments on 
Suction of Vessels," and its author is Na.val Con­
structor D. W. Taylor of the U nited S tates Navy, 
who is well known for his work in connection with 
the resistance of ships and researches in the screw 
propeller problem. 

The pa.per gives the result of some investigations 
made at the experimental tank on the mutual re­
actions on models of vessels moving side by side at 
different distances apart and when passing one 
another, and a.s it is a subject which ha.s hitherto 
received little a.ttention, the paper is of considerable 
interest. The models were all 20ft. in length, and 
from the other dimensions given would appea.r to be 
of battleship proportions. The speed a.t which they 
were timed was from 2 to 3 knots, and the corre­
sponding speed for a vessel 490ft. in length would 
therefore be 9-l to 14! knots. The models bad a 
displacement " in fresh water "-but why drag in 
the fresh water ?-of 3000 lb., so that the displa.ce­
ment of the full-si zed ship of the above length 
would be about 19,000 tons. In the general result 
it was found tha.t the mutual action between the 
models varied with the speed, as the resistance of 
the models and the forces measured are indicated on 
the diagrams in terms of the resistance. The forces 
were measured at points near the bow and stern, 
and it is stated that the results cannot be regarded 
as highly accurate, owing to the difficulty in towing 
the models exactly straight, but they show the 
general tendency very clearly. When towed 
abreast about one-fifth the length of the models 
apart, representing about 33 yards in our full-sized 
ship, there is an attraction between the two vary­
ing from 1 · 2 times the resistance at the bow to 
2 · 2 times at the stern. As one would suppose, t his 
attraction reduces rapidly as the distance between 
the vessels is increased. At one quarter the length 
apart, say 40 yards, for the full sized ship, the 
attraction diminishes to two-thirds the resistance 
at the bow to a. force equal to the resistance at the 
stern, and so on, until when the distance has 
increased to half the length of the vessel or more, 
the suction has almost entirely disappeared. vVhen 
one vessel is overtaking another there is a. change 
in the direction and magnitude of the forces , begin­
ning with a repulsion which is grea.ter at the stern 
than at the bow of the overtaking vessel. When 
the bow of the overtaking vessel is abreast of the 
overtaken, the force at the bow changes to one of 
attraction, but the repulsion at the stern has in­
creased in magnitude. F rom this point onward the 
attraction at the bow increases rapidly, while the 
repulsion at the stern diminishes rapidly, and 
eventually changes again, so that both forces at bow 
and s tern become attractive. This continues until 
the vessels a.re abreast, after which the forces 
undergo change3 in reverse order as the overtaking 
vessel passes the overtaken. It is pointed out that 
the existence of these forces ma.kes the avoidance of 
collisions difficult after certain positions have been 
reached. There is a s trong course acting on the 
overtaking ship tending to swing its bow in towards 
the overta.ken ship which it would be probably 
imposaible to counteract entirely by putting the 
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helms over, a.nd it is a.lso pointed out that the 
magnitude of the forces would also be greater in 
shallow water, such as in the fairway of a river, 
where these conditions &re of practical importance 
owing to the nea.rness with which it is often neces­
sary for vessels to pa.ss one another. The general 
results could have been predicted from the a.pplica­
tion of the stream line theory, although it would not 
be possible to evaluate the magnitude of the forces. 
We know that if the particles in a. s tream line a.re 
diverted, there is no resultant pressure so long as the 
particles return to their original direction with their 
original velocity, for in tha.t case there is no perma­
nent change of m omentum. I n the case of two 
vessels close together abreast, the momentum of the 
water flowing between them is reduced to a greater 
extent than that of the water flowing outside them, 
and the result is a pressure on each tending to force 
them together. Everybody has probably seen this 
phenomena exemplified in the tendency of boats to 
drift together in a tideway. The case of vessels 
approaching one another in parallel lines is more 
complex, but the direction of t he resilient forces 
can be seen by drawing the st ream lines round 
the t wo vessels. The magnitude of the forces 
appears greater than one would suppose to be the 
case, and as the figures given in the paper make no 
great claim to accuracy, t he subject may well 
receive further experimental investigation. 

The practical application of the results ma.y not 
be great. No seaman wants to pass another vessel 
within a distance less than half the length of his 
ship if he ca.n possibly avoid it, neither does be 
require to be told that in a narrow channel in close 
proximity to other vessels, reduced speed is essential 
to safety. On the other hand, if the magnitude of 
the forces are as great as found in -these experiments, 
some light may be thrown on such ca.ses as the 
Gladiator and St. Paul collision, for the conclusion 
to be drawn from the results given in Naval Con­
structor Taylor's paper is that once a. certain 
relative position between two vessels has bean 
reached , it is impossible to avoid a collision unless 
the way on both vessels is instantly checked. 

Iron Trade RevivaL 

THE iron trade is reviving. Of that there is no 
doubt. News of the change comes from all parts 
of the country. And, better than all, the account 
of quickened buying from one dis trictis simultaneous 
with equally satisfactory reports from competing 
a.reas. Look where one may, the market informa­
tion is the same. To say that the intelligence is 
gratifying is to express only a fraction of the fact. 
Under any circumstances, prosperity, if only at the 
start, must be a pleasing substitute for bad trade ; 
but the present revival is doubly welcome beca.use 
so long delayed. Commencing in the iron 
manufacturing S tates of the great Republic across 
the Atlantic, where the depression had been unre­
lieved since the panic, now nearly two years ago, 
it had been a surprise to iron producers in this 
country tha.t the revival had not earlier affected the 
works and furna.ces, and attention had been strained 
to catch the first reliable indications of the 
improvement having reached the Scotch and 
English iron districts in sufficient volume to 
warrant sensible recognition. It is in the raw 
iron trade that, so far, the revival is most pronounced, 
and, happily, each week is add ing to the number of 
those exchanges where a better state of things is 
appearing. The Midland ma.rket has been the last to 
be touched, but the reports of the pig iron situation 
emanating from that pa.rt of the kingdom just now 
are all that could be desired . In common with t he 
West of Scot land and the North of England, prices 
in the Midlands are steadily moving up, and the 
hesitancy of masters to book forward as far a.s 
buyers would like is spea.king evidence of the belief 
which producers enter tain that the improvement 
will continue. This week news comes of the first 
kindlings of the revival in the manufactured iron 
industry. T he Scotch malleable iron makers have 
put on 7s. 6d. a ton on all sections of bars, and the 
influence of the advance is bound to be felt in the 
other iron-making districts. Cleveland should be 
the first to benefit, and probably will be, and next 
Lancashire and Staffordshire. 

PRUSSIAN RAILWAY ELECTRIFICATION. 
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on which the first trials are to be made is 30 kiloms. long, 
and extends from Bitterfeld to Dessau. The service is to 
be so arranged that the steam locomotives which draw 
the trains over the main lines to Bitterfeld a.nd Dessau 
are to be changed at these stations for electric locomo­
tives, this form of h'a.ction alone being employed to work 
the trains over thd t.rial section. If the experiment proves 
a success, the electrification of the main lines extending 
between Leipzig, Bitterfeld, M:J

1
deburg, a.nd of the bra.nch 

line from Bitterfeld to Halle · probably soon after be 
proceeded with. 

There a.re several reasons for saying that the section for 
these first trials has been most happily chosen. The 
first is, because other parallel lines exist over which the 
traffic intended for the electrical line could be diverted in 
tbe case of a temporary breakdown on the lat~r. 
Secondly, the line is in tbe interior of the country, which 
precludes a.ny possibility of the military authorities rais­
ing a.ny objections to it from strategical reasons. Thirdly, 
the line chosen is a section of a main line runnwg to 
Berlin, so that the electrification could be easily extended 
right up to the capital. Fourthly, there are large brown 
coal deposits near Bitterfeld which will provide cheap 
fuel for the power station. 

In the elaboration of the entire scheme, the experience 
gained by the working of the Hamburg electric railway 
has been turned to account. The overhead trolley system 
and the power-house have been so projected as to allow 
of the electrification scheme being readily extended, and 
hopes are entertained that the 26,000,000 marks which 
would be required for the whole extension will eventually 
be sa.ncti.oned by the Chamber of Deputies. At a meeting 
which wa.s held in the Prussia.n Ministry of Public Works, 
a.nd attended by Privy Councillor Wittfeld a.nd a number 
of distinguished engineers, the principal points in con­
nection with the proposed electric line were fixed. It 
wa.s decided that a.lthough a. frequency of 25 periods is 
being used on the Hamburg city railway, 15 period single­
phase current should be adopted on the new line, 
because it has been found that electric motors for 15 
periods last longer tha.n motors built for 25 pericxls. It 
was also urged that in America. 25 periods had first been 
tried, a.nd subsequently superseded by 15, this lower fre­
quency having been introduced there by the Westinghouse 
Compa.ny. Au objection raised against the application of 15 
periods was that this lower frequency entailed a. considerably 
higher expenditure for the central power station. But it 
was shown, on the other band, that the losses in tr&.l!S · 
mission were lower with 15 periods tha.n with 25. The 
tension at which the current is to be transmitted is to be 
60,000 volts, and it is thought probable that this tension 
will be used on a.ll the main lines converted in the future. 

As has been mentioned above, the present section is 
about 30 kiloms. long, a.nd the current will be tra.ns­
mitted to the locomotives through overhead trolley wires. 
The initial equipment of the power station will consist 
of a. steam turbo·genera.tor, capable of developing 3000 
kilowatts, power factor 0. 8, 3000 volts, 15 periods, single 
phase. The turbine will, in accorda.nce with the genera.! 
practice in vogue in Germa.ny, be of the borizontaJ type. 
Two transformers will be installed which will step up 
from 3000 to 60,000 volts. The transformers will be 
cooled by oil, which will itself be kept cool by mea.ns of 
water passed through spira.lly wound pipes immersed 
in it. It has been found by experience in Hamburg that 
extremely severe abort circuits occur on electric railways, 
a.nd for this reason special care will be taken to construct 
a.ll parts of the switchboards, that will have to withstand 
the effects of these short circuits, as substa.ntia.lly a.s 
possible. This refers particule.rly to the oil swioobes, a.nd 
it will be interesting to observe how the various firms 
will solve the oil switch question. 

Since it will be necessary to reconcile the speed of revo­
lution resulting from the given periodicity with the speed 
a.t which a. favourable steam consumption by the turbine 
is obtainable, it is to be expected that a. two·pole turbo­
generator will be decided upon, a.nd that the revolutions 
per minute will be 900. To develop the necessary power 
a.t this speed the generating set will ba.ve to be made 
heavy, a.nd will in consequence be expensive. The steam 
turbine will be designed for a. pressure of admission of 
13 atmospheres, in accorda.nce with the general practice 
in Germany. The exhaust stea..m will be condensed in 
surface conden&ers. 

In the specifications recently sent to the various firms 
which were asked to prepa.re tenders it is required that 
the condenser pumps sha.ll be driven by a. separate steam 
turbine. For several months now this method of driving 
condenser pumps ha.s been gaining favour-more in Ger­
many, perhaps, than a.nywhere else. Compared with the 
electricaJ driving of condenser pumps, it is claimed to have 
the adva.ntage of being more reliable, for with electrically· 
driven condenser pumps it has happened that, through 
heavy short circuits, these pumps have been brought to 
a. standstill, and this ha.s resulted in the stoppage of the 
whole generating set. Such contingencies need, of 
course, not be feared with steam·driven pumps. The 
cooling water for the condensers a.nd the additional 
boiler feed·wa.ter will be drawn by the condenser pumps 
direct from the river Mulde. The boilers will be erected 
in a separate building adjoining the engine-house, a.nd 
will have to be specially a.rra.nged for the burning of 
brown coaJ fuel. Tb6 boilers generally used for brown 
coal fuel in Germany have pipes which slope more steeply 
tha.n in ordinary boilers. For electric power stations 
water-tube boilers only are used, a.nd these will pre-
sumably be employed in the present case. Endeavours 
have been made in Germa.ny lately to introduce a. new type 
of boiler known as the " Ge.rbe " boiler. The results deduced 
from practi.caJ experience of these boilers are not yet 
sufficient to enable a. sound opinion of their .merits to 

AFTER much procrastination, the Prussia.n Railway Ad- be formed; but it is stated that the experience gained 
ministration ha.s at last decided to take the first decisive with them in smaJl power stations has so far been sa.tis­
step towards the electrification of the m~in Prussian r~- factory. The space taken up by these new boilers is 
way lines, and the 2,000,000 ma.rks reqllll'ed for the eqwp- small, although this advantage is somewhat offset by their 
ment of the first trial section were sanctioned by the requiring a. higher boiler-house tha.n ordinary land boilers. 
Prussia.n Chamber of Deputies last month. The section , Superhea.teiS are to be provided, and economisers will 
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also be installed. In 'iew o{ the large quantities of i'be sides of the tunnel below the level of the hatchways over 
brown coal required for a power station of such magni- the belts are open for free aooess to the belts and carriers at 
tube, hand firing will, of course, not be entertained, but all times. Over these conveyor belts are placed strong iron 
mechanic~ stokers will be employed. The coal will be guide plates extending the full length of the bold and partially 
brought direct from the mine to the pov. er tation in rail. covering the belts, leaving a 24in. batch oYer a 3Gin. belt. 

Auau"'T 27, 1909 

guide boots in the stern of the Yessel. These carry the 
load on to return belts, whlob are extended forward on both 
sides on the deok. In a simple form th~ conveyors would 
terminate at the fore end of the machinery space, or ~p 
front, and the load would be deliYered into side shoots which 

Feg. t - VIEW"">SHOWING OPENING OVER CONVEYOR Fig. 2-VERTICAL SLIDE DOORS IN THE HOLDS 

way trucks, and v.ill be conveye-3 automatically to a bunker 
IUT&Jlged aboYe the boiler, whence it will fall through 
tubolar chutes on to the grates. 

It is hoped in engineering circles in Germany that the 
new trial plant described above will turn out a success, 
in order that the other railway lines, which would ther 
be converted, may provide more work and better times 
for the electrical industry, which has been suffering 
severely from the efl'ects of the present depression. 

A NEW TYPE OF SELF-DISCHARGING 
COALING VESSEL. 

This space is covered in the holds by cross-laid batch coYers, 
9in. in length and Sin. thickness, which support the cargo 
and leave the conYeyors free to work without carrying t he 
load. At the after end of the hold a portion of the batch, 

teleEcope and are adjustable for loading barges on either side 
of the vessel, the shoots being suspended from derricks or 
other suitable means. In cases where the discharge is re­
quired at a higher level than is attained at the poop front and 

A NEW system of belt convt>yor discharge has recently been 
p~tented by William Doxford and Sons, Limited, and 
aiopted in a new Yessel-the steamship Pallion-whlch they 
have recently built at the Pallion Shipyard, Sunderland, to 
the order of the Dunrobin Shipping Company, Limited, of 
Newcastle-upon-Tyne. This vessel has a length between 
perpendiculars of 270ft.; a breadth, moulded, of 44ft. 6in. ; 
and a depth , m oulded, of 23ft. 6in. She is a single deck 
self-trimming steamer, with large hatches and subdivisions 
in the hold, and she has a carrying capacity of 3100 tons 
on a 17ft. lOin. draught. The machinery, comprising 
triple-~pansion engines, 2lin., 35in., and 59in. diameter by 
39in . . troke, and multi tubular boilers of 180 lb. pressure, is 
placed aft . The cabin accommodation is fitted in the bridge, 
and the crew space in the forecastle, whilst the navigation 
Accommodation is about amidships. The after hatchways 
are extended by trunks tn the poop deck level, and have 
been so arranged as to give the vessel a proper trim when 
loaded with full bunkers, and the usual high coamings are 
fitted on the poop deck and on the main deck forward. 

Fig. 3-SIMULTANEOUS DISCHARGE OF COAL INTO TRUCK AND LIGHTER 

The bottom of the vessel is constructed on the cellular 
system for a portion of the breadth, and the inner bottom is 
raised and sloped upwards in the wings and built into the sides 
of the vessel, forming a suitable incline for gravitating the 
cargo to the c~nveyors, and also giving the vessel the 

over which the 9in. hatch cover is omitted, is covered by a 
horizontal iron slide door, operated by a ratchet in the tunnel. 
On the foreside of the bulkhead is constructed an access 
chamber in f:ree communication with the tunnel, which is of 
such a form as partially to protect the slide door from the 
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Fie. 4 - LONGITUDINAL SECTION AND PLAN OF THE PALLION 

advantage of being about hall-loaded when in ballast cargo when loading, and in the floor of this projection of the 
and bunkers. In the centre line is constructed a slope top chamber is fitted a flap hatch to give access to the hold from 
fore peak throughou~ the hold, and between this tunnel and the the tunnel. At the after end of the cargo space the con­
tunnel-Figs. 4 and 5-extending from the engine space to the veyors rise from the horizontal and pas.s upwards in iron 
raised portions of the double bottom are placed the conveyor chambers through the machinery space, and thence into the 
belts, of the Robins pattern, oue on either side of the vessel. conveyor-driving engine-room, and discharge the load into 

a large range of elevation is necessary, as, for instance, for 
delivery on high quays into trucks and into barges alongside, 
the conveyors are carried forward and hinged at the poop 
front, and the delivery end is suspended by suitable tao.kle 
f:rom twin masts or framework, a.!1d is raised or lowert>d 
according to circumstances, delivering the load into telescopic 
shoots suspended therefrom. \\'hen the delivery is into trucks, 
the " offside " belt delivers amidships into a cross conveyor 
suspended on the masts, which c~rcies the load to the shore 
side and delivers by shoots into the trucks. A development 
of this principle has, however, been applied to the steamship 
Pallion, as, in order to ob\iBte the use of delivery shoots, 
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Fie 5-CROSS SECTION OF l HE PALLION 

which r!~Sult in c:ousiderable dam~ge, lhe terminal conveyors 
are earned lD swn-el booms, which are raised or lowered and 
swung overb_oord to the po~ts of delivery, thus permitting of 
the cargo bemg oonveyed direot to the trock or barge without 
~oots. These booms may also be swung aoross to the reveiS& 
s1de of the vessel, so that both booms can deliver simul­
~&neously into trucks or warehouse Figs. 3 and t. Another 
lDlportant feature of this discharging arrangement liea in the 
method o~ delivering the cargo on to the belts from the hold, 
and en~bling the operator to have full control and free aocess 
at all t1mes to t~e conveyors and to the faoe of the cargo. He 
~Y thu~ ~upenntend and direct the continuous flow, and be 
m a .JlOSlhon prompUy to correct any tendency of the cargo 
to bndge or to choke the aperture leading to the belt, which 
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being the smallest space the load has to p~s through ensures 
a continuous and uninterrupted delivery. ' 

For unloading a coal cargo the following is the modus 
operandi :-Presumably the holds are full and the cargo 
lying solid, except under the overhang of the chamber on the 
bulkhead over the slide door, at which point the space is 
naturally only partially filled. The slide door in t he covers 
over the conveyors, Fig. 1, is drawn back by the operator in the 
t unnel, and the loose coal over it immediately travels on to 
the conveyors, which may or may not have been -started. If 
running, then the flow continues ; if standing, no difficulty 
arises because the conveyor is only filled at that point, and 
the aperture becomes blocked ancl only clears and flows when 
the bolt is started. Then, if no " bridging " occurs, the 
after part of the hold is rapidly emptied on to the conveyor 
which is carrying it on deck and into the receiving trucks or 
barges. If, however, any " bridging " is threatened, the 
operator in the tunnel ascends to t he chamber, and has free 
access over the aperture to correct any block. If bridging 
occurs higher in the hold, t hen be breaks it by means of a. 
pinch bar through prick-holes in the chamber sides. When 
the after end of the cargo has run to its natural angle of 
repose, the operator now in the hold merely removes the first 
cover and places it aft of the aperture, allowing another 
portion of cargo to run, he being in a free position to maintain 
the run and correct any tendency to bridging and to abnormal 
rushes. If such do occur and incline to block the aperture, 
he again corrects this, and, having run so much more, he 
removes the next segment of cover, and so on, gra.dnally 
transferring the aperture from the after end to the fore end 
of the bold. The wing tanks and central tunnel-Figs. 2 and 
5-being sloped, the cargo gravitates to the aperture, and the 
finals are manipulated by the operator, one man being on 
each side of the bold. 

An important feature is the inclined shoot , over which all 
the cargo passes on to the belt. This shoot is carried on 
travellers on the guide plate side!' , and is moved by the 
operator in the hold forward from stop to stop to correspond 
with the movemAnt of the aperture, thus allowing two men 
t.o manipulate a whole cargo at the rate of 500 tons per hour. 
The conveyor-driving eng10es are of the compound surface­
condensing type, worked from the main boilers, and are 
under the direct control of the engineer of the vessel, who 
has at all times free access to all the gear for oiling, over­
hauling, or adjustments. The driving engines are connected 
to the conveyors, so that either can be run independently or 
simultaneously, the power arranged being sufficient to deal 
with a ful l load on both belts delivering at the rate of 500 
tons per h our. Accordingly, it is estimated that in regular 
working the steamship Pa.Uion will be unloaded in six hours, 
or, allowing for stoppages in moving barges, &c., seven to 
eight hours, and this, too, with but one stoker, one engineer, 
two labourers in the bold, and two adjusting the shoots or 
booms into the craft. The gear, being placed quite inde­
pendent of the cargo, is free to run empty, and aJl may be 
made ready and waiting for a. start before the vessel is 
moored and the barges in position. This alone will save 
cons1derablo time as compared wiLh the work of rigging 
derricks , platforms , and the handling of baskets, &c. 

The total cost of discharging the cargo of the Pallion will 
not exceed £12, including Lhe upkeep of the gear ; and it is 
affirmed that the cost of discharging a simile.r cargo at, for 
instance, the port of Hamburg, is about £tl2, and that in the 
work no fewer than 110 men are employed for about eleven 
hours under favourable conditioOF. Tbe Pallion has 1300 
tons of water ballast carried in her double bottom and wing 
tanks, and tbe pumps are capable of discharging 300 tons per 
hour, There is a complete Gystem of signal bells fitted 
throughout the tunnel at the various discharge doors, which 
enables the officer on deck to control the supply on either or 
both sides of the vessel. The vessel is fitted with an electric 
installation by the Sunderland Forge and Engineering Com­
pany, L1mited. She is classed with the British Corporation 
Registry, Glasgow, and was built under the superintendence 
of Mr. G. Milnc, of North Shields. 

The advantages claimed by the inventors for this type of 
vessel would appear to be various. Harbour authorities 
will, it is urged , appreciate the accelerated despatch, as 

busy ports will be able to deal with a much larger 
import in a given area, and this will form an important 
fao~or as against Lhe consideration of the probable increase of 
the harbour accommodation and facilities. Barge owners, 
again, will recognise the saving of time, and also the fact 
that the coal is delivered quietly from a reasonable height 
into the barge instead of being dropped in large grab loads as 
is frequently done. Coal merchants and consumers will reap 
an advantage, as there is no great f~ll, and, consequently, a 
minimum of breakage or loss of weight. 

It should be here noted that the conveyors, whilst passing 
through the poop, are carried over two of Dennison's auto­
matic weigh baulks, each of which give the actual weight of 
cargo delivered. The central tunnel in the hold, being under 
somewhat similar conditions to a mine, is electrically illu­
minated and fitted with a ventilating fan and upcast ven­
tilator at the fore end, which is of such size as to form an 
access shaft to and from the deck. The tunnel a lso has free 
communication with the machinery space by means of a 
watertight door. A steamer such as t he Pallion, is inde­
pendent of shore labour , and so may avoid the frequent delays 
arising from labour troubles. The number of men required 
is so small, and the t ime occupied so short, that it would be 
a simple matter to agree with the crew of the vessel t hat t hey 
receive a fixed extra wage, and the discharge of the cargo 
become part of their ordinary duty. A liberal estimate of 
the cost of discharge, under such conditions, would not reach 
the sum of one pen.ny per ton, and at this cost the cargo is 
also weighed. 

A COMBINED LOCOMOTIVE BOILER AND 
FEED-WATER HEATER. 

THE immense locomotives of the Mallet duplex compound 
system for the Southern Pacific Railway were described 
in THE ENGINEER of May 21st last , and reference was 
made to the fact that the boiler comprises both a combustion 
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boiler check or feed valve. Beyond the feed-water heater 
portion of the boiler is the smoke-box ; t his is 8ft. long, and 
contains a. superheater consisting of pipe coils against each 
side of the smoke·box shell. 

The steam dome, with connections for outside steam 
pipes, is at the forward end of the barrel proper, about Sft. 
back from the combustion chamber tube plate. A special 
dome for the safety valves and whistle is placed just forward 
of the fire-box tube plate. The combustion chamber has a 
manhole in the top. 

Owing to the great length of the boiler it is made with a. 
separable joint for convenience i.1 making repairs. This, as 
shown, is at the combustion cham ber. On the end of oa.ch 
section of the shell at this joint is riveted a hea\'y forged 
ring, the face of one baing concave ia V-shape to receive the 
convex V -shaped face of the other ring. This makes an 
annular dovetail. When the sections are put together with 
the ring joint entered and !aired up, horizontal bolts are put 
through the rings parallel with the axis of th e boiler. 

AMERICAN ENGINEERING NEWS. 

A wate?·works filter plant.-A large number of American 
cities are treating their water supply by purification pro­
cesses, and many others arc building plants for this purpose. 
The city of Evansville, which built waterworks in 1872, is 
installing a filter plant with a capacity of 12 million gallons 
per day. The city's population is about 63,000. 'The water 
from the Ohio River is pumped to a channel across the ends 
of three coagulating basins, and fitted with hydraulically­
operated gates for each of these basins. Two of the basins 
are 60ft. by 90ft., and t he third is 30ft. by 90ft., the 
capacities being 1,000,000 gallons for each of the first and 
500,000 gallons for the last. Their combined capacity equals 
five h '.lurs' total filtering capacity, but the basins may be 
operated singly or in oombina1.ion to give periods of from one 
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LOCOMOTIVE BOI LER WITH FEED-WATER HEATER 

chamber and a feed-water heater . We are now enabled to 
give above a longitudinal section of this boiler . 

The boiler has a total length, including fire·box and 
smoke-box, of 50ft. Sin. , and it is 7ft. diameter in the barrel. 
The fire-box has a fiat crown sheet carried by .L-shaped crown 
bars, which are suspended from brackets inside the arched 
shell of the outer fire-box by me~ns of sling stays. The sides 
of both the inner and outer fire-box are fiat and almost 
vertical. There are 27 cross·stays, lfu-in. in diameter ; 987 
screw stays, ~ in. and lin. diameter ; 298 Tate flexible lin. 
stay bolts in the side sheets ; 95 Tate stay bolts in the back 
bead ; and 44 in the throat. The fire-box is lO~ft. long and 
G!ft. wide, with a sloping back bead having a. single fire door 
18in. by 18in. The engine uses oil fuel. 

The boiler barrel has first a 21ft. length filled with tubes 
in the usual way, at the end of which is a 4'ft. length form­
ing a combustion chamber. Beyond this, again, is a length 
of 5ift., which forms the feed-water heater. This has tubes 
duplicating those of the main part of the barrel in size and 
number . The water is forced continuously into the heater 
by the injectors, and passes out by a pipe leading to the 

to fi\'e hours. The coagulants used are lime, iron sulphate, 
and hypochlorite of lime. From the basins the water is 
delivered to any of a set of twelve filters, which are concrete 
tanks, 14ft. by 22ft. At the bottom of each filter is a system 
of 2in. pipes with sloLted-tube strainers tapped in at 6in. 
intervals. A bed of carefully selected gravel, graded in size, 
is laid so as to cover the strainers, and above this is a 30in. 
bed of filter sand. The water from the basins percolates 
downward through the sand and gravel to the strainers, and 
e11ters the pipe system, from which it is led to a clear -water 
basin having a capacity of 2,000.000 gallons. The rate of 
filtration of eaob filter is regulated by means of a controller 
fitted to the outlet. The filters are washed by an upward 
current of water or air pumped into the pipe system, the wash 
water overflowing into a conduit fitted with sand catchers. 
A building contains the pumping equipment, air compressor11, 
machinery for mixing the chemical solutions, and a labora­
tory for making daily tests and analyses of the raw and 
treated water . 

Land reclamation for park purposes.-The filling-in of 
low or submerged lands for pa rk purpo&es is being 
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carried out in some American cities. At Chicago a large 
hydraulic dredger is used to pump sat.td and clay into an 
area of submerged land enclosed by a m asonry wall. At 
Omaha the Park Commission has recently purchased a 
hydraulic dredger for pumping sand from the Missouri River 
in order to reclaim a la rge area of lowlands. This work w ill 
continue for about five years. The dredger is designed to 
m ake a cut 100ft. wide and 24ft. deep, and has a capacity 
of 200 cubic yards per hour. The hull is 70ft. by 25ft. , and 
7ft. deep , built of Oregon fir. A 12in. centrifugal dredging 
pump, 7~ft. diameter, directly connected to a marine engine 
having cylinders 14..in . by Hin. and 22in. by 14in., is used . 
This engine is designed to run at 250 revolutions. Steam is 
supplied by a boiler of the semi-marine type, 21ft. long and 
6fG. diameter, built for a working pressure of 1~5 lb. The 
ladder for the cutter and suction pipe is SOft. long, built of 
steal, and hioged directly to the hull. Upon the ladder is 
mounted the engine which drives the 4in. cutter shaft by 
heavy cast steel gears. The cutters a re of cast steel , 3ft. 
diameter and 3ft. long, built in sections and easily remov­
able. The engines are run condensing, t he vacuum being 
m aintained by an independent jet condenser . The dredger 
is equipped with an electric lighting plant. The discharge 
pipe line is 12in. diameter and 2000ft. long, 800ft. being 
designed for floating. F or the floating section the pontoons 
are 112ft. by 5ft., each supported by forty-eight oil banels. 
The flexible pipe connections are 12in. diameter, 6ft. long, 
fpecially designoo to withstand the abrasive effects of the 
m aterials dredged. 

A NEW AMERICAN DRIVING BELT. 

A NEW American driving belt for power transmission is a 
belt-oh~~oin formed of a c?mbination of steel chain and raw­
hide bel t. The chain transmits the power and eliminates 
trouble due to stretching. The rawhide forms a sh eath or 
oovering for the chain, furnishing the friction surfa.ce and 
giving a noiseless drive. T he belt-chain is of Y -section, 
running in grooved pulleys, any sufficient number of belts 
being used in each case according to the amount of power 
to be transmitted. The belt-chain runs slack, but gets a 
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and pre\·ent wear , as the chain is bent in running to and 
from the pulleys. The rawhide is used on account of its 
high coefficient of friction, and its durability when not 
subject to tensile stT~s. This stress, of course, is all taken 
up by the chain. The strip of rawhide is of sufficient width 
to bend up against th e sides of the chain, th us fitting the 
grooves of the pulley. On top of each double link is a leather 
block, having its sides bevelled to fit within the pulley gTooves. 

The links are of mach ine steel, drop forged and case 
hardened . Th e h oles are drilled and the gudgeons turned 
to a close and true fit. Lubrication is required only at 
intervals of two or three m on ths. This belt-chain is manu­
factured by the Peerless \-Belt Company, 219, South 
Clinton-street, Chicago. It is made in two sizes, lfin. "nd 
~in. wide. 

The engra"ings-Figs. 1 and 2--1iho'v pumps driven from 
electric motors by these bel t-ch aint-. Fig. 1 shows a vertical 
triple-cylinder pum p for boiler feed working against a 
pressure of 190 lb. It is driven by a 35 h orse-power electric 
motor, with four belt-chains as the means of transmission. 
The pulleys are spaced 5ft. between centres, and the ra~io of 
t heir diameters is about 1 to 5. The machine shown in 
in Fig. 2 is a h orizontal duplex p ump for the water supply 
service of an office building, and works against 100 lb. 
pressure. It is driven from a 15 horse-power m otor , and 
the pulley centres are about 3ft. apart. This pump was 
originally driven from t he motor by gearing, but the 
arrangement caused so much noise and vibration as to lead 
to complaints from the tenants. The belt-chain drive was 
then substituted, using three \'-belts, and since then there 
has been no trouble. 

Close spacing of centres is generally necessary in plant 
of this kind, where a large amount of m achinery must be 
insLalled in the restricted space of a basement. T his close 
spacing was the cause of trouble with pumps in another 
office building. A pump of t he triplex type serves th e 
passenger lifts and works against a pressure of 900 lb. It is 
driven from a 50 horse-power electric motor. Th e pulleys of 
the pump and m otor are spaced 11ft. between centres, and 
the ratio of the pulley diameters is 1 to 10. Two sets of 
pulleys are used, and there were originally two 12in. flat 
belts, each of which was pressed down by an idler pulley 
equivalent to 230 lb. weight in order to give the necessary 
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good friction h old in the pulleys due to the wed~ ing 
action in the grooves, for which an angle of 28 deg. is 
used. 

'!be construction of the chain-belt is sho"'ll in the draw­
ing, Fig. 3. Each alternate link of the chain is composed 
of a pair of bevel-faced plates having holes drilled in the 
ends, and between them passes a rivet which serves also as a 
separator to prevent binding. The other connecting links 
are single plates having gudgeons at eaoh end to fit into the 
h oles in the side plates. A strip of flexible rawhide is 
secured to the bottom of the chain by th e rivets, but the 
rivets grip it only against projections on the under sides of 
the plates, so that there is sufficient play between the ends 
of the links and the rawhide sheath to g1ve proper flexibility 

contact a nd friction. In spite of the nse of th ese idlers 
there was so much slipping that a second pump was required, 
working intermittently to maintain the hydraulic pressure. 
Each 12in. belt h as been repla.ced by four belt-chains, th e 
pump fly-wheels being grooved, and grooved pulleys fitted to 
the motor shaft. T hese drive th e pump without slipping, 
so that the pressure is m~intained and the auxiliary pump has 
been disconnected. In addition to this, there is a sa,·ing of 
about 6 per cent. in electric power consumption. 

The belt-chain h as been used extensively for machinery 
driven from electric motors and gas or petrol engines. Th e 
applications include ventilating fan-. and blowers, pump-., 
coal conveyors, mach ine tools, refrigerating maohine:;, air 
compressors, flour mill rollers, &o. 

For the spacing of the driving and driven shafts w!th the 
belt-chain tran..,mission it i-. recommended that the d1stance 
should be equal to the .... um of the diameters of the pulleys 
for a ratio of 1 to 2 or 1 to 3 of the pulley diameters, and 
increasing with the ratio to th e diameter of the larg~r 
pulley by four times that of the smaller pulley for a rat1o 
of 1 to 10. Under th ese conditions the ~in. belt-chain will need 
about 200 linear feet of contact per minute to transmit one 
indicated horse-power on pulleys of 4~in. pitch diameter and 
over, while the 1fin. belt-chain will require about 130 linear 
feet per minute for pulley of 6in. and upwards. Where the 
spacing is shorter t han that noted, of course the linear feet 
per horse-power must be increased. The maximum -..peed 
for the smaller belt-chain is about 3000 revolutionl> per 
minute, and the maximum traYel about 6000ft. per 
minute. F or the larger belt the JD.&Ximum number of 
revolution-.. is about 2000 per minute and the m1~ximum 
travel is about 4000ft. per minute. 

LETTERS TO THE EDITOR. 
(We do not /w/d O'llnUUI rapoMbu for tM OJnllWM Of 011r 

ct:n'T'~.) 

::II~RTh'E PROPCL IO~. 

Sra.-In a prev1ous letter I ba'"e shown that the conditions of 
marine propulsion are in one sense extremely simple--that.. in a 
word, the energy expeotled or work done is measured in foot­
pounds by the distance Ol'er which the force concerned acts. 
Thus, in the case of a paddle-wheel, the force exerted on the floats 
is precisely equal to the force exerted on the plommer blocks or 
their equivalent, bot the force is exerted over a grt~ater distance 
on the wheel than on the ship. The difference is slip, and is a 
dead but unavoidable loss. Not one of your correspondents ha'> 
attempted to control'ert the truth of this very ohvioos propo­
sition. 

Incidentally, a 11in. gun has been introduced. 'ir George 
Greeobill, writing about this gun, ~ave the average gas pres:.-ure 
inside it as 6.25 tons per square inch. The muule energy of an 
850 lb. projectile being 53,000 foot-tons, and the length of the bore 
50ft., I showed in my letter that this most be wrong. Then ir 
George writes to admit that I was right, and gives about 9 tons as 
the correct figure. 

In last Friday's ~GI:XEBR 1 find a letter from Mr. Ram"'ky, wbo 
first finds fault with me for ..aying that "Our faith in the l'ery 
foundation of dynamics is shaken," and then proceeds to shake them, 
at all events for me, by a column of algebraical fireworks, which 
result in giving a gas pressn.re of 24 tons in the 12in. gun, and an 
averajle pressure of 12 tous. I may say here at once tbat nothing 
like 24 to~s has ever ~e~ recorded in a modern gun, and I do not 
see how 11' G. Greenbill s figures are to be reconciled with Mr. 
Ramsay's. As a matter of plain fact all this algebra is entirelv 
unnecessary. It is like using a steam hammer to bre11k a butter­
fly. ~lr. Ramsay has referred me ro one book. May I be per­
mitted to N!fer him to another, D. K. Cl.ark's '·Rules, Tables and 
~emoranda., ·: pages ~.2-3-~, where he will find fonrteen very 
Simple equat1on~ dealing 'With every possible problem connected 
with force and motion. 

But let u'J llp~ly tho simple principl~ which I have already 
recalled to the m10d of your readers. We bave in the cl.se of the 
12in. gun a mnzzle velocity sufficient to ~ve !):l 000 foot-tons of 
energy to a Pr"?jectile we~hing 850 ~b. With thls weight we have, 
howel'er, nothtng to do. The veloctty does not concern us. We 
only want to know what the nerage driving pressore behind the 
~ot most be. '~hat we get at once by d1Tiding 5:3,000 by the 
db--t.e:nce over wbtch the force moves I do not know what is the 
pi"8Ctse le~_th of the c~ase_ of the gun ; that is to say, of that part 
throuv:h w~tcb the ~ro)ectile travel~ I believe the total length 
of ~e gun lS 51ft.. 4in. The cutndge will take up about Sft. 
leaVIng, say, "3ft. for the chase. We divide 53 000 by 43 and' 
get i_n round numbers, 123'2 tons as :be force which, mo,;~ ove~ 
a di.Stance of ;'3ft.., .~Pn:sent:B 53,000_ tons mo,·ing over 1ft. 
The area of a ctrcle 12m. tn d1ameter lS 113 square inches, and 

l23'.2 10 ~to th d .. ll3 = " ns a.s e average n~ pressure, and 21. tons 

as the initial p~re. 
' ir George Greenhill has taken the length of the chase as 50ft. 

Th 6 th 5300 1000 e gures eo stand -
50 

= 1060, and _ = 9.36 tons a,·erage 
l.L<S 

pressure. The initial pressure is double thi•, or 1 . i 5 tons. The 
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uncertain point is the precise length of the chase. It will be seen 
that no formulro. or anything beyond the simplest arithmetic is 
needed to determme, as f:~r as calculation can, the pressures in the 
gun. 

1 am met, huwever, by a difficulty. Lieut. Dawson delivered 
the Gostave Canet l~cture on " The Engineering of Ordnance" at 
the ~wenty-fi ftb anmversary meeting of the Junior Institution of 
Engmeers on t~e 30th of June last, and in it be gives the maxi· 
~um. pr~ssure m the bore of the l2in. gun as 18 tons. This figure 
IS qwte mcompatible with a length of chase of 43ft. and a muz1.le 
energy of 63,00~ foot-tons. The explanation is, of course, that Sir 
~~~llte Green hill and Mr. Ramsay are both wrong in assuming the 
m1tial pressure to be twice the average pressure. To assume that 
the average !s half the initial iR to postulate that there is no pres­
sure ~t all 1n t~e gun 'at the muzzle, whereas, in point of fact, 
t~ere IS a very btgh one. I have followed ir George Greenbill in 
h1~ metbod.s, and have taken the average as half the initial, but I 
1bmk the ttme has come to call attention to the obvious error 
involved, which has not been discovered by .Mr. Ramsay. 
T~e range <~ f pressures is determined by the rate at which the 

c~rdtte burns, and the maximum is maintained for a considerable 
d1stance along the chase. Lieut. Dawson says, " In the old 
powders almost complete combustion of the exp!Jsive took place 
before the projectile had time to move far down the bCire of the 
gun. . Hi~b pressur~ were therefore set up in the chamber, 
necess1tatm~ a masstve bree~h. As the pressure fell off rapidly 
the gun ~bmned down cons1derably toward the muzzle, and WIUJ 
co~parat1.vely sb~rt. For .smokeless powders the guns are more 
umform m outhne to sutt the more uniform distribution of 
pressure, and they are longer to enable the full effects to be 
ob_tained from the comparatively slow-burning explosive." All 
tb1s may be beside the mark, but it i<J just as well that the facts 
should be s tatttd._ Mr. Romsay is again wrong in giving the recoil 
of the gu~ as 0.3t6.8ft. I do not know .accurately what the recoil 
of .th~ 12m. gun ts, ~ut a gun firin~ a 660 lb. projectile, and 
wetgb1og 47 ~oos, rec~1ls through a distance of 36io. m a quarter 
of a secon~ ~1tb a ma~tmu.m speE d of 22ft. per second ; a hydraulic 
buffer res1stto~r teco1l With a force of about 200 tons. The 
~xplosion lasts 75 ten thousandths of a second, the muzzle velocity 
~!50ft.. per second, and the energy in the projectile 47,000 foot-

It is. perhaps advisuble to say that Mr. Ramsay has not in any 
way dtsputed the soundness of my views concerning the action of 
marine propellers. F uss. 

August 24th. 

Sn~.-If .'ir Goorge Greonhill's ruling stands, that the work of 
action 'is ~ot equal in all cases. to the work of reaction, then it 
follows lop;•cally that work can be done without any action taking 
place. As: 

Action = Reaction, 
So Reaction = Action ; 
And Action = Work, 
·o that Reaction = Work - X, 

where X represents an amount of work of action which has no 
counterpart in reaction. 

In other words, according to "T. S. C.," work varies inversely 
· as the mB.!ses, and, according to Newton, velocities generated by 
one force vary inversely IUl the masses acted on ; then Work = 
Velocity. "T. S. C." knows what Euclid would say to that. As 
Sir G. Greeobill recommended us to consult" Mach's Mechanics," 
will you allow me to cite the following from page 198, &c. 

" .Perhaps the most important achievement of Newton with 
respect to the principles is the distinct and general formulation of 
the law of the equality of action and reaction, of pressure and 
counter-pressure. • . . . A body that presses or pulls another 
body is, according to Newton, pre!sed or pulled in exactly the 
same degree by that other body. Pre3Sure and counter­
pressure, force and counter-force, are always equal to each other. 
As the measure of force is defined by Newton to be the quantity 
of motion or momentum (mass x velocity) gflnernted in a unit of 
time, it consequently follows that bodies that act on each other 
communicate to each other in equal intervals of time equal and 
opposite quantities of motion (momenta), or receive contrary 
velocities reciprocally proportional to their masses. . . . We 
know that we do not experience any resistance from a body until 
we seek to set it in motton. The more swiftly we endeavour to 
hurl a heavy stone from us the more our body is forced back 
by it. .. 

What I maintain about marine propulsion is :-The more swiftly 
we endeavour to hurl a heavy mass of water from the propeller, 
paddle, or ship generally, the more the ship is forced the other 
way (as back is only relative to the ::>ther being forward) by 
it. Is Mach's interpretation of Newton wrong, or is it not 
possible that the prolific Professor Rankine overlooked the logical 
connections between his mathematics ~ The essence of Rankine's 
theorems amounts to "the pushinp; aft of a large amount of water 
without moving it. ·• But, further, Mach :-"Pressure and 
counter-pressure go band in band. . . . There exist in the 
domain of statics very many instinctive perceptions that in\·olve 
the equality of pressure and counter-pressure. 1'he trivial experi· 
eoce t.hat one cannot lirt one's self by pulling on one's chair is of 
this character." 

The endeavour, according to "Fuse," of a paddle wheel or 
screw propeller to do 80 per cent. to 90 per cent. of its work on 
the vessel to which it is rigidly attached, save rotation, is surely 
of the same character. Again, Mach, page 275 :-"Two things, 
however, are confoundec.l-tbe question of the measure of force 
1md the question of the constancy of the sums ~ 11t v and :::; m Vl. 
The two have iu reality nothing to do with each other. With 
regard to the second question, the later investigations of Newton 
really proved that for free material systems not acted on by 
external forces the Cartesian sum ~ m t1 is a constant, and the 
investigations of Huygens showed that also the sum :::; m v2 is a 
constant, provided work performed by forces does not alter it. " 

So far Mach. Now Professor H. Hertz:-
Paragraph 511 : " When a force acting on a system does a 

certain amount of work, the counterforce exerted by the system 
always does an equal and opposite amount of work. " 

Paragraph 683 : "Proposition : An impulse and its counter· 
impulse are always equal and opposite--i.e., their ~om);JOnents 
along every co-ordinate are equal and opposite, whether we con­
sider these quantities as vector quantities with regard to the one 
system or with regard to the other system. 

" Every impulse which is exerted by or on a material system 
can be resolved into a series of elementary impulses. " 

Does this require further elucidation 1 If, when we choose to 
del'Cribe •be result of any action as "work done," reaction does a 
different amount of work, wherein consists equality of action or 
reaction I 

The difference in work of action and work of reaction can only 
be brought about by calhng velocity work. Whereas work is the 
overcoming of, or the offering of resistance. These are, according 
to "T. S. C." my ''wrong fallacious" premises, upon which no 
tenable theory of marine propulsion can be built. Seeing that with 
my opinions I am now in company with the late Sir W. Andersoo, 
Professor B. Hertz, Dr. Aveling, and, IUl I imagine, that of Mach, 
Clerk Maxwell, and even Newton, I can rest content with 
"T. S. C. 's" denunciation. Does anyone really seriously object to 
that propeller being called the most efficient which will relative to 
the ship, with given enerp;y, drive the whole ocean back quickest 1 
My statement of greatest amount at greatest velocity back is 
really the same thing. W. PREIDBL. 

August 23rd . 

AMERICAN TRAIN FERRIES, RAlLS, AND PERMANENT WAY. 

SIR -In reference to the desoription of the interesting train· 
ferry ~teamer Drottning Victoria in 1'BE ENGINEER of July 30th, 

THE ENGINE ER 

it may be of interest to note that wh:le its journey is 65 miles, 
some of tbe American train ferries cros.~ing Lake Michi$an make 
journeys of 60 to lOO miles; they have to contend also wttb heavy 
storms and ice in the winter. These particular train-ferry 
steamers have a higher freeboard than the Drottning Victoria, the 
side plating being carried up to the deck which forms the roof 
over the train deck. '!'be large boats, with four Jine11 of rails, are 
340ft. Joo~r , and carry thirty double· bogie goods wagons, averaging 
35ft. to 40ft. over couplers. The train-ferry steam~rs crossing 
some of the ~>trnits connecting the Great Lakes have a low free­
boarrl, the side plating extending only to the train deck, as they 
have not to encounter the heavy seas of an open stormy lake. 
One of these boats, with twin screws at each end, has three lines 
of rails, and can carry twenty-four long goods wagons, or twelve 
70ft. pa•senQor carria~es. Some details of these American train 
ferries were given in TuE ENOINRBR of March 2.3rd and April 6tb, 
1906. 

In your leader on the treatment of rail steel-also in THE 
ENOINBBR of July 30th- you imply some doubt as to whether 
ingots are cropped in American rail-making practice. This 
cropping is universal, but for somo years the engineers of the 
railways have contended that the amount is insufficient. The rail 
makers have to a great extent held aloof from discussion, and have 
contented themselves with their arbitrary power of d01ng IUl they 
pleased, the railways-as represented by the officers rePponsible 
for purobases having in the main failed to support the demands 
of their own engineers for better rails and better rail specific&· 
tions. 

'fhe question of cropping the ingots h!Ul been one of the actively 
fought points in all attempts by American technical societies to 
formulate standard specifications for rails. The so-called 
"manufacturers' specifications," adopted and followed by the rail 
makers, omit all reference to this, taking the position that the 
railway-orits engineer- needs to know nothing except the chemical 
And physical properties of the fini!bed rail. The specifications of the 
American Railway Association require that "there shall be 
sheared from the end of thfl bloom formed from the top of the 
ingot ·sufficient ' discard to ensure sound rails. " The specifications 
of the American Railw~y Engineering and Maintenance of Way 
Association and those of the American Society of Civil Engineers 
say that " the shearing shall be not less than 25 per cent. ," and 
shall be continued until the steel shows solid. The specifications 
of the American Society for Testing Materials leave the percentage 
blank, to be filled in according to agreement between the railway 
and the manufacturer. l'be reason for this is that the higher the 
percentage of cropping the greater will be the cost of the rails. 

There has been vigorous discussion IUl to whether the specifica­
tions should require "sufficient 11 or a minimum definite percentage 
of cropping, and the weight of opinion appears to be iu favour of 
the latter. Whatever specificatiOns are adopted on the part of the 
railway, the great difficulty b!Ul been to ensure their observance 
by the manufacturers. 'l'he latter have entrenched themselves in 
the position that the railways have nothing to do with manufacture 
but are simply put chasers, and are, in fact, quite incompetent to 
say bow rails should be made. There is no doubt that the manu· 
facturers do know perfectly well bow to make good rails, but the 
trouble is that they do not put their knowledge into practice. If 
mils break, it is due to some remarkable. mysterious, and quite un· 
discoverable cause, or else to the fault of the railway in operating 
heavy locomotives. Of course, some of the "big " railways enforce 
their own specifications to a greater or less extent, but most of 
them get their rails on the ·' take-'em-or-leave- 'em " basis. 

In your leader you refer to the spacing of sleepers as rail 
supports, and rednce this to the 1·eductio ad ab.nmLu11t of placing 
them too close to permit of proper packing of the ballast. But 
there is too wide a spacing IUl well too close a spacill2', and it should 
not be 10 wide IUl to compel the rail to act as a girder supported 
on piere. It is very generally considered that the clear spacing 
~bould be not less than lOin., although where three closely-spaced 
sleepers are used unde~ each rail joint, this is sometimes reduced 
to 5io. A few American railways, in districts where sleepers of 
varying width are furnished, specify a minimum number of inches 
of sleeper bearing for the rail, ins~d of an arbitrary number of 
sleepers. 

For main lines with heavy traffic American railways use sixteen 
to eighteen sle~pers p~r 30ft. rail , or eighteen to twe.nty s~ee~ers 
for the 33ft. ra1l now 10 common use. The usual Width 1s Sin., 
and the thickness 6in., but there is a strong tendency to increase 
the thickness to 7in. in order to give greater rigidity under 
modern loads. The 7in. thickness is used by ruany railways. Mr. 
Jacomb·Hood, in his paper for the International Railway Con· 
gress, suggests the advantages of 6ange rails over bull-bead rails 
for heavy permanent way. Leaving this out of the question, and 
assuming the present chair road construction, the uso~ of sleepers ­
Sin. wide, 6in. o~ 7iu. deep, and 8f~. long, spaced sixteen or 
eighteen to the rat!, and well packed 10 good ballast, appears to 
offer a promising development in permanent way, and to relieve 
the rails from some excessive stresses to which they should not be 
subjected. 

'l'be rail is only one part of a permanent way structure, and 
should be relieved of its load by its supports. It is in the same 
position IUl the Y's of a planing machine, serving to carry and 
guide the load, but well supported from beneath by a bed which 
rests upon the foundation. Apologies for the length of this 
letter. 

Chicago. RAlLWA1S. 

PROPELLERS IN TUBES. 

~m,-1\Jy letter which appeared in your issue of June lltb, and 
to which Mr. Wadagaki takes exception, was not suggested by 
that gentleman's paper read at Liverpool, but by a letter from 
one of your correspondents, in which a proposal was made to put 
turbine propellers in tubes having an area of inlet very much 
smaller than the area of outlet. The letter referred to wa<J 
illu'ltrated by a sketch showing the form of tube proposed, and 
this sketch I reproduced in my letter. 

Such a form could not possibly give good results for the 
reasons I 11:ave. • 

With a Veoturi tube of the form shown by Mr. Wadagaki in 
his letter in your issue of the 6th inst., in which the area of 
inlet is sli~htly lar~~:er than the area of outlet and the outside of 
the tube tS made conical, we get a different condition of affairs·· 

There will be, IUl be say~, an excess pressure on the outside of 
the tube, having a component in the direction of motion of the 
vessel, and such a tube would give a considerable thrust so long 
as it was not itself moving through the water; but I fear that the 
effect of the surface friction where it does so move would be the 
same IUl in the CIUle of the stepped tube tried by Sir John Thorny· 
croft, in which the friction outweighed the gain in propeller 
thrust. 

.Mr. Wadagaki is, however, quite justified in saying that this 
can best be judged by actual experiment. With his remarks on 
"ea vitation," however, I cannot agree at all, and be would seem 
to have quite a different conception as to what "cavitation " 
means from that usually accepted. He sa vs, "thus we have what 
is called 'cavitation,' and known as a serious cause of lost work 
with the common type of screw propeller, turned into a veritable 
boon in this system of l r .>pulsion. " 

Now I cannot conceive any circumstances u.nder which "cavi­
tation 11 can be anything but destructive to efficiency of propul· 
sion. 

1\lr. Wadagaki objects to my statement that the limiting thrust 
per unit of area n~ocessary to avoid "cavitation " would still be 
me!Ulured on the area of the propeller itself and not on the area 
of the discharge end of the tube, because, be says, the thrust on 
the propeller itself is not the total thrust in this particular system 
of propulsion, but only about two· thirds of it, and that therefore 
I am not justified in measuring its intensity by the area of the 
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propeller alone. Now it must be remembered that with a tube 
shaped in the manner I WIUJ criticising, that is, with the largest 
area at the afte_r .end, the tu~e was actually pulling against the 
propeller and giVlng a negat1ve thrust. W1tb a tube of Mr. 
Wadagaki's form, I have already stated that the thrust shown by 
experiments made with the whole apparatus stationary is likely 
to disappear when the system is in motion ; but if we admit that 
some effective thrust will be given by the tube, then undoubtedly 
the thrust to be measured on the propeller is less than the whole 
thrust, but the reduction in hydrostatic bead at the neck of the 
tube where the propeller is situated causes " cavitation 11 to 
commence at a lower pre$&ure per square inch of blacle surface 
than if the tube were not there, and the result is the Mme. In 
fact, it is analogous to the cue of a propeller working in a tunnel, 
the crown of which rises above the surface of the water. The 
limiting thrust to avoid "cavitation" is then reduced in propor· 
tion to the height to which the water is lifted in the tunnel, and, 
similarly, the limiting thrust which can be usefully applied per 
unit of blade surface of a propeller in the neck of a Venturi tube 
is reduced in proportion to the reduction of water pressure there. 

Since writin~r my last letter I have read the article in your 
contemporary .Enginfering of APril 30th, 1909, on Mr. Wadagaki's 
Newcastle paper, and I must say I am in complete agreement with 
the writer, wbo sums trp by saying, " If the increased velocity at 
the neck of the tube could be obtained without reduction of 
hydrostatic bead there would be something to be Maid for the idea 
but even then the energy would have to come from somewhere 
and to be paid for in some wBy or other. As we have already 
said, the idea is founded on a fallacy, though it is a very persistent 
oue. " 

·outhampton, Au({USt 17th. S. W. BABNABY. 

LOCOMOTIVE CRANK AXLES. 

' 1 n,-In the discussions at the recent meetings of the Institution 
of Mechanical Engineers at Liverpool, Mr. T. Hurry R1cbes 
suggested that results obtained from marine engines might be 
applied to locomotive work. 

I am permitted to state that the Newburn Steel Works has 
supplied to several railway companies during the la.st five years a 
considerable number of built-op steel crank axlett, some of which 
were designed to suit special requirements. Calculating these 
according to my communication in your issue of June 18th, p~~ge 
637, on "The Diameter and Length of Boeses," to the formula(!), 

D4 - 3~ 3~ . = - x coeffiCient. 
j) l 

Where D = outside diameter of boss ; 
3 = diameter of shaft in journal ; 
t = length of boss ; 

the resulting coefficients for t hese built-up crank axles range from 
4.6, 4.8, 5.5 to 6.3. Since the coefficient 4.2 represents the 
average proportions prevailing among the webs of built-up steel 
marine crank shafts, where the thickness of the web generally is 
= .66 3, the above resulting coefficients for built-up locomotive 
crank ules compare very satisfactorily, considerin~~: that the 
thickness of their webs is occasionally as low as .43 3 and .45 3, 
necessitating also an incre!Uled percentage of allowance for 
shrinkage. 

I trust that these figures may be of interest to you, and to 
some who are taking advantage of the special benefit offered by 
built-up locomotive crank axles. 

August 23rd. R. A. LBwrs. 
Newburn Steel Works. 

BRITISH LOCOMOTIVE PRACTICE OF TO·DAY. 

Sm,- The article published in your last week's issue on "Simple 
v. Compound : A Footplate E~:perience," is very interesting, but 
somewhat misleading. Your cont.ributor s11ys he has been careful 
to obtain accurate figures, and I do not for one moment doubt 
their accuracy. However, any educated engineer will agree with 
me when I say that the tests cited by your contributor are by no 
means conclu11ive. It must be borne in mind that the compound 
bad an advantage over the simple engine of no less than 40 lb. per 
square inch in steam pressure, besides the advantage of a larger 
fi re-box. The value of the trials would have been enhanced if one 
of the newest simple 4-4-0 engines- 999 class-bad been selected. 
These engine9, I believe, have boilers similar in all respects to 
those of the compounds. As a practical engineer, however, I 
contend that if locomotive trials are to be of any real value the 
engines to be tested must be on an absolute equality. Boilers 
should be of the same size and type, and worked at the same 
pressure. The engine wheels should be identical both as regards 
disposition and diameter. The cylinders also should be equal in 
number. 1\lr. Deeley woulri probably think it not worth while to 
alter one of his existing compounds into a three-cylinder simple 
engine; but it is interesting to note that Mr. J. G. Robinson has 
so altered one of his 4- 4-2 e1press engines on the Great Centrnl 
Railway, with, I understand, distinctly favourable result,. Only 
under tbe above conditions can any test be considered satisfactory. 

Birmingham, August 21st. CHAS W. DAUNCBY. 

SAND IN CONCRETE. 

SIR,- With reference to your article in this week's issue of 'I' HE 
ENOINEKR on the above subject, seventeen or eighteen years ago 1 
bad occasion to make a number of e1periments on the strength of 
concrete beam,.and arch ri bs, the results of which were communi· 
cated to the Institution of Civil Engineers, and were published in 
the .' 'Proceedings, " vols. cxiii. and cxviii. The conclusions I 
then arrived at were :-(1) That a very small admixture of clay bad 
a most detrimental effect, IUl it appeared to prevent the cement 
from adhering to the sand at all ; (2) that pit sand was inferior to 
sand made by crushing sandstone ; but (3) that the best results 
were obtained from an admixture of crushed sandstone and whin· 
stone dust from the stone breakers, the last providing the greatest 
variety of sir.e of grain, and therefore forming the denser mortar. 
I have in the course of my experience been occMionally unable to 
obtain sand free from dust, and no harm has apparently resulted 
from its use; but it b!Ul been dust of a gritty nature, not clay. 
Where dirt b!Ul a distinctly deleterious effect is where it envelops 
the particles of sand in a soapy film. In my opinion dirty sand 
should always be regarded with suspicion, and if circumstances 
render it impossible to wash it, it should certainly not be used 
without being first tested with cement. 

Ealing, August 21st. A. FAIRLIE BRUCE, 1\1. lost. C. E. 

S EWERS at Salt Lake City, states an American con­
temporary, are ttushed by automatic ftusb tAnks which discharge 
280 gals. of water during each cycle of operations. The tanks are 
the Miller-Potter type, a~d a~e situated at .vari?us po.ints a_long 1\ 

sewerage system 106 mtles 10 length, wbtch 1s dmded mto a 
number of districts. An attendant starts at the beginning of one 
district, and proceeds along the line to its end, turning on the 
water at each of the tanks which be passes. When be has put the 
last tank of the district into action be returns to the starting point 
and ~>huts off the water successively in each tank, until he again 
reaches the end of the district. During the interval which 
elapses between the turning on of the water at any point and the 
closing of the valve after the attendant has completed the circuit 
of the district, each Hush tank has bad time to fill and discharge 
several times. '£his method is said to be economioal, and effective 
in maintaining the entire system in a clean and satisfactory con· 
dition. 
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WHITE STAR LI IER OLYMP IC UNDER ONSTRUCTION 
11.\H:OA~l> AXD WOLFF, LDIITED, BELFA 'T, BCILDEH' 

THE WHITE STAR LINERS OLYMPIC AND 
TITANIC. 

L."\ the building of a modem liner there ara well-defined 
steps in the construction besides the five familiar stages of 
t he laying of the keel, framing , plating, launching, and 
completion. These are the terms used to denote the main 
op rations, but in the larger and more complicated struc­
tures of the present day there are many intermediate stages 
that have an interest of their own, and afford an indication of 
the progress of the work. This, of course, is especially the 
case in such gigantic ve&Eels as tho new White Stu liners 
Olympic and Titanic, now under construction at Belfast, and 
the reports that have already appeared describing one of these 
intermediate stages-viz., the construction of the cellular 
double bottom-have dealt with a number of interesting 
points regarding the keel, centre-plate (or inner vertical keel), 
floors, and other parts forming this portion of the ship, special 
attention having been directed to the large amount of 
hydraulic riveting and the appliances for carrying out this 
work. 

T he double bottom-which in theee vessels is more exten­
sive than usual, being carried round the bilge-as is well 
known, serves several purposes. It provides space for water 
ballast, which , being so far down in the ship , has an 
important influence on the stability, in that the latter can by 
its means be regulated as de ired under certain conditions. 
Then, while contributing greatly to the strength of the whole 
structure, it form .., an important element of safety in the 
event of the ves el grounding at any time, the ship, in fact, 
having, as the term implies, a double bottom. 

It will be seen from the accompanying reproductions of 
photographs taken on J uly 30th, little more than six months 
after t he laying of the keel, that the tank top plating is now 
well advanced, and that the next important stage is being 
proceeded with-viz., the main fcammg of the vessel. T hese 
frames form the ribs of the ship , and it will be observed that 
numbers of Lhe Olympic's ribs have already been set up near 
the after end. It. is expected that the stem frame will be 
p laced in posit.ion shortly, when the progress of const.ructioo 
will be even more apparen t than it is now. 

TESTING CONDENSERS FOR LEAKAGES. 
(By a CorretpOHdtnt.) 

I N view of the fact that the number of condensing plants­
chiefly surface condensers-yearly installed is rapidly in­
creasing, also seeing the keen competition that is constantly 
going on between engine builders with regard to water con­
sumption or pounds of water per B.H.P on the various 
engines, these tests a re often carried to th e third decimal 
place when speaking of pounds of water per B.H.P. or E.H.P., 
as the case m ay be. 

If this minute estimation is likely to continue, I think it 
high time we bad it more widely known bow simple yet very 
reliable tests can be made for leaky condensers. The maker's 
usual practice is to put a ligh t water pressure first on t he 
cooling-surface side and afterwards on the condensed-water 
side, at the same time carefully looking out for any water 
trickling through. 

hundred thousand parts. Therefore the leakage, however 
slight, is quickly disclosed by the test mentioned. 

The water frequently used for coohng purposes is that 
generally known as surface Wl\ter, drawn from rivers, canals, 
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out the test we shall require a standard solut_ion of sil~er 
nitrate, which can be purchased from any qualified oh_elDlst, 
or for those who care to mo.ko it themselves, the parttoulars 
are as follows :-Dissolve 2.394 grammes of pure r?-orysW­
lised silver nitrate in distilled water and make solution u_p to 
one litre. We shall also require a solution of . po~ss~um 
chromate made by dissolving potassium chrom!'te m distilled 
wat~r-one part chromate, te~ ~rts by wrught of w~te~. 
This potassium chromate solu~too ts ~ed . as a colour m~­
cator. The principle upon whtcb the tndtcator depends 1~, 
that eilver combines with chlorine in preference to ~brom~c 
acid, and that accordingly no red c~romo.te. of silver lS 
capable of being formed so long as ohlondes are 10 tho water, 
but that red ch romate of silver instantly forms the mo~ent 
nitrate of silver is in the slightest excess. Therefore, if we 
take a sample of water known to co~taio c_hlorine sal~ and 
into this drop, spot by spot, tb~ silver . 01trate solution, a 
white precipitate of chloride of Silver will form, and con­
tinue to do so until all the chlorine in the water has been pre­
cipitated. B~t as will be seen upon making _tho exper!ment, 
there is a difficulty in observing the exac~ pot_nt at W~Jch the 
formation of the preoipitl\te ceases ; this dtf.?culty ts o'"er­
come by the use of the colour indicator potasstum chromate. 

The details of analysis are as follows :-Measure ?ut 
carefully 50 oubio centimetres of the condensed water, which 
should then be passed through a filter paper into a clean 
porcelain dish. To this add about half-a-dozen spots of _the 
colour indicator, potassium chromate, at tbo same _trme 
stirring with a glass rod, the colour of wa~er then ~ be 
distinctly yellow ; this being so, the silver 01trate solution, 
which should be contained in a properly graduated burette, 
is carefully dropped spot, by spot, into the water, which s~ould 
be constantly stirred the whole of the time. As will be 
obsen·ed, the first few spot.s will become red i~st~ntJy th~y 
touob water, and die away to a pale yellow on~t1r~mg, th~t 1s 
if sodium chlorides are present. Th~ dropp10g .10. of silv~r 
nitrate solution should be continued, also the sttrnng, unt il 
the water becomes permanently red. The very earliest point at 
which the chromate of silver begins to form, or the redness 
becomes persistent, t he addition of silver solution should be 
stopped, and the amount used read oli from the g raduau d 
burette ; from this we can ascertain the quantity of sah 
present in the water. One cubic centimetre of silver nit:rat~ 
solution practically corresponds to one grain of salt per 
gallon of water. If, on adding the first one or two spots of 
silver nitrate solution, the condensed water-which had 
previously been coloured by indicator-beeomes permanently 
red, it is quite certain that there is little or no salt in wat,er, 
con5equently the condenser might be considered quite bottle­
tigh t . If, on the other band, it requires ;,e,·eral cubic 
centimetres of silver nitrate solution to bring about a 

The station engineer , if doubtful, will run the condensing 
plant for several hours with only the circulating water going 
through the cooling surface, and carefully note if any con­
densed water is thrown up by the pump. Both of these 
methods for ordinary working conditions may suffice, but for 
a close competitive test they would not be, to my mind, 
sufficiently accurate, because I have known the behaviour of 
leakages to be very difteren t when both waters a re going 
through than when only one. My contention is that a 
condenser, like any other machine, should be tested under 
its full-load working conditions, and, so far as I know, there 
is no mechanical means of doing this ; it is purely one for 
chemistry, and personally I consider the ..,iJver -nitmte test 
for chlorine or chloride to be the most suitable. 

S.S. OLYM PIC- VIEW FROM COFFERDA M SHOWING FRAMES, ETC, 

Even in the hands of an amateur it is possible to trace 
salt in water, although it may be only one part to one 

&c., and ;,ucb is always found to contain-among other 
things-sodium chloride or common salt in '"ariable quanti­
ties. This, together with the fact that oondensed water 
sh ould never contain sodium salts, enables one to m ake a 
very reliable test for any leakages in a condenser . To oarry 

• 

petn;lanent red colour, then the condenser is certainly 
leaking, to what extent may be judged by the quiUlti ty of 
salt found to be present. 
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THE BRITISH ASSOCIATION : SECTION G­
ENGINBBRING. 

Addrees by Srn W. H. WHITE, K.C.B., Sc.D., LL.D., F.R.S. , 
PI'6Sident of the Section. 

ON the present occasion, when the meetings of the Britil!b 
.Aatocia1ion for the Advancement of Science are behl in the heart 
of this great dollWlion, it is natural that the proceedings of 
Section U (Eogineering) should be largely concerned with the 
cx.llSideration of g reat engineenng enterpnses by means of which 
the resources of Canada ban been and a re being developed and 
the needs of its raptdly increaaing population met. I t will not be 
in.} propriate, therefo,e, u the Presidentia.l Address is mainly 
devoted to an illustration of the close connection which exists 
between the work of civil engineeu and the fonndatlon aa well 
as the development of Bntish Colonies and domtnions beyond 
the seas. 

British Colonies &nd Posse~ions hue started from tbe sea front 
and haTe gradually pushed inland. Apart from maritime enter­
prise, therefore, and the JX.ssession of shipping, the Bntisb 
Empire could never have been Cleated. An old English to&! t, 
once familiar , but which bas of late years unfortunately fallen into 
oomparath e desuetude, wished &uccess to '' ~hips, Colonies and 
Commerce. ·• A great truth lie behind the phrase : these three 
interests are interdependent, and their proepenty me&ns much for 
both the Mother C<.untry ~and its offspnng. Ast.olonies have been 
multiplied, their reFourcea developed, and their populations 
increased, over·~ea ocmmerce be~ween them and the Mother 
li~untry ba.s been enlarged ; gruter otma nds have been made 
upon sbipping ior th<t over-tea 1ransp<.rt of .,_aengers, pr .. duce 
and manufactur 6S; there has been a growmg Dece3bhy 10r free 
and uninterrupted communic.tion between wildly scattered 
po.rtions of the j£mpire, the m&intenance of which has depended 
primanly and &till depends on the ~se5hl· n of a supreme war 
fleet, under whose protection peaoeful operations of the mercantlle 
marine can proceed in saft.ty, un• hecked by foreign interference, 
but el"'er ready to meet foretgn competition. 

Now that our Colonies have become the home." of new naliona it 
is as true as enr that the maintenance of BriU..h supremacy a t sea 
m both the mercantile marine and the war Beet is essential to the 
oontinued e~\lotence and Jlrosperity of the Ewpire. The trackless 
ocean snppliea the cheapest and most convenient meaLS of 
transport a nd interoommurucation; COl!tinuous Improvements in 
tsbipbuildiog &nd m.arine engineering have a.bridgtd distanc~ and 
given to e. peS&egea a regul.rrty and certainty formerly unknown. 
.lt lS a htenl fac~ that rn tte knru.h Empire the " seas but join 
the nat ions they d1l'ide. " Every triumph of engineering d raws 
cl06er the links which bind together Its several parts. Greater 
facilities for frequent and raprd interchange of mformation of 
what is happening ID a ll ~ectioDB of the Empire, and of knowio~~; 
each other ~tter, ~hould lead, and ha.s led, to increased sympathy, 
and a tuiler realisation of oommon interest in all 1hat toffc:cts the 
well-being of the Emptre. Within the last fow years tbe events 
of the hoer War have gil"'en remarkable proofs of the practical 
interest of the Colonies 1n Imperial ooncerns, &nd their readiness 
to share 1ts bur.1ens. The present year will always be remembered 
as that in which generous otfers of assistance from the (.olonies in 
the task of strengt.hening the Royal Navy at a cn tical period have 
led to a oonfl'rence wbose labours would produce import.nt 
practical results, and make our future secure. Organ.sed co­
vperation between the ~other Country and the Domimons beyond 
the sea.s in the maintenaLce d an lmver.aJ Nary adt qua· e for the 
protection d vna! IDtelEiots 1 essential to that sectui· y, aa::d at 
Ja.sl. there is a }lrosvect that this end wul be attained. 

While claiming tor the shipbuilder and marine enginee r an 
iruportant place 1n the creation &Ld DJaiutentlnce .. f the .t!:mprre, it 
i rtcogmso,d that the wvrk ot o ther branches of civit eogineering 
l.as been eq ually important. 'lbe profession 01 the civil engineer 
was descnbed m the ChaJ ter granted to the pan nt lDstltu~lOD in 
1 28 as ·• the art of direcung the Great Sources of Power in 
Nature for the use IWd oonvenience of man ; as the mEans of pro­
c1uct.ion and of traffic in states both f~r rnteu.al and external 
trade, as applied in the colll>trt.ction o f roads, b ridges, aqueducts, 
canals, river navigat.on, &J..d docks, for internal rnteroourse and 
exchange ; and tn tbe con tructlon of ports, harbours, moles, 
breakwaters, &nd ligbtht.nsea; &nc1 in the art c.f nangation by 
aniticial power for the purpose. of commerce ; &nd in the COD.tltru~:­
tioo and adaptation of machinery, ana in t.be drainage of cities and 
t owns." Since this d~criptioo wa.s penned thfre hue be~n g reat 
and unforeseen developments in many dtrections, including th011e re­
lating toimprovementsin the use of steam, thegenerationand practi­
cal applicauons of electrical power, the m&nufacture and e:uended 
employment of ~>teel. The main ideas expressed eighty yean ego, 
however, stdl remain applicable to the beneficent 110rk of the ctru 
engineer. His skiU ano enterprise, backed by adequate finii.Lcial 
provision, are oont.tnuonsly being apphed to tmpro~e and extend 
means of production, internal and external means of commnruca­
tion, inland &nd over-sea navigation, the use of mechanical 
power and appliances, the acceleration and cheapening of trans­
port, the development and u~ation of natura! resources, and 
t.be direction of the sources of power in .Nature for the U!14t and 
convenience of m&n. One of the chief fields CJf engineering 
operatloDB at the present time is to be found 10 the Dominion d 
lianada, wb0110 governing authorities have appreciated the fact 
\hat bold enterprise &lid generous financial pn.vtsion for the 
execution of great. engineering works rue essential to the progress 
and prosperi\.y of the oountry. Its va.st extent, its m~nibcent 
lakes and nvers, its agricultur.J &nd mineral riches, its forests, 1ts 
unrivall~:d water pow<tr, anJ m&ny other potentoal sourc~ of future 
wealth and progre68, furnish exceptiOnal incentives and oppor­
lunitie3 to the engineer. From an early period in the history of 
Canada this fact has been realited, and attempts have been n.ade 
t.o ntilise natural advantages; while the same policy has been 
energetically adopted since the Dominion was establ iShed forty­
two )e&n ago. lt is imposs.~ble in this Address even to enume1ate 
the great engineering 11 orks whtch have been accomplished or are 
m process ot execution ; and it mjght be tbou~bt impertinent if 
the attempt were made by one who bas only an outside knowledge 
of the facts. On the otLer band, it may oe of interest to illus­
trate by means of CanadL&D examples the truth of the general 
stattment that ci•il engineering ha.s e"'"ercised &nd mu.<•t oontanue 
to exerclSe great influence up<.n the weU-being 1\nd dt\Velopment 
of the Blittsh Empire. 

By the kindness of the High Commissione.r of Canada, Lord 
!:)firathoona-wbo has bimseU done so much for the development 
uf the Dominion, including a great part in t.he construction of the 
Canadian Pacific Bailway-tbe wnter ha.s been favoured wit.h 
official report$ &nd statistics bearing on the subject. 'l'heae have 
been freely used to the btatement which follow& 

The snbjt!Ct ia so exteoSJve, &nd the time available for this 
addrets so U1or t, that it will be necessary to omit detaJJed 
reference to important applicatioDB of engineenng which are neces­
sarily made1 under mooern oonditions, in alJ g reat centres of 
popUlAtion. Amongst tbese may be mentioned bwlding const.ruc­
uon, sanitabon, water supply, beating, lighung, telegraphy, 
telt.phony1 tramways, electnc generatin& statloDB &nd their plant, 
and gas manufacture. No atwmpt will be made to deal with the 
impc.rtant &SI!istance given by engineers to the operations of ogri­
cultore, mining1 ano manufacture, or to the utilisation ol the 
splendtd forests of the Dominroo, although the demands for 
machinery and mechanical power is, m these respects, exceptiono.lly 
great, owmg to the sparseness of the population &nd the magnituoe 
of the work to be dt~ne. Notwithstanc1tng the large imm~.gration 
and rapid increase of population, these demand• will certainly con­
tinue, and will probably become greater a.s tbe area under cultiva­
tion lS increased, aa m&nufacturea are developed, and the natural 
rC~&ources of 1he country wore largely ul.ihsed. The example of 
U1e Uwted Statea p lac,s thi€ &liUctp&tioa bey"nd doubt, and 

THE ENGINEER 

demonstrates the g reat part which the engineer must continue to 
play in the development of Canada. 

Even • hen the hmitations described have been imposed upon 
tbe soope of thia address, the field to be tra•er~ed is a wide one, 
and, without tnrtber preface, an endeavour will be made to 
describe a few of the moet import:tnt senices which the engineer 
ba.s already rendered to the Dominion and will render in the imme­
diate fut.ure. 

RAILWAYS. 

It has well been said that the great problem of to-day in Canada 
is that of providing ample &nd cheap transport for her agricul­
tural, mineral, and forest proc ucts fr om the interior to the sea, 
a.nd EO to tbe mark~ts of t~e world .. Important as i~and naviga­
tiOn may be as an a1d to tb1s enterpnset 1t cannot posstbly compbre 
with railway development in actual and potential re!luiU>. Apart 
from that development, the one united Dominion must have 
remained a dream. '£banks to the rapid and efficient inter· 
communication furnished by railways, widely scattered provinces 
are knit togelber in friend ly and helpful union literally by ''bonds 
of steel,'' whilh stretch fn. m the Atlantic to the Pacific, and reach 
farther and fat tber not t h each year . Regions which would other­
wise have remained inac .. esstble and unprt.ductive have bun turned 
into new provinces, wboso ferttlity anrl future de•elopment it is 
n1 t easy to forecas t, and practically im~sible to exaggerate. 

In this de.,.rtment succOf ive Administrations, both .federal and 
provincial, uve realued the fact.! and possibilities of tbe p011ition, 
and have given substantial a.ssrstance to private enterprise in the 
execution of gt eat engineering • orlu. Pr..gress in railway develop· 
ment has been remarkable since Federation wasaccomplillhed forty. 
two yeare ago. During the preceding tbirtv years the total railway 
mileage in operation bad been raised to 2278 mrles ; in 1887 it was 
12,184 miles ; in 18!17, l6,!150milea; in l9V7, lt2,452miles. The num­
ber of miles of ra1lway actually undercon~trucboo in 1907 was officially 
eadmated at l)000, exclw.ive of linea projected but not yet under 
con\ract. In 11106, when the lines in operation were 21,353, it was 
estimated by competent ant horities that the railways under 
construction, and 1 rojects for exten.sions likely to be carried into 
tffect in the immedtate future, reached a total of at least 10,000 
miles, wb.lle probable further exten!ions of about 3500 mrles w, re 
under oonsideration. FnrthET, it was estimated that the capital 
e:rpenditure n quired t o complete these schemes would be about 
60 millions sterling. These 6gures may need amendment, but 
there a re others representing a.scertllined facts which equally well 
iJ ,ustrate the magnitude of the railway interests of the D ..,miuion." 
The total capital invested in Canadiao nilways in 1907 was 
officially reported to be about £234,390,(J()(); tbe airl given to 
railways up to that date by Domtnion and P rol'incial Governments, 
and by municipalities, considerably exceeded £36,000,000 sterling 
in money ; the land g rants from the Don. iruon GovernmeDt 
approached 3~ million acres, while tbe Provincial Government,; of 
Quebec, British Columbia, New Brunswick, and Nova Scotia harl 
granted about ~ million acres. The Governments have also 
guaranteed the bo11ds of railway com.,.nies to the extent of many 
millions of dollar;. The capitahsabon per mile of rai lway lines 
owned by the Governments- amounting to 1890 miles-Is reported 
a.s being £11,400; this is practically the same amount as that for 
InJian railways, that for tne United States being £13,600, and for 
New South Wales end Victoria about £12,600. For British 
railways the figure given is £54,700 per mile. 'fbe fre•ght carried 
by Canadian railways in 1907 1\moonted to nearly 63,~00.000 tons 
- of 2l00 lb.-wbicb incluoed a bout 14,000,000 tons of ooal and 
coke, nearly 4,500,<.00 tons of ores and mmerats, 10,250,000 tons of 
lumber and o ther for est pt oJuct-, nearly 7,900 000 Ions of 
manufactures, and 2,309,000 tons of mercbandue. In 1875, when 
4800 miles of railway were in operation, the corresponding freight­
tonnage was 5, ti70,1.00 tons; so that while tbe length of rail~sy 
increased nearly 4.7 times, the tonnage increased nearly ll.a 
times. During tbe same period passengers increaseo from 
5,190,000 to 32,137,0<.0. For twenty·eight railways making 
returns the average revenue per passenger per mile was 2. 23~ 
cents, and for tbe four principal railways it ., a, 2.07 cents. For 
frergbt fift.y·nine railways showed an average rate of 2.32 cents 
per ton-miJe; and for tbe five principal railways it was .70'l cent 
per too·mtle. Tbe average distance tr.veUect by a passenger was 
64 miles the oorreFpondtng figure for the United States 
Leing ~0.3 miles. The a vera g., di~tance a too of freight was hauled 
wae I83 mites, a.s against 1.:~2 miles for the United States. In 
Canada, as the official reporte r remarks, there is a small amonnt of 
suburban railway firaffic and a low density of population. The 
following table is taken from the officral Canadia n Railway 
Stati..t.ic:~ for 1907 :-

For e3eh mile of railway. 
Popule.t.ion. Square miles of territory. 

United States . . . . . . . . 381 . . . . . . 13.61 
United Kingdom . . . . 1,821 . . . . . . :>.29 
f'rt.noe . . . . . . . . . 1,590 . . . . . . 8 46 
New South Wales . . . . . . 686 . - 146.09 
New ZealAnd . . . . • • • • 3:18 . • • . 43. 4~ 
Victoria . . . . . . . . . . 360 • • • • • • 25.89 
India . . . . . . . . . . 10,119 . . . . . . 61..09 
Ot.oada . . . . . . . . 289 . . . . 161..8 

Canada ba.s, therefore, the highest mileage measured against 
population a nd the lowest against. territory. 

The earliest great raJlway sy.t~m of Canada, the Grand Trunk, 
had its beginnings in 1845 ; in 1907 it was working about 3600 
miles withtn the Dominion. In association with the Government 
i' is now engaged on the oonatruction of t.he Grand Trunk Pacific 
Line, wbicb will cross the oontinent wholly in Canadian terr.tory, 
&nd have a length of 3600 miles, exclUS.Ive of b ranches. 

The story of the C&nadian PAClfic Rai lway is well known, and 
need not be repeated ; the inBuence which its existence and work· 
ing have b.d upoo the prosperity of tbe Dominion ha.s been enor­
mous and beneficial sioc<t its opening in 1885, and experience of its 
effec' ha.s led to the p romution of o ther trans·continental lines. 
In Jnne, 1907, t.be total length in operation was nearly 9000 miles, 
and the aumpany owo~d in addition great lines of s ttamships em­
ployed on At.t&ntic and Pactlic services. 

'l'he Canadtan Non bem Railway system represents one of the 
most striking eaamples of recent rai lway development in the 
Dominion. 1n 1907 1t was worl.."ing nearly ~()()miles in the Nor tb­
W estern provinces, about 150 miles in 001 ario, 500 miles m the 
Province ot Quebec, and 430 miles in Nova Scotia and Cape Bretoo, 
making a total of nearly 3700 miles. In 1908 its mileage on the 
main system was reported to have increased to nearly 3400 miles, 
and the total lengtn in operation bad become 4800 miles. The 
North-Weste rn Provinces bave given substa.ntial a.seistunce to this 
g reat system, and its promoters are s~&id to aim at a complete 
t.rans·contint:ntal route, as well as the development of rai lway 
eommlltlication to HudEon'• Bay and the establishment of a line of 
steamship.; toerefrom to Great .l!ritain. 

Besides these three grt~at railway organisations, which in 1907 
oontrolled about 75 per cent. of the mileage in operation, t here 
are a large number of smaller companies, milking up a total of 
about 80. T betr total earnings in l!IOi a mounted to £29,350,000, 
the total working expenses being £~,750,000. Earnings from 
freight sen ice were (in round tigurea) £19,000,000 i from 
paasenger service, £7,837,000 ; from express eervicea, £655,000; 
from mails, £325,000, tlle balance ooming from miscellaneous 
items. The total number of persons employed by tbe rail"ays 
was 124.,000; their salaries and wages amounted to £11,750,000. 
It was officiaUy est imated that if to t.he railway employ~s were 
added persons employed in factories for rolling stock and railway 
materiala. as well a.s those engaged in the casual service and 
shipping, wit.h an allowance for their f&milies1 "quite 25 per cent. 
of the population win their daily bread from the carrying trade'' 
of the l>ominion. 

·Most or theee statistics are taken from the ,·llluable Repor t for 1907, 
tj,:ntec1 t.o t.be Mlnl~t.t:r of Ra.il"ay11 aod Cant.ls uy Mr. J:Sutler, Deputy 

t.er, and Obief En(ineer of the !Jepar~meut. 
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The equipment of t he Canadian railways in 1.907 included 350l 
locomotives, 3642 pasatnger cars, and .113,514 fr.EtJ~bt cars. In. the 
opinton of the official reporter ~n railw"Y. statlstics, wed chie~y 
on a comparison of th~ proportion of .rolling s~ock to mtleage. m 
Canada &nd the United States, a cons1derable mcrea.se of ~lling 
stock is n:qnirtd, &nd there is a poss1b!lity of g~eater effie~ency 
being obtained in the utilisation o~ ~nat1ng fretght cus. Tho 
tnanufacturing resources of ~be Domtmo~ are ~eclared to be fully 
capable of meeting all reqwrements, a.s 1n 190/ they. producf'd ?2.7 
locomotive , 897 pusenger cars, and 13,:$50 fr!t,ht cars. A 
reduction of grades and curvatnres has bee!l earn ed o~t on the 
principal railw~ys in recent .Y~· and this .has ~rm1tted the 
hauling of hea\ler loads •. It 1s estimated that~~ l90t the average 
earnings per ton of fretght hauled were 1.412 dols., and the 
average earnings per p~senger carried were 1.219 dols: The 
earnings per train mile were 1.953 dols., and tbe worktng ex­
~nses 1.&81 dcls. The total earnings per mile of railway were 
6535.6i dola., &nd the working expenses . were 4620:9 dols. Tbe 
working expenses were divided as follows to the offietal report:-

Maintenance of way and structures.. . . 20.13 per cent.. 
.. equipment . . . . . . . . 20.88 .. 

Oonductiog t ransportation .. . . . . . . 55.25 , 
General expenses . . . . . . . . . . . . . . 3. 74 ,. 

Allowing two cords of wood fuel to be equal to one ton, 6,609,000 
tons of fuel-of which 5,57 ,000 tons were coal-were consumed 
by CaDBdian 1ailway Jocom~>tives in 190] in running 100,155,000 
mil~. The total cost was about £3,021,500, equal to 14.!19 per 
cent. of the working Ufeoses. . . 

From this bm.f ~um mary of factssome 1dea may be ga1ned of the 
rapid development of (;anadia n railways, their immense capital 
value and traffiC' and the remarkable inftuence they have bad opon 
the progress and population of the Dominion. It is !' matter for 
safuflction that British capital and engi'?eering skill have co~­
tributed in no Emall measure to produce tbts development, and 1t 
may be hoped that in the future they may render even greater 
service. 

INLAlfD NavtoaTlON. 
The most important system of inland navigation which Canada 

posse.sse is pr1mar ily du .. to the existence of the Great lAkes and the 
t. Lawrence R1ver ; bot the utilL<oation of these natoral adv&ntages 

and t he construction of a continuous navigable channel from the 
sea to the bead of Lake Superior is due to the work of engineers. 
The importance of such a navigable waterway leading to the heart 
of the Dominion was recogni~ed long ago by the Government. 
The first canal is said to have teen opened in 1821, and from that 
time onwards the canal fystem has been developed, but the 
g reatest J:rogre~-s has been made duriog the last forty years un~er 
successive Administratlons. U p to .March Slat, 1907, t.he capttal 
expenditure on Can:~dian canals, exclusive of outlay by the 
I mperial Government, has approached £18,350,000 sterling, of 
wbicb more than ten millioDB have been spent on enlargements. 
Besides minor canal systems, many of which are important, a g reat 
" trunk system " of water transit has been created from Montreal 
to Port Artbur, at the bead of Lake uperior, this all-watt.r route 
being nearly 1300 mile.~ in leogth, baviog a DJinimum depth of 
water of 14Jt. and effecting a total vertical rise of about 600ft. 
from tidal water in tbe St. L\\wrence to Lake Superior. ln order 
to effect this rise forty-nine locks are provided, most of which are 
270ft. long and 45ft. wide, enabling vessels 255ft. lo~ to be 
acoomm .. dated. Out of the total length of moro than 1200 milee 
only 7i!~ miles con ist of arti ficial channels. Tbe WellaLd Canal, 
connecung Lskes Erie and On tal io-witb a total rise from lake to 
lake of 327ft., effected in twenty-fi"e locks-is 26! miles Joog. 
This canal dates from 182~ ; its entargement to present dimen.sioDB 
was begun in 1872, and occupied fifteen years ; tbe total expendi­
ture on the C&Dal ha.s been nearly five and a· half millions sterlin$'. 
Another impor tant section of the waterway is the 'ault St&. Mane 
Canal-about 6U00ft. in leng!.h anrl from 142ft. to 150ft. wide 
between the pier ends, with a lock 900ft. long, 60ft.. wiae, having 
20ift. < f water over the sills. The diJJerence of level between 
Lakes Superior and Buron is 18ft. Commenced in 1 , t he Sault 
Ste. Marie Canal was opened for traffic in 1895, tbe cost being 
about £930,000. Like its predecessor on the United States side of 
St. Mary's Rlver-the so-called "Soo" Canal affords free paS38ge 
for the ;!:,is;! of both countries. In 1 98 about two and t.hree­
q n&r ter · ·ons represented the tonnage of vessels pa.esing through 
tbe Canadian Canal, and of this total about 403,000 t oDB was m 
Canadian vessels. I n 1907 the total tonnage had r isen to 12,176,000 
tons, of which 2,288,000 was in Canadian vessels. The Soulan~ea 
Canal is 14 miles long, with a rise of 84ft., effected in four locks. 
Commenced in 1 92, it was opened for traffic in 1899, and cost 
nearly £1,400,000. The Lacb.J.ne Canal was oommenced in 1821, 
enlarged in 1843 and 1873, and, as completed in 1901, i$ 8~ IJllles 
long, has 45ft. rise, effected in five lock.", and has c<iSt from lirst to 
last about £2,300,000. 

In the construction of this great waterway many difficult engi­
neering problems have been solved, and ev<try modern improve­
ment has been introdoced ; electricity ba.s been utili&ed in its 
equipment, both for power and lighting, so that nal'igation can 
proceed by night a.s well as by day. For the years 1903·7 the 
canals were decJared ftee of toll~, but it is estimated officially that 
if tolls on the ordinary scale had been collected, the revenue for 
1907 wonld have exceeded £91,000. In these five years the water­
borne traffic of the Dominion inc rea'58d from 9,204,000 tons in 1903 
to 20,544,000 tons in 1907; in tbe same per rod the increase in 
Canadian railway traffic wa.s from 47 ,37:S,OOO tons to 63,866,000 
tons. The official repurter justly remarks that '' the e results are 
exceedingly eocouragmg." 

It wa.s recognised long ago that the utilisation of the waterways 
of Canada from the Great Lakes to the sea would yield consider­
able advantages by facilitating cheap transport of agricultural 
products of the fentle regions from the great .North-West , bott.be 
CanadiiW portions of that territory were then regarded as "a 
great lone land. " Subsequent developments of the corn-growing 
regions of Canada ha ve emphaslSed the value of the water route 
and its ~reat potenti•lit ies. In his "History of Merchant 
Shipping ' (published 1876), Lindsay dwelt upon this point, and 
foresaw tha' if tbe waterways of Canada were made continuously 
navigable, a s truggle for supremacy in over-sea trade must 
arise between New Yo. k and the (;anadian ports of Montreal and 
Quebec. The struggle is 1now in full force, so far a.s the grain 
trade is ooncerned, and it is likely to g r..,w keener. The qnaotity 
of grain passed down the whule length of the St. Lawrence navt­
gabon to Montreal increa.sed from about 450.000 tons in 1906 to 
ti 5,000 tons in 1907, while the quantity carried to Montreal by 
the Canadia.n Pacific Railway wa.s about 387,000 tons for 1906 and 
384,000 toDB for 1907. On the other band, the quantity carried 
by canals in the United S tates to New York fell from 29!,500 toDB 
in 1906 to ;!30,800 tons in 1907. 

An important addition to the Canadian canal system ha.s been 
proposed, and its execution will probably be undertaken when 
great works now in progre...~ have been completed. This route 
extends from Georgian Bay on Lake Buron to the ' t. Lawrence, and 
would utilise Lake Nipissing a.s well as the 1-'rench and Ottawa 
rivers. The distance to be traversed would be 450 miles, less than 
that of the p resent all·water route. On the basis of careful 
surveys it ha.s been eatimtaed that a canal having 20ft. depth of 
water could be oonstructed at a cost of twelve mrllions sterling, 
upon which capital a reasonable dividend could be paid, even 1f 
tbe charges made for t ransport were one-third less thlUl the lowest 
rates of treigbt possible on the United States routes to New York. 
It would, of oourse, be most advantageous to .have the available 
depth of water increased from 14ft. to 20ft., thus making possible 
the employment of larger and deeper draught vessels between the 
Lakes and Montreal. Considerable eoonomies in tJae ratio of 
working expenses to freight earnings would be effected, break of 
bulk in transit to the ea would be avoided, and the oost of trans· 
port greatly reduced. 

The magnitude of the grain trade and il$ growth may bt 

• 

• 
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illuitrated by the following 8gureq tor recent yean :-lo 1897 the 
~in oargoes pused down the W elland Canal to the port9 of 
Kingston and Presoott numbered 37i and represented 515 ()()() 
to~s ; . for 1907 the corresponding figures were 518 cazioes, 
wetghing U ,COO ton,_ As to tha ele\"ators a nd mechanical 
app.liances _fo r handling economically these hoge quantit ies of 
gta~n, nothmg can be sa1d here, a lthough they involve the solution 
o! m~ny diffic~lt. engineering problems, and have been greatly 
s1mplified and unproved as experience has been gained. 

The bulk of the canal traffit", of course, moves eastwards and 
outwa.rd:l from ~e interior provinces. For example, of the total 
q
1 

oanttty of fretgh t (1,60-l 3H tons) paEsed through the whole 
ength of the Welland Canal in H07. about 76 per cent. moved 

ea.&twards, and more than 62 per cent. of the 2,100,000 tons which 
pas.ied through the St . Lawrence canals moved in the same 
direc tion. 

HlPPlNO o:s TRE GREAT LAKBS. 

C&:nadian shipping ~nd shipbuilding on the L!lkes bav11 made 
con.etderable prog_rus tn recent years, ahhougb t.bey do not rival 
t hose of the Um t.ed S tates. According to authoritative state­
ments, there were not twenty Canadian steamers engaged in the 
transport of grain fifteen years ago ; only three of these were steel 
built,_ and the larl(est carried on.y 90,000 bushels. The total 
carry1ng ca~acity of Canadi~n.grain·carriera at the present time 
has been es~tmt?:ted at ten mtlhon bu~~e_ls, and the capital invested 
tn the tieet IS sa1d to be about three millions sterling. Between the 
harvest and the close of navigation in winter it is estimated that 
no less than six ty million bushels of grain can be mo\"ed from port 
to port in Canad ian steamers. 

Many special engineering features have been introduced into 
the structures and equipment ot the e Lake grain-carriers. They 
a re really huge s teel barges of full form, of uniform cross~ection 
for a cvnsiderable P?'tion of thei r length, and they possess 
enormon<~ cargo ~pactty, moderate. e~iue power and s~ed, with 
structures of a s1mple natlU'e whtcb can be largely standardised 
an~ m!'d~ to resemble bridge ~ns_truction rather than ordinary 
sh1pbuildtng .. They can be built 1n a thort time, the largest 
vessels occnpytng a bout folU' months in constr uction. In this way 
the cost of construction is cheapened, but the rates for labour and 
mats~i~ prevailing in the L1ke shipyards are so high relatively 
to Bnhsh costs that at present these grain carriers are said to cost 
about 40 l>Or cent. more (per ton d eadweigbt carried) than the 
cost of ord1nary "tramp •• s teamers built in Great Britain. Their 
ho~ds and hatcb:ways are a rranged so as to facilitate the rapid 
ah1pme~t and ~tscbarge of ca~oes. At th?ir po_rts of call special 
mecbarucal appliances are provtded for d eahng With cargOdS, most 
of which consist of grain, o re or coal. 

In the design ~nd construction of these cargo-handling a ppli· 
ances the mecbantcal engineer has d ispla yed ~treat ingenuity, and 
the results obtained in rate of shipment and d ischarge of cargoes 
of grain, ore and coal are remarkable. Cases are on record where 
Ves38la .carrying 7000 tons dead weight have been loaded in four 
hours and discharged in ten hours ; more than 5000 ton~ of ore 
hav~ been discharged in abont four hours. The dra ug ht of water 
of the stcVtlers must be kept within moderate limits and the 
breadths of the lock'! are moderate, so that increase in carrying 
power must be chielly obtained by increase in length ; con­
sequently, as individual cargoes are increased, a greater number 
of lifting appliances can be brought to bear simultaneously, and 
the rate of loading or discharge can be maintained o r accelerated. 

The season of navigation extends over onJy seven or eight 
months in the year ; consequently, "quick despatch " is essential 
to success. A large vessel of this class has the following approxi­
mate dimensions : - Length about 600n.; breadth, 58ft. to 60ft.; 
depth, 32ft.; d rangbt of wat~r, 19ft. to l~ft.. when carrying 
10,000 to 11,000 tuns of cargo; corresponding displacement, 
16,000 tons. The engines of such a ship develop about 2000 horse­
power , and drive her at eleven to twelve s tatute miles per boo r in 
fair weather. The large r.ize and moder.&te speed result in very 
economical conditions of working, and \be fre ight rates are 
exceedingly low. From official returns it appears that for these 
rleadweigbt cargoes the freight per ton-mile aci"'8S the Lak es is 
from .04 to .05 of a penny per ton-mile, the corresponding railway 
rate being about t.en times that a mouot. The multiplication of 
this type of vessel on the Great L!lkes is a proof that it 
sati3factorily folfi s the conditions of service. Similar vessels 
would not be well adapted for ocean work, which demands greater 
structural stteogth, different proportion!', and a more liberal 
equipment ; bat shipbuilder<! generally may benefit from a study of 
the Lake steamer@. 

Toe greater p:>rtion of the t raffic on the Lakes passes through 
the " Soo" canal!'. The voyages are comparatively short, the average 
length of the trip being about 840 miles. Consequently, indi· 
vidual veesels make several pa.."88ges during the season when 
navig.toion is open, and the total number of pusages, as well s s 
the total aggregate ~noage of the shi~, reaches very.bigb figures. 
In the seuoa of lOOt. for example, when the canals were opan less 
than 240 days 20,.j.lQ vessels-counting as a vessel each ~e­
witb an ae;greg.&te registered tonnage exceediog H milhon tons, 
passed tbrongn tbe United States and Canadian canals at the l:ioo. 
The aggregate freight tonnag~ carried n ceeded 58 million tons, 
the weight of coal approached 11~ million tons, the iron ore 
carried weighed 39,600,000 tons, and the grain trallfpor ted 
a mounted to 136 million boshels. T he conditions of the Suez 
Canal are, of coD~»e, entirely different, as vessels passing through 
a re engaged on long voyages, and ind i•idnal sbips make few 
passages 10 the year. On the other band, Suez Canal traffic pro· 
Cileds unin terruptedly throughout the yea r

1 
whtle the Soo canals 

are closed during the winter months. Subject to these difference<~ 
in working conditions, it may be of interest. t o state that in 1907 
4267 veesels of 14,728.000 tons passed throucrh the Sou Canal, 
and paid traru.it dues wbicb amounted to £4,460,000, wherea.s the 
passage of the Soo can&la wu.s free. 

THE ST. l..AWRRNCE SHIP CBANNRL. 

Closely a:lied wi• b the waterway from Montreal to Lake Superior 
is the improvement of the channel of the St. L"\wrence from Mon· 
treal to Quebec and beyond towards t he sea. F rom the Srrnits of 
Belleisle t.o Mt ntreal the distance is 9 6 miles ; from Quebec to 
Montreal it is 160 miles. Formerly the minimum depth of water 
between Qoebec and Montreal prevented tbe passage of vessels 
drawing more than lOft.. to 12ft . d u ring the greater part of the 
season of navigation. J n 1826 the q uestion of d eepening the river 
channel was raised ; in 1844 the wor k was begun, bot was aban­
doned three years later; in l 51 it was re•umed, and has ince 
been continued. In 1869 the minimum dep th of the channel at. 
low-wat.er was increased t.o ~ft..; in 1882 it \\"as 25ft.; in 1888 
27~ft. for 108 miJe3 from Montreal to a point within tidal infiuence. 
A channel having a minimum width of 450ft.., and 550ft. to 750ft. 

Mini· Estimated - Length. mum llinimum breadth. ex ea ,·atioo. 
depth. 

miles. rt .. ft.. cubic yard& 
uea Canal .. 100 29~ 100 (bott.oru) -• • •• 

p a.oama Canal 49 41 i :W ~mini.mum) ~ Wl,COO,OOO . . .. 500 maXUDum) 

s t.. Lawrence Obannel 2al• 30 450 ~minimum) 70,000,000 1000 maximum) 

• ~njrtb of chllOJlel requiring improvement. demands dredging and 
u c:watio.o over a length of about 70 mUes. 

wide at tho bends, wtth a minimu m depth of 80ft., was completed 
i n 1906 from Montreal to tide water at Batiscan. Certain work 
remains to be done between this point and Quebec in order to com· 
p lete the projec t adopted io 1889 and amended in 1006, but it is 
anticipated this will be finished in about four years. Below 
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Qoobec tbe channel is l OOOft. wide. When once dredged it fa 
stated that the channel remain& {>t'J'tnanent. Accidents in the 
channel aro f~w. Tb., snperinteodtog engineer, in his l<eport ~f 
July, 1908, indicates the magnitude of the work done by CO';'Dpart· 
son~ with the Soez and Panama Canals, the figures etanding as 
in table. 

In 1844 the largest vessels navigating the St. Lawrence to Moo · 
treal were of 500 tons ; now the Yirginian and Yictorian, of the 
AUan Line (12,000 tons), and the Laurentic and Megantic, of t he 
White Star Line (15~000 tons), proceed to that port, an~ ha_ve 
made the pasmge f~ Qubtc in less than ten hours. Ordtnan ly 
this pas~e occupies eleven to twelve boors, the return passage 
being made in nine to ten hours. 

In the execution of these great works a specially d esigned 
dredging plant , ioclurling several types, has been employed, and 
works about se,' eD mon tbs in the year, and the rllCk d redging and 
blasting in the sect ion below Quebec ha involved g reat difficulty. 
The total amount of rook tll be removed amounted to 1,700,000 
cubic yards, extending over nearly three miles, and the whole 
bot tom was covered with huge bou•ders, ~ome of which were 30 to 
40 tons in weight.. 'l'bese great masses had tn be lifted before 
blas ting anrl d redging w11s done. During the fiscal year 1907 8 
the ecpenditure on d redginp: plant and dredging was nearly 
£132,000, and 4,832,000 cuhic yards of material were removed. 
At the close of that year 56 millions of cubic yards out of t he 
es timated total of 70 millions bad been d redged ; the length com· 
pleted to 30ft. minimum depth was 59 miles out of 70 mi.!es. 
These facts indicate 1 be advanced condition of the undertaking, and 
the prospect of its completion at. an early date. 

I n ordtr to secure the safe and continuous navigation of this 
channel by night as well as by day, under all conditions of weather , 
duri.ng the season when the nver is open, every precaution and aid 
wbicb engineering s kill and in\"ention can prov1de has been laid 
under contribution. A marine signal service with telephonic 
equipment has been provided ; submarine bells have been esta· 
blisbed for use in f.,ggy weather ; a comflete sy-tem of booys and 
lip:hting has been installed ; the channe is periodic9.lly examined 
and swept to ensure that there are no obstruction~ ; the question 
of prolon~ation of the eason for navigation by the use of ice­
breakers ts being studied. Tbe harbour of Montreal has been 
greatly improved in accommodation and £quipmeot, and t he aggn· 
gate tonnage, ns well as aver.age size of sea-going '"essels, using the 
port have been much increased. I n 1 98, 868 such v~osel9 agg re· 
gating 1,584,000 tons arrived at Montreal; in 1907, 742 vessels 
aggregating 1,926,000 tons arrived. Of the latter, 522 v~.:sels 
aggregating 1,52.'i,OOO tons were British. At the St.. Charles 
Dock and Wharvee, Quebec, in the Eeason of 1907, 235 vessels of 
1,009,000 tons were entered inwardP, and 67 vessels of 249,000 tons 
outwards, the fi rst outward steamer leaving on April itb, and the 
fi r st ocean steamer a rriving on Apri l 26th. The last arrtval from 
the sea was on December 9,h, and t.be ice formed in the tidal 
basin on December 12,b. 

Still far ther improvemen ts of the •t.. Lawrence navigation are 
now proposed, and the work was commenced in 1907. It is 
intended to increase the depth of the channel to a minimum of 
35ft.. from tbo sea to Montreal, and the superin teoding engineer 
reported in 1908 that wi th certain moderate adctitions to the 
dredging and steam plant this work could be completed in six 
seasons. The widths and carves of the existing channel will not 
require any important change>!, as they were d esigned from the fi rst 
for the largest classes of steamships. When this increased depth 
has been obtained Montreal as a port will have an a pproach 
channel comparing favourably with that of other ports available 
for transatlantic traffic. At Southampton tbe existing depth at 
low water in the approach channel is about 32ft., and it ie proposed 
to obtain 34ft.. At Liverpool the minimum d opth at low water 
over the bar and io the approach channel in the Me~ey is a bout 
28ft.. The Ambrose Channel leading to New York is to have (Oft. 
depth at low water when the works are completect. Ample depth 
of water is of the fir.at importance in the economical working of t he 
largest and swiftest ships, and the Canadian Government has been 
well-advised in deciding to carry out the great scheme above 
described. 

WATBR·POWER. 

Canada has unrivalle d resources in water-power, and its extent 
and possible utilisation have been made the subject of investigation 
by engineers for many years past. One of t he most impor tant 
memoirs on the &ubjec t was presented to the R oyal Society of 
Canada in his p resir.Jeatial address of 1899 by Mr. Keefer, C. M.G. 
l n recent times many other engineers have s t.ndied the subject and 
carried out important works. Exact knowledge of the total power 
repreeeoted by the waterfalls and rapids of t he Dominion is not 
available, nnr can any close estimate be made of the power which 
may be employed hereafter in f•ctories, mills, or industrial 
processes, because profitable employment obviously depends upon 
commercial consideratio~, which muat be governed largely by the 
locali ties in which water -power may be fou nd, and tbe cost of 
works and of t ransmission of energy to places where it can be 
utilised. It has been estimated that on the line from Lake 
Superior through the chail\ of lakei and rivers leading to Niagara 
and thence thronjlb the t.. Lawrence to the sea ele,·en millions 
borse·power may be de•eloped. • Mr . Laogelier has estimated 
that in the Provtnce of Quebec the water-power aggregates more 
than eighteen million!! horse-power ; other provinces all possess 
large resources of the Ea rue kind as yet untouched. The most 
stnkiog example of the utilisation of water-power is that on the 
Niagara River, which the writer bad the ~ood fortune to visit in 
1904 d uring h is Presid ency of the Institnt1on of Civil Eogineers ; 
the wor ks on the Canadt"n side were then in full progress, and at 
a stsge which enabled one to realise completely their g reat 
d iffico1ty ancl immense scale. The three companies whose worke 
are near the Falls on the Canadian side have provided for a total 
ultimate d evelopment of over 400,000 horse-power, and a fourth 
establishment lower d own the river , intended chiefly for the use of 
Hamilton, is to develop 40,000 boree-power. In the couatruc tion 
of the works, in the electr ic generating plant, the arrangements 
for transmitting power over long dietances, and other featuree of 
im portance, remarkable eng ineering ekill aod daring have been 
displayed. American capital and enterprise have bad much to do 
with these undertakingtt, as they have with many other impor tant 
Canadian enterp rises ; but it may be hoped that BJitish capital 
will keep its le.'\d and be freely employed in the development and 
utilisation of all the resources of the Dominion, including that 
mag nificent asset its water -power. The a pplications of wa ter ­
power are already very numerous, including not merely the 
creation of electrical energy and its use for lighting and power in 
towns and factories aitnat.ed at con~iderable distances from the 
Falls, but for manufactures and industrial processes carried on 
near the Fallt. Amongst these manufactures, that of a luminium 
a nd carbide of calcium may be mentioned, while paper and pulp 
mills and saw mills constitute important industries. Great 
advances have been made in the transmietion of electrical power 
over long dietances, and very high pressures are being ll!ed. 
Electric t raction on railways and tramways a lso derives its powe r 
from the tame sources, and is being rapidly developed. In 1901 
there were 653 miles of electric ra ilways, and in 1907 815 miles. 

( To /)( COittilltud. J 

IT is stated in the Industrial World that the Pittsburgh 
Department of Public Works bu prepared plans for a reinforced 
concrete b ridge in that city. The structure will be 630ft. loUJ.. 
with a roadway of 60ft.. ! and lOft.. sidewalks. 'l'he main span will 
be 300ft.. , and will stana 115ft.. above the boulevard. 

• Tbs l ime1 F irWJnt(s l :Npplement, April 2nd, 19.:6, contains a valu· 
able article on thls eubject, from whioh many of the abo,·e figure &re 
taken. 
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THE moN, COAL, AND GENERAL TRADES 
OF BIRMINGHAM, WOLVERHAMPTON, AND 
OTHER DISTRICTS. 

(Ft1nA CNr 011m Oorr~) 

Pig Iron Revival. 
TaR revival in the pig iron trade of this d~trict con· 

tioues, and most producers of raw material a~ now m a strong 
position, and refuse to enter into forward commitments ezc.ept . on 
terms con iderably better than those current for prompt deliven~. 
Prices of all brands are fi rm, and on 'Change t.o-day (Thu':8day) 1n 
Birmingham the expectations noted last week that the Improve­
ment will develop int.o a good autumn ~rad~ w~re repeated. . <?C?n· 
sumers of raw material have been covenng, m vtew of the posstbtlity 
of a further advance in prices, and t.o-~ay some further ~ood orden1 
were placed at enhanced rates. P n ces ;were fully 6d. ~r ton 
dearer on the week, and in some cases an increase of l s. tid. was 
named , but in these latter instances the figu res quote~ ma_Y. be 
ta~en rather as an indication of t he strength of makers pos1tton 
than as an actncll business figlll'e. Derbyshire forg~ iron !''as 
quoted 50&. per ton; Northampton forge iron, 47s.; Lmcolnsh1re, 
5ls.; South Staffordshire part-mine iron, 49-i: IX!· to 503. ; and 
common forge iron, 46s. 6d. North Sta1Jordsh1re. trOD was "'.or th 
about 50s. There was some stiffening of q uotations for ta~ord · 
shire all·mine and cold-blast qualities, bot no actual change IS at 
present announced on the former figures of 803. to ls. for best all · 
mine and llOs. cold-blast.. As the market closed to-~ay some 
brands of both "ta1Jordsbin and Midland pigs were wtthdrawn. 
It is not at all unlikely that p rior to the 9ctober q_narterly meet· 
ings all-mine iron will be pot up-at least, if the rent"al holds. 

Manufactured Iron Outlook. 
Finished iroumastere attempted t.o-day in Birmingham to 

get some advance on rolled iron to compensate for _the dearer 
situation in raw material, but they were successful 10 onJy few 
instances. Should the returning confidence in the pig market be 
continued, however, manufactured iron consumers here must soon 
have to concede better values, particularly now that Scotch and 
Clet"elaod pric'liS have adt"anced 5s. to 7s. 6d. per ton. Unmarked 
bars were £5 lis. 6d. to £ 6, second grade marked bars £i, and 
best ditto £8 per ton. A fair number of inq uir ies have come to 
band recently in connection with the renewal of bar contracts, but 
sales for early delivery have not expanded to any large extent. 
Hoop iron is still £615s., and rivet iron £6 15s. to £ 7. 

Galvanised and Black Sheet Trade. 
Black sheets for galvanising and merchant purposes show 

little improvement, a nd makers are pressing for orders at 
£7 2s. 6d. for 24 w.g. sheet!!, though £i 5s. is sti ll maintained as a 
nominal quotation. beets of 2C w.g. are £ 7 and £7 2s. 6d , and 
27 and 28 w.g. £7 15s. to £7 lis. 6d. Galvanised sheets continue 
the subject of severe inter nal competition amongst the makers, 
associated and non-associated. The Welsh and other coast firms 
are carrying off the bulk of the orders; £10 10s. to £11 and 
£11 5s. are regarded as the general quotations of the market for 
doubles f.o.b. Liver pool or equal-distance out ports. ~e 
London expor ters in particular, bowe,·er, declare that they w1ll 
not give £11, and they call it an " absurd " price in the present 
severe price-cutting situation. The present position of the indus· 
try is a most unenviable one, and no one can tell bow the war of 
competition will end. 

Tube Strip Prices. 
T he long depression has been very t rying to makers of 

gas strip, and the slackness of trade lends cololll' to some of the 
statements which are frequently made in connection with the Gas 
Tnbe trip Association. It has been suggested that though an 
official m1nimum has been in existence, members have derised 
means of evading it, while in other quarters it has been asser ted 
that no bard-and-fast minimum was arranged. It is now once 
again reported that a reduction of 53. has been declared, making 
the t>rice £ 6 per ton, less 2~ per cent., and it is also aaid that for a 
coUStderable time past members of the Association have been 
accepting business at £ 6, less 2~ per cent.. These statements have 
been officially denied. Unassociated makers, however, have been 
selling at less than £ 6 per ton for a long time, and the general 
belief of the market now is that the combination fi rms have also 
been authorised to d o so. The great trouble in this trade is, of 
course, Belgian competition and the fear that is entertained of its 
renewed outbreak. So long as this trouble threatens native prices 
are certain to be easy a nd open to manipulation by buyers. Wisely 
enough, the Staffordshire makers are determined to keep out the 
Belgians at any cost. 

Steel Trade. 

. Crude s~e.l is firm at the t>rices lately stated. There 
IS rather more actiV1ty as ~ards sections, but values remain un· 
changed. Bessemer sheet bars are £ 4 12;. 6d. for Bss;emer to 
£4 15s.. fo r Siemens. The advance of 5.s. per ton this week in s teel 
platrs 10 the West of Scotland and on the Xorth-East Coast is 
received with much satisfaction by local steel makers, who con· 
clnr;l~ that by lessenin~ the severity of Scotch and Cleveland com­
petition t he advance will strengthen Midland prices. Staffordshire 
mild steel bars are quoted £ 6 7s. 6d. to £ 6 l is. 6d., angles £5 103. 
to £.5 15s., girder plates £5 His. to £5 17s. 6d., and boiler 
plates £7. 

NOTES FROM LANCASHIRE. 
(Fr<m O¥r o- OmTapondn&t.) 

MANCHRSTER, Thursday. 
Sharp Advance In Pig Iron. 

TH& predictions of the past few weeks with regard to pig 
iron have been mor~ than verified by the advances of the past few 
days. Up to Fnday th~y seemed to be confined mainly to 
warran~, b~t nn~?r the .~n8uence. of strong American advice$, 
somethtng hke a boom has set m , not onJy in this centre bot. 
throttgbon_t the country generally. This is not confined td one 
br~d of trOD, bot all classes have participated, and a good trade 
dunng the autumn seems now to be assured. There was a good 
attendance on the Iron Excb8Qjle on Tuesday and the under 
current wM admi~dly a~ng. P rices advanced' rapidly, .Middles­
brough ~nd hematite taktng the lead. Lincolnshire on F riday 
was offictally advanced 6d. per ton, but merchants held out foe 1&. 
an~ even ls. 6d. ~ freely talked of. Derbyshire and Stafford ~ 
shtre followed swt, although, perhaps, not to the same ntent.. 
0~ the month the followit;tg advances may be noted :-Lincoln· 
sbu e , 23. 6d. ; taffordsh1re, 2s. to 25. 6 j . · Derbyshire ls. · 
Middlesbrough, 2~. to 2~ 6d. cotch : G~tsherrie., la.' 9d.; 
Glengarnock, l s. 6d.; EAilinton, l s. to ls. 6d. ; Dalmellington ls. 
to l s. 6d.; W e~~t Coast hematite, 23. 6d. · Em Coast ditto la.' 6d 
!-<> ~ 6d. per ton. Forge iron appea~ to have been i~ bette~ 
tnqutry, and cloeea about 2s. to 2t. 6d. per too higher 0 0 the 
month. 

FlnJsbed Iron and Steel. 

There is no chan.ge to note in the first named although in 
steel and s teel products the feeling is strong. The Scottish 
ad\'&nce, ho~ever, has not been followed here, although it is 
stated there ts an upward mo•ement in marine boiler p latee. 

Copper, Sheet Lead, and Tin. 
1'ough ingots higher, but manufaotur.d unchaopci, 
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Sheet lead : E118ier. 'l'in : .l!:nglisb ingots again dearer by about 
£.2 per ton. 

Quotations. 

L~ncolosbire, No. 3 foundry, quoted 54s. 6d. to 55s.; 
Staffordsbtre, 63s. 6d. to 64s.; Derbyshire, 53s. 6d. to 54s.; Mid­
dlesbrough, open brands, 603. to 90s. 4d. Scotch: Gartsberrie, 
60s. 6d. to 603. ~d.; Gleogarnock, 60s. 6d.; Eglinton, 59s. to 
59s. 6d. i Dalmellington, 58s. 6d. to 59s., delivel'ed Manchester. 
West , Coast bematite, ~ls.; E&qt Coast ditto, 57s. 6d., to 
6&. Bd. both f.o. t. Dehvered Heysbam : Gartsherrie, 58~ 6d. 
to 58s. _9d.; Glengamock, 58s. 6d. ; Eglioton, 57s. to o7s. 6d.; 
Dalmellington, 56s. 6d. to 57s. Delivered Preston> Gartsberrie 
59s. 6d. to 59s. _9d.; Glengamock, o9s. 6d.; Eglinton, 58s. t~ 
58s. 6d.; Dalmellington, o7s. 6d. to 58s. Fini~bed iron: Bars, 
£.6 10,.; hoops, £.7 12s. 6d.; ~beets, £.7 15s. to £.8. Steel : Bars, 
£.6 2s. 6d. to £6 5s.; Lancashire hoops, £7 5s.; Staffordshire ditto, 
£6 17s. 6d. to £7; sheets, £.7 17s. 6d. to £.8 · boiler plates 
£.7 ~ 6~. i plates for tank, girder, and bridg~ work, £.6 os.'; 
English billets, £.4 12s. 6d. to £4 15s.; foreign ditto, £.4 10s. 
to £4 12s. 6il.; cold-drawn steel, £.9 5s. to £.9 10s. Copper : 
Sheets, £.72 ; tough ingot., £63 ; best selected, £.63 per ton. 
Copper tubes, 8~. ;_ brass tubes, 6~d. ; <:ondenser, 7~d.; rolled 
bnr.ss, 6td.; brass Wire, 6~d.; brass turmng rods, 6~d.; yellow 
metal, tid. J>6r lb. Sheet lead, £.16 15s. per ton. English 
tin ingots, £135 10s. per ton. 

The Lancashire Coal Tra de. 
There was _a better attendance on the Coal Ercbange 

than usual, but ow10g to the open weather, and the Lancashire 
holidays, actual business continued dull. There is no change to 
report in either demand or official quotations. 

Hematltes. 
BAJlROW-TN·FUBNBse, Thursday. 

The improvement in the hematite pig iron trade referred 
to last week has been further demonstrated, as not only has the 
demand from several sources increased, but buyers have been 
makinft inquiries for fuller deliveries at forward dates, a good in­
dication of their idea that before many weeks are over there will 
be a bigger trade done at fuller prices. Indeed, prices which 
began to move last week have shown a further upward 
tendency this week, and now makers are quoting 61s. to 
62s. for mixed Bessemer numbers net f.o.b., and warrant 
sellers are asking 59s. 9d. net cash, buyers 59s. 6d. There 
is much more business in the hands of makers, and they are 
prepari~ to put additional furnaces in blast. Two furnaces at the 
'olway Works, belonging to the new Cumberland combioat.ion, 

are to be lighted at once, and it is probable that other furnaces in 
the Furness district will shortly be put into operation. A better 
business is being done in special hematite iron, and makers are now 
quoting up to 63s. for this high graded metal. Several of the 
makers of iron have taken up the work of mal..-ing special hematites 
according to specifications supplied. Only the best of raw material 
is used for this purpose, and it is believed that, in future, those using 
this class of iron for purposes· in which the most reliable ar~icle is 
essential will prefer to specify what they want now that they know 
they can get it. Ferro-manganese is selling better, and there is a 
good trade in spiegeleisen. Iron ore is in better inquiry, and the 
best classes are most sought after. Prices range from lls. to 
17s. 6d. for ordinary and best net at mines. 

Steel. 
There are much better prospects in the steel trade, and 

the rail mills are better employed than they have been of late, and 
orders are coming in more freely. There is also the f.rospect of a 
revi\'al in the demand for '3teel shipbuilding materia . Prices are 
som11what higher, in harmony with the advance in the price of iron. 

Shlpbulldlng a nd Engineering. 
Shipbuilders are quoting for some new work which is now 

in the market, as they are ~&oxious to ~et orders to keep their 
works going during the winter months. Prospects for next spring 
are satisfactory. Engineers are short of orders in the marine 
department. 

Shipping a nd Coal. 
More acti\'ity is shown in the shipping trade. The 

exports of iron and steel last week from West CoMt ports were 
15,297 tons-7728 tons of iron and 7569 tons of steel-as compared 
with 8930 tons in the corresponding week of last year, an increase 
of 6367 tons. The ag!lregate of expol'ts to date this year halt 
reached 390,129 tons, compared with 320,620 tons in the corre­
sponding period of last year, an increase of 69,509 tons. Coal and 
coke are firmer and in rather better sale. 

THE SHEFFIELD DISTRICT. 
(From our 010n Corrupond.ent.) 

The Coal Trade. 
A to demand, the coal trade at the present time is verr, 

active, but, unfortunately, the difficulties arising from "Feasts, ' 
the Eight Hours Act, and pit boys are affecting adversely the 
working at the collieries. T here is considerable unrest as to the 
results of the working of the Act in particular, the men not earn· 
ing what they think is sufficient money and the new arrangements 
necessarily causing some friction. Bameley is the '• head-centre " 
of the "Feast" institution, and the holidays extended from last 
Saturday to Tuesday night, in some instances a little lo~er. 
Advantage is now taken of this holiday time more largely than 
used to oe the case for going to the seaside, the different railway 
companies encouraging the colliers' exodus by liberal inducements 
in the way of travelling facilities. 

House and Steam Coal Firm. 
Though the absence of householders at the seaqide and 

other resorts naturaiJy tells upon the call for coal, business con· 
Unues steady, and stocking orders are freely forthcoming, mainly 
for the higher grade qualities. Rather less is being done with 
London merchants, deliveries on contract account showing some 
shrinkage, due, no doubt, to the holiday in6uence. Qoutations ar ~ 
maintained for best Barnsley at ll s. 6d. to 13s. per ton at pit; 
secondary descriptions from 10s. to lls. per ton at pit. Steam 
coal is as actively inquired for as ever, the briskness in shipments 
being expected to continue to the end of the season. For the 
last week or two the weight forwarded from Hull has not been 
equal to that for the corresponding week of last year ; but this 
has been largely due to the lessened quantity sent to Sweden 
during the industrial trouble there. Now that this is settling 
dowu, the return will, no doubt, soon begin to show different 
results. The last issued, howe\-er-for the week ending 17th 
.August--shows the coal exports from Hull to have been 68 196 
tons, compared with 85,698 tons fo>r the similar week of 1908. 
Cronstadt again resumes fi rst place in the list with 11,022 tons, 
Rotterdam coming second with 7999 tons, and Hamburg third with 
6586 tons. 

Small Coal and Coke. 
The better qualitiel\ of small coal keep in good demand, 

and value'3 are fully maintained. In coke the hardening ten­
dencies noted last week are still evident, and values are firmly 
maintained at the advanced quotation'3 then given, best washed 
coke making from lls. to lls. 6d. per ton, unwashed lOe. 6d. to 
}le. per ton. 

THE ENGtN:rn:rnR 

Iron- DerbYshlre agaJn Advanced. 
Producers of pig iron are asking higher prices than havo 

been ruling for ~me weeks back. This is rather in consequence 
of a more hopeful feeling in t rade than owing t o actual demand, 
though there has been increased buying for local purposes, more 
especially in hematite, cf late. Supplies wanted for forward 
delivery can only be obtained at an advance of ls. to 2q. a ton. 
For Lincolnshire the official quotations remain, but prices are 
stiffening, and makers are not disposed to sell freely even at pre· 
sent quotations, believing that before long, as t rade improves, 
better values will be obtainable. Lincolnshire, No. 3 foundry, 
50s. 6d. per ton ; No. 4 foundry, 49s. 6d. per ton ; No. 4 forge, 
49s. 6d. per ton ; No. 5 forge, mottled and white, 49s. 6d. per ton ; 
basic, 5(h. 6d. per ton net, delivered in Sheffield and Rotherham. 
Derbyshire irons are advanced another shilling a too, No. 3 
foundry being now 5ls. per ton, and No. 4 forge 50s. per ton net, 
delivered in Sheffield and Rotherham. 

Ba r s, Hoops, and Sheets. 
Quotations unaltered. Bars, £6 lOa. per ton ; hoop!!, 

£7 10s. per too ; sheets, £8 l Os. per ton. 

The Heavy Industries. 
There is nothing fresh to report in the steel trade, which 

continues languid for all markets, at home and abroad. lt;ngineer­
ing establishments are still inadequately employed, and will 
remain in that condition until there 1s greater activity on the part 
of railway companies and shipowners. A hopeful sign in the latter 
direction is the report that more vessels are being employed. The 
strike in Sweden is practically over, and its effects have not been 
felt much, except by several fi rms who are large users of Swedish 
iron, and even these, having considerable stooks, were only tem­
porarily inconvenienced. Du.ring the past few days paragraphs 
have appeared in the papers with respect to large orders from the 
British and other Governments ghen, or to be given, to the 
Coventry Ordnance Works, Limited. These would be very welcome, 
both at Coventry and at Sheffield, where the firms of John Brown 
and Co. and Cammell, Laird and Co. are much interested as the 
principal proprietors. The work would, no doubt, be of a heavy 
character, and provide a considerable amount of employment to 
tbe Sheffield works in the early stages. The order recently placed 
in Darlington for 500 40-ton all-steel bogie freight wagons for 
Argentina is of considerable importance to this district in these 
times of small orders and simple replacements, and, it is antici­
pated, will add materially to the requirements of several makers 
of a:des, tires, and springs. 

Colliery Development In South Yorkshire. 
Sinking operations are to be begun, within about a 

month's time, at a new colliery at Thorne Moore, three miles from 
Thorne. I t is expected that the famous Barnsley bed of coal will 
be found to be 9ft.. thick, and of rich quality; but it will not be 
reached until at a depth of 920 yards. Messrs. Pease and Co. are 
the owners, and Messrs. J. Eaton and Son are the sinkers. 
Messrs. Eaton sank the new pit at Bentley, nearer to Doncaster, 
where the Barnsley bed was re!Whed at a depth of 623 yards. 
The two shafts for the new '!'borne colliery will each be 2'2ft.. in 
diameter inside the walling. It is estimated that when coal is 
reached, and operations are in full swing, there will be work for 
between 3000 and 4000 employ€s, and that an output of 4000 tons 
a day will be obtained. 

Derwent Valley Waterworks. 
Mr. 0. B. Steward, clerk to the Derwent Valley Water 

Board, has issued a report showing the progress of the works. 
The period covered is the three moatbs from March to June. At 
the Bole Hill quarries 271 men are employed, and up to the lOth 
of June 1,071,712 tons of stone had been obtained. At Bowden 
reservoir 443 men are engaged, anri on the Derwent dam 332. 
The work at both these places is proceeding satisfactorily. The 
Howden dam will be 1080ft.. long, and the reservoir ll miles in 
length, its capacity being 1886 million gallons. The Derwent dam 
will be lllOft. long, and the reservoir l f miles \ong ; its capacity 
2000 m.illion gallons. All the other works are making satis­
factory progress. The population of Birchinlee is 949. With 
regard to tbe afforestation of the catchment area, the 32 acres 
authorised by the Board have been completed, and the engineer 
has been authorised to proceed with the planting of a further area 
not exceeding 50 acres. The total number of workmen engaged 
on June lOth was ~025. and of these 1088 were in the direct 
employ of the Board. The cost of the works to June has been 
£2,434,619 9s. lld. 

NORTH OF ENGLAND. 
(From our 01D7l Oorrupondent.) 

Clevela nd Pig Iron. 
QUIT& a little "boom " has eprung up this week in the 

iron and steel industries of this district ; buying in several branches 
has been brisk, and advances in pricee the order of the day. The 
tone was altogether optimistic, and buyers have been much keener 
to operate than the sellers. The former wanted to purchase for 
delivery a long time ahead, but sellers ilid not want to commit 
themselves too heavily in the face of a rising market, the rise 
being due as much to an increase in legitimate trade as to an inliux 
of epeculation. Evidence is accumulating of the improvement in 
trade, and there appears to be a general upward movement, it 
being aa noticeable in the fini,hed as in the p1g iron branches. A 
large business has been done during the last few days, and the 
price of Cleveland warrants t.ouched a higher figure than has been 
known since last October-5ls. 4~d. cash buyers, that being ls. 3d . 
advance in a week, 2s. advance since the present month 
commenced, and 6s. 4~d. rise from the minimum of the current 
year, that being reported about the middle of March. lt is 
said that the outside public have come in to speculate in warrants, 
and on Wednesday some of the operators were endeavouring to 
take their profits, which ection rather weakened the price; in 
fact, at tbe close of the day buyers would give only 50s. lld. 
cash. Makers of Cleveland pig iron have improved their posi­
tion considerably this week, and have sold No. 3 somewhat freely 
up tools. 3d. per ton for early delivery, but Wednesday's quota­
tion was at 51s. for prompt and 61s. 9d. for delivery up to the end 
of the year. No. 1 has riSen to 53s. 6d., No. 4 foundry to 49s. 9d., 
and No. 4 forge to 49s. 6d. per ton, all for prompt delivery. 

Hematlte Pig Iron. 
Producers of East Coast hematite pig iron have waited 

long for a revival of their t rade, and have had a very bad time 
during the last two years, but now a genuine and general 
improvement has come with a rush, demand having become very 
active all at once, and a substantial rise in prices has at last to be 
recorded. In the main the welcome change has been brought 
about by the improving condition of the shipbuilding industry. 
Consumers aod merchants have a.rrived at t.he conclusion that the 
time to buy has come, and that if they wait they will have to pay 
higher prices. Very good orders have therefore been distributed, 
and more could buve been secured if the makers bad seen their 
way to sell freely ahead, but tbey do not want to commit 
themselves too heavily in face of a rising market. At the close of 
last week mixed number s of East Coast hemati te iron could 
readily be got at 55s. 6d. per ton for early delivery, that 
being 6d. per ton above ,the price that had ruled for weeks, 
but now fully 57s. 6d. must be paid ; indeed, it is regularly given, 
and 57s. 9d. and 58s. hM been forthcoming for prompt 
delivery, while 60s. is asked for the first quarter of next 
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year. This iis a sharp rise, and yet quotations are still 
relatively cheaper than those of Cleveland pig iron. ¥akera ~f 
hematite pig iron are tbia week in big~ spirit!!, _and certa1nly ~he1r 
position Is considerably better than 1t was; mdeed, some ll'OD· 
masters are ahle to choote their customers. No. 1 for early 
delivery is at 5Ss., and 1\·o. 4forge at 57s. The sellers of fore!gn ore 
have lost no t ime in advancing quotations, and do not g1ve the 
iron producer much opportunity of_ securi~ profits. _O~e has Ion~ 
been too dear compared with the pnoes reah:s1ble for p1g 1ron. Th1s 
week the price of Rubio ore has been advanced f rom 16!'. 3d. to 
17s. per ton by most merchant!!, and some are asking 17s. 6d. p~r 
ton c.i.f. Tees. Likewise the sellers of coke have run np the1r 
pricE's, and quotations indeed are somewhat erratic. Some are 
asking 17s. per ton delivered Middlesbrough furnaces, but the 
general price is 16s. per ton, an advance this month of fully 6d. 
per ton, and this with the ri&e in ore absorbs almost all the extra 
that is being obtained for hematite pig iron. 

Stocks of Plg Iron. 
If statiatiC8 had their nsual inHuenctt on the market the 

prices would be dropping instead of rising, for it must be acknow­
ledged that the fi~ures of _the stooks are. v~ry bad iJ?deed. But 
apparently holders JUSt now 1gnore the rap1d mcrease 10 stocks, as 
the quantity now held will not be ~xcessive if t~ade ioopro_v~ to 
the extent now promised. Connal s stock of Cleveland p111: 1ron 
on the 25th was 280,265 tons-an increMe this month of 21,094 
tone. The stock consisted of 268,625 tons of No. 3, 8770 tons of 
No. 4 foundry, and 2870 tons of other iron not deliverable as 
standard. 

Exports of Pig Iron .• 
Fair shipments of pig iron from the Cleveland district can 

be reported, and prospects of their increasing are good, for the 
autumn export demand will shortly have to be satisfied. The worst 
is that there is SI) little wanted by Germany this year, though this 
is not surprising when one takes into account the wretched condi­
tion of t rade in that count ry. The exports up to the 25th were 
89,912 tons, compued with 70,811 tons last month, 77,805 tons in 
August last year, and 109,268 tons in August, 1907, all to the 
25th. 

Manufactured Iron and Steel. 
A decided improvement in business is manifesting itself 

in the fi nished branches of the iron and steel industries, and this 
is one of the most encouraging features of the trade, emphasising, 
as it does, the fact that there is a real revival in trade, and not a 
spurt only brought about chieHy by speculative operations. Prices 
have long been stationary, but this week there are suhstantial 
advances to be reported, chieHy as a resul t of the improvement in 
shipbuilding. I ron and steel plates, iron angles, and iron 
bars have all been advanced 5s. per ton- the first advances 
for at least two years, and there is every re '\Son to believe that the 
upward movement will continue. Steel ship plates are now up to 
£d, steel boiler plates to £.7, iron tobip plates to £6 5s., iron ship 
angles to £7, common iron bars to £.7, best iron bars to 
£.7 7s. 6d., and best best iron bars to £.7 15s. per too, all less% 
per cent. f.o. t. The daily papers have made a good deal of 
capital recently about the importation of German steel ship plates 
into the Wear, but evidently the North of England manufacturers 
attach little importance to this or prices would not have been 
raised within the last fllw days. The fact is the quantity imported 
is small. The prices paid could hardly pay the exporters. It is 
not at all likely that a competition will spring up in this district 
between German and British plates, and the producers of the 
latter are not di~quieted. 'tee! ship angles have not yet been 
advanced, but can still be bought at £5 7s. 6d. per ton, and packing 
i ron and steel at £.6 5s., while steel stanchions are kept lit £ 6 15s., 
all less ~ per cent. Early advances, however, are expected in 
these as well as in spip rivets, and, indeed, all other ship­
building materials that have not been raised in value this week. 
Steel bars are quoted at £6, steel hoops at £6 5s. , and s teel 
strip at £6 2~. 6d. , all less 2~ per cent. , while steel joista are at 
£5 7s. 6d., less 2~ per cent . Heavy steel rails are certainly in 
brisker request, and prospects are encouraging ; they can generally 
be bought at £.5 5to. net f. o.b. Galvanised and corru~ated iron or 
steel sheets are selling well at the recently reduced pnce-£10 10s., 
less 4 per cent. for 24 gauge in bundles f. o.b. 

Shipbuilding. 
There can be no question that there is a brighter outlook 

for 1.hose engaged in shipbuilding, and the conditions are certainly 
more satisfactory than they have been for the past two years. 
The Government orders, present and prospective, have no doubt 
bad a good effect upon the shipbuilding industry, and general ship· 
owners are being tempted to distribute orders more freel y, so that 
the number of empty berths at the yards is steadily being 
lessened. Orders for t ramp steamers, as well as Liners, are begin­
ning to come in, as it will be necessary to increase quotations for 
new steamers. As a rule, there is greater confidence all round, 
and those who would get thei r needs supplied at anything near the 
bottom in prices have to lose no mo1e time in giving out their 
orders. The inquiry for a new Cunarder has tended to strengthen 
the shipbuilding industry in this district. 'l'here are many indica· 
tions of improvement in shipbuilding, and it is expected that in 
thd coming winter depression will be much less felt than it was 
a year ago. Not only is there more new work, but the repairing 
yards are once more busy, and the marine engine works are more 
fully employed. 

Engineering, &c. 
Trade is showing improvement at the engineering shops, 

and at works where departments bad to be closed for lack of 
orders they have been re-opened. The Blake Boiler, Wagon and 
Engineering Company, Limited, Darlington, which during the past 
twelve months has supplied 325 wagons for the Buenos Aires and 
Western Railway Company, in Argentina, has secured an order 
from the same company for a still larger number. The wagons 
are to carry 40 tons, and will be built for the 6ft. 6in. gauge. 
Ther~ is more being done in locomotive work, also in points and 
crossmgs, and more regular work than for a long time is afforded at 
establishments producing these. Sir W. G. Armstroog, Whitworth 
and Co. have applied to the Newcastle Corporation for a much 
larger site at Walker for shipbuilding purposes than they originally 
asked for. The company desires t o m,ake such alterations that 
there will be sufficient space for the building of a Dreadnought 
and for the accommodation of the largest vessels afl.>at. Tbe ne~ 
shipbuilding yard at Southbank, near Middlesbrouszh, which is 
~eing laid out by Smith's Dock Company, Limited, will be brought 
mto use towards the end of the present year, and the site of the 
present yard at North Shields will be utilised for a graving dock. 
At Southbank there will be accommodation for t he simultaneous 
construction of the hulls of twelve s team trawlers. 

Coal a nd Coke. 
It is curious to note that while best steam coals continue 

to decline in price, best sas coals are fi rm, and whereas the former 
were not long ago realismg 133. per ton f.o.b. , they can now be 
bought at 10s. 9d., but best gas coals have been maintained at 
lls. to lls. 6d. for a long t ime. It is very unusual to see best 
~team coal below best gas c.o~l in pric~. The trade in the latter 
1s, however, steady and leg1t1mate, wh1le that in steam coal has 
lately been inflated by reason of the Welsh and Scotch labour 
difficulties, a ';Id these having ?een l!ett~ed. ami?ably prices have 
como down With a run. Coke 1s very st1ff 10 pnce, and supply is 
hardly equal to demand. Some sellers have advanced their 
quotations for furnace coke to 17s. per ton, delivered at Middles· 
brough, or _equal the~eto, but generally 16s. will be accepted. 
The Execut1ve Comm1ttee of the Durham Miners' Aseociatioll 
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I 
bal'e issued a circular to their members protesting against 
the practice of ceasing work without giving notice to the 
mas~rs. ~ts were s topped, and the men's agents knew 
nothmg until they saw the fact announced in the papers. No 
oppor~un!ty was given to remedy any grievance, though no trade 
o~amsation possa•sed such complete machinery for settling dis­
putes as theirs. Messrs. Do>.ford nnd Sons hue patented what 
the! term a " Belt Conveyor Discharge," and have this week at 
tbe1r yard at Sunderland given a demonstration of its working. 
It. has been fitted to the s teamer Pallion. The new machinery 
elevates the coal from the holds by means of running belts and 
discharges on to either side of the ship into barges or on ~ the 
quay. We refer in detail to this vessel in another column. 
The Warrenby Relief Fund, which was opened in 1895 after 
the boiler ox plosion at the Redcar Ironworks when a' dozen 
men were killed, has now been closed. In addltion to assisting 
the widows directly, the fund, wbicb reached £2800 was used to 
help the children until they attained fou r teen years ~f age. 

NOTES FROM SCOTLAND. 
(From our own. Oon·up<r~Uknt.) 

The Revival In Trade. 
ADDITIONA L evidence has been furnished since last report 

of the revival in trade. lt would Eeem that the upward move­
ment in the values of raw iron, which at the first was admittedly 
of a speculative nature, is now being accelerated hy reports as to 
the J:>lacing of contracts for which large supplies of iron will be 
req uired. How far the upward trend of prices may go it is 
impo:ssible to forecast. Many industries in which iron is employed 
are esperiencing an improvement in business, and the demand for 
the raw material is vcordinglv becoming more general and 
:"'idespread. The bullish f.eeliog in the markets has been gather­
tug force, but makers of 1ron and steel are apparently an.sious 
that its io8uence should be restrained, so that prices may not 
he rushed in such a manner as to check the outcome of orders. 
Fortunately stocks of iron are not so heavy as they have some­
times been in times of boom, and warrants in circulation are also 
limited ; so that if the speculative market is pushed too rapidly 
the '' bears " are likely to come in for tht~ir share of the bu..~ess. 

Pig Iron Ma rket. 
'l'be Glasgow warrant market has been active since last 

n>r ort, and an increasing amoun t of iron has changed band!' the 
prices reaching a higher point, despite occasional lluctunt;olll'. 
Bu~ine!'s bas been d one in Cleveland warrants from 503. 7d. to 
!lls. 4d. casb, 50s. ll~d. to 518. 7d. one month, and 5ls. 3Mt. to 
f>1s. three mo.nths .. Transactions are also recorded at 50s.-ll~d. 
to 5ls. for delivery 10 twonty.two days, 51s. twenty-seven days 
51s. 4d. eleven dayP, 5ls. 5d. eighteen days, and 51s. 9d. fo; 
15th October. The amount of iron turned over in the last few 
days ha.'l been greater than for a long time past. The uoward 
movement in Cleveland iron has been at.tended by an advance in 
other classes of warrant!'. Scotch warrants have risen from 56s. 9d. 
to 5Ss. 3d., receding subsequently to 57s. 3d., bot the stock is so 
low, and warrants so few, that transactions involving delivery of 
iron are all but imposrible. Standard foundry pig iron has 
advanced from 49s. 3d. to :A>s. 3d. per ton. 

Hematlte Ore and P igs. 
The imports of bematite ore into the Clyde are increasing 

as might have been expected owing to the anticipation that larger 
quantities of it will be required. The quantity received for the 
year to date is about :00,000 tons greater than in the same period 
of last year, and the past week's imports consist of eighteen large 
steamboat cargoes, three of which came from England and the 
rest from abroad. There has been more life in hematite warrants 
in the last few days than for a long period, and as the quantity 
in circulation iscomparatively limited, prices have sharply increased. 
Business has been done in our market in Cumberland warrants 
5 s. 9d. ca~b, 59s. for delivery in November, and 60s. 2d. 
and l>Os. 3d. for delivery in twenty-seven days. There has 
also been a material rise in Scotch hematite, which is now quoted 
by merchants at 60s. for delivery at the West of Scotland steel­
works. Tbis latter figure marks an ad vance of 3s. 6d. per ton 
from the lowest point touched this year . 

Scotch Makers' Pig Iron . 
The position of the Scotch makers is becoming stronger. 

The inquiry for both G. M.B. and special brands has been active 
and general, both for local and English consumpfion as well as 
for shipment. Two additional furnaces have been lighted since 
last report to produce ordinary iron, one at Gartsherrie and 
the other at Ardeer, and the number now in blast in Scotland 
is 82, compared wiTh 80 last week, and 75 at this time last 
year. There are now 39 furnaces producing ordinary, 38 
hematite, and 5 ba.sic pig iron. Some of the makers have this 
week intimated a further advance of Is. per ton in prices. The 
f.a.s. prices at Glasgow at the time of writing are, for ~van 
and Monklaod Nos. 1, 58s.; Nos. 3, 5&.; Carnbroe, ~o. 1, 
59a. 6d.; No. 8, 56s. 6d.; Clyde, No. 1, 62s.; No. 3, 57s.: 
Gartaberrie, Laogloan, and C~lder, Nos. 1, 62s. 6d.; Nos. a, 
57s. 6d.; ~ummerlee, No. 1, 63s. 6d. : No. 3, 58s. 6d.; Colt­
neea, No. 1, 88s.; No. 3, 58s. 6d.; Eglinton, at Ardrossan or 
Trooo, No. 1, 58s.; No. 3, 56s. ; Gle"!~ock, at Ardroasan, 
~o. 1, 63s. 6d.; No. 8, 58s. 6d. ; Dalme · ton, at Ayr, No. 1, 
t>Os. 6d.; No. 8, 65s. 6d.; Sbotts, at Le1th, No. 1, 62s. 6d.; 
No. 3, 53& 6d.; Carron, at Grangemouth, No. 1, 64s. 6d.; 
No. 3, 57s. 6d. per ton. 

Pig Iron Shipments. 
The shipments of pig iron from Scottish ports in the past 

week amounted to 4774 tons, comparing with 5462 in the corre­
spond ing week of last year. There were despatched to Canada 
525 tons, South America 180, l ndia 185, Australia 795, France 
250, Germany 140, Holland 260, Russia 10, Belgium 45, China and 
Japan 'n, other countr ies 255, the coastwise shipments being 
2102 tone, against 2887 in the 88me week of 1908. The arrivals at 
Grangemouth of pig iron from Cleveland and district were 9415 
tone, being 579 ton.s less than in the corresponding week of last 
year. 

Flnl5hed Iron a nd Steel. 
Orders have been coming to band more freely, especially 

in the steel tJade, nnd the inquiries ~e(m to point to a considerable 
espansion in demand. The r ise in the prices of pig iron led the 
makers of malleable iron to advance their prices 7s. 6d. per ton. 
The steel makers have bad several meetings discussing prices, but 
the general feeling has been that tbe matter at this stage requ ires 
to be dealt with cautiously. There can be no doubt that the ten­
dency of prices is upwarde, and it is report~d that, as a rule, the 
steel makers are quoting present rates only against prompt 
specifications. This policy will enable them to put their macbioery 
into fuller operation. The impression increases that there 
are orders in reserve for a very respectable quantity of ateel 
material both for '!bipb~o ilding and other purposes. The eJ:port 
trade also promises well , and there is a large amount of this kind 
of business in band, m.rcbants and shippers pr~g for early 
delivery. Some steelmakers have in prospect good lines of ship­
building material. There is a good demand for tubes for a variety 
of purposes. Plain and galvanised sheets are also in demand. 
Iroofoonders in some instances find business better than for a 
considerable time past, general and miscollaneou'l castings being 
more plentiful, while thoro is mo1e life in the domestic branch 
of the foundry trade. 

THE ENGINEER 

Engineering and ShlpbuUdlng. 
The outlook in the engineering trade is more eu_couragiDIZ, 

and business is coming forward more freely. The manoe branch 
has fair prospects, witb a good business in progrtss. The C~le­
doniao Railway has placed with a Glasgow firm orders for .nme­
teen renewal bridges, which will provide employment dunog a 
lengthened period and absorb a large amocnt of material. A. 
large order for railway plant b~U~ also been secured by a Gla .. ••gow 
company for the Argentine Republic. Some fair shipbuilding 
orders ha\'e been r eh·ed, and 1t is understood that there are 
others of importan in prospect. 

The Coal Trade. 
The coal markets are generally quiet, but ~hipments have 

been hea•ier than usual, and the curreut business for export is 
good, especially on the East Coast. Rome consumers are pur· 
ohasing only for present requirements, and prices for all kinds of 
coal are practically unchanged. 

• 

WALES AND ADJOINING COUNTIES. 
(From our tnrn. Oorr~.) 

State of the Coal Trade. 
COLLIBRJES are now getting into fuller work as the holiday 

season wanes, and it is satisfactory to note that there is a fair 
maintenance of prices. Many belie\'ed that prices would advance 
quietly into the 18s. net, but the older attendants on 'Change, 
who have been somewhat disappointed that house coals have not 
declined more during the bot season, are satisfied if prices can be 
retained about present rates until the autumnal season is more 
ad\'aoced. It will be seen that prices have only moved slightly. 
There bas been a better attendance this week, and a little more anima­
tion, but on 'Change chief interest is being directed to the contest 
in the Committee Cour ts, where the issue will ha\'e a most important 
effect on busipess. Best steam and seconds are in strong demand, 
and while Monday brought ahout substantial dealings-consider­
ing that it was the first day of the week-Tuesday was slill more 
animated, and dry coals were again in stronsr demand. The latest 
quotations were as follows :-Best la~e steam, 17s. 9d. to 18s. ; 
best seconds, 16s. 3d. to 17s. 3d. ; ordmary seconds, 15s. 6d. to 
15s. 9d.; best drys, 16s. 6d. to 17s.; ordinary drys, 14s. to 14s. 6d. ; 
best washed nuts, 14s. to 15s.; seconds, 13s. to 13s. 6d. ; best 
washed peas, 12s. 6d. to 18s. ; 11ecoods, lls. to 12s.; very best 
small steam, 9s. to 9<~. 6 1. ; best ordinarit's, 7s. 3d. to Ss. 3d.; 
inferior sorts, 6s. 6d. to 6s. 9d. ; best Monmouthsbire black vein, 
15s. 9d. to 16s.; ordinary W astern V alleys, 15s. 3d. to 15s. 6d. ; 
best Eastern Valleys, 13s. 9d. to 1411. 3d.; seconds, 13s. to 13s. 3d. 
Bituminous coal: Very best bouseho!d~, 16s. 6d. to 17s.: best 
ordioaries, 14s. 6d. to 15s. 6d.; No. 3 Rhondda, 17s. 3d. to 
17s. 6d.; brush, 1&. 6d. to 13s. 9d.; small, 10s. 6d. to lls.; No. 2 
Rhondda, 12$. to 12s. 6d.; through, 9s. 6d. to 10s.; small, Ss. 
to 8s. 8d. Patent fuel, 15s. 6d. to 17s. 6d. Coke : Special 
foundry, 24s. 6d. to 2iF. 6d.; ordinary foundry, 19s. t.o 22s.; fur­
nace, 17s. to 18s. Pitwood, 20.t. 6d to 2ls. Public interest 
has been diverted to the results of u.<Ung the best Welsh steam 
coal on leading steamers, where some striking figures are shown. 
This has been the case with the Cunard liner Lu~itania, which 
arrived at New York 1\t 9.55 p.m. on August 12th in 4 days 
16 b. 40 min., thus loworiog ber time record by 2 b. and 55 min. 
The average speed was for 2890 miles 25.65 knots. The last 247 
miles figured at the rate of 25.77 knots. 

Last Week's Coal Tt>ade. 
ThOI!e who watch ktteuly the changes of the trade say 

that it is not the higher-priced coals which show the earliest indi­
cations of change. These for some time will exhibit firmness when 
the inlerior coals are beginning to waver. For some weeks the 
inferior coals, fairly ~ood in quality but inferior as regards the 
best steam or bitommous , have been in better demand. Last 
week a better supply enabled coalowners to sell more freely, and 
to accept also a slight reduction in price. In several instances 
there werQ deductions of 3d. from the past q uotations. Dry coals 
remained stiff and rather scarce. The coal prospects are agaiost 
the likelihood this time of an ascent in price from 1 s. This figure 
was obtainable last week, and in some quarters l8s. 3d. was asked, 
but the tendency is downwards, a.nd one prominent reason is to be 
seen in the fact that bookings for September are not at a ll largely 
placed. Buyers are waiting to see reduced quotations. 

Newport Coal. 
Newport has again given evidence of its healthy condi­

tion and steady increase in coal development by ba\'ing shipped 
92,449 tons of coal in the course of last week. The large new 
collieries now in progress, the great dock equipment, and the future 
of the Rbymney \'alley are 8.11 signi1icant. Wbat the Rhondda 
has been, tbe Rhymney Valley promises to emulate, if not surpass. 
This is the site of the new Rhondda, and the only point of contest 
between authorities is whether its best coals wlll rival those of 
which tbe 4ft. Mertby r is one of the finest examples. The late 
Richard Fotbergill, who was one of tbe successful advOCI\tes in the 
House for the selection of steam coals for the Admiralty, used to 
describe it as the finest in the earth. opening like a caoli8ower. 
Newport steam coal is now in strong demand. The only fall ing off 
has been in placing forward, which has not been so urgently done 
during the last week or two. Latest prices :-Lower figu res are 
being accepted for second q uality E'>.Stern Valleys. Best Newport 
black vein, 16s. 6d. to 15s. \-d. ; W astern V alleys, 15s. to 16s. l>d.; 
Eastern Valleys, 13s. 6d. to H s. ; other kinds, 12$. 9d. to 13s.; 
best smalls, . to Ss. 3d.; seconds, 7s. 3d. to 7s. 6d.; inferiors, 
6s. 9d. to 7s.; best house coal, 15s. to 15s. 3d.; seconds, 14s. 
to 14s. 3d.; patent fuel, 15s. 3d. to 15s. 6d. Coke: Foundry, 
18s. 6d. to 19s. 6d.; furnace, 17s. to 17s. 6d. Pitwood, ex ship, 
20s. to 20s. 6d. Steam coals are beginning to droop. A. ncticeabte 
circumstance last week connected with the ~maller port was that 
Port Tal bot cleared in two cargoes 7400 tons coal to "Bordeaux. 

Swansea Coal. 
The port, wl.icb is recovering from holiday ioliuence, 

showed last week a gratifying increa.ee. Close upon 90,000 tons of 
coal wore despatched. The collieries are now working with greater 
regula.rity, and there is a strong impression prevailing that the 
season of winter coals now at hand will be a brisk one. From the 
margin of the Neath valleys to Pembrokeshire the famous seams 
of anthracite now in steady development are well placed for the 
increasing demand which is obtained every season. Strength and 
firmness were shown when the market opened this week, and best 
large S wansea was in good demand. Red vein not in good form, 
and a reduction appears to be setting in ; machine coals scarce ; 
r ubbly culm fi rm. Lowest prices:-Anthracite coal, large band 
picked, 244. to 25s. net ; seconds, net, 2ls. 6d. to 22s. txl.; big 
vein, large, 19s. 6d. to 21s., leas ~ ; red vein, 12s. to 12s.. 6d., 
less :ij ; machine-made cobbles, 23s. 6d. to 24s. net ; Paris nuts, 
25s. to 25s. txl. net ; F'rencb nuts, 25s. to 263. net ; German nuts 
same; beans, 17s. 6d. to 18s. net; machine-made large peas, 
lls. 6d. to 12s. 6d. net; fine peas, 10s. to lls. net ; rubbly culm, 
6s. 6d. to 6s. , leas ~ ; duff, 3s. to 3s. 3d. net. Steam coal :­
Best large, 17s. to 17s. 6d., less 2i; seconds, 14s. to 15s., leas 2\; 
bunkers, 10s. to 10s. 9d., less 2~; small, Ss. to 10s., less 2~. 
Bituminous coal: No. 3 Rhondda, 18s. to 18s. 6d., leas 2~; 
t hrousb, 15s. to 16s. 6d. , less 2~; small, 10s. 3d. to 10s. 9d., 
leas 2~. Patent fuel, 18s. 9d. to 14s., less 2~. 

Shipping •· Combine." 
The progress of the ship ora, as regards the coal ports of 

Wales, is on the eve, to all appearances, of receiving a striking 
addition. When the era opened the coal tieet was limited to 
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sailio ves.c;els trading to Bristol and Lond~n , and a.U ~f small 
dimo:sions. From the thirties these ha!e mcre&;Sed 10 s1ze, ~d 
with the ad\'ent of steam power have r~e1ved an l.n.tru~er, S: obd 
sailors consider, wbir b has gra.dually dlSp!aced saihog vesse ~ ~ 
steamers some of large dimonSlons. L, adtng coalowner!', ~c as 
Radford,' now have large Beets, chiefly st.:lamers. ~~e, ~ essn. 
Tatem and Co., have now fifteen large steamer!', and 1t ~~proposed 
to amalgamate these and form one large uodertak10g. fTbe 
ea ital is to be £330,000 in £1 shares. The lowest ~f:~ue o a!ly 
v~l of the fleet is set at 42 per cent. of tbe. ong'l~al, wb.ile 
the Lady Lewil', which is only two years old, IS cred1ted With 
2 per cent. 

Iron and Steel. . 
There are signi6cant rumours of c~anges i~ the troD and 

steel trad '!s of the district, but it will be W1SO to d1~ounteoance 
them for a time. A.t the first glance they appear to be ~m probable, 
but the trade is evidently entering u pon a course so dtshuct from 
that pursued by the foundel'l' that it is not safe to deny the ~­
sibility of alterations \\hicb may~ forced ~y the turl? of aft'&~r;', 
or for economical reason!'. At one t1me the ex11Hence of 1ro.nstooe 10 

a district determined the site of tile furnace. No~ :vel.sh tronstone 
only comes in as a very small accessory ; th~ po~thon on the coast 
has followed that of Rubio ore. Tbe su~titut1~n. of bot for co!d 
is the chief consideration. The importation of p1_g tron from ~m 
blast was not a more vital change than that of Increased P ';10· 
tion. Dowlais, for exatnple, is being laid out for a very great .In· 
crease so large as to make it imperative to have a.corre.•pond1ng 
increa.:.e in demand. Trade continues in a very unsa~sfac~ry state. 
Up to a late period, while the principal ~orl;-s remamed 1n a ':"eak 
state, Dowlais displayed a g reat deal of ':ltabty. A smart busmess 
was being done in rails for the Colomes, and the ~evelopme!lt 
employed a number of men. 0~ late there. is less betng d one 10 
reconstruction, and the operatives ar~ bemg. reduced. A large 
number of mechanics and others are under notice, and at the steel 
works the regular time is now getting~ ~ f?ur days per week ; 
foundry and locomotive ~obops are ~mg Slmil~ly treated. Tbe 
stoppege of impor tant work and the 1ssue of notices suggests _some 
radical changes, and now that Cyfarthfa works !lre prac~tcally 
stopped the outlook becomes serious. Dnmpmg co.ntinue , 
and apj,ears to be steadily inc reasing. lmpor~ this ~eek 
small. ln the Swansea \ ' a lley the make of ptg . conti~ues 
satisfactory. Metal E!tchange q uobtions :-Hematite m1xed 
numbers, 59s . lO~d. cash and month ; Middlesbrough, 51.t. 4d. 
cash, 5ls. 7d. month ; Scotch, 571!. 3d. cash and month ; W~l.sb 
bematite, 62s. 6d. to 635. 6d., delivered; Kas' Coast hematlte 
62s. to 62:!. 6d., c. i.f. ; steel bars, Siemens, £4 I Os.; BjSSemer, 
£4 Ss. 9d. to £4 !Os. Other quotations: Block tin, £137 17s. 6d. 
cash, and £139 2~. 6d. three months ; copper, £59 17s 6d . . cash , 
and £60 16~. 3d. three months ; lead, £13 ; spelter, £'2'2 2s.; Sliver, 
23~d. per o11nce. According to a .telegraphic di$patcb re~eived 
as we go to press the prices of ra1ls, ~ars, and ore were ~lightly 
advanced, while tbo prospects generally 10 Wales and the M1dlands 
assumed " brighter aspec r.. 

Tin-plate. 
'!'be harbour returns, wansea, last week wore as follows : 

- Heceived from works 84,H!6 boxes ; shipped d uring the week , 
90,964 boxes ; stock remaining, 130,257 boltes. 'l'he importaut 
event of the week was the annual meeting of the Swausea Metal 
Exchange, Col. \V right in the chair. The review by the chairman 
was received with great interest, and as a reliable commentary on 
trade, and replete wtth eubject matter for discussion, will bo 
widely read. In moving the adoption of the report, the ubairman 
congratulated the attendance t~at the make of tin-plate, black 
plate, and galvanised sheets had not suffered so much 10 Wales as 
elsewhere. Last year when be addre."'SUd them the tide of trade 
showed a decline. The tin-plates exported in 1907 amounted to 
406,328 tons, and in 1908 to 40~1869 tons, a decrea:~e of 3459 tons. 
~lack plates in 1907 tottilled 71,631 tons, in 1908 to 61,068 tons, a 
decrease of 10,4ti3 toOl'. Galvanised sheets exported in lOOi were 
467,889, in 19v to 390, 124, a decrease of 77,765 taus, or 6 per 
cent. 'fbe chairman, a.fter showing the loss suitained by thes e 
items to the iron and steel industry, went on to comment uvon the 
incre&."ed dumping. Up to 1907 the imports to which he specially 
alluded were shown as a total under the beading of foreign steel, 
and included blooms, billets, slabs, steel and tin-plate bars. 1 n 
1907 we imported :>27,201 tons of these classes. In 1908 the 
classes were divided under three headings, viz :- Ingots, 21,147 
tons ; blooms, billets, and slabs, 4<Kl,~OO tons ; steel and tin-platd 
bars, 130,187 taus, makitl(t a tot.al of 560,540 tons, which 
gave an increase of 233,339. This, the chairman showed, 
tf the manufactures could have been confined to Wales, 
would, roughly s tated, have kept five blii.St furnaces, two 
steel works, and two collieries fully employed. Cooclud· 
ing a long and able survey of conditions and prospects, 
tho chairman deduced a valuable moral, showing that fo reign 
r ivalry emphasised the necessity for the retention and improve­
ment of traae relabons and freedom from labour troubles, and 
maintaining the excellence of make and manufacture. Latest 
prices : Ordinary tin-plates, Bessemer primes, 12:;. l ! d. to 12J. 3d.; 
~iemens primes, 1 :la. 1 ~d . to 123. 3d. ; ternes, 21s. M . to ~is. 6d.; 
c. a. roofing sheets, £8 7.:~. 6d. to £8 10s. ; big sheets for galvanising, 
£8 103. per ton ; firushed black plate, !,'9 10s. per too ; galvanised 
sbee.s, ~g., £10 5s. to £11 nominal. 

PERSONAL AND BUSINESS ANNOUNCEMENTS. 

MR. YINCBNT S. ALLPBESS as.ks us to state that in future all letters 
and corresvandence, & .:., s hould be addressed to him either at 
39, Victona-street, Wt~Stmmster, or to Soutbwick, Sussex. 

THE British Griffin Cbtlled lrou and S teel c ... mpany, Limited, 
asks us to state that the recent fire at 139, Cannon-street, will in 
no way affect its business, but that on and af&er Wednesday, the 
1st September, its London addres3 will be 81, Cannon-strec~t, E .<.;, 

MR. 'f. R. WlLTON, B.A., in.form.s us that he has commenced 
practice at 18, Wt~stntiuster Chambers, 1, Urosshall-streot., Liver­
~!, as a civu engineer. Mr. Wilton was for many y .. ars an 
asststant to Mr. A. G. Lyster, M. Inst. C.E., Engineer 10 I.Jhief to 
the Mersey Docks and Harbour B.'>ard. 

TRB Hon. Alexander Murray, M. Inst. C.E., Colonial Engi­
neer and Surveyor-General to the Government of the S.ratts 

ettlements, is retiring on pension, after a period of no less than 
thirty-etgbt years' servtce in the EllS tern Colonies. He has beld his 
present appu1ntment since January, 1b~, when be left the Cdylon 
Pubhc Works l>ep:u-tmeot, where~ he had risen to be Assislo8llt 
Director of Pubhc W arks. During the decade iu which he has 
been bead of the S tr11its Settloment.s Public Works many itnport.ant. 
work<i have been put through lD the three Settlement3 ot inga­
pore, Penang, and .Malacca, while in the last year or two Labuao 
has l>een ad<lttd to the origtoa1 ettlements. During this tim~ tile 
e~tpend1ture of the (;olooy ou pubbc works has been treb.ed and 
the staff doubled. 

lN:.TlTOTION 0~' MINING ELECTRICAL E..'iOlNSIRS. -A. Council 
1\leetJng of the}nsti.tutlon of Mm1ng Electrical .E.tgineers wa.s held 
at the .Koyal \ 1ctona l:iotel, Sheffield, oc S.1turday, !.he 21st inst.. 
A. report was presen~e<:' by tne H on. S.ecretary, Mr. J. G. WaUiams, 
:S, More,~~- Parks, W httehaveo, show1ng tha~ the membership had 
reached 3001 Wltb a prOSpectlve imme.uate increase to 400 by ~be 
addition of candidates who bad not yet been formally electtKl. The 
Draft Memorandum and Articles of Association w~re submitted 
and provisionally approved. lt was resolved to create a D1plomtt. 
Class of .Membersh1p, to whioh candidates could only obtain 
admi~ion by e.xamin~tion, after having had an approved term of 
praot1cal experi~uce 10 charge of electr1cal plant in mines. It wa.s 
1urtber arrao'ged ~b.at entrance .fees sboul~ be payable by membeN 
1Jf all o1a6868 who JOin after the mcorporation of tbe Inst.1tution 
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NOTES FROM GERMANY, FRANCE, BELGIUM, &o. 
(From our own OOTT'upo-n.den.t.) 

Rheinland-Westphalla. 
• _IN spite of e. slightly better employment that can be 

not:ced m some. depe.~ments, quotations leave much to be desired, 
and th_e compebng mtlls have even succeeded in further reducing 
~be pnces for bars. At a recent meeting of the Steel Convention 
1t was sta~d that the amount of orders booked at present is 
300,~00 ~ btgber than at this time last year. Inland demand in 
semt·~~tsh~d ~tee! was stated to h!lve slightly improved, exports 
rem111mng lim1ted. Present quotations are to be maintAined during 
the next quarter. I_n the beginnil'g of the pre..«ent month the 
orders bo?ked f?r Fe_ctional_iron were 75,000 t. higher than in August, 
1908, ~htle de.1v~nes dunng the first seven months of this year 
were 1t4,000 t. htgher than in the corresponding period last year. 

'Ihe Silesian Iron Market. 
A greater activity in the building line has <'&Used inland 

demand for guders !'Dd sectional iron to rise, and five to six weeks 
are th~ terms of dehvery now generally asked, against two to three 
weeks m last month. Rates have not shown any forward movement · 
offers of West Germ~ firms are plentiful, prices rarely exceedi~ 
M. 91 p.t., free Rhemsh-Westphe.lie.n works while merchant iron 
from the l:iaa; is. be~g sold at M. 88 p. t. at' works, and this has 
f~>rced the Slleste.n tronworks to maintain their low rates · export 
to any but the nearest countries is quite out of the question. Of 
the plate !Darket much t~e same is reported, employment 
sho":lng an tmprovement, while quotations remain unremunerative. 
Offictal quotations of the Dlisseldorf 'Change from August 6th are 
~under :-~w spathose ore, M. 1(\.90; roasted ditto, M. 15.50; 
- assau red tron ore, 111. 11.50 per ton net at mines. Spiegeleisen, 
10 to 1~ per cent. grade, M. 60 to M. 63; white forge pig, M. 55 to 
M. !'iS; tron for steel_making, M. 54 to M. 56 ; German Bessemer, 
M. 56 to M. 58 ; baste, free place of consumption, M. 48 to M. 50; 
Lu.xemburg fo~e pig, free Luxemburg, M. 43 to M. 45 ; Luxem· 
h~rg foundry ptg, No. 3 M. 45 to M. 46; German foundry pig, 
No. 1, M. 54 to M. 56; No. 3, M. 53 to M. 55· German hematite 
M. 55 to M. 57 ; common bars in basic, M. 95 t1, M. 100; iron bars: 
l\1. 122.50 to M. 125 ; hoops, M. 120 to M. 122 50; s~el plates, 
M. 104 to M. 110; boiler plates, M. 114 to M. 120; sheets, M.l17.50 
t o M. 125, all per ton, free at works. 

Austria- Hungary. 
There was a little more life felt in the bar and girder 

de~tment, German import.« being less, but there was not much 
brutness done ~enerally, a lan~id tendency prevailing in most 
branches. In ptt coni, as well as to brown coal, a satisfactory busi· 
ne&$ has bee~ transacted_, and there will be more life presently, 
the sugar mills now commg forward with more orders. 

Iron and Steel In France. 
M!lkers o_f semi-finished steel have been doing a fairly 

remunerah'l'e bunness of late ; buyers have come forward more 
freely with their contracts, and _the expo~t trade shows an improve­
m~mt of 40 to 50 pe_r cent. ag8lnst prevtous months. The rolling 
mills a~d cons_trucbonal shops purchase freely, French M.ilway 
compames havtng placed numerous orders for locomotives and 
wa~ons, an_d the rail works are w~ll occupied. A contract of 
20,000 .t. rruls was recer.tly plllced wtth some of the leading fi rms. 
The m1lls of Pont a_Mousson are. doing a good export trade, hRving 
!>ecured 16,000 t. ptpes for Mex1co, and also for Cairo. For mer· 
chant iron l!i5f. to 160f. p. t. is generally paid in the North, which 
meat.s an ad <'ance of 5f. p. t. against previous months ; in the 
He:ute-Marne 1\Ild ~ntre l6f1f, to 170f. p.t. are given and in the 
Lotre 180f. p. t. Girders are in improving request ~t 190f. p. t. 
Rea'l'y pla~, being in rising demand, have realised 5f. p.t. more 
than in last quarter. In the Haute-Marne 3 mm. plates are quoted 
190f. to ~95f. p. t. ; in the East and North 165f. to liOf. p. t. are 
usually gtven. On the French coal market good trade is reported 
especially in engine fueL ' 

Fair Activity in Belgium. 
There is no change in the character of the trade in iron 

and steel ; purchases have rather increased iu volume as more 
work is coming forward in the manufactured iron dePartment. 

ome mills have been able to raise bars to £4 10s. f .o.b. Antwerp 
while those in less active occupation quote £4 !ls. per ton. Pia~ 
and sheets generally meet with better request. A somewhat 
fluc~e.ting tendency was felt on the pig iron market, foundry pig 
var>:mg between 65f. and 66f. p. t., while forge pig iron only 
realises 65f. p. t. Compared with last year, output in pig iron 
~ows an i~prove~ent ; of 44 existing blast furnaces 36 only are 
1n blow, wtth ~ daJly output ?f 4800 t. Production in July was 
148,110t., agaJnst 102,890 t. tn the year before, and during the 
first ~even mo!lths of thi.<> year. 887,390 t. were produced, against 
681,210 t. dunng the same penod last year. On the Belgian coal 
market a steady and remunerative trade is being done. 

AMERICAN NOTES. 
( P, om our 01Dn. Correspondent.) 

NBW YORK, August 15th. 

CHANGES of conditions come suddenly in the United States. The 
collapse of railway building two years ago and the cutting down of 
expenses in every conceivable manner left the great iron and steel 
industry v.ith 40 per cent. of its trade practically cut off. Many 
ir.ftuences have united to keep the railroad companies out of the 
market until rc' cently. The last department in the steel industry 
to improve is the steel rail industry. Within a very short time 
orders have begun to flow in. Western mills are deriving the first 
benefits. The Illinois steel mills and the great G~ry plant ha'l'e 
now more orders for rails than they can complete by the close of 
the year by upwards of 100,000 tons. Overflow orders are being 
sent east. The cause of this sudden burst was the action of three 
larve railway systems in ordering equipment amounting in value 
to 23,000,000 dols. Thousands of buyers of securities are again 
buying, and quotations for railway and industrial stocks show a 
steady upward tendency. ~e orders for steel are arriving at 
eastern plants, and the possibility of not obtaining deltveries in 
time to suit is leading to a rush of orders by some large buyers. 
During the month of June the orders for cars amounted to 7600, 
f:>r July 25,000, and thu.s far in August 30,000. The strike at the 
works of the Pressed Steel Oar Company, near Pittsburgh, con· 
tiDUO$. 

In structural steel the demand is again large, and orders for 
early delivery cannot be taken care of. The plate mills by this 
time are all full of wo1 k, and a large amouot of 'Lusiness is in sight 
for the autumn months. The furnace interests are rejoicing O'l'er 
the complete transformation of their business. Prices are quietly 
moving upwards, especially in steel-msking iron. An addi· 
tional source of activity is found in the shipyards alocg the Atlantic 
Coast. The rapid development in the Southern States, especially 
in the cotton and mineral belts, has stimulated commercial relations. 
The result is a demand for ehipping facilities. All the yards are 
now running to full capacity. Among recent rail orders are 20,000 
tons hy the Baltimore and Ohio Road, 10,000 tons by the Chicago 
and Great Western, and 5000 tons by Burling_ton. The Penn· 
sylvania Company has a-ided w its recent order ~ which will 
cost three million dollars. Greater activity pren.ils in copper. 
Dnrin~~: Jnly tbe Copper Producers' Association report an increue 
in deliveries of 32,000,000 pounds. Arrivals of tin this month 
10,000 tons in round figures. 
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BRITISH PATENT SPECIFICATIONS. 

WMn <m in~ion il communica.Ud Jrqma.broad tM n~~me and a.ddreu 
of the Commumcator il prinU4 in italics. 
~ the a.brid~ il not illUBtrate<i tM Spuifi.cation il toitllout 

dra.tD\nql. 
CoV\U of Sptciflcationlmay bt obtained at the Paum~Aict Salt Bra11cA, 

25, $outlta.tnp~ildinga, Ch4~·kn~e, Lo1t®n, W.6., at 8d. ux:cl&.. 
The first date given i8 the d4U of applioo.tion: the ucond d4U at the 

md of the abridgmmt i8 the da.te of the ad~tilemmt 0/ tM a.cupta11ce of 
the eotnplde tpeci,fit4tilm. 

.A fly per10n may on any OJ the ground.l mentioned in the .Acts, within 
ttDO months of the date qivtn at the end of the~. give notiu at 
the Paunt~~ of oppoBition to the grant of a Paum. 

STEAM GENERATORS. 

16,314. August 1st, 1908.- IMPROVBMBNTS IN APPARATUS FOR 
SUPERB:BATINO STEAM, Andrew Bolton, of 49, Deansgate, 
Manchester, and Tboma.s Carter Beeley, of Hyde Junction 
Ironworks, Hyde, both in the County of Lancaster. 

Two separate boxes as A and :8 are pro\lided placed parallel to 
each other, one box bein~t for the inlet and the other box for the 
outlet of the steam, each box having one or more rows of tubes 
C Cl depending tberefrom ; the upper ends of these tubes are 
open, and are e1rpanded in the bottom of the separate boxes, and 
the bottom ends of the tubes are closed. Tubes D Dl of lesser 
diameter are placed within and extending respectively nearly to 
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the bottom of the closed ended tubes; the bottom ends of these 
inserted tubes are open, and the upper end of each of the inserted 
tubes D on the inlet side or box is connected to the upper end of 
a_ corresponding tube D• on the outlet side or bo1 B by a semi­
ctrcular tube E. By these means the steam entering the inlet box 
A will pass down the set of tubes C whose bottom ends are closed 
ascend the tubes D inserted therein, pass through the semi: 
circular connecting tubes E, pass down the inserted tubes Dl con­
nectA;d therewith. ascend the closed ended tubes Cl in which they 
are mserted, and enter the other or outlet box, passing from 
thence to the outlet pipes. There are seven illustrations.-A ugust 
4th, 1909. 

TURBINES. 

19,744. September 19th, 1908.-IMPROVRMENTS TN AND RBLATINO 
TO BALANCING MBANS FOR STBAM TuRBlNKS, Oarl Roth, of 9, 
A~na &rarse Zehendorf, near Btrlin. 

Steam enters by the pipe G and passes through· the blades 
below it. At a point J any suitable connection is made to the 
interior of the drum. For instance, an opening is provided in the 
drum D to admit steam to the inside of the drum, and from the 
opening J the blading on the drum and casing is continued to 
the exhaust K. At a convenient distance between the steam inlet 
G and the opening J, the inlet M from the overload valve is 
arranged. The drum is of con.stant diameter throughout its 
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length, and no end balancing faces are provided on which there is 
a resultant pressure. The shaft is continued outside the casing 
towards the right, and carries the propeller. The direction of the 
thrust on the propeller is that ~hown by the arrow S, while the 
direction of the pressure on the turbine blades and also on the 
closed disc 1<' 1s that of the arrow T. When the end pressure on 
the propeller shaft varies, the load on the turhine also varies, and 
in consequence the pre.c;sure of stAam passing through the opening 
J alters. Thus if the end pressure of the propeller shaft increases 
and the overload valve is oponed so that steam passes through the 
opening M, the pressure of steam passing through the opening 
J in the turbine dr lltl'l is increased, and in consequence the resultant 
end pre&~ure on the closed diEc F is also increased. In this way 
automatic control of the end pressure is secured. There are two 
other modilications.-A ugust 4th, 1909. 

TRANSMISSION OF POWER. 

6850. March 22nd, 1909.-IMPROYEMBNTS IN FRICTION CoUPLINGS 
A DAP'l'ED FOR USE WITH ELBCTRO·MOTORS FOR DRIVING 
.MACHINE T OOLS AND THE LIKE, La. &rim A nony~ Eltctricite 
E lectro-mkanU]!tt, of 34, Rue du Bosqu.et, BT"'J.$3els, Belgium. 

This invention has for its object to avoid the overload and the 
consequent premature disabling of electric motors, and to this end 
a~ imP!'O':ed a~j'?-stable friction .coupling, ?f the kind .Provided 
wtth fnction dnvtng blocks earned by spnng arms adJusted by 
screw11, is employed. On the shaft W of the electro-motor M one 
member AI of the coupling is secured. A sleeve K turning freely 
on the shaft W carries at one end the second member D of the 
coupling, the other end of the said sleeve having secured thereon 
the tool carrier F or the like, which may, for example, carry a drill 
or borint:t tool. The outer surface of the member D is provided 
with a Y-sbaped ~rroove into which friction blocks X XI X2, carried 
by springs D1 0 2!)8 attached to the member AI are pressed by 
means of the screws s u. The power transmitted from the motor 
to the tool thus depends upon the frictional resistance of the 
blocks Dl 1)2 Dll, which latter may be ~e.ted proportionally to 
the power. When the load becomes too heavy and tends to over· 

23 1 

load the motor, the friction blocks Dl D2 JYl, being adjusted by the 
screws to the overload point of the motor, will slip, thus prevent-
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Section on line A.B . 

ing any overloading of the motol' and breaking of the drill or other 
tooi.-August4tlt, 1909. 

SWITCH GEAR. 

18,623. September 4th, 1908.-IMPROVBMBNT~ IN ELBCTRIC START· 
!NO SWJTCBBS USTNO LIQUID RESISTANCE, the Sandycroft 
Foundry Company, Limited, engineers, and Thomas l\'lurth· 
waite Dutton, both of Sandycroft, Chester. 

The liquid is contained in a tall metal cylinder B, which is cor­
rugated to assist in the dissipation of heat. The container is 
mounted upon a base C, which has suppor ts of porcelain. Within 
this cylinder there is provided a cylindrical electrode E, which 
may be of wrought iron, and which is joined to a connecting nut 
F. The inner electrode G is also cylindrical, and is preferably of 
cast iron. The casting is closed at the upper end, which, bow 

N918,623 

• . . • • • 

• 

• 

ever, is protected by a. layer H of enamel or other suitable in­
sulating material. At the lower end the mouth of the cylinder is 
closed by a plate of wood or the like K, between which and the 
edge of the cylinder G a tight joint is made by an india-rubber or 
other packing M. The plate K is pressed against the mouth of 
the cylinder by a. bolt N passing through it and through a cross­
piece P resting against projections in the interior of the cylinder. 
This inner electrode, with its bottom cover, is supported in the 
vessel by means of the conductor Q, through which the current 
passes. This conductor is surrounded with an iron tubeR filled 
with bitumen or the like S. Porcelain insulators are preferably 
interposed at the top and bottom of this tube. With cylindrical 
electrodes the insulating screen V also takes the form of a 
cylinder, which, however, is open at both ends. This cylinder is 
supported by a number of rods W, by means of which it may be 
raised or lowered in the liquid. The screen may be made of 
porcelain or other insulating material, or of enamelled iron or the 
like.-Augmt 4th, 1909. 

DYNAMOS AND MOTORS. 

18,017. August 27th, 1908.-hiPROVBMENTS IN OR RBt.ATmO TO 
TBR REGULATION OF ELECTRIC MOTORS, Siemens Brothers' 
Dynamo Works, Limited, of York Mansion, York-street, 
Westminster. 
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This invention has reference to improved a rrangements either 
for regulatiog the sp4;ed of direct and single or polyphase commu· 
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• 
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tator motors with eeparate or shunt excitation, or for improving 
the power fac•or in the caJe of alternating current motors. The 
object of the iDYf'ntion ia to maintain a high electrical efficiency 
under all concUtiOilll of lc.d and tpeed. A indicates the motor 
wboee 6eld and armature ,·oltarce are to be alhred as described in 
the complete specificaUon. This motor is dri,.en by a combined 
set eonaisting of a driving motor B which i• coupled mechanically 
to a dynamo C for driving the fin1t mentioned motor, and to a 
second dynamo D for ncititljl the field AI of the first mentioned 
motor A. The fields Ct and Dt of the dynamos C and D are sepa­
rately excit.ec:l from the mains F, and each has a voltage reRalator 
n. The regulators are coupled together in such .. manner that the 
fiel ds of the two dyn:t.mos mn.st be altered simultaneously in the 
manner set forth in the specification. This can be done1 for 
example, toy met11ly connecting mechanically together the sildiQ~t 
oonta.ots of tho regulators G in aucb a manner that they each 
mo.-e to an equal degree, and by suitably ~~:radiug the resistances 
to gin the required nriation in the curri!nta of Dt and Cl. If, 
however, the reeiAtancet cannot be graded in the manner desired 
the ~tiding conta.ota may be geared together 80 that the required 
relabve movements are obtained. A Yector diagram is sziven for 
explaining the theory of the arrangement.- .d ugu# ~/,, 1909. 
28,709. November 5th, 1909.- hii'BOVEME?\TS IN BBCSH GEAR 

FOR D r NAMO-aLF.OTntc MACHINl!RV, by Peter Logan Raeburn 
Fruer, engineer, and the Tudor Accumulator Company, 
Limited , engineers, all of 119, Victoria-street, London, . W. 

The object of the present invention is to provide a construction 
in which the brushes are moved over with certainty immediately 
the rotation changfl!! its direction, while during running 
there is no undne friction on the armature shaft. ln the 
arrangement shown in the upper engnniog, the armature 
~haft A u -upported on ball bearings B, placed between an 
inner · race C fixed to the shalt and an outer raoo D on the 
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ra.mework E. The brua.h holders F are carried by a frame G to 
which are fi xed the outer races H of the ball bearings J and K , the 
inner races L beinr fi xed to the armature shaft A. The inner 
races are kept in ~ition between the nuts M and a shoulder on 
the armature shaft by distanoo pieces N. According to another 
form of the invention ehown in the lower engraving the arma­
ture shaft A is extended for a abort distance through its bear­
ings and the inner race of a ball bearing is fixed on the shaft 
beyond the main bearing. Tbe frame G carrying the brushes F 
is fixed to the outer race of the b.U bearing, and can torn freely 
on the abaft. uitable stope are provided on the frame P of the 
machine, preventing the rotation oi the brushes too far in either 
direction.-A Wg'ltfl 4th, l ll09. 

PUMPING AND BLOWING .ACHINERY. 

11,558. May 15th, 1909.- hiPBO\' IUBJ\TS r:-~ CE~TBn"CCAI. PUle~. 
(Jtbr;idtr ul:tr, of ll'iRt'l'tJ..,r artd L~~.d,.iglhaf~ a--R, i~ thL 
Empire of Gf'riiiU'fl!f. 

Tbi~ mvention relates to a multiple coupled centrifugal pump 
in which the coupled pumpe may operate in series for producing a 
snitably hi{zh preeaure, or in parallel for pumping a suitably large 
quantity. The water llows from the suction pipe A through the 
chambers Bl <;, the first disc Dt, and the d uct E into the first 
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deli.-ery chamber F. When the ftlve 0 i.;; open the water ftowa 
from chamber F through chambers B! aDd <; m to the aecood disc 
1)2, and then06 through the duct D and chamber H into the 
deliYery pipe ' . ince the prn;ure in the pipeS ia in excees of 
that in chamber F, the vall"e K remaina cloeed : so abo doea the 
valve L, for the preJSore in chamber ~ u ceeds that in pit A. 
W hen the pwnp dilcs Dl and D2 are to operate i.n paralle , the 
valve G ia cloeed, ao that the first diac deli.-era water directly into 
pipe , and the second sucks water directly from pipe A. In the 
riaht-band envaving the water circu!ataa from the reservoir M 
tbrongb pipe A, pump N, pipe 0 , conden~er T, and pipe Z. For 
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monog the valve 0 a device Q is used, which collSists of a piston, 
subject on the one hand to the pressure i.n pipe 0 , and on the 
other hand to a spring, such that when the pressure in 0 fall 
below a predetermined nlue the valve G is shut.. The spring is so 
adjusted that the vahe G is automatically shut &S soon as the pipe 
Z becomee fu U of water, t.nd therefore act.." to a.'!Sist the lift of the 
pump, diminishing the pressure in pipe 0.-AwgtUL 4tl., 1909. 

'AERONAUTICS. 

151921. July 21th, ) 9(): . - hi PROHlllll!..'i"N IN .\KBOSAf'TIC'AL 
MAt HINL'>, Thomu \Vigston Kingalake Clarke, of t. 
Catherioe's, Mapa·road, Sar biton. 

For steering the machine, either or both or the supporting sur­
races, bat preferably the leading one, is mounted on a central 
piYOt At, and is provided with a lever F, furnished with a steering 
wheel X, and mounted in a bearing which is pivot.ec:l at Fl. By 
rai~iog or lowering the lever the plane of the supporting snrface 
may be canted to an an~~: le oblittue to the main as is of the machine. 
The lever is, moreover, mounted in bearings Xt, to work &S a 
spindle, and is farni!hed with a drum or drums G, to which cords 
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are attached, or about which they are wound, these cords, after 
passing around ll:Uide sheave , being respectively attached to 
the outer ntremities or the supporti011: surfaces, or alternatively to 
the frame, 80 that upon tnroing the spindle F and its drum or drums 
either one extremity or tbe other of the supporting surface A i~ 
depressed, accordinll to the direction in which tbe spindle is 
rotated. By these meln'S the angular position of the supporting 
surface A, even when rigid in character, may, by the manipulation 
of a single steering wheel, be set obliquely to the pla'le of Bight, 
~r may be tilted laterally about its transverse uis. It may also, 
1f deemed desirable, be pivoted about its vertical uis AI at right 
an.gles thereto. - . t ugvtt 4th , 1909. 

MISCELLANEOUS. 

19,951. eptember 23rd, 1908.- hiPRO\ElCE}I"TS IN THE lJ.-\XCl'A<'· 
Tt'RE OP TCYEB£ FOR BLAST F'uBNAC'KS, William Haigh 
Bensou, Woodlands, Ashgate-road, Chesterfield. 

The present invention bas for its object to red nee to a minimnm 
the coat of maintenance of blast furnace tuyeres. The tuyere is 
made &S usual in two parte, respectively A and B. The body put 
A, which i~ made of cast copper, is provided with an inlet C and 
an outlet D, allowing the cooling water to Bow freely through 

N91S,SSI 

• 
• • -H--·..!:- 4-· - -• • 
. I 
I I . . 

I 

the tu>:ere. ?-'his ~y part A is made sufficiently stroDl1: to lost 
for an mdefin1te pen od. 'I'~e renewable nose B is made or wro~ht 
dra~ cop~er and acrewed to the body part A. The inside joint 
E whtch lS ID the blast passa«e b&S a sliding joint bevelled at the 
end, aod the outside joint F ia bevelled and screwed suitable 
receSIW's being provide:1 for the purpose in the body partA. This 
method of con.necting the ttro parts has been found the most con· 
venient for cha.nging the nose rapidly.-A u~ 4tl<, 1909. 

2442. February ~nd , 1909. - lMPBO\'EliRNTS L.~ BALL BEAtuNcs 
Tilt Ofim1J:irrlttllf'r (JIII$Sta!.l altd EiM-n .roerl:t , <"OMil. M 11.tt~e/.l'id 
aM Co., artcl lltrm.ann .~A/aub, bot/, of Otl~nl·irr/• '71. in 
ll'utplt.alia, P 111#1a.. 

In the hub of the wheel A there are contained t.wo sets of bear-

.;:-.1. ..... ...... ·--
-· - --

I 

in~ ringa R, each consisting of an outer and an inner ring provided 
w1th ball-race for the balls, which by mechanical means are 
pressed between the rings !0 as to ronp with thew a comrlete 

AuausT 27, 1909 

structure, the displacement or these bearing rings bei!lil prevented 
by means of the distance ring C, the interior D oi which serves .,_ 
a receptacle for lubricating material Tbe axle L with ita bea.rinsr 
and distance rinllS are secured in position in the bob hy means of 
a ring or tlancte G and a cover E. which are clamped together by 
screw bolts K passing through the hub, whilst longitudinal dis­
placement of the whole of the axle L j_q prevented by a t rannersely 
dh-ided ring li that is lodged within the cap E, and en~~es with 
a peripheralllTOQve in the axle L . The cover E is provided with a 
wuher F, and the flange U with a felt rin~ H ; whilst to the ftan~re 
( ; there is rivet.ec:l a leather packing X wh1ch prevents the escape 
of the lubricating material and the entry of dust. Cpon dr'l\wing 
together the Han~es G and C by means of the screw-bolts K the 
entire device i firmly clamped t«tether and is kept in por.ition on 
the haft L by the divided ring M.-A 11g~tst 4tJ., 1909. 

SBLBCTBD AMERICAN PATENTS. 
From tk Uniltd SLaiu Pamu-offict OfficW. Oa.utU. 

927,969. RltPP! PULLEY MAD8 IN T wo PART ... , J . F. R t u,·y, 
Bn t•lt~gM-~'IIr-Jhr, Francr.- F iltd IJ«tmbt,· i tl•, 1908 . 

This is a pntent for a pulley which can be opened &S hown to 

release a rope, and o sa\·e time in overhauling it. There is only 
one claim. 
928,109. Eu Tll' 1-'Lf' rD TUBB£NB, C. fl . f'urt i4. Xt.r )"or.l·, X . J"., 

IUSifl•IIYr, b•t muut a.C4•"g,. mt nt.•, to Ot:ntTal £'1«tric: C'cnnpan,l/, a 
OorporatiiJn ol .Yt'lr' J"o,·I:.- F ii'CllYo,·nnb.-• ht, 1907. 

Thia is a !pecies of covering patent, with ten claims. The second 
gives a good idea of the nature of the patent.. A turbine having a 
shell and a drum, there being a passage for working fluid between 
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the shell an_d drum, ro-.. of ft.xed and IDO"fing bucket.& within the 
paMage, wtth large clearances between the relatively mo.-ring 
snrfaces and a diaphragm dividing the pa991ge into stages of 
diffe~nt pressures, there being one row a t least of fi xed and a 
P!urah~y of rows of moving buckets in eaoh stage, the said 
d1aphragm having a central opening in which tha. drum rotate.;. 
928,280. PROC.SS o•• 8RPARATTNO WATBR FROM OIL, J. W. 

P ttlod:, Philachlyhia, Pa.. aMig1111r to tht Oil and lra.~t. 
& riJifl .MarM M Company , P hi/a(h/pltia, Pa.. , a C()o poratiqu. of 
~f7!1U.1Jh-ania.-Filtd .l!•gust •J.7tJ<. 1908. 

ThlS u a patent for a method of separating lubricating oil from 
water, consisting in forcibly projecting the intimately mited oil 
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and '!f&ter as a spray against a surface heated to a temperature 
~ffictent to evaporate t_he wate_r but insufficient to decompose the 
011, whereby the trater IS ' 'apon sed and the oil remains in a liquid 
state. Tbere are fi,·e claims. 

. CoNT~CTS.-Hudswell, 9J.arke and Co., Limited, of Leeds, have 
)UBt receiY~ an order for su locomotive boilers from the Rhymney 
Railway Compe.ny, South Wales.- Tbe contract for pumping 
plan~ for the Alennd ra pock, Newport, has just been let. The 
P"!!mp1ng plant Prt;~per wtll consist of two main pumps coupled 
<l1rect. to two tnple-eipansion steam engines, two separate 
500 kilowatts generating aetl bei~ installed for lighting and 
~wer parpoees.. The _pump!! W'lll he capable, when working 
~multaneo~sly, of pump•ng 50,000,000 gallons of water from the 
n .-er U~k ID~ the dock eJ:teosioo in a period of fiye hours, the 
average ~uantity of water deli•ered d uring this period by one 
pump be1ng 0 ~gallons per minute. The same pumpe will b3 
u~ for emptf!D{t the granng dock, which will be built at a 
future date. In this case the pnmps will work ag"inst a total 
head of 42(t. , and will each deli,·er an average qnantity of 
100,000 ~~:allons per minute. The mW! contractors for the whole 
of the ilO~eme are C'ole, Ya.rchent and Morley, Limited, of Brad· 
ford, whtl~ the purnp., are being built to the desi({D'I of J ens 
Orten-Bov1ng_and Co., by Willans and Robin.son, of Rugby. 
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