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Ol'lt rcuclcr ... "rll rcwewbcr the couta-o' Cl'\) '' hid• look 
place bOmc tlnee ·'cars ago on the t}Uebtion at~ to the 
method of elcct.t·ifica.tion to be emplo,) cd on the F:y&Lenh! 
of the ~let.ropolitan and Di ... t.l'ict Hailwtl.\'H. The' Board 
of Trade fi nally decided that direct current of compara­
tively low tenf>ion-from 500 to 600 'oll~>-was to be 
used on both railways, which were to arrange ruattcrH in 
such a way that. the trains of either company could run 
on the other'tl li.J1e as well as on its own . Since the 
decision was urri,•ed at, both railway~; h11.' e been buay 
making preparation for the con,·er ion to electt·ic traction, 
and the object of the following >-erie!> of article~> is to tlet 
out the progret-s "hich ho.., been wade in this direction 
by the Metropolitan Haih~a.\. 

The equipment of such o. line as the :\l etropolitan 
~way for elecLrical working ib un undertaking or con­
>-Idernble magnitude. P ot· one thing, it it, a line which it> 
largely utsed by the trains of other comptmies which hM e 
running powers o'er its network. One result of this is 
th!-1-t the_ tra~ density, if such an cxprebsion may be per· 
uutted, 1 · htgh. The number of trainFi per hour pa.,sing 
O\'er its wetal.., i ... large. 'rhi ... , of cour.,e, render~> the 
equipment of the penuanent Wll.} a matter of dillicult.'. if 
not of danger-. Then, too, the portion of Lhc "hole line 
which it has been deter1uined to com•ert is extensi,·e, 
there being some 26 wil e~; of double track to be dealt 
with. A glance at the accompanying plan map will 
t>erve to gi,·e sou•c idea of the area co,·ered by the opera· 
tions which nrc now in progress. .\ s ruany or our 
rea<let·s "ill h..: tmare, the :\letropolitan for·wh Lbc 
northern portion of the circle of what i~> generalh kno" n 
as the underground Hail"uy. The company's Hphere 
in this locality extend.; from Aldgatc Enst on the ('nst 
to South J{en~>ington on the we~>t, pll.~>sing through 
Moorgate-strect, King's Cross, Gower-street, Baker-atreet, 
Edgware·road, Notting-hill, and other stations on the 
way. F row Baker-street the main line runs north· 
westwards through !\casden to Harrow, and thence on to 
Aylesbury. At ,\ ldgate East con· 
nection ill wade with the District 
Hailway, and the portion of that 
company't~line betwecu the Man~iou 
House and Whitecbapel is to be 
worked conjointl_y by both coru· 
panies in o. manner which haa .} et 
to be decided. At Edgwo.re-road 
and Bishop's·roacl there is also a 
junction with the Great \\'ctstern 
Hailway, and het·c ugaiu the line 
to H8.1llmerttmith is to be worked 
conjointly by both companies. It 
lllay also be mentioned that at 
Snow-hill there is through com· 
muuication with the South-Eabtcm 
and Chathaul Hailway. Hr·anching 
from Harrow there is a new line of 
the cow puny's running south -west· 
wardij to C xbt·idgc ; thiH and all 
of the lines already mentioned arc 
to be electrical ly equipped. When 
it comes to be com;idered that the 
future pot>sible requirements of all 
the companies concemed had to 
be asced.aincd and respected, sow e 
small ideo. of the magnitude of the 
task invoh•ed may be obtained, and 
this, a.pa.rt al together from any of 

• 

the many difficulties, both e lectrical 

- t•ratcriul, be it aaid, which clos<.h rc'>ewhleH puddle 
cltl\ - till ar ti f1ciul t'eller\ oir· h tu; beet. C()llstnwted. Thi"l • 
ill nhout tm acre in a rea, ~wd, t~t the tiiOUlent, it ill lllled 
"ilh water to t\ depth of ~;ome ;Jft., ''hi eh gi' Cll <l ... toragc 
of O\ er 1 ~ willion gallon~. There appcur., to be no reullon 
"hy tru!l ~;toragc ~>hould not be com.iderably iucreu.<,ed 
>-hould it be found desirable. The 'mtcr· i~. we under· 
Htand, of mcclium hardneKI!, aud will probt~bly htl\ c to be 
~>lightly t>Oftened. Arrangements husc been 111a<le for :,ix 
cooliug tower11, each of which will be capable of dealing 
with over 424,000 gallon ~; of "atet· per hour, and of 
reducing it~; temperature down to, at all eventt~, 00 deg. 
Fah. 

The sy~>tem adopted is to generate the electricity a t 
11,000 ,·olts three-phase, to tra.namit the current at tbi~> 
,•olto.ge to sub-stations, to com ert it at these hUb·btations 
into direct current at between 500 and 600 volts, and to 
supply it to the conductor rails, of which the po~;itive is 
being fixed on the outside, and to the left of the llletals, 
looking in the clirection of motion of the trains, with the 
return t·ail laid midway between the running raih.. There 
11.rc, at fir·:;t at all e ,·ents, to be nine bUb·~>tationl! iu all. 
These will be t>itu~~.ted at Moorgute-street, King's 
Cro~>s, Baker-~trc<' t, Botn erie-:;trcct, South T\ ensington, 
F inchley-road, Neasden- part of the power-house 
being used as a. sub-station- Harrow, and l"xbridge. 
The a tnount of cable which wiJI be nccetlsar·y to 

• 
con nect all thct~c stations "ith Lhe power-house 
at ~ eaaden will be over 80 miles, and of this 
length t>omc 15 wiles are a lready laid. The cable con· 
t>ibt'! of triple conductors, paper in~ulated and lead 
CO\ ered. Outside the lead there is t\ further 1.en·ing of 
in>-ttlating materia l, and row1d thcHC again an tU'tliOtlling 
of gah anised s teel wiret> about ~o. 12 gauge. Two -;izes 
al'C heing emplo.' ed. naruely, · 25in. and · 2in. cros"'·hection; 
the cables being laid on the •· ~>olid " SJ s tcm, nau•el~·, in 
\\ood trough~, fill ed iu with bitumen . 

'rhe fixing of the cooductot· rails it> proceeding fast, and 
there are several things in connection with these rails 
which are worthy of attention. In the tin;t place it will 
ha\ e been noticed that both lead and retum rails are 
being laid. The ad,·antages of thi~> can be readily appre· 
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and mechanical, which have had to be surmounted. ciatccl. In the first place there is pt·actically no <;hancc 
The whole schentc is now beginning to take visible or leakage to earth, and the production or earth cm-rents, 
shape. The power-house building at )\easdcu has with their accompanying eviJs of electrolysis Rnd inter· 
been practically coruplete for sowc tituc, sub-station~:~ fcrcncc with obsen ·atory instrumcnta, to say notrung or 
are being built in \'arious places, cables are being pecuniary loss. The insulators are of a fo11U specially 
laid, and the insulated conductor ntilij are being designed for thi~:~ work, and we shall descr·ibc them in 
fixed. \\'e have thought, therefore, that a deHcription detai l in a la ter ~~rticle. Suffice it for the moment to say 
of the works as thc.v now arc, and of the progress llJade that they arc of white porcelain, and arc carried on an 
from time to time, will be of considerable interest and iron &talk, which splits up into three feet, these being 
value to our readers. " 'c me much indebted to the drilled and fastened to the sleeper!! by means of coach 
chairman, general manager, and othet· directors of the screws. The conductor rails arc of the Yignoles shape, 
line for their co01·teou, pet111ission to dc!.cribe the under· with heads some 3in. wide. The~· nrc laid on the tops of 
taking, and to :\[ r. Thoruas Parker, "ho has throughout the insulators, through holes in which bolts carr~·ing clips 
acted as consul ting tmginccr to the company, and who has ar<' passed, thc.se clips gripping the bottom flange of the 
put a large amount of information and a number of rail on either side. The insulators are laid about 8ft. 
drawings ali out· disposal. Our thanks arc also due to apart throughout. The rails weigh JOO lb. to the yard 
1\lr. Charles ,J on eH, the company's chief electrical run, and at·e laid in lengths of 42ft. They arc bonded 
engineer, for the very considerable assistance he has with ~;pecial copper bonds, which will also be described 
afforded us. fully in a later article. There are four holeH in the feet 

The main spring of a convet·sion schc111c such as the of each rail at either end. These boles al'e reamed out 
present may well be said to be the cent•·al powet··hou!>e. and into them fit lugs on the bonds, the lugs being after· 
It shou ld be centrally placed, so that fall of potential way wardt~ riveted in by an h.}'draulic ura.<·hine. The cross 
be miuimibed. It hhould not be in a. cramped poa;ition; section of the bonds is about 1{in. of pure copper and of 
there should be plcnt,y of hpacc for extcn~;ions, which are the rails some 10 square incheH. \\' c hM c carefully 
sure to coruc in the future; and it shou ld uc in such a obHcrved portion!> of the track laid with thc;;c conductor· 
~;ituation that fuel can readily be receh cd in to it, t\HheFI n1-i IH nnd int>u la torH. i\f any of OUI' t'Ctlllet·f! wi 11 be awo.re 
removed, and a copious supply of " ate•· obtained. The that the Great Central Ha.ilway runs O\ er· a portion of the 
company's engineer lllay be t>aid to hao.·c decided upon t_he Metropolitan Hl\ilwa.y ~>,Y!ltem on its way from the Xorth 
best position in the "hole line fot· his purpose. 'fhc srte to London. Someof theGreatCentral cxprcssenginc~;weigh 
chosen i ~; close to the Neasdcn Station. This is very with tender·s as 111uch as 90 tons, ancl fot· some time now 
nearly equi-distant frotn the two extt·cw efi of that portion engines of thi ~; weight hM·e taken truinll a t expres~; speed 
of the companies' line~;_ which ill at present t? be clec~ri· ?'et· purts of ~he line equippe~ with concluctor rails. an~ 
fied. Sidings hM e eat.tly been run from th<· ltne to lmng rn~;ulutors. Xat.urally the r·a1ls 1md a-lecpct·s "gJ\'C 
in coal at1d take away ashes. The only thing not actually slight!.}' as the trains paS~> O\et• them, lllld the sleeper~, of 
in evidence was wt~Lcr, and this hfLll been obtaiued in courHe, caube the conductor rails to'' gin.>,'' hut in no case, 
abundance by the Hink ing of two bol'e·holcH. 'fhe Hu pply I so we are inforJUed, l:a.s any breakage oc_cw-red, which 
available from these ill ~;ome 31:!,000 gallons per hour, speak!! weU fot· the Hohcli~y of the conRkuctJOn. . It would 
or over 900.000 gallons in the twenty-four h_our11. Of be a ~natter of cor~paratn·c ease to replace an _rnHulator, 
course the uenerating 11tation will not be worlung up to even rf fracture dtcl occur, for the topt> of the Jua;ula tors 
its full capt~ity for the "hole of the t\~cuty-four h o~u·~; arc fl a t. It would, Lherefot·e, only he necessary to un· 
and, therefore, in order to r·cap the greatest poHHi blr screw the t~rec COB;Ch !>Crews! t> l l~Cl< off the l~olt, and 
advantage from thib \Htter supply i~ WUb necessary lo hen~e the cltps ~ol~ng the rail, \Hthdt·M~ the _msulator 
provide sorue wethod of blomgc. Clo~<e to the power· on 1ts stalk, sltde tn another, and fix 1t by 1ts coach 
house was a shallow ponc.i. By embanl<ing the bides of crews. 
this by meana of the material excavated for the building The power-house will present some novel features. It 
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it~ a building 31 ft. long by 101ft. wide, di\ ided by £l wuJI 
placed ceut ra.lly down its length into engine ana boiler· 
houge~ . Huuning at right angle~; to and placed in the 
centre of the length of the boiler ·hout~e is an cconomiHct· 
buildi.Jrg, cou tainiug ulr-0 induced <lraught fan~;. The 
po" er for dri' ing the altemator!f ill to be obtained by 
tllCIUJt> of Htcam turbinct~, each of 5000 hor~;e-power, the 
o.ltcrnatOI'd being or oiiOO kilowatts. There wiJI be fOU l' 
combined ~;ets of this l<ind. The foundationH for two of 
them are already under construction, one l>eing prac· 
ticully finished , as is a iHo the foundation for a. rotary 
convm·ter. The set~; will be placed with their a.x~~; 
parallel to the length of the building. In the boiler-house 
are being in ~;t11.lled Babcock and Wilcox boilers, with 
ruechanical ~;tokers. There are to be a. coal elevator and 
com·cyor, and 11.n asb con' eyor. The coal conveyor will 
lift the coal dcli' ered from truck~; into large hoppers O\'er 
the boilers, whence it will fall by gravity through sboott> 
into the hoppers of the rnechaniclil stokers . The ashes 
will be com e\'ed into a hoppet· over the coal bunkera, 
whence the.' t'uay be discharged by grM·it.}' into railway 
wagons for rewoval. The Mteruu will be superheated, so 
tha t the total temperature will be about 500 del?. Fah . 
The conden~;ing arrangements will be entirei.Y outside the 
boiler-house, and separ·atcd by a paMsage-way some 25ft. 
wide (row it. E ach turbine will haYe its own condent>er·. 
These arc what is known as the barometric jet t,,-pe, iu 
which the ~;tcaru is condensed by coming into contact 
with the circula ting water. We shall have occasion to 
t·efer to these more in detail later on. 

A number of coaches, ver_y much the same in det~ign 
a11 those in use on the Central L ondon Railway, are beiug 
construc ted, and sowe have already beeu delivered, 
Exterior and interior viewt> of these coaches arc shown 
on pal.?c 159, a.., also is the power-house and a portion of 
tb~ fully equipped track. 
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S tNCP. appearances point to an interference, owing to 
the war, in the production of copper in the Far East, with 
o. consequent probable hardening of ptices, it would seem 
to be ad' isablc for engineers who are in need of supplie11 
of this metal to make early purchases. It is believed that 
the copper production of Japan will be considerably 
l e~;seued by the miner!! being called upon for military 
service. Copper is found in nearly all parts of that 
country, and is made into a variety of articles, besides 
being exported. It has also to be remembered that 
copper ore forms an uTtportant asset of China., and if the 
E astern po~;ition leads to a lessening of the production of 
copper in China as well as in J apan, then there is all the 
Ill ore likelihood of values of this rnetal stiffening. Copper 
111ining ha!i, indeed, for centuries been an active industry 
in the south-eastern province of Yunnan. The Eastern 
prod uction, it is true, iH SUJaJI as compared with that of 
the 1: nited States, or of South America, but it forms an 
appreciable proportion or the total output, and the effect 
of the Eastem crisis is therefore sure to be felt in the 
nJetal markets of London, Birmingham, and New 
York. The recent reduction in the price of electrolytic 
copper frorn .1:60 to £58 per ton for wire bar!> has already 
augmented sales; and advantage should continue to be 
taken of thi~; fa.,·ourablc opportunity for bu.}ing. The 
preponderating extent to wbich the welfare of the copper 
industr.v is dependent upon the electric engineering trades 
is strildngly indicated by the fact tbat out of tbe world'~; 
annual consumption of copper to day-a.mounti11g, as it 
doct>, to about 500,000 tons-some three-fifths of that 
consumption may be credited to electrical engineering 
requirements. The output of the metal is fi ve and a-bad 
times a~; gr·eat as it was tbirty-fout· years ago, for in the 
_year 1870 it was 90,000 tons, and nearly a ll this great 
headway has been due to electrical progre!>s-a circum­
stance which impressively illustrates the intimate manner 
in which vatious industries are mutually interdependent. 
Whilst the price of copper ba11 al ways been subject to 
'iolcnt Lluctuations due to .;peculation , yet, with the 
exception of the period 1 51 to 1860, it has bteadily de· 
clincd in each decennial period since 1801-10, when it 
stood a t £160 per ton. The total production has during 
the past century increased about forty-fold, but in the 
same period the production of the United Kingdom has 
&tcadily diminished, and is now only about 500 tons per 
annum. With regard to the output since the year 1880, 
the United States has increased its production more than 
ten-fold. !;pain has been stationary, and Chili has de· 
clined ; but Australia, Germany, and .Japan have shown 
marked impro,·ement. It may be added that many of our 
large Bt1tish engineering firms are, to an increasing 
extent, makiug their own brasses, instea<l of pu1·chasing 
thew as they did fot·merly, and it speaks well for the 
hea.<lwas wade of la te in engineering works equipment 
that a w etallurgical expert should recently have publicly 
stated that sowe of the bra:;s departments t\t Briti~h 
engineeriJlg works arc wore a.<lmimbly arranged than 
w ost of the brass factories themsel\'es. 

'I'm: account l:i of the Great )\orthern Hailway fo1· tho 
hnlf-year coding December 3l~<t, nft.er opplyin~ £.10,0oo to the 
pcnnan<:nt-wuy renewal I!WIJ)()OSe account., wb1cb is fi nally ox· 
tingui~bed, indicate that u dividend may be declared at tbc rate of 
I por cent. per nnnum on tbc ordina ry capital of tbo company

1 
1 

giving for tho half-year 2 per cont. to the preferred converte<t 
ordinary 11lock, 1 J)()r cent. to tbe deferred converted ordinarr, 
~t~>ek, :3 per ccnl. to the " B " stock, a nd 1 per cent. to the · ' A ' 
'ltuck. 'l'hc'IC mlc.i will mnko the dividend for tbo whole year Ill! 
fu:I!JWI! :- J pe r cent. to the preferred con\'Orted ordinary stock 
I per cent. to the deferred converted ordinary stock, 6 per 
cent. to the " B " stock, and 1 per cent. t.o tho " A " stock. 
The balance carried forward is £.11, 161. The d ividend a year ago 
on the ordinary capital wa.s a t the rate or 4i per cent. per annum, 
and the sum of £37, 10'2 wa.s carried forward, whiht £ 30,000 Wl\!! 

written off pcrmnoent-wo.y rcnewo.l !suspense account 
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