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generating plant and extending over the entire route.
In miost cases the wires are carried overhead on poles,
but wliere the street traflic is heavy, as in large cities.
ibis causes sonie encunibrance and danger to the pub.-
lic, especially in case o! fire, so that il may be found
necessary to carry the feeders and mains underground,
a niaîter wliich cutails considerable difficulty and extra
expense; the ivires rnust be better covered and good
insulation is much more troublesonie to maintain.
Since a good comducting path is offered from the trolley
to the earth, lightnimg will be more apt to do ijury to
tlie lime, though the risk of danmage to the station
machinery should flot be so great as in the case of an
entirely overliead uine.

A variety of cnduit systcms were early proposed,
but the dificulty of properly insulatimg a bare wvire
lying below the surface, or of providing other suitable
means o! contact, was found ta b: so great that they
received little attention. Lacely, however, a number
of conduit roads have l>een comstructed on plans which
seem ta promise hetter success. The Love system hias
undergone a series o! experimnents in Chicago, and a
short lime wvas also installed in WVashington, D.C., last
faîl. The coxîduit used at the latter place is 17 inches
decp by 14 inches ivide, very similar in general con-
struction ta that o! cable roads, and conmcîed ta the
sewer nt frequent intervals ta secure proper drainage.
A comiplete metallic circuit is used that leakage may be-
casier dctectcd and kept as low as possible. Full de-
scriptions of this, as wvell as several altier ncw conduit
systems, have appeared in îhecengineernmg jourmals and
necd mot bc repcated here. Wce arc informed hy one
o! the engmncers o! the Washington Road that it has
so far given g-ood satisfaction, and that during the
severe wet weather ai the past winter no trouble wvas
caused by water, the leakage being quitc small.

In the Europeam chties there arc a number a! con-
duit roads in operation, which we believe are shovring
good results, the one at Budapest being perhaps the
best example.

Induction systerns in whzch pramary coils are ta
bc imbedded just bclaw the surface at regular and
short intervals along the îrack, whilc a secondary is
carried low down on the car, have also been proposed;
ibis would ovcrcame the difflculty o! rnoving connec-
tions bc:wecn car and line, but , il carnes %vith it other
sources o! trouble, and wc have as yet no suitable alter-
nate current eailhvay motor.

As ta the construction af the lime for trolley ser-
vice, ive iant, ai course, ta secure as nearly as
possible the sanie potential difféence bcîween trolley
vire and graund at aIl points, and ta, obtain this We
must run cders from the station ta different points on
the line. %Vc may run out ane continuous feeder and
connect il ta the trolley %,çire whcmevcr necessary.

The trolley ar main may or may nox be connectcd
directly ta the station.

In this case the diameter of the feeder is decreascd
as ils distance frani station increases; a better methad
is to mun out separate feeders.

To cletermine the~ location and sizes ai feeders %vc
must fimd the amaumi oi current requirecl ai certain
parts ai the route, and ta do this wc need o! course ta
lwaw the particulars cof the case Given then:

Thc profile of the road,
Car speed and ie iniervals bctwvcen successive

cars,

Total weiglit of car and numnber of passengers il is
intcndcd to carry,

we can determine the horse-power rcquired by any car
ai any part oi the rond from wvhich, assuming a certain
cfficiency .ar eca o! the diffé±rent parts of the plant,
%ve deduct the current required on any portion oi the
lime for the given case and the mechianical horse-power
required at the station.

The prope- calculation of ieeders is nevertheless
a difficult probleni, as the alteration oi any one of the
givcn data -will change the resuit. Takre, C.g., cars A, B3,
and C running at such intervals that thecir distance
froni each otiier is 2,ooo feet, dtaNving resýPectively 40.
50 and 6o amperes. If now another car D, drawing
also Go anîperes. wcre to follow closely after C, the cur-
rent required on that section %vould bie doubled, and
the line loss increascd four-fold; i c., the available
pressure and efficiency would both be materially
lessened. Wlhere the feeders had been calculated just
ta accommodate a certain service, a change ini the
running schiedule of a road might thus entail rather
unexpected resuits in cfficiency oi aperation. The
necessity of havi ng a praperly constructcd ground
return is sonietimes cverlooked, and complaints of cor-
rosion o! lead or iron pipes b)y electro!ytic action are
mot uncommon. Rails should always; be properly
bonded and groundcd at regular intervals by a wvire
running into permanently moist earth; in sorme cases it
is a. iisable to put down a rcturn ire.

In the case o! raads of the second type, the accu-
mulators must bc considcred as the tramsmitting plant,
and these have been the one weak point in storage
traction. The barriers mostly used have been the lead
and acid ceils, of the types originally devised by Plante
and by Faure, or modifications thereof. The difficul-
tics in their operatian are many and weil known; the
positive plates do stili warp and form a short circuit in
spite of all efforts put forth ta kcep them in line, and
grid plugs stili continue to swell and drop out. The
W'addell-Entz Electric Co., o! Ncew York, have been
experimcnting on a French aikalime battery ivhich
show.s considerable probabihîty of success. The metal-
lic eaents used are copper and zinc and the clectro-
lyte caustic potash. The electrormotivc force o! such a
couple is quite smal. beimg anly cight.tenths ta rtine-
tenths of a volt, whilc that o! the Iead ceis is 2- to 2-4,
but its chemical action is almost cozmpletely reversible,
and its weight is only about 6o pounds pier horse-power
haur, stored, while that of the lead type is about îoo
pounds; ils efficiency is claimed 'ta bt fulv equal Io
ihat of the best lead battery. The motar uscd in con-
ncct ion therewith is especially designecd for low voltage,
and has a Gramme ring armature of large diamneter
with internai field, thus securing a longer power arn
and better ventilation. Il is -voumd to take heavy cur
rents sa tbat a powverful torque may bc ecerted to
rmake up for its slowcr spccd.
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The style o! rnaîor employcd for electric traction
work is substantially the sanie for ail o! the diffierent
systenis now in use. In the carliest fornis il: was car-
ried above the car floor and connected Io the car axie
by means of bels or chains, but ihiýs mieflod was soon
abandomed. Link cannection betwccn armature shaft
and car axie, Iikc thai of railway locomotives, was used
ta sonie extent, and the rncthod xnay yct in a rnodified
fonm corne iat use, though at present spur gearing is


