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thave tiat onle system whicli witt the

10, readily tend itisetf te ail of the wvork te hc
1 rorflned, for light, lieat andi power service.

ý ellaipositC systO'" May prove best suited,

'wn in such short-id1staflce transmlissionl. Thaît

klighliflg service %vili, in general, be more
ýtisfactorY., and uici jiot bc more expensive,
ýsupplied indepeid(etîîîY ot the power service.

)jrect and alterniitiflg currentS are equally

ýVted fer fictory tranismissionl, and by simple

lu~1lti.circuit sy,ýteflis of distribution ; that

v,b three, ai* four-wire systems, as.- the

sniay require. Preferably, ail distribution
fouit be direct ; 111it is, without the use of
Woage batteries, rotary converters, or trans-

mc, except rot certain fines of wvork in
'hch it mnay be niecessary to use one or the
brbC of these indirect systems of distribution.

in the mnatter of voltages a wide range is

oible: i jo-volt two-wire and 220-Volt three-
1 ce systems for uise of cither direct or alter-
ating currents for light and power; 440-volt
,.phaSe aiternatiflg current three or four-
ýre systeins for botil Iight and power; 5So-volt

ý rec-current two.Wire system, Or 5so-volt aI-
~mating current three-phase three-wvire sys-

tni, chiefly for powVer service, or the monocy-

lie systemn for botta light and power. In

eneral, it ivilI flot be necessary or advisable
Duse over 550 volts, direct or alternating cur-
tnt. Shocks arisîflg trom accidentai contact
nth %vires carryiflg currents ef tbis voltoge
e flot necessaily dangerous. Experience bas
hown that îî'orknien respect the distributing
ýres the higher the voltage. But it is net
tcessary to commanld such respect by raising
above 550 volts.

1ECTRIC TRANSSMSSIOS' 11 DIRECT CURRENTS.

At the time that electricity wvas introduced
ni mianufacturing establishments the direct-
crrent systemt was the only one available. For
he peculiar and exacting service required in
living ait kinds of machine tools and various
rockshop appliancesi there wvere difficulties te
e overcome with any system. It wvaS neces-

ýyto secure sctisfactory miethods of produc-
na large staiting turning moment, or torque,

Dr varying the speeds as might be required
zderuniform or variable loads, and for reduc-
cgIo a minimum the trouble arising from the
me of a commutator.
With direct carrent motorS, it wvas a simple

natter ta introduce starting boxes (resistances)
i the armature circuit te controi the terque,
s Weil as rheostcîts (resistances) in the fields
D control the spced in particular. But every
uch resistance mecant an expenditure of energy

oîbervise u,;ele,;s heating ef the wire or
!ber mnaterial ef which these resistances might
e clade. The so-called Ward Leonard systemr
aine to the resctie with its two additional
lachines in ordcr te eperate the one given
lachine as a niotor, at practically a constant
Edcency under ail conditions of load and
Peed. This systemr bas been very successfully
zd extensively used in elevators, cranes, etc.
tYlhe use et the :îuxiliary machines the supply
oltage may ho **a.riedl according to the speed
tsired, and the, oi'rrent supplied accerding te
he torque reqtiied, withjout wasting any en-
%gY in heating v.asteIul resistances. For con-
itionS Of factory service permitting of such an
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application, two niotors may bc advannagcoubly
used onl one machine or set or machines, by
means of whictî it is possible ta vary the terque
and speed quite as batisfactority ais in chtreet-
car weriig, by the series-paratiet niettîod fo
conitrol.

The difficulties with cemnintators haveo been
almest entircly evercome and many refine-
ments in design effected, se that the direct.
currerît mioter ef to-day teaves little to ho de-
sired. Sucli objectionable features as still
remain are inherent in the direct-currcnt sys.
tern used, and are teund te lie chiiefly in the
kind ef armature, commutatar and brtisl dc.
vices roquired. These parts aire niost hiable te
derangement, require systeniatic attention fer
cleantiness and efficiency aînd renew;îts ef
brushes.
EI.ECTRIC TRANSNISSION IIV ALTEIONATING' COR.

RENTS-INDUCTIeN NIOTOitS.
The alternating current systeni, v/itn as ini-

duction moter service, offered prccicatly the
only alternative te these engineers and manu-
facturers whe did net care te be trotibled with
the petty annoyances and delays likely te occur
at any time wvith the direct-current meter.
The induction machine as it stands to-day is
probably the mest perfect metor yet develepeti
tram the standpeint ef electric transmission
in factories and milîs. It miay be started and
oporated from any point at any time, at prac-
tically any lead and speed within its prodeter.
mined ranges. It may be used on 110o, 220, 440
or 55o-volt alternating current circuits et one,
two or three phases. It dees net roquiro any
direct-curront supply as the synchronous metor
doos for its field excitation. It dees flot re-
quire any brushes, commutater or cellecting
rings. Offsetting these advantages, however,
nre certain restrictions. The speed ot an in-
ductien motor faits eff sIightlylas the load is in-
creased. The ability to start an induction
motor fram rest under a heavy load, as wvell as
the possible speed changes during its operatien,
are obtained-at seme sacrifice ef efficiency.

Induction motors, moreover, permit ef

higher tincal speeds than are possible îvith any
other type, from 6,000 to 7,000 f eet net being
infrequent. By suitable arrangements et its
field windings, this type et moter nîay have its
speed alterod in regular steps, se reducing it
ene-haîf, one-quarter, ene-eighth, etc. This
makes possible similar changes te gear-wvheel
combinations, which may therefore be ejinein-
ated te the extent that the induction motor
is installed te effect such changes. la almost
ail cases ef shep driving, the slip is net objec-
tionable, any more than the increasing slip et
the driving belt as theoload is thrown on. These
meters will stand almost any ameount et rough
usage and heavy overloads, as they cannot be
burned eut. If excessivoty overlonded, the
motor slows down and stops, starting up ira-
mediately as sonr as the load is lightened.
Ordinarity, machine tools and almost ait classes
of shop machinery are startod at quite light
loads, and the fuît lead as thrown on when the
work or the teol is up to the speed dcsired.
For this class ef wverk the induction metor
seems specially fitted.

A larger generating power pl- s required
fer an installation of induction -notors than

wou(ld bc the case if dire-.t--Luî rciit ilatons
wvere uascd. Thcis is on it.Laîîtit ofthie energy
wtîich j,, lest iii ait cliisses af aitteriaiting --ur-
rent circuits in vvilîklî1 ttîcre kb coanideraible
self-induction, %whctlîer ini tthe ttralnsmis%ioil
svireb or in the apptianices used. fl tthe case et
inlductionl M'tors thiS 10%-, i-, '.t!y aIpprCLi.'Ible
at tighit Iaadb, bceming miucti redtiticd ,it anver-
age aind heavylOdS at whlîi it is, itmasot tini-

S> - liili rolIo(I% illotr irar Itltlit,îItNl adaiteLt
to ftct..r% sers he %% tiere ablîite til'arn-iiit% tir

lation (if a direct etarrent stapply l'or their field

etierg% , ttîagti tîjeir tîiglh setl'-iIltitiîctian, Svil-
ctironati, ilîotors 11.1). 01i the ai ler hand lie
liroti.ght ilito ttîat conditionî of oper.îîiaî pr.îcti-
caii> cqîîîî alenit ta thce îa'.e aio ret-ret
niators, at least l'or a large range tif tlieir

toads In tter Nvord.%, the pouer factor or a
s,%iictirontoni- motor iiîiN lie iiîade iiliiio'. at
ttîiiig troul z.ero ta îiîity, accordiiîg to the
exteuit of~ excitation or its fields liv ale direct
clirrent. applied for ttais ptirpose.

Miîen ma;de iii thte revolving fieldt type, .cvn-

cturoîîons niotors are ;elf'-st.trtitig l'romi rest at
lighit loads. Tteey in;y ho v'ery tneavity over-

oaded, without f.illhii otit of' svinelroilisiii ai.
euitiof %tel), asnd îw'les nlîy do for ani ini;stn
they mcîy be bronghult back agaiu 1w' tlhrowi ng
off somle of the toad. A wveil-desigîued syiî-
chronous nieter wvitt carry at teaist tfirce tiles
its fuit norarl loati, anid not dlrop out of stepi.
If .1In iducLtionu matar b 1-aiît foi %(t'I aoer-

taads it is likely te have titaite tow efflkiency at
erdinary teatis.

1liglL.r efficieicies 01,1v bc obtained w~ith
syîîclronous niotors titan %vitt ineduction Silo-
tors. of the saie ouîtput. lui faîit, siinaýtors"
re.iz'e thîe ideti oaîiaa f iluutor %'orliig
ini %Iluiclu the ietor attainis atiiost the Saine
cfficicncy as the genlerater. Both induction
aînd synctîronous niotors have uislialtv tuigleer
elliciences than direct cturrcnt iiotnrs et sanie
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Thie ideil Laeiit in aî f.iLtut> î-,t.tlI.tîaîîl
île danîbt wvoîld ho sectîred wiere hiot inidue-
tion and syiîchronou-s ixotor-; were tîsed, thec
fornmer for snicîll mîachiines anid direct drîviiig,
the latter for operatiiig a set or groîipI of niia-
chinles. Thei s> uchrounaus imonors% %%uld hc
statrted up just before begrinniing the work of
the da%>, ha%~ e at adl tillies -i lighnt constant taad,
and ni lt cîsily hie regtilancd aîs ta produce au
almaist halanced systcmi ini comibination witli
the induîctioni niotors. Ili îtacl i ss otn f

triisiistni t!c ofggn iurees t iimduti.-
tioià illutors Nwuuld bc offsct b% the te. disi- cîir-
rent', ut the N> ictîroiuo:is; motor.., if the latter
were orterated ta produce sticl leadiiig ctirrents.
'l'lie wîhale svstenî waîuld bc oper..ted practic-
;lil tliraîîgtiaîit quîitea îi anige or lad % .trititins,
as, il it wec a siniple dit ect cuirrents>sn.
the Aîvantage et sucu ai condition ks apparent
it iiueansl Icast installationu for any giveil eutput,
er grc:îtest ouitpuit for zîny given c;îpacit.N of
et gcrating plant. Th'le graîip mlethod ot
clectric driving is muncl butter cidapite oti-
bra11 miachines, tip te anîd incliiding 2-ltorse
powver capcîcity, and especial> whcre sucb lînia-
chiiies arc ini cîlmost constant serice. Aho%.e
this size, indiv idnîal metor dri% ing becomies
more and more efficient, particutarty if thc
Machines arc operatcd only a fraction of Uic
day.


