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HISTORY AND DEVELOPMENT OF ELECTRIC TRAIN OPERATION 
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1887 
In May, • *)(.•.. a contract was signed for install-

ing in the City of Richmond, Virginia, an electric 

railway which niarked thc active beginning of thc niodern 

dcvclopiuent, for it proved to bc the pionecr in niost all the 

csseutials of the present trolley systcm. It was not a long 

contract, but its terms wcrc somcwhat rcniarkable, be ng 

dictatcd by enthusiasm and self-confidenec ralhcr than 

by ordinary conimerci.il rules. 

It provided that a systcm, existing thcn only on a blue-

print, except that the gcncral motor itlcas had been expcri-

mentally devclopcd on thc 34H1 Street hrauch of the Man-

haltan Elevated Railroad, on an unbuilt road cleven miles 

in length, w th twenty-nine curves, straight gradcs as Iiigh 

as 8 pcr cent., aud grades on curves equ valent to 12 per 

cent., embrac ng a central station of 300 II. T., and equip-

ments for forty cars, shotild be installed in niuety days, and 

íorthis $120.000 n cash was to be pa d if the system "was 

satisfactory to the Ra hvay Company." 

The net loss to llic Spraguc l'.leelrîc Kailway & Motor 

Company 011 this contract was fully $100,000. The rest 

is history—llie Iiistory o( ;m uuprccedcuted industrial de-

velopmcnt of such a character that every individual con-

nectctl witli tlic Richmond Road through all its vicissitudcs 

may well lake a personal pride in it. 

According to stattstícs ptibiishcd in thc Strcet Raihvay 

Journal in February, 1899, hy the closc of 1898 there was 

in operal on in tlie United States alonc, otit of a total of 

17,291 miles oí clectric cable and horse car tracks. 15,672 

niiles with elcctrical equipment, comprising 30,429 motor 

cars and 7,914 trail cars. 

The capitalized Habilities of these elcctric roads were 

close on to $1,500,000,000. 

Ten ycars later, in May, 189", another contract vvas 

signed, this tinic individually, for replaeing the opcrative 

steam cquipmcnt 011 thc Souih Sidc Elevatcd Railroad of 

Chicago by an electricai equîpment on a new method, 

which, if succcsslul, was destincd to mark the abolition of 

stcain antl Itx'omotive svsloms oí any charactcr on urban, 

iuterurban antl suburban trnffic, the next great field of elec-

iric railway dcvelopment. 

This contract was something Hke tlie other. The com-

nicreial conditions were onerous, and thc profcssional and 

finaneial risks werc great, such as might well make at least 

theoflicia s and engineers of the road gravely hesitate, for 

themultiplc unit system, absolutely untried in commercial 

practice, had to be rcduced t<> praclical operation on a scale 

of development and under eoi litions ncver before at-

tempted in elcctric railroading evcu in l.icluuond. 

It may well be askcd: What was the warrant—what 

the necessity of such a contract? The answer is based 

primarily on the fact that rapid transit is thc sc ence 

of compctitive railroading. and if by whcelcd vchicles, ulti-

matcly reduces to a qucstion of the proportion of weight 

upon thc driving wheels. 

SPRAGUE MULTIPLE UNIT TRAIN OF 13 CARS 
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6 IIISTORY OF ELECTRIC TRAIN OPERATION. 

All olhcr matters entering into the quest on for any 
givcn case and set <>f eonditions, sucli as schcdule spccd, 

traffic capacity, extent of cquipment, total investment, fre-

quency of service, opcrating cost, and even safety aud rc-

liability of service, are incidcntal to and directly or indi-

rectly dependent upon the adhesion of the driving wheels 

of thc vehicles tn the track. 

The fastesf possiblc car movement between stations 

can always, under equal conditions of equipment, load, 

grade and power supply, !><• made by the vehicle which has 

thc greatesl percentage i>í weighl on llic drivcrs. 

Tlicrcfnre dclinik' theoretical and practical limils 

exist for railroad schedule speeds under any given condi-

tions, autl the highest schedules iu any case can only be 

madc hy a tra n system wliicti preserves under all circtim-

stanccstlie specific characteristics of a innior vehicle with 

100 per cent wcîghl on ilic ilrivcrs. 

Inthe prescnt slagc <>f development <>f Rapid Trans l 

Systems for urban, surburhan and inter-urban service. 

whcre stations are closc together, trafflc nmch congcsted 

moniing and evening, and yard and terminal facilitics 

Hmited antl costiv. high sclictlule s]>eeds are absolutely es-

scntial. lhnv siiall they bc had. 

There are llirco dislinel and generic methods of rail-

road passcngcr transportation as follows : 

The singlc car, operating independently. 

Il ' locomotive, pulling trail cars. 

The multíple unit system, or aggregation of transpot-

tations units, cach fully equipped, into trains, and providcd 

with a secoudary control. 

Thc first received its great impulse at Rîchmond in 

1887-8. Its hislory and charaeteristics, as illustrated by tiic 

tens of thousamls of ears in daily opcration need 110 de-

tail dcscription. 

Each car is a motor unit, with largc effcctive driving 

weight, froin 80 per cent. to 100 per cent., equipped with 

hand control. hut incapable of aggrcgation into trains with 

local zeil control. 

This systcni broadly inch les all modern street rail-

ways. 

Thcsccond îs tl ' locomotive system, follow ng steam 

precedents, and dictaled by the limîtat ons <>f stcam engi-

nccring. in which there is conccntrated in a singlc unit the 

weîghl and power necessary t<> handle a train under given 

conditions. 'l'liis locomotive idea has taken two forms, one 

ní wliich copíes one or otlier of tlic mauy types of steam 

locotnotivcs, wílli such nioilificíiliotis as arc perniissible 

with electric motors, but which, despite the rcmarkable 

general progress of electric railways, stiil finds com-

paratively few applications in actual practice. 

Notable among these are the íi- c. 1). ttinnel locomo-

tives in fialtimore, and the proposed equipment for the 

Central London Railway. 

A m o n g the earliest, it' not the first of tlie large loco-

motivcs, is onc of 1.000 H. P. capacity, bu lt by the writcr 

and his associates i'or tlic Xurth Anierican Co. alxiut seven 

years agO, 

Anothcr form <>f the locomotive may be dcscribcd as 

the loconiotivc car, wliích consists of a car body of the 

ustial íorni, arranged to carry passengcrs, with onc or both 

trucks equipped witli motors, ai l hcnce with the weight 

d stributed overa considerable distancc, and with, as in the 

other casc, hand control provided at either end of the car. 

Such a onc was experimented with by the writer on 

the 34U1 Strcet branch of thc Manhattan Elcvated in 1886-

7, where was used the first modern railway motor, and a 

spccial car was built about the same time which was to 

have had an cquipmcnt of two 75 H. P. motors on each 

truck. Tliis was before the davs wlion thc Richmonc. road 

was built, and thcreforc beforc the modern advance in 

electric railroading. 

This type of locomotive car was used in the Intra-

mural Railroad in Chicago during the World's Fair, and 

is now in operation 011 thc Metropolitan and Lake Street 

Elevated Railways in ("hieago. 

A modification of this locomotive car plan has been 

1.000 H. P. 60 TON ELECTRIC LOCOMOTIVE, BUILT IN 1892-4 BY SPRAGUE, DUNCAN & HUTCHINSON 
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more recently proposcd, which cousists in putt ng a loco- a 
motive car at cach enrl of the train, passing thc ma n cir- s 

cuits through all the other cars, and providing duplieatc 

hand controls at each end of each locomot ve car for thc r 

eight motors constituting llieir cquipment. t 

Thc systcin is absolutely untr cd. prcscnts innunicrable ^ 

dimculties. an<I has about all of thc dcfects of thc loconio- t 

tivc system, hut constitutes an acknowlodguictit of lli" t 

ncccssity of grcator wcight on drivers and greater power 

for mccting the requirements of modern inuis|)ortation. f 

In matters of transportation, thc passenger's dcmai l t 

and the wishes of an opcrating nianagcr are not always a 

alike. The passcngcr requires for his convcniencc the " 

most frequcnl timc intcrvals, the shortest station waits, and a 

thc higfiest possiblc schedule speed. The railway manager < 

is apt to concentrale loads. încrease thc limc inlorvals, antl 

let the passcnger wa t, but in so doing hc may losc thc 

passcnger. 

With a locomotivc car systcm this is the inevitablc re-

sult, because othcrwise the cnlirc motive equipmcnt 

would he kept in cont nuous operation at low economy 

and af great expense. 

AII thcse methods—the single car, the locomotive, thc 

locomotive car and the doubling up "í locomotivc cars— 

fall short of meeting thc requiretnents <>f a flcxiblc railway 

systom to be operated on a high schedule. 

The single high-powered car, usingall of its weighl on 

thc drivers, needs no commentary so lar as ordinary 

application is concerned, but the methods proposed for ttie 

aggregation of cars and thc handling of tra ns through 

thc medium <>f a locomotive or locomotive car, or aggrega 

tion of hai l-controlled loconiolivcs occcupying fixctl pos -

tions, utterly ignore thc possibilties of electric application. 

and the advautagcs manifcst in evcry car operated on the 

strcct. 

In somc forni or othcr tliis has becn recognized for a 

numl.er of voars, and it oceurrcd to n. nuinber of engineers 

that, for iiicrcasctl adlicsiou and lt> provide niore powcr 

wilh distribulctl weight motors, could be tl strihulcd 

throughout thc Irain. the mains carricd through it, and 

thc systcm governed by a controller at thc lea<Iing end. 

One of thc carliest ot thcsc proposals was made bc-

fore the Socicty of Arts, in Tîostoti, in 1885, just prior 

to conducting experiments 011 Ihc Elevated J.ailroad, 

at which tiine I contemplated thc use of motors 011 each car. 

or cvery othcr car, ai l a pilot loctunotive or car containing 

an adjusliblc controlling apparatus which cuulil bc niade 

efFective for handlíng one or morc cars. This project. 

1 however, never reached fruition, and of coursc ícll short of 

; hc possibilties. 

Much niore sccmcd certainly feasible. The cxcusc for 

thc last mcntioned proposal is found in thc evident cngi-

t neering truth that if greatcr powcr s applicd to a train. 

and a high percentage of the weighl 011 thc drivcrs utilízed 

during accclcratinu Irighcr schcdiilcs wilh rcthiccd i-lrains 

E are possible. 

Consîdering í<>r a momcnt a single car as a unil. and 

. puttingall tbc available powcr in thc motors conncctcd to 

each <>i the axles which space |)onti ts. it is readily i issiblc 

1 to pul on a tin>',i>r equipment which will develop over20 H. 

y P, per ton moved, and to usc ioo per cent. of the weight on 

c llic drivers. Tlic possibilties of Ihis unit, that is using tlio 

1 entire weight ">í the car for traction, and all thc puwer 

wbich can bc pul within the space permitted, s llte liniit, 

ai l absolutely the only lîniii <>f llio possib lity ol thc speed 

1. to bc attaincil by an dcctrie car. 
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If now this unit is lcngthened, that is cars aggre-
gated inlo a train, and the samc ratio of weight on thc 

drivors and the same II. l'. [>er ton is maîntained, then it 

matters not what thc length of thc unît, idcntkally the 

same schcdules can bc matlc with the train as with the 

singk ear. 

The most cffcctivc train opcration, however, rcquires 

something more than sclicdulc speed, and it sccmod that 

considered Erom a cnmpctiin'c standpoint, and with the 

idea of gathering every passcngcr possible, tlie proper 

method of operating a railroad should be something as 

follows: 

Starting at the limc of least traffie, to opcratc tlic 

smallest allowable unit at intervals dctermined by thc ratio 

of thc increascd cost of operation to thc încrease of passeu-

gcr rcceipts lo be obtained by shortening the interval. 

'llicn. as traffic incrcases, to shortcn up this tinie interval 

as far as is consistent with safcty, then to inereasc the sizc 

of train unit wliilc ma ntain ng thc same intcrval and high 

schcdulc to takc care of the greater traffic. 

It Ís said ttiat smallcr train units cost niore 

to operate than larger ones. This is to a cer-

tain extent true, but against this is the simplc 

fact that on the scale of wages paid on niany 

railroads the difference in total cost betweeu 

operating two two-car trains and onc lour-car 

train is one passcngcr per car for evcry fifty 

stations as spaced on the elevated railroads in 

Ncw Ynrk. 

In v ew of this fact it can hardly bc qties-

tioned that if shorter intervals are niade pos-

sit>lc then niorc passcngers would be gaihered 

than rcpresentetl by thesedifferenccs, and trains 

woultl. if a practical system were devised, be 

opcraicd Ín any length froni one car up. 

These. I ihink I may fairly say. werc the 

views which finally came to be held by such 

transportation authoritics as Chieí Engincer 

Wallacc. of tlio Illinois Central Raiíroad, and 

Chicí Enginecr Cornell, of thc Rrooklyn Elevated, in 

the spring of 1897. aud n this connection it is interesting 

to note a chronological rcview of various proposals which 

had from time to timc been madc for elevated railroad 

cquipmcnt and operat on. which is appcudcd to th s paper, 

which will scrve to il ustrate a diversity of ideas and recom-

mendations which have done much to bring ridicule upon 

the professions of electrical engineers. 

This revicw is not intended i" give a complete or de-

tailed history of electric railway development, but is a run-

ning commentary 011 a variety of proposals made for train 

operation 011 olcvatcd or silburban ra lroads from ilic year 

1880 to thc proscnt time. 

A survey of this record for the first scventeen years, 

up to and Íncluding the first proposals made as latc as 

thcspringof 1807 to the Soulh Side road, shows thal with 

tbe exception of offers made >> me at vari-

ous timcs. beg nning :it ilio Society ">í Arts, în 

Boston, in 1885, and ending in definite pro-

l»i>als i" ilie Manhattan Elevated Railway i:i 

1896 ai l 1897. ai l later, thcrc were ti" propo-

sitions, or even a suggest on, Erom any manu-

facturing corporation or indívîdual t<i equíp a 

railroad <>n any other ilian a locomotive or 

locoinot ve car plan, witli tlio single exception 

ihat oii the Lîverpool Overhead Railway two 

car irains arc operatcd ;is :i tiuil. each unii 

hav ng a motor disposed al the leadíng and 

back ei ls, and with a hand controller ai each 

Typical inipoiiítnt installations were, 011 

thc locomotivc plan pure and simple, in 189:; 

at Baltimore, and on the locomotive car plan, 

under the stipervision <>í Mr. W . E, Baker, on 

llie Intramural road al llie World's Fair in Chicago, 

in 1893, and 011 tlic Metropolitan Wesl Stde Elevated 

Raitroad undcr the sauic stii>ervision Ín 1895, al the former 

of which Mr. Baker had to override recommendatíons in 

favor oE a toconiotivc, 

The variety of ideas indicated by these notes, and tlic 

inexcusably wide divergcncc of expression concernîng ttie 

conunoncst engineer ng facts, as well as thc crudencss of 

mauy electric railway proposals. was never more sharply 

shown than in a paper by Mr. Wallace, of thc lllinois Cen-

tral Railroad, on the subjcct of "The Substihition of EIcc-

tricity for Stcatn as a Motive Power Eor Suburban Traffic," 

IÍ-L-L L-'iif. 

:SSâ*4_5S-,, 

before the Amerícan Institutc oí Civil Engiticors, l\l>i nar. 

3, 1897, and in the discussion which followed it. 

Mr. Wallacc, having, in Deccinbcr, 1891, bcen di-

rected by the inanagement of the íllinois Central Railroad, 

of which Iie was then the ChieE Engineer, to investigate il 

subject of adopting clectricity 011 the llinois Central 

Suburban Railroad, aEler a careful considcration oE the re-

quirements of the road, issued a list of forty-five categorical 
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questions covering thc operation of a fairly fixed equipment 

at twenty miles anhour. These questionswere sent to all the 

various clectrical companics exeept thc Sprague, which 

liad at that time been absorbcd by the Edison General 

F.lectric Company. Conscquently, for the old Sprague 

Company and for myself I must disclaim any responsibility 

for the variety of results. 

I will not attempt to rcview the answers to all the in-

quiries as presentcd by Mr. Wallace, only touching upon a 

fcwof thcm to illustrate the disparity of recommendalions 

made, but for an ínteresting detail eomparison refer to the 

commcnts at thc meeting by Mr. Charlcs Henry Davis. 

from Mr. Wallace, partly quoting, that: "The 

cngineers giving thís matter their attention have 

becn enthusîastic electricians; thoy havo scl-

<Iom bccn praciícal or expert nicchanics, and 

the writcr would add, usually inexpcrienccd as 

railroad cngineers." 

But let us briefly takc note of the rccom-

mendations. 

Thc motor capacity varied Erom ioo H. P. 

<livided Ínto four units, to 200 H.P. dív ded into TVV 

two units, and distributcd from one to two 

motors on each of two trucks under a locomo-

tive car carrying passcngors, or 011 the other hand ag-

gregatcd into a locomotive pure and siiuple without 

passengcr carrying capacity. 

Both r ng and drum armature constrtictions were 

rccomtucndcd, and driving whccls of from 30" to 42" 

díameter. 

About every possiblc form of axle driving, except 

chain or belt transmission, was proposcd. One company 

was indifferent as lo whether the motors wcre directly on 

the axles, or gcar transnrission was adopted; auother 

reeoniincudcd spur gearing; anothcr, cranks and parallel 

rods; and still another 110 form of gearing under any cir-

cumstances, but an armature mounted on a hollow shaft 

stirroui ling the axlc. 

The central slation cquipment varicd from 4,800 to 

18,000 II. P., ai l the steain units from 400 II. P., driving 

singlc inachines, to 1,500 II. P. dr ving doublc machines. 

12,000 to 75,000 squarc feet, and thc cost of power plant, 

not including real cstate or buildings, from $320,000 to 

$1,169,000. 

Amount of fuel rcquired per II. P. from two to three 

onc-half pounds. 

The annual eost of power plant operafion ran Erom 

$60,000 to $225,000. 

The potential varied from 500 to ,ooo volts. 

Horizonlal compound and vertical triples had their 

advocatcs, and rope or belt as well as d rect connections 

bctween cngines and dynamos. 

The spacc requircd Eor the ccntral statiou varied from 

ON BROOKLYN ELEVATED 

The cost of trolley lines and feed wires from $40,ax> to 

$172,000, and repairs to thc same and other line expenses 

from nol ring to $23.50 a day. 

Tlie practical curvaturcs from "50-foot circle" to "150 

fcet radius." 

O n one subject there was unanimity of agrecment, thc 

transmission was to bc by cont nuous current, and by ovcr-

hcad trolley, Despite Mr. W a lace's request for informa-

tion about a thîrd rail supp y, it was incontincntly waivcd 

aside. 
The multiple ttnit systcm was not in any form pro-

posed, but there was discussion on the subject of the rcla-

tivc advantages of small indcpendent units vcrsus tra ns. 

The recommcndations made hardly nccd exteuded 

commcnt, and onc can well imagine the reasons which 

stopped any thcn turther action on the part of the Illinois 

Centra Ra lroad. 

The whole paper is onc ol great Ínterest, but from the 

discussion I will cxtract only a few comments which in 

view of the immcdiate subscquent <lcvelopmcnts arc im-

portant. 

Mr. Thomas C Clarke, the Past-President of the So-

cicty, stated as follows: 

"Thc author. under the head of 'minor problcms,' 

f 'tlie size of transportation units and whether în-

depcndent motors oE large power shall be 

used to hatd long trains ot traîlers, or 

whethcr small Iransportation un ts, rtm at 

more frequent intervals, shall hc adoptcd, 

with motors on the cars. In desiguing the 

rolling stock and structure of clcvated clec-

tric railways in cities, this is tlic main point, 

and not one oí minor considcration. Neglect to study this 

and to come to the correct conclusion had lcd to the fitian-

cial failure of one of the largcst electric elevated ra lways 

that has been constrtictcd, and wi!l lead to the financial 

failure of all others that follow the same lines. 

"Carrying passengers in a city does not differ from any 

other business. The f rst requisite is to get abundant 

traffic; the second, to handle it with economy. 

"Elevated lines run in competition with 'stirface lines, 
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aud charge thc sanie farc. Thc surface lines can beat them 

in all poînts but one. They afford more frequcnt stops; 

there s no climbing of stairs; cost of construction at l, 

conscquentlv, intcrest s less, antl the svstem of transfers to 

bratich lines is a great acconunodation to the public. The 

elcvated trains, not being impeded by surfacc traffic, can 

niake bcttcr time; but for that, no pcrson would r de in 

them, exccpt to escape crowding. 

"Common scnse would indtcate that the managers of 

clevatcd lines should try to approach, so far as possible, 

tlie conditions which havc made surfacc lincs a sticcess. 

"Frcqucnt stops can only bc attained, w thout losing 

too much time, by hav ng a great powcr of accelcration. 

Any aniount of powcr can be sent from thc ccntral rescr-

voir, but if thc whccls ot thc car slip, a limit îs rcached. 

Thcrcforc, instead of liaving onlv onc-th rd of ttie wc ght 

of thc train available for adhesion, as is thc casc wherc an 

electric locomotivc draws a train oE trailers, utilize the 

whole we ght of the train and passengcrs by putting motors 

on every car. connccted electricatly and mechan cally, 

and worked by a motorman at onc end of thc train. An-

otlier advantage rcsulting from this is that gradients can 

be steepcnc<l. autl tlie hc ght of the station and their staír-

ways reduced'. 

"H, in addition to this, short trains of light cars are 

uscd, thc wcight and cost ot thc structure can bc greatly 

rcduccd. and thc ínterest chargcs also. Small tratns incan 

frequent trains to cnable the traff c to be carríed, and 

everybody knows therc is no mcans oE attracting trafî c so 

powerful as that of frcquent trains. as therc is then no wait-

ing at statîons. w rich evcrybody hates. 

"The sumnring up of tiie whole matter is, tliat to makc 

cityelevated railway a success, the surfacc clcctric system 

must bc copied, and placed abovc obstructious from othcr 

traffic, and not thc steam locomotivc system of long trains 

at greater intervals. 

"The proccss of evo ution which dcvelops everything 

along the fittest lines will makc the city elevated raihvay 

of the futtire one oí light structure, carrying light and very 

írcquent tra ns, with motors ou thc cars themselves—a 

development of strcct trollcy lincs, and not of steani loco-

motívc ra lroads." 

Mr. Walter H. Knight stated that: "The whole ob-

ject of thc clcvated railroad is speet . and speed cannot be 

made with short headways. It would make little dif-

ference, so far as speed is conccrncd, whcthcr fhe cars were 

all equipped with motors, or all the clcctric apparatus con-

ccntrated on onc car." 

Mr. Wallace statcd that: "Onc of the practical diffi-

cult es în thc way of placing motors on cach axlc of the 

car and on scvcral cars of thc train. and coupling thcm up 

so that they can all be iist*! and undcr thc control ol one 

moforman, is tliat. so far as the author's investigations 

have gone, thcre is as yct no perfect and adcquate con-

trollcr in use in the LTnited States which will provide for the 

proper manipulat on of morc than two motors," and hís 

coneltisions secmed to bc that while a traiu system d d not 

gîvc that which was neccssarv, nolhing h: l tiocn prcsented 

to hím in answer to all his inqtiiries and his painstak ng 

rcsearch which gave him any promise of successful de-

parture from his then existing mcthod o£ operation. 

Tlierc is sniall cause to wonder that the project for 

electrically cquipping thc IIHnois Suburban was for the 

tinie at)andoned. 

At tiie timc whcn Mr. Waliace's paper was presented. 

a committcc, Íi lut iug Iritnse f and some othcr officcrs of 

thc road, had bccn tormed. with Mr, John Lundie as cngi-

neering secretary. ai l with a number of assistants was 

making some further învestigations as to thc possibilities 

of electric application. A report was madc about the end 

of the year, and accompanyiug it was a proposal from m e 

to guarantee a twenty-four an<I one-half milc sehedule on 

thc suburban serv ce of the roatl instead of ilie cighteen 

and one-half wlrich was then beiug accomplished by stcam, 

and, if T am not mistaken, alt ftirther consideration of a 

locomotivc pulling trailcrs was abandoned. 

I think, as events have turned out. that wîth regard 

to the diametricallyopposcd vicws presented by Mr. C arke 

and Mr. Knigiit, the former may wcll rcst contcut with the 

pos tion he nssumed. 
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Such was thc gcnerally unsatisfactory state of electric 

railway development for all elsc than ordinary street roa<ls 

in the spring of 1897. and thc conclusions which I liavc al-

reariy given, togcther with apparent advantagcs which 

would accruc. pointed iinerringly to tlic necessity ol thc 

third geiieric system of railway cquipment and opcration. 

tliat whieh I have termed the "multiple unit system," which 

is hc most logical. ai l secms to me a finality in, railroad 

tlevelopnient. It may bo brîefly describcd as a semi-

automatic system of control which pcrmits "E the ag-

gregation of two or niorc transportation units, each 

equipped with sufncicnt power only tc fulfill the 

requirements of tliat un t, with means at two or morc 

points ou tlio imit for operating ii through a sec-

ondary control, and a "train linc" for allowing two or moro 

oí such units, groupod togcthor without rcgard t<> end rela-

lion or sequence, to be simultaneously operated from any 

point in thc aggregation. 

For any given wcight to bc 

moved, whether it be in onc or 

Iwo cars, there is a certain capac-

ity oí motive equipment witli 

which il is bcsl lo operate it un-

der fixed conditions, and that is 

ilif motor eqnipment w h i ch 

shoulil 1>c put "n that nnit, 110: 

something either largor or small-

cr. aml tlion when more capacity 

is requrred, to simply : l<l ..n-

othcr utrit "f likc character. 

A un t may be a single car <>r 

a pair <>f cars, ai l thc inunbcr of 

motors uscd whatever desired. 

The logical equipment is two 

motors lor each car, anti when so 

eqnîpped the importance oí some 

o thc practical results are eni- FIRST H 

phasized. 

Among the advantages which such a general system 

when fullv developed must possess, may be mentioned 

first: 

SIMILARITY OF EOJJIPMENT 

Tlris gîves absolute flcxibility of train operation. 

Tt itisurcs like characterist cs for trains, whatever the 

lengih, aud whatever thc combination of cars. 

'l'hi' inottir cqu pnicut is <lircctly proportional to the 

nimibcr of car nnits. 

Thcre is a practically fixed relation between the 

wcight on the drivers ai l the total load, whatever the 

length oí train. ai l it is a nialicr of ii liffercnce to the 

motorman whether he is opcrating onc car or any aggre-

gation of car units in a train, for its cliaracteristics are 

ihc same. 

INDEI*KN_.KN(;K ANI) FACfLfTY OF OI'KRATION 

Each car being lighted, heated and braketl ii icpcntl-

ently. has indcpei lent niovcmcnt iu yards or car hotises or 

011 the tracks, whorever stored. and thus iuspcction, repairs 

and train combinations arc facilitated. 

Thc head antl lail switching operatíons of locomotivc 

practice arc entirely abol shed. 

Trains in wfiole or in part can be reverse<l at any 

cross-over, thus reducing the <lea<l mileage aml intensify-

ing thc car movciucnt to nicct thc conditions nf passenger 

movement. 

Cars can bc arideri to or takcn froni a train in a third 

<>[ thc tiuie that s possible with a locomotive systcm. 

Whcrc a syslcm has main tracks with branches, car 

units for the diffcrent branches can be aggregated on the 

uiaiu iiiu' and thcn split at the junction, thus prcserving 

thc timc intervals 011 thc branchcs but doubling the clis-

lancc intervals 011 the crowtled soctious. 

The fullest uso can be inade of all sidings and tracks, 

wherever located, for storagc. and în a large measure for 

inspect on, which instircs less dcad mileage and useless re-
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turns, and effects conccntration of car movement impos-

sible where the ears niust be stored in one place. 

INCREASED SCHEDULES 

Any required rate of accelcration or schedule speed 

up to the maximum becomes possible, thus giving the 

highest sehodule with any givcn maximum, and the lowest 

maximum with any gíven schedulc. 

A partial equipment may bc made by equipping altcr-

nate ears, and this schcdule later increased by additions to 

the existing cquipmonl without changing its character. 

Local and exprcss scrvice can be opcrated with great-

er or less aggrcgation o£ motor equipments. 

It has been suggcsted that with a locomotive system, 

whcn trains are reduccd Ín lcngth and the service on the 

road is dimiiiished, the locoinotive car can then increase 

the schcdule, and tli.it during the tinies of heavier traffic it 

still has capacity enotigh to pull a train. Such an argument 

is a refiection on thc common sense of a ratlway manager, 

and such practice a parody ou railway operation. The time 

above all when schedule spccd, capacity and effective 

opcration are required is when traffic is greatest and the 

road most Hablc to congcstion. It is difficult to see how 

any engineer can ser ously offer such an argument in sup-

port of locomotive practice, for it is directly contrary to 

the most vilal rcqtiireiucuts on a railroad. 

If, as is vital in competitive service, a high schedule 

is necessary, and iguoring for the moment all questions 

about relative strains, weights, tacility of making up and 

controlling trains, and the advantages of variablc train 

lengths and intervals, whcn we come to six or seven-car 

train units a highschedule withshort interval stations is im-

possible except with two heavy four motor locomotive cars 

or with every car eqtiipped with a pair of motors. And 

from every point of view, the latter is preferable. 

líEDUCHD STRAINS 

This is of importance where elevated structures or 

bridges are used, espccially when already possible strained. 

It is apparent that the wcight of cars, truck and motive 

equipment between columns is necessarily less than with 

any locomtive or locomotive car system. 

All the longitudinal or shearing strains are greatly 

reduced. 

The hammering on the rail joints, with the resulting 

shock to the structure and to the moving train, will be 

diminished becanse of the less weight per driver. 

The thrust strains for any given rate of acceleration 

arc equalized aud distributed over a considcrable length of 

structure, and become practically the reverse of the brak-

ing strains. 

The strains on car bodios, platforms ai l couplcrs are 

reduccd to a minimum. 

INCREASED DENSITY 

The safe timc interval between trains for a given 

schedulc anri for any givcn length of train and station stop 

is depcnrient upon the maximtim speed and the rates of 

accelerat ou and braking, and the greater these latter with 

any given schedule, that is, the lower the maximum speed 

and conscqucntly tlic lcss thc travel of the train after the 

brakes are applied, which distance varies roughly as the 

square of the speed at thc tiine of applying tîie brakes, tl -

shorter can be both tlie timc and the distauce interval be-

iween trains. 

If there wcre an iufinite rate of acccleration aud brak-

ing, then there would practically be necessary, barring ac-

cidents, only that time limit betwecn trains as is occupied 

by a train at aud blanketing a station. In practice a motor-

man will approach a station witli more confidence and un-

der closer headway whcn his maximumspeeds are low, and 

the braking distance which he travels short, and whcn he 

has confidence that the train ahead, once started, will 

promptly accclerate antl increase speed while that of his 

train is rapidly diminishing. 

It is apparent, of course, that the length of a train is 

oniy limited by the plalform accommodation. 

BETTER EOJJIKMENT 

From this standpoint better motor manufacture is 

insured. There are fixed limitations of wheel base, track 

gauge, wheel seat, diameter of axles and distances between 

axleand bolster, and hence there are practical límitations 

to the outsirie dimensions of motors. The smaller the 

capacity of the machinc put into that space, the greater the 

margin íor increase of dimensions of the essential working 

parts, such as bearings, gears and commutators, and the 

greater the freedom for inspection. Likewise, also, is there 
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greater space tor tne application ot any kmd of brakes, 
electrîc or mechanical. 

REDUCED NUMBER OF CARS 

With any given maximum hourly mileage, the number 

of cars in service or on relay will vary inversely as the 

schedule. This advantage is further augmentcd by those 

already instanced, the conccntration of car movements 

where most dcsircd, and the storage of cars at the most 

couvenient points, with conscquent less dead milcage. 

SIMl'LICITY OK OPERATION 

The operation of the multiple unit syslcm becomes 

the simplcst. Every motor car or pair being a transporta-

tion unit, and every aggrcgation of such being, so íar as the 

motorman is conccrned, simply an cxtcnsion in the length 

of the unit without in any manner changing its character, 

the operation beconies almosi automatic, a sort o£ second 

habit. Likc hand and likc train movement exists, whatcver 

the combination and wherever the motorman is siluatcd. 

Thc making up of trains, so íar as electrica! featurcs 

are concerned, is as simple as coupling up an air hose. 

N o inain eurrents are carrie<! from car to car. only 

SOUTH SIDE TRAIN TESTED ON METROPOLITAN WEST SIDE ELEVATED RAILWAY NOVEMBER 18i! 

small current.s, through reveisible jumpers, and the eloo-

trical combinatious are effectcd automatically, however 

the trains are made up and whalever the end relation 

of the cars. 

Protected by the automat c fcaturcs, a child of ten 

years can handle full-sif.ed trains on rcgular service with 

less trouble, so far as the electrical apparatus is concerned, 

and with less instructiou than Ís required for the simplest 

forni of air brake. 

EASE OK INSPECTION 

The traiu line and the main motor cîrcuits be ng ab-

solutely independent, and provision beiug niadc on any car 

for cutting out a set of niotors, facility exists for an casy in-

spcction, wherever the cars are located. Almost all thc 

working parts of thc motors can be inspected through the 

trap door in the bottom of thc car, and since the cars have 

independent movemcnt and ean be rapidly run through an 

inspect on shed over a pit, a little practice enables an 

inspector to make the most rapíd survey of trucks, brake 

rigging, motors and everytliing else which is undcr a car. 

ECONOMY 

Transportation wages per ear mile, the largest elemcnt 

of cost, are rcduccd bccausc of the simplicity of operation, 

and because <>[ the increased schcdules. Wíth the same 

efficiency there is less power per car mile expended, ai l 

hencc less coal burned, for any given high schedule with 

like conditions of traffic than with a lower rate of accelera-

tion becausc of the lcss amount thrown away in braking. 

The increase of power required because of low accelera-

tion over high is anywhere from 25 per cent. to 50 per cent. 

W h e n it is realized that a system like the elcvated rail-

road would use only one-sixth of the power actually used 

now if Ít niade no stops the importance of this fact may 

be seen. 

The question of coal economy is o£ less importance, 

however, than many other fcatures of railroading, and, 

from a financial standpoint far Icss important than getting 

absolute freedom in determining train intervals and train 

lengths. In this eonnection it should be noted that alto-

gether too litlle consideration is given to the question of 

car construction and car weights, and it seems to be for-

gotten by niany engiueers that useless lons of dead weight 

inovcd represcnts unneccsary investment in plant and a 

continuous charge against opcrating expcnses, and it is 

aboul as sensible to ignore this question as it would be to 

add pig lead to a car having all of its weight 011 its drivers 

to inerease its traction. f£ halí the cncrgy was spent in 

.edueiug useless tonuagc moved as there is in bargain 

ing on the eost per kilo-walt ol apparalus, thc cost pcr car 

inile and the ratio of operating expenses to receipts woukl 

be gratifyingly reduced. 

SAFETY 

Tlie highest safety is csseutial. fn the ease of íailure 

of brakes, or on slippery rails, hcmachines throughout the 

eutire iraiu can be safely rcversed. The current input to 

the machines is autoniatically limitcd 011 each one to its 

safc capacity. fu case an accident slioukl happen to an 

operator and he lets go of his contrulling handle, the en-

tire power is Ínstautly removed from the train, and in case 

the controlling apparatus 011 ihc leading car should be-

come disablcd the train cau be operated from either cnd of 

auy other car. 

In fogs and 011 slippory rails a íixed schedule can be 

maintained morc eftcctively because oí the lower maximum 

specd, the lcss dislance traveled in braking, the greater 

confidence iu approaclring a station, and the promptness ol 

llie lcading train in getting away. 

O n account of the rescrve capaeity of the machines it 

is possible to make up time, and also clear a road, wliich is 

a matter of the gravcst iuiportance on a congested system. 

The automatic cutting of of current will have an im-

portaut bcaring in a not distant future when a legislature i> 

apt to, and should, prohibit thc operation oí a train with 

only oue man in front unlcss there is some certain method 
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of rcmov ng the driv ng power in case of accident to the 

operator. This is an instancc of w:here an apparently small 

tiring, possibly determining thc employnicnt of several 

hundreri extra nien, has a vital importancc. 

I.HAST COST 

The multiple unit system means lowcst first cost as 

well as lowest cost of opcration. This is contrary to first 

Ímpression, hut the explanation is simple in that the cost 

of the delivery of electrical energy to the car shocs per 

unit of constant usc is eight to tcn times the cost per unit of 

maximum capacity of car equipments, and by using the 

highor rate of accolcration rather than the lower for any 

given high schedule, thc aggrogate cost of the total cquip-

ment from powcr housc to car equipments for any given 

hotirly milcage is less, bccausc, notwithstanding the in-

crcascd cost of car equipment, the differeuce of ec:.nomy 

creatcs a saving Ín that portion of thc electrical cquipmcnt, 

that ís gcncration and distribution, which costs so many 

times morc per unil equipment t ian the utrits of car eqti p-

ment, that the latlor incrcasc is more than marie up by the 

saving in the fonner. 

All ihis is readily provcn, for I know of no 

problcm presenting greatcr and morc interesting possibili-

ities of exact dctermination, so far as rcstilts areconcerned, 

than tl il of elcctrical railway engineering; yct, on the 

othcr hand, I know of none in which there is a more reck-

lcss disregarri of possibilties than in this vcry profession. 

In this, as weI1 as in evcry other problem of kinetics or 

constructîon. anri just as certainly as in the construction of 

a bririge, great incrcase of first cost, and cost o£ opcratîon, 

may aecrue from a d sregard of the essentîal rclations of all 

parts of the system, and on the other hand great savings 

riiay be achieved by a tho.ough knowledgc of tho.in. 

Despite thesc facts, it is curious to note ottcn times 

the Ínversion of the sound cnginecring with which thc con-

sideration of the electrical equîpments of a road is oftcn 

attended. 

O n any existing road whose traf ic is known, the prob-

lem, ptit in the briefest form, skouid be: 

Given the exist ng maximum car mileage and 

schedule, how bcst and most cheaply, both as to first cost 

and cost of opcration, niost quickly ai l with thc least in-

tcrference with scrvice, and without increase of strains on 

elcvated structurcs or bririges, can thc cxisting mîlcage be 

maintained, how much can it bc safely increased, what pos-

siblc schedulcs can be made, and what will bc the ef ect 

on the traffic and operating cxpcuscs of the roari. 

The fact that thcre is a inost intimate conncction be-

tween the gencratiug, trausmission and the motor parts of 

the equipment scems oftcn to be lost sight of entirely, and 

yet even the ratio of gearing adopted on the car motor 

will affect the size of thc power plant. The natural pro-

c.edtirc would be to dctcrmîne what results are desired, 

and then find the best mcthod of gctting thcm. In-

stead of that, often times a purely empirical decis on is 

madc as to porlions t>[ llio e<iuipniení, such as thc capacity 

of thc centrai station ai l size of iis units. anri iho restrits, 

so far as the movement of cars are concerned, lcft to take 

carc <>f thcnisclves, This proccduro rcniiiitls m e of the 

architect who, wíshîng to ercct a sky scraper, would decidc 

upon thc foundation without regard to the wcight of his 

building or thc character of the soil bencáth it, or the cngi-

neer wlio would build a bridge without knowing the load 

which will be put tipon it. 

There is, Ín fact, thc most intimatc possibíe rclation, as 

should bc pcrfcctly evideut, between llte various parts of 

thc equipment, and this relation is such that the costs of 

each part is seriously varied, with exactly the samc sched-

ule, grade and load conditions, by variations in thc man-

ner o[ making thosc schedules. 

This is în no manncr more ef cctivcly shown than in 

Mr. John Lundie's most interesting mcthods o£ dctailing 

the csscntials of first cost and cost of operation for various 

schedulcs uiider various ratcs of acceleration, all referred 

to a common factor, thc pcroentagc of wcight on the 

drivers. 

Such then are the practical advantages to bc derived 

from a propcrly ricvised multiple unit equipment, but to be 

effective the dctails of the system had to bc devclopcd 

at grcat expense and much experience lo a statc of absolute 

reliability and rcasonablc simplicity. 

It niay be stated, now, tiiat thc essentiais of thc niulti-

ple tuiît systcm arc not complicatcd, despitc thc remark-

able variety of functions which they have. Tliey may be 

stateri briefly to be as follows: 

i. The mastcr controllers on the platforms at cach 

cnri of a transportation unit. They are of thc simplest and 

most rclîable character. 

2. The mastor controller anri train line cables, which 

become parts of the permanent w ring of a car, and are 

just as reliable and as simple as that for the lighting sys-

tcm. These secondary controlling cables arc absolutely 

independent of thc main motor circuits, and carry very 

small currcnts. 

3. Thc jumpcrs, which arc removable sections of 

the train linc, and connect the parts of thc latter which 

are permanent to each car, just as air hosc couplings con-

uect up a brake linc. 

4. Thc main controltcr, wlrich is composcd of the 

following parts: 

Certain relays and a throttle, tlcveloped in electric 

elevator scrvice. 

PÍlot motor with automatic limits, somethiug like that 

used Ín elcvator controls, but of morc robust make. 

A rheostal cylii lcr, with or without motor grotiping 

switches, the parts simîlar to those of hand control. 

A revcrser willi likc parts, but independcntly operatcd. 

The braking systcm, whcther using automatic air or 

electrie, is something Hkc the multiple unit electric sys-

tcm. There is a train line with means at each end of eacli 

transportation unit for simnltaneously applying the brakcs. 

When automatic air is used, there is a traîn and cqualizîng 

lîne, a compressor with an automatic governor, illuminated 

gatigcs and a simplc form of enginecr's valve at the ends 

of oach car for oach transportation unît. 



THE MULTIPLE UNIT SYSTEM ON THE SOUTH SIDE ELEVATED 
RAILWAY OF CHICAGO 

Like niauy other innovations. thc opportunity to pnt 

the system wlrieh has just boeu descrîbed, an<l which prom-

iseri s<> iinich, into operation was a long time coming. 

.Matiy attempts liatl been madc, with ofîcrs as already it li-

cated to conduct cxperimcnts on a wholesalc scale at m y 

own cxpensc, but with no satisíactory response, until in 

April, 1897, I was suddonlv callctl in consultatiou on thc 

Soulh Sitlc Elevated Road in Chicago. 

This roatl had passed into thc hands of a rcceivcr, ha<l 

been rc-organizcd, and in thc spring of 1897, had, ui ler 

its new and energetic rresitlcnt, Mr. Lcslie Carter, antl a 

During thc bricf pcriod of my transnrission from the 

status of consulting engineer 10 th.it of contractor, a meet-

ing in Chieago provc< part cularly iiilcrcsting, for in the 

early part of April, 1897, scarcely more tliim two months 

after Mr. Wallacc's papcr bcfore the Socicty of C vil Engi-

neers, I had thc pleasurc of being present ai a iable wriien 

he made a stalcnicnt about as follows: 

"What í wish io tlo on way suburban traffic is to 

abolish the timc table except at the dispatching ternrinus, 

and to scnd ont frcquent trains in succossion wliose lcngth 

shall bc onc or a dozcn cars according to the traffic re-

THREE CAR MULTIPLE UNIT TRAIN 

progressivc Board of Diroctors, dccirieri to adopt elec-

tr cilv, with Mcssrs. Sargent & l.iu ly as engincers. 

Tlic or ginal plan submitted by thc various manufac-

turing conipanies proposetl the usual locomotîvc car with 

eithcr two- or four-motor equipiuents, but many difficulties 

prosenled themselves in provitling for ttic necessary powcr 

and wcight to get thc incrcasetl schedule speed dcmai led, 

as wcll as to meet othcr requircmcnts. I at once saw the 

opportunity for a radical tleparture, and thc opportnnity to 

connncrc ally put in opcration a multiplc unit system. The 

advantagcs <>f higher schcriuics. reduced weights, variable 

train lengths, morc fi-eqticnl trains, distr buted niot vc 

equipment anri incroased economy boing prcscntcd, with 

thc plain statcment that wlrilo tiic syslem was absolutely 

untried in railroad practice I was qnite ready to back m y 

recoinii 'i lation by perforn ince. founri willing cars and 

the eiidorscinent of thc cngiuoers. with the result that 

tlefin te proposa s resulted iu a contract wh ch in niany 

ways was of similar character to that made for Riehmonri. 

quirements at thc tiinc of riay, with onlers to make the 

bcst time practicablc on thcîr ronntl irip, In fact, î hope 

to sce tlie timc whcn can run a train with a push button." 

Turning to him. I sairi: "That is prccisely what I 

am in Chicago for at present." în fact, niy rcport in favor 

"f tlie niultiple unit systcm had already been made to the 

South Side road, and a proposal for its equipmenl lenriereri. 

It is suggcst vc also that it was vcry shortly after this 

that Mr. Cornell indepcndently cxpresse<l Irimself very 

much as had Mr. T. C. Clarke. 

Ilowevcr, despite tlie apparent soundness of tho engi-

neering anri railway prineiples involved in the multiple 

unit system, tlic record of thousantls of individually 

cqnippcd cars all ovcr thc world, the tiiany shortcomings 

of railway equ pmcnls depending upon locomolive prac-

licc. and thc succcss anri extent <>f the secondary control of 

single motors in clcvator work, when thc proposed plans 

for tlie eqn pmont of the South Siric roatl wcrc announced 

thc project inct with the most rariical and oftent mes un-

http://th.it


16 SOUTTI S I D E E L E V A T E D 

ihinking objections from many clectrical engineers. With 

the exception of thc consulting engineers of the South Side 

road and a few former associates, whose confidence in m y 

abitity to carry out the contract was largely a personal one 

because of past relatîonshîp aud acquaintance, and Mr. 

W . J. Clark, thc thcn manager of thc railway department 

of the Genoral Eloctríc Company, for whose pcrsona! sup-

port I am mucli indebted, T rccall few instanccs of profes-

sional support. 

I hatl, however, bccn through too many experiences of 

the kind to be discouraged as to thc outcome, and I re-

ceived cortlial support from thc various sub-contractor., 

who willingly accepled orders for materîal under condi-

tions somewhat out of thc usual, and it is to their activc 

co-operalion in tlris respect that much in the way of the 

possibililies of the nniltíplc unit devclopment on the South 

Side road is due. 

The criticism which was poured in on the South Sidc 

officials, howevcr, was not wilhout rcsult. for realizing tho 

gravity of the proposcd dcparture in practice, the contract 

requirements werc made of tlie most rigîd character, and 

the conditions un<lcr which thc equipmcnt was to be în-

stalled were most exacting. 

In fact, considcring thc importance of the contract, all 

the negotiations íor its conclusion were somewhat out 

ot the tisual. Wíth the exception of a short period of 

consultation in Clricago, inost of the engineering corre-

spondence was carricd on by telcgraphîc corrcspondencc. 

and the contract in its final forui was signed without m y 

secing it by m y assistant, Mr. McKay, whilc I was out of 

the country, tlic contract ilsclf haviug been prepared by 

the officiats, advisers and cngineers of the South S de road, 

wîth what carc in protccting their own interest one can 

well imag.ne. 

The physical conditíons wcre as follows: 

The existing road is a double track structure of the 

usual elevated type, extcnding from Congress street to 

Stony Island avenue, a dístancc of about cight miles. 

Plans were already made toconnect it with the new "Loop" 

in the heart of Chicago, ou which thc trains of the Metro-

politan and Lake Strcet roads were already operating, and 

which was to rcceivc also thc trains of the projected North-

western Elevated, with the prospect of grave congestion 

and the absolute necessity of freedom from serious block-

ades which would stall the entire elevated system of the 

city. 

The road is paralleleri by cable and electric street 

systems, by the Chicago & Rock Island road, and by the 

superb suburban service of the íllinois Central. 

The existing equipment consistcd of forty-six twenty-

eight ton Baldwîn compound locomotives, and 180 stand-

ard forty-three foot fiftccn-ton cars cquipped with Pintsch 

gas, steam heat and automatic air brakes. 

The schedule speed on the main Hnes was four-

teen to fourteen and one-half milcs an hour; trains were 

operated at intervals of one and one-half minutes to half 

an hour, and in lengths of from two or five cars ; the scrvice 

including the Loop would, in the cold weather, require 145 

to 150 cars, and ten or fifleen cars would ordinarily be un-

der normal repairs. 

It was neccssary to takc this equipment ín its then con-

dition, remove ten or fifteen cars at a time from the struc-

ture, partially equip them, return them to the road to at-
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low tliem to be relaincd in steani service, to again withdraw 

lliem, complete tlie cqnipment. and put them into eiectrical 

operation when the powcr hotise was ready, joíntly witli 

steam trains, without crippling thc service. 

Thc contract rcquireri thc supplying anri installation 

on 120 cars of lights, heaters, niotors and trucks, as wcll 

as thc dovcloping de wvo of au entire new systcm 

of control, involving not only thc actual constrnction of 

the controlling mcchanisms, but thc train system 

conneeted with it, such as couplers, jumpers, auto-

matics, ctc, thc Ínstallation of a braking system, and the 

providing of both ends of the cars wítlt vestibules or cabs. 

NÍne-tciitlis of thc apparatus was uot of m y own manufac-

ture—evcn the motors were not of a commcrcial size. 

The following were aiuong tbe required conriitions of 

opcration: 

The simultaueotis control of two or more independ-

cntly equípped motor cars, to start, accelerate, operate at 

any spced up to the maximum, slow down, and apply 

automatic brakcs, all with practically uniform cffect in 

each and cvcry motor car. 

The automatic revcrsal and braking of the machines 

and cars in casc oí íiiilure oE currenl, parting of train, or 

running on to a dead scction. 

With a nornial polential ot 500 volts, a single niotor 

car, or any ntimbcr conncetetl tcgether n a train, to be 

able to maintain a sel 'tlulc speed bctween existing ter-

mini of fiftecn (15) niilcs per hour, with avcrage stops not 

cxcccding ten (10) seconds, £or ex sling slation distribu-

tion, and to be ablc to asconri a 2 per cent. grarie at more 

than schedulc specd. 

The system of control to be such that any numbcr 

of cars so cquippcd could be coupled together indiscrini-

inately without regard to their scquence, and when so 

couplcd, by identically the samc movement to be con-

trolled from any selected point at cither end of any car, 

and the rate of accelcration, traction co-efficicnts, specd 

and braking conriitions wlrich characterizc a single car to 

be duplicaled in a train unit 110 matter what the number 

of cars. 

The automatic braking devices and electricallv oper-

ated power brakes to lurnish a perfect substitute Eor the 

air brake in use, in efficiency, reliability, and automatic 

action. 

The contractor was to begin work on the equipment 

on 120 cars immediately upon sígning of the contract, and 

to have six cars completely equipped, ready for opera'tion 

and test coucluded on or before July 15, 1897, on a stand-

ard track not less than one mile in length, to be suppl ed 

by him at his own expensc; the test and the manner of its 

making, as wcll as its extent, to be prescríbed by the offi-

cers and engineers oí the road, and to be to their entirc 

satisfaction, Should such tcst be unsatísfactory to any of 

these officials, or not be concluded by the date set, then 

the right remained with the Railway Company to cancel 

the contract. Should the test prove satisfactory, the cars 

were to be delivered wherevcr rcquired for furthcr tests, 

the remaining 114 cquipments to be progressed to com-

pletion by specified datcs, and as soon as the South Side 

power house and road werc ready for electric operation, 

another test was to be made of twenty or more equip-

ments under the actual service condit ons of the road, 

whîch test was to cxtend over a period of at least ten 
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days, and be made in such manner as required by and to 

the sat sfaction of the president and engincers of the com-

pany. 

In the event of these equípments proving uiua;isfac-

tory to any one o£ tliem, the company still had the right to 

cancel the contract, and to require a wa ver of all claims 

against it. N o acceptance of any part of thc equipment 

could be required by the contractor until after Ihese spccí-

fied tests. 

In addition, a $100,000 penal bond, in form drawn by 

the Raílroari Company, for the carrying out of thc contract 

had to be filed. 

All these conditions were aceepted, and while the in-

stallation on the road, from the contractors' standpoint. 

bears a striking similarîty to tlic immediate commercial 

outcome of tlie R chmoi l equipmcnt, the rcsults will 

probablv be equally historical. 

The progress of thc expcrinicntal c<iuipmcut was erra-

t c, and manv of (hc coudit ous unknown, for before the 

signing of the final contract I had gone abroad for the 

purpose of getting the elcvator cquipment Eor the Central 

London Railway. an engineering proposítion of no mean 

magnituric, but which was finally awardcd ui er mucli 

the samc conriitions anri risks. I did not rcturn until after 

thc nriddlc of June, so that most of m y instruclions con-

cernîng the tr al equipment were given by cablc and thc 

actual work of construetion and preparation was done with-

in thirty days. 

However, 011 the i6th of July, 1897, two cars were put 

into operation on a private track, at Scheneclady, in the 

yards of thc General Electr c Company, which company, 

as well as a ntimber of other sub-contractors, had acccpted 

conditional orders from m e for the various portions of the 

equipmcnt which they could stipply, and had, as a condi-

tion of procuriiig the ordcr. offered the nse of their tracks 

for cxperimental purposcs. 1 

O n the 2Ôth of July. the fiíticth anniversary of the Iate l 

Professor Moses G. Farmer's test of an elcctric car at 

Dover, N. H., a train of six cars, opcrated by m y ten- : 

year son, Frank D'Esmonde Spraguc, was put into 1 

opcration, and tests of thc cquipment in thc prescnce of the " 

officers and engineers of the South Sidc road were con- I 

tinued for scveral days. AIl the apparatus was of course 1 

temporary. ' 

O n November I7th, a train oí five cars was put nto ; 

operation on the Loop and over the track of the Metro-

politan Elevated Railroad, an<l contínued for a number of 1 

weeks, operating sufficicntly satisfactorily to warrant the 

completion of the contract which was then in active prose-

cution. 

The first car was run 011 the South SÍde Road April 

I5th ; on April 20th, twenty cars werc put into initial opera-

tion, scventeen of wliich came off by night because of de-

fective rheostats, but by July 27th, locomotives had been 

entirely abandoned. 

Subsequcutly thirty "train line" cars, Eor insertion into 

trains during periods of heaviest operation or on special 

occasions, werc added, and since then thirty more cars 

liave been fully equipped. 

This review would not be cotuplete without herc 

acknowlcdging m y many obligations to the officers and 

engineers of the South Side road for their confidence and 

pat ence, as well as the hearty co-operation and snpport of 

m y own busincss and technícal assodates Ín the Spraguc 

Company, during many trying ai t critical periods. 

A description of thc actual equîpment of the road may 

be madc undcr the heads of power house, track system, 

storage battery, and car equipment and control, with 

some notes as to the practical operation and the results ob-

tained. 

P O W E R HOUSR 

The powcr house was built after plans by Messrs. 

Sargent & Luudy, and embodics scvera! fcatures which 

successfully obviate the disadvantage of a site removed 

Erom water supply sufficient for condcnsation, but which 

was chosen because it was near the ccnter of dîstribution 

for the railroad system. 

The building s of brick and iron, uiipretentious in 

dcsign, and the engine and boiler rooms arc scparatcd by a 

brick wall dividing the building longitudina ly. 

The boilor installation at first nstallcd consists of 

four batteries of 13abcock and Wilcox waler tube boilers, 

rated at 400 H. P. each, equippcd with chain grate stokers 

filled Irom ovcrhead coal bunkcrs of 1,000 lons capacity. 

The chain grates are engine driven, and have speeds 

adjustable Eor ranges up to four inehcs per mínute. Verti-

cal shutters at thc feed hoppcr 011 thc boilers regnlate the 

dcpth o£ fire on the grates. The installation operales prac-

lically smokclcss, exccpt in starting fires. Ashes drop from 

the grates into sub-chambers. and are drawn off into an 

clcctrically drivcn coal and ash conveyor, which reeeives 

and riunips aulomatically whcn set as desircd anri started. 

Furnace gases on leav ng the boilers pass through a 

Green fuel economizer with dampers at entrance and exit. 

Tlris economizer ef ects 10 pcr cent. fuel saving. 

DIAGRAM OF DISTRIBUTION SYSTEM- SOUTH SIDE ELEVATED RAILWAY 
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The enginc room is traverscd Iongitndinally by an 

clectric crane of thirty tons capacity. 

It contains tour cross-eompottnd condensing Allis-

Corliss engincs each rated at 1,200 H. P., at eighty r. p. m. 

with maximum capacíty of .2,000 H. P. each. They are of 

spccial heavy railway type, with twenty-four foot fiy-

wheels each weighing fifty tons. 

Steam is furnished at 150 lbs. gauge pressure and 

exhausted in a condenser vacuum equivalcnt to a 24-Ínch 

column. The coudcnsing apparatus is of thc Allis vcrtical 

type, and is independent of thc engine. 

Adjacent to the main bniltling is a rectangular Bar-

nard coolingtowersheathed with y\" steel plateand dividcd 

iutcrnally into five vortical scctions, eaeh provided at thc 

bottom with two ten-foot fans carried on the shaft of an 

eightecn H. P. motor. T'lie fan spocds may bc varied by 

three diffcrcnt motor combinations. The condensing 

water is deliverori to a riistributing hcadcr 30 feet abovc 

ground level. Thence five mains distribute it into dr p 

pipcs ín the scveral sections, where the watcr triekles dowu-

ward over w rc mats continuously fanned by the cool air 

blast from bclow. The final tcmperatiuc of the water is 

about 85 0 F. 

The electric generators are four 800 K. W . twelve polc 

Westingtiouse eonipounri woui l dynamos with large over-

loatl capacity. Tlie field pieccs arc vertically split and can 

be slid at riglit angles to the shaft, giving access to the 

armatures which are inounted directly upon llie enginc 

shafts. 

The main switcli-board is made up on the panel plan 

and so fittcd with instrumcnts as to record separately all 

suh-divisions of the power gcnerated. 

The station shows great operating cconomy in prac-

tice. 

A complete powcr house shift inclnding chief engi-

neer and clerk, including ninc men, five oE whom rate only 

as hclpcrs and oilers. Hcnce the labor cost is vcry small. 

Tlie powcr housc rccords show that the total powcr 

housc cost pcr kilo watt hour delivereri to the switchboarri 

is less tlian one-half a ccnt. 

DISTRIBUTION 

The systcm of dîstribution is a modtficd pian of what 

is popularly known as the "Thirri Rail" system. 

Extending from end to cnd of thc line, on the inner 

side of each track and along all switchcs and cross-ovcrs is 

an ordinary forty potmtl T-rail, in sixlv foot lengths, sup-

porteri 011 insulators at siiort intervals, anri with its surface 

about 4 inchcs above thc working ra l and a few inchcs 

Erom it. This rail Ís bonded at every joint with double 

horse shoe bonds to providc coulinuity of circuit. It is 

known as the "power rail," it forming one terminal of 

the clectrical systeni, and Ís the raíl wilh which flexibly 

mountcd shocs carried 011 the car trucks make contact. 

This rail is dividcd iuto sections of varied lengtli, 

which scclions, iustead of being left opcn as has hithcrto 

becn the practice, are joincd together by switches or fuse 

blocks so as to make the rail electrically continuous ui ler 

normal conditions, but with provisíon tor ctitting out a 

section autoniatically or at will Ín casc of short circuiting. 

Extending each wav from the powcr house are five 

fceders carricd on insulators on the ccnter of the structure 

under a tiousing, the majority of these fceders being cou-

nected to the power rail sections by sub-fceders tlirougli 

circuit breakers at various poînts. One feeder goes to a 

eonnection betwecn tlic South Sidc Systcm and the "Loop" 

(or emergcney, and two ol tlic fcetlcrs nrc used iu connec-

tîon with storage balteries which are placed each at ap-

SECTION OF POWER STATION SOUTH SIDE ELEVATED RAILWAY COMPANY 
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proximately half the dîstance each way from the power 

house to the ends of the linc. 

The return circuit Ís madc through the tracks, which 

weigh ninety pounds to the yard, are bonderi at each joint, 

and cross bonded cvery 120 feet. 

There is also a permanent conncction between the 

power rail of the South Side Systcm and the "Loop" 

through a fixed resistance, and cars and trains in passing 

from one system to the other at timcs receive current from 

both stations, and they are also directly connecteri together 

at the time of transit through the shocs on cars passing 

over the gap. 

STORAGl. BATTERfES 

The introduction of the storage battcry on elevated 

work. which is a step n the progress towards high tension 

long distance transmission with Iocal stib-stations for rail-

way opcration ovcr consiriorable tlistauccs.was made on the 

South Side for thc first time in elevatcd raiiroad practice. 

The high schedule required, thc nuiuber of trains in opera-

tion, and the consequent heavy demands for eurrenl due to 

quick acccleration and aggregatcd loatls produced a some-

what more marked variation in the central power plant 

tlian would occur with less severe transportation demands. 

The batteries therefore act as equali/.crs for thc ccntral sta-

tion, reduce the drop of potential on thc line, add greater 

relíability to the power supply, anri in some meastirc carry 

a proportion of the peak load which is characteristic of 

elcvated practice, where the great bulk of traffic is carried 

in the morning and in the evcning in limited hours. 

Each battery consists of 248 cclls, "chloride" type, 

inade by the Electric Storage Battery Co., of Philadelphia. 

Each cell has twcnty-six pairs of plates, and they are 

carried in lead lined tanks built for tw ce that number so 

that the battery capacity can be easily doublcd. 

Each battery has a capacity of 535 kilo-watt hours at 

the hour-discharge rating. and can easily discharge fully 

60 per cent. abovc this with safety. The nonunal charg ng 

rate Ís about one-quarter that of the hourly disehargc, but 

of coursc it can be increascd when nccessary. 

Some aildilion to the battery has recently been made 

because of the incrcased scrvice demands. 

Thc balteries are placed în multiple with thc line with-

out any booster. Their operation ís entircly autoiuatic, 

each onc acting both as a reservoir for energy and a regu-

lator of thc voltage. Of course, one practical efTect is 

to incrcase the capacity of the supply systeni, and in opera-

tion the proscnt battery takes the placc of one unit at tlie 

CAR EQUIPMENT AND CONTROL 

We comc now to the car equipment anri systeui of 

eontrol—the multiplc unit—wlrich is thc <lîst nctively char-

acteristic feature of thc whole installation. 

It has been alreariy pointed out that the multiple unit 

system is an aggrcgation of transportation units of vari-

able sizc, each equipped with the power required to 

operate that unit at a given schedule and under deter-

niincd conditions, wilh means for controlling thc aggrega-

tion from two or more points. This does not neccssarily 

mean that every car is equipped—that depcnds upon the 

schedule and the reqtiiremcnts of accolcralion—for thc 

mcthod is cqnally applícablc whatever the ntimber ol cars 

that arc cqtrippcd with motors or the number of motorless, 

or "train-linc" cars wlrich are mixeri iu wîth tliem. For ex-

ample: A train can be made up of pairs, each of which 

forms a transportation un t consisting of onc motor and 

onc motorless car, so that thc train units can be madc up oí 

two, four or six cars that is, one, two or three couples, thus 

averaging one motor per car in use. 

Threc anri five car trains can be made up, thc third 

and fiftli be tig a motor car or a train line car. 

DETAILS OF PLATFORM, CAB AND MASTER CONTROLLING MECHAMISM SPI AGUE MULTIPLE UNIT TRAIN 1898 
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In any case, two-motor equipments can be put on one-

haif of the cars, and the balance cquipped with a train linc 

so as to gct one schednle, and when it is desired to increase 

the schedule motors and a controller can be adrieri to the 

partialiy equipperi cars. 

Of course, the final ty of llie system on roatls with fre-

quents stops, to get thc maximum schcdule speed, is a 

motor on each axle, but in a large number of cases, and 

witli pivot truck cars, commercial demands are such that 

two motors per car is suffioient, and on some service ,two 

motor on alternate cars only. 

The equipment of thc Sonth Si<lc road has becn made 

on a mixed plan, 120 ears first beíng each individually 

cquippe<l with two motors, thcn thirty cars with a "tra n 

line," btit without motors, antl finally thirty aririilional cars 

completcly equipped. 

The positionandarrangenient ofthe South Sitle yard., 

and the running of trains into a Y at one end and around 

a loop. at the other procluces every possible aggrcgation <_>f 

cars. I Icnce for thc equiptnent, in order to avoid head and 

tail switching, and to pcrmit of this variable aggrogation, 

there was one vital conriilion, which was that, no iuattor 

how frains were madc up, likc Iiand movement at tlie cnd 

of any car must at all times mean like track movcment 

relative to the operator, and the system of conncctions 

froni onc car to anothcr must automatically provide for 

such a rcsult. 

This variation of car aggegation. ai l the furthcr con-

dition that no seat room shoulri be takcn up by tlic motor-

man, made it necessary to prov de each car with a movable 

cab 011 ihe platform such that it could be lett open for the 

free usc of the ordinary entrance gate whcu iu llie boriy 

of the Irain, and yct bo reariily closeri anri affortl pro cctiou 

to the motorman whcn at tlic leading ontl, at the samc time 

allowing frce passage from one ear to another. O n each 

car, tl -refore, at the right lianri diagoual corncrs llie iron 

work lias been removod, antl a three part cab constrticted, 

ihc outer end being a lixturc with a drop window, and 

carrying in the angle formed by the platform the Ínitial 

controlling mcchanisni, bcing the master eontrollcr for 

the elcctrical system, antl the cngineer's valvcs íor the air 

brakes. O n cach side is a door, cach hinged in opposite di-

rection, and lolding back one over the othcr against the 

hcader of the car, leaving when in tlris condition the plat-

form clear, and the orriinary gafe in operation. 

W h e n used by the niotorman, one or both doors are 

closed, the iron gate SWU lg iti place, and a stnall protccting 

cab is thc result. 

Under one end of thc car, in place of thc ordinary 

truck, is a motor truek carrying two fifty H. P. (liour rat-

Ing) standard railway motors of capacity and gearing such 

as to safcly allow the niotors to work up to the skidding 

point ot the wheels with 60 per cent. of the weight of the 

car equipmeut and loari upon thcm. 

Tlie motors are of thc General Electric manufaeture, 

aticl of the usual Spragnc suspcnsion. 

Iti the hoori of cach car is a controller £or thc motors 

enclosed belrincl a trap door which can be lowcred for ready 

nspcction. The controllci- is oí the multiple-scrics type. 

s ririven bv a small pilot motor. and provision is made for 

at will or automaticallv producing a step by step, or in-

terrupted, or periodie forward movemcnt oE the controllcr. 

and a continuous or interruptcd return movement of it 

to the off position throug i variotis automatics connccted 

with the pilot motor antl llic iiritial control circuits. 

In addition to the current varying controller, there is 

a main reverser, likewise operated by the same agencies as 

the pîlot motor, for determining thc directionof the current 

dclivereri to tlie motors, and for instantly opening the cir-

cuit of the motors in case of emergency. 

Insidc of each cab is a small master controller or 

operator's switch mounted on a standard, and fastened to 

the wood work of the cab. Tbrough this master controller 

the pilot apparatus of the current varying controller and 

the reversers are governed. It is provided with a movable 

handle, opcrating aspring retracted spinrile.which througii 

various clcgrecs ol movcmcnt makes contact with the re-

verser circuit anri with three determinalc positions, coast. 

series, and multiplc. Momcntary contacts 011 thcse various 

points givc any clesircd intermeriiatc position of the main 

controller, which has a steppecl movement. n order to 

maintain thc controller at any point, or to keep the govern-

ing circuits or train línes energized. thc handle of the mas-

ter controller niust be held in position. If the handle is 

released, whcther from accident or design, the spindle iu-

stantly rcturns to coast position, and thc controller auto-

matically returns to the off position and cuts off the cur-

rent, or if thc master controller is allowed to go to the 

center position, llie reverser is instantly opened, and the 

conlroller then comcs to opcn circnit also automatically. 

The arrangemcut of circuits is stich ihat by the us.' oi 

a relav and throttle and thc propcr intcrconnection bc-

tween the conlrollíng circuits ihe opcrator is at liberty 

to < o about as ic plcases with the mastcr controller, aticl 

can rely upon ibc tnain controllcr opcratiug satisfactorily. 

For example: Tle can go to thc ser es or to the 

multiplc posit on, or. from the lasl, revcrse movement in-

stantly, anri the controller instead of responding instantly 

o|)crates progressively, the pilot bcing liniited in its move-

mcnts by iiicrcnicnt of the niain cnrrent to or above any 

rief nite amount. 

Thc throttlc is set just short of tlie skitkling point of 

thc wheels 011 a normal track, allowing 15 per cent. ad-

hesion, and absolutely limits the current input to that 

wliich is requircd by the dctermineri rate of accelcration. 

Any rate lcss than this can also be effectcd by proper 

handling of the motor controllcr, so that any movcments, 

no matter how refined, are perfectly possiblc. 

This throttle is in the circuit of one motor only, so 

that it is equally effective whether in the series or muîtiple 

position. 

Althougli there is a master controller on each plat-

form, their eonstruction is such that intcrference with them 

is difficult, ai l has nevcr bcen known to occur. Of 

eourse, they could be madc removablc. 

So far, thc system describcd is that of a secondary 

electr c control of a síngle controllcr, but by paralleling the 

relay and othcr circuits it is evidont tliat the two or more 

equipmcnts on a single car can be operated, and also that 

if these equipmcnts are put on different cars they can like-

wise be opcratod provided means cxist for properly con-

necting the pr iuo controlling circuits, anri insuring prac-

tical synclironisni of thc d fferent controls and equal work 

on the different inotors. Where thc cquipmcnts, however, 

are on different cars, it then becomes nccessary to have a 

"train line" antl couplers, so that a govcrning circuit which 

can be cncrgízed at various points is made up of a 

train line intlividual to each car and couplers of some kinri 

between thcm. 

This train line is necessarily an inriepeudent line, not 
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being a part of thc main motor circuits on any car. It can 

be energizcd, of coursc, from any clcctrical source, but for 

convcnicncc thc niain course oí stipply is the one used. 

This train line consists of five wires, perfectly n-

sulated, madc into a couimou cablc permanently located 

n the car, and teriiiinaling at each plalform in one or more 

couplers, in this particular casc in a pair o£ couplers, one 

under cacii corner o£ thc platform, these couplers be ng 

shrouded so as to prcvcnt riirt or rain cntcring them. 

When trains arc maric up the train lines arc con-

nccted by a rcvcrsible jumpcr having corresponding wires, 

and the systom is so disposcri anri conncctod that no matter 

from which corner the connections are made, or how the 

cars are reversed or altercd in scqtience, the circuits are 

automatically established so that likc track movement is 

always assured wíth like haucl movement of the master 

controllcrs. 

The section o£ train line in cach car is not a part of 

the normal controlling circuit intlividual to the control 

equipmcnt, but is connectccl with Ít with switchcs wtrich 

cnables a scvcrance of thc two systems, that is the local 

FIG. 1.-ACCELERATION AND SERIES OPERATION CURVE 

car system and thc train linc, so that no matter how trains 

may be madc up it is ahvays possiblc to disconnect the con-

trolling mechanism of any train for auy purpose whatever. 

The practical rcsult of the systcm is that evcry aggre-

gation of cars, whcthcr one or more, has identically the 

same characteristies in thc matter of loa<l, capacity, motor 

equipment, rate ol aceeleration, etc, as are possible with a 

single car, and evcry combination is made without the 

slightest thought bcing giveti to pairing of electrical cir-

cuits. 

Each car is equipped with an automatic air brake sys-

tem, supplied by ChrÍstcnscn air compressors, with a re-

serve tank, and an equal zing pipe running from car to 

car, the compressors being startcri and stoppcd automati-

cally through an air governed switch by tall and rise of 

air pressure. 

O n each platform, alongside of thc master controller, 

is a small enginccr's valve, so that from any sclected cab 

the air brakes can be operated with equal facility. 

A balance wirc ruus throughoiit the train, and is in-

cluded in the same coupling as connects up the clectrical 

train Hne, so that when an air govcrnor on any car closes 

circuit, all compressors start and continue in operatiou 

until thc last govcruor throws out. This is to effect 

equal work ou thc various comprcssors, and to maîntain 

absolute ccrtainty of air supply at all times. 

FIG. 2. ACCELERATION AND COASTING CURVE 

If a train shoulcl parl, three systems of automatics 

conie into play. The rcverscrs go to open circuits, thc con-

trollers lo thc off position, ancl the air brakcs also auto-

matically operate. 

If the main circuit fails, all reversers open instantly, 

and the controllcrs must conic to the off position, which 

they wîll do automatically as soon as current is restored, 

beforc curront can again bc pnt in thc main motors. 

So, too, if thcrc is an instant rcversal of the master 

controller. 'J'lie revcrscrs first opcn circuit, the controllcr 

returns to the off or any dctcrmined position, then start 

again, and are instantly arrested 011 the first contact, Pro-

vision is madc so that it is impossible to run backward 

at more than one-half spced from any platform whcn 

operating froin lliat platform. 

The cars are of course clectrically lighted, and arc 

also provided with clcctric hcaters. 

For several weeks, on account ol lack of equipment, 

the motors on the equipped cars in the morning and even-

ing hours were subjected to a regular incrcase of load of 
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FIG. 3.-SLOW ACCELERATION WITH NO COASTING 

about one-tlrird and at times every motor car has been in 

operation. The economy of quick acceleration for high 

scheriules has bccn thorouglriy ricmonstratcd, and Fig. 

2 gives a scction of a run which is typical of operation 

when coasting frecly, O n this test, witli car making, fifteen 

mile schedule, aud under thc conclîlions of grade and sta-
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tion intervals on thc Sotith Side road, the energy used at 

the car was about scventy-three watt hours per ton mile. 

The accompanying inset bctween pages 16 and 17 

shows an actual run with existing station distances. 

Fig. 1 gives an illustration of what is sometimes pre-

ferablc praclice, particularly in fogs, a qu ck acceleration 

to a somewriiat lowcr maximum speed, and then operat-

ing motors in series to maintain a constant or slowly 

tl nrinishing speed to the point of braking. 

These form an Íntcrcst ng comparison wilh the curve 

shown in Fig. 3, that of a motor car pulling three trail-

ers, which Ís typical of locomot ve car practice on frequent 

scrvice. It will be noted that the acceleration continucs 

to the point of braking, the tuost uneconomica mcthod 

of operation. 

were greatest. At times, 65 per cent. of the one track on 

the Loop was covercd by cars from thrce different lines. 

O n this particular day, when the car mileage was in-

creased about 80 per cent., and with very heavy loads, 

the central station had s x 400 H. P. (standard rating) 

boilcrs only in usc, with but two men in the fire room, 

and there was no straining of cngines, dynamos or bat-

teries. 

As an example of extraordinary duty, the operation 

during thc reccnt holídays may be cited. During a good 

portion of the timc the central station is rcported by the 

consulting engincers as operaling as follows: 

Fifty per cent. overtoad for six hours; ftill load for 

seventcen hotirs, and 74 per ccnt. load faetor for twcnty-

STORAGE BATTERIES SOUTH SIDE ELEVATED RAILWAY COMPANY 

A very large niimber oí reeords have been taken by 

Mr. Luntlie, thesc running into the hundrcds, under all 

possiblc condítîons of acceleration and all sorts of motor 

and trnil c.ir combinatîons, for detcrmining the best mctli-

ods of opcratíon, tlic highesl dcgree of economy undcr 

various loaris, and for asccrtaining track, car anri gear rc-

sistances, rcsulting in a very salisfactory equation with 

speed and weight as factors. Thcse are conclusive of the 

bcnefits of this n thori of opcration, indopentlcnt of thc in-

flucncc on passenger trafîîc of liigh scliedule speeds ancl 

short timc intervals. 

Thc system was put to the hardest tcst 011 October 

I9th, Jubilee Day, and although operating with only 148 

cars on ncarly twenty miles of total trackagc, 240 cars pcr 

hour were sent into aud out of thc Loop at Congress strcct 

hour aíter hour wilhout a hitch. Tlris was done by rcvers-

ing trains at cross-overs at threc or four different points, 

hus ntcnsifying thc car movemcnt wherc traffic demands 

Out of 120 motor equipnients designed for individual 

operation, 119 wcrc in daíly opcration moming antl nigtit, 

with twenty-eight or twcnty-nínc trailcrs, thus ovcrload-

ing thc motors one-thirri, ai l often thesc trains, com-

ing out of thc Loop from two to fivc ininutes late, have 

madc up timc bcfore reaching the end of the run, but 

naturally of coursc at a loss of efficiency. 

Thc average duty of this cquipmcnt is liigher than that 

of any other elcvated railroad in thc world. Cars have 

frequently made as lrigh as 290 niiles a day for days in 

succcssion, and the average maximum of cars in opcration 

for long periods ran to nearly 100 per cent. 

l''inancial, not alone tcchnical results arc a measurc of 

succcss, and a coniparison is therefore in order. 

The months of Novembcr and Dcccmber, 1897 and 

1898, arc the first striclly comparative months. 

The road then included "Loop" operation, 19.44 míles 

of traek, in 1897 was operatcd entirely by steam, and in 
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1898 cntirely by the Sprague Multiple Unit Electric Sys-

tem. 

In addition to all "Loop" expenses there is a rental 

charge equal to 10 per cent. of the gross passenger receîpts 

of the road. This should bc considered really as an in-

terest charge, not as an opcrative expense. 

For these two months with an average of 489,979 car 

miles on the main line, the comparative table following 

shows: 

(a) Ratio of expenses to earnings, including "Loop" 

rental, taxcs and lícenses ; 

(b) Ratio of expcnses to eamings, cxcluding "Loop" 

rental, but including taxes and licenses; 

(c) Net earnings. 

(a) (b) (c) 

November '97, Stcatn, 87.3 77.7 $10,603.80 

Novembcr '98, Electric, 57.3 47.7 39,448.56 

Dccember '97, Steam, 83.6 73.8 14,691,69 

Deccmber '98, Electrk, 55.0 45.4 45,355-68 

The succeeding months show increasing traffic anri 

equally favorable results. 

The operating cxpenses per car nrile during Novem-

ber, 1898, on the main line, including and properly ap-

portioning to it everything exeept licenses, taxes and 

rental, were less thau sevcn and one-half cents on an aver-

age and maintained schedule of fifteen miles an hour, with 

stations 2,080 feet apart. 

So much for the actual resul s accomplishcd on the 

South Side road. The question naturally arises: Have 

there not been difficulties, and if so, of what charactcr? 

Of course there havc bcen, and I shoukl havc been 

surprised, and almost sorry, it it had been otherwise, be-

cause it is only ttirougli the difficnlties incident to the 

earlier opcration of a system of this charactcr that tlie es-

sent als arc fully determined, and apparatus dcvclopcd to a 

state of perfection. 

It is ctirious, however, that there have been more 

troubles with what is classcd as "standard apparatus" than 

with that individual to the multiple unit control. Thcse 

troubles were, first, with the rheostats, which were of 

new consiruction, and later, poor brush tcrnrinals, cracked 

gear cases, and with the earlier type of air governors. 

With the speeific mnltiple unit apparatus the principal 

troubles were with poorly and hastily wound relay coils, 

too íght and unsubstantial construcion of auxiliary con-

tracts, and improper jumper eonstruction, causing an oc-

casional opening of thc controlling circuíts. 

Taken all in all, however, the presitlent ancl superin 

tendent of the road statc that there wcre lcss troubles than 

when starting with thcir compounri locomotivcs, and on 

the whole the success oí the roari has bccn unparalleletl in 

eleetric railway history where so radical a departure has 

been taken. 



ESSENTIAL FEATURES OF ELEVATED AND SUBURBAN RAILWAY 
EQUIPMENT 

Coming to N e w York conditions 1 may say that, 

based upon the Chicago pcrformance, antl allowing for 

difference of coal cost, the Manhattan roa<l, now operating 

at twclve and one-half miles aetual schedule during tinie of 

maximum load, and making about 43,000,000 miles an-

uually, can bc opcratcd at over a sixtccn-mile schcdule at 

uot cxcccdiug nine cents, iustcad of 11.9, and on the exist-

ing mileage (his would mean a saving, exeluding interesl 

011 investment of about $1,250,000 per annum, or allowing 

interest on investmcnt of about $750,000, to say nothing of 

any other gains, A seveuteen-mile schetlulc can actuallv 

bc made witli tWO motor equipments. 

In closing, perhaps I may venture an opinion as lo 

thc general íeatures which should charactcrize a suburban 

passenger railway equipment. I think it may be safely 

statcd that thc first is the usc oE the continuous cttrrent Ín 

thc motor equipmcnt in spite of the claims which have 

been made anri the results accomplished with alternat-

ing current motors, at least so £ar as we can judge by any 

present developmcnts. 

The problem then is whence shall be derived this con-

tinuous currcnts, and that dcpends upon distances. For 

moderate distances, continuous current generators sup-

plying current directly to the line, with or without the 

adclition of storage batteries, is preferable. When the cx-

tent of the line becomes at all serious, then it must be 

consiriered as made up ol a number of shorter sections 

joined togethcr, each of which derives its principal source 

of supply from a local station, wlrich statton can be driven 

directly by water or steam powcr, or by an alternating cur-

rent from a distant station, using a motor-dynamo com-

bined in a singlc type of machine, the rotary converter, or 

joined in the form of a directly coupled set, the dynamo 

cnd bcing for continuous current and the driver a 

synchronous or induetion type of motor. 

Gcnerally the sub-station should be supplemented by 

a storage battery, to take eare of fluctuatíons in the load, 

to even up the duty on the sub-station and as far as pos-

sible at thc eentral station, and to take care of some por-

tion of the pcak load causcd bv abnormal variations in the 

aggregate service at different times of the day. 

Of course, with the storage battcry comes the neces-

sity oí a means of some kind of automatic regulation; there 

are various methods, but I will not enter in o them here. 

Looking forward, however, to a períectly assured 

futurc of a hcavy service over considerable dístances, I 

may state that the gencral equîpment of such a road shotild 

generally involve the following essentials: 

High potential altcrnating currenf transmission from 

one or two well placeri central stations, with or without 

siatic transíormers. 

Motor-dynamo sets, or rotary converters at a number 

of conveniently placed stib-stations, to convert high pres-

stire currents into continuous currents of about 600 volts 

pressure. 

Storage batteries of quick charge and discharge ca-

pacity, gcnerally at the same sub-stations as the motor con-

verters, to equalize their duty and to prevent sharp varía-

tions in the gcneral plant as well as the sub-station. 

A system of feeders and main conductors. 

A power rail or trolley wire supplying continuous 

current, but ordinarily without any swítching of currents. 

Individual transportation units with a multiple unit 

control, so that combinatîon of cars without regard to 

sequcnee or end relation can be madc up at any portion of 

the linc independently, and controlled from any selected 

po nt. 



A DISCUSSION BY MEMBERS OF AMERICAN ÍNSTITUTE OF 
ELECTRICAL ENGINEERS. 

M . H L O O D : I would like to ask the maximum ac-

ccleration you get thcre in eilher potintls pcr ton or feet 

pcr second 

M R . S F R A G U E : I cannot answer definítely as to 

prcsent practicc, not having bccu therc for nionths. I 

havc socn a numbcr of rccorris showing an average mile-

scconri rate Up to time of cut-off, autl for the first seven-

tenths of speed, bcforc work ug on tlic motor curve, a 

onc and a half nrile-secoutl ratc. 

Mn. I I.OOD: Do you get as high as 100 pounds? 

M R . SI'KAGUE: Yes, we do that quitc easily. 

Mn. l'.i.oon: I know you can, but I was wondering 

if you did. 

M R. S P R A G U E : Ycs. I tlrink so, hut I haven't 

the rccords wi h mc. I tlriul- vory likoly therc are some 

gentlemen in the room who havc bccn makíiig tcsts 

on the road who can answer that question bettcr than 

I ..'iu. W c have gone up to thc slipp ng point of the 

whecls, wlrieh would be 300 pounris for cach ton on thc 

drivers with normal coi iîtion of track. W e rio not force 

ilie maohincs to quite that extent. lîcing a two-motor 

equipment with rioublc trticks, wc average 61 per cent. 

011 tho drivcrs, and that does not vary with thc loacl morc 

thau about 3 per ccnt. eiihcr way. I'iftccn pcr cent. a<l-

licsion givos 300 pouncls to the ton if cverything was 011 

ihc drivers. W e can certainly work o ovcr one hunrirctl 

anri fifty pounds actual ptill. 

M . BI.OOD: I notiec sonie of thc bcst tcsts in brak-

ing givc a maximum about 200 pounds. 

M . SÍ'KAGUE : Of eourse, in braking you have every 

whccl in operalion, and also all your weight. If you 

should work up to the slipping point, we would have 180 

pounds, provided the track is in good condition. W e 

<lo not work quite so high, for that would leave no margin. 

A M E M ER: What would happcn if the pilot motor 

jamhed or Imrnt out so that thc controller would not 

respond ? 

Mii. S P R A G U E : That could not woll happen on all 

thc cars at once. There is 110 possiblc cxcuse for small 

motors being made so that they are not reliable. This 

particular controller will handle two fifty H. P. motors, 

each of wliich is guarantecd to work up to 100 H. P. It is 

not a very large piece of apparatus—Ín fact, about the size 

oí an orriinary street car controllcr. 

T o operate one of these reqtiires an eighth of a horse 

power pilot. This pilot rtins cold. bccause it only operates 

spasnioilically. It has only a fraction of the duty a fan 

motor of thc same rated capacity has. 

But let us assume the possiblc conditiou of a jambed 

controller. Nothing disastrous w ll happen. If we wish 

t" Open ilic circuît, we can do it instantly on thc 

reverser without regartl to ihc ma n controller, and, hav-

ing oticc opened, it is impossible for that particular rc-

verscr to conic back until its conirollcr has bcen rcturncd 

lo any determinate position ii ts sel for. The revcrser 

eircuit passcs through split paths. Tlic initial palh îs 

tiirough a eontact carricd 011 thc niaiu controllcr, which. 

whcn tho controller has advanced one step, is entirely 

cul niit. but a supplcmcntal circuit riepeiitlonl on ihe cur-

rent iu ihc revcrscr circuit itsclf has meanwhile been 

maric, wliich niaintains that circuit alll iugh the original 

paih is opcn. If tlris supplenienlal contact for anv 

reason opens, therc is no method of again makîng the 

main eircuit 011 that car tuitil th:u main controller comes 

tt> auy requ red position, goncrally the coast or first con-

lact position. Of coursc, if thcre aro tiircc or four cars 

in a train, onc ecjuípmcnt can be eulirely cut out, aml the 

schedule s]>cccl madc by forcing thc balancc of the motors. 

It is a matter to which wc pay litllo attent on in practicc. 

This possibility was onc of ihc first things which t>c-

curred lo us, but it was met by affording two absolutcly 

inclcpentlciit methods of opcning thc main circnit, one 

prefcrably power ririven, and thc olhcr automatic, thc op-

erative rclay cireuits of which are clcctrically intercon-

ncctc<l so that when once the main eirctiit is opcned ii 

caniiol bc agaîn closed except in lcr perfectly safe con-

ditions. It would, of eourse, be a serious objection if pro-

v sion hari not been macle for tlris vcry possibility. 

A M E M B E R : Would thc fact iliat a controllcr was 

not working bc known, antl can it bc rcctif cd wlrilc 011 

the roari? 

M . S P R A G U E : Yes, but orclinarily l ttlc attention 

woukl be paítl to it until arriving at llic yartls. Tbe 

guartls antl niotormen vcry soon get usctl to thc equip-

ment. If the coutroller docs not movc, thcy know some-

thing is up, and when thcy pass the dcspatcher they re-

port that 011 a certain car the controllcr is not opcrating. 

Thc train does not stop; it goes on, W h e n the car is in 

operation, ouc can open and close thc niain circirit brcakers 

w thout any other cffect than simply throwing adriitîoual 

load 011 the balauce of the equipment, thc cotintcr-electro 

motivc íorcc of course protccting llie machincs. 

A M E M B E R : There is one point that Mr. Spraguc 

has not touchcd on, I tlrink. and that is the cost of mainte-

nanccaiitl opcration of this intricate automatic mechanism. 

and the cost not only at the end of one year. but at the 

end of tcn years. 

M R . S P R A G U E : Wherein lies the so-called ntricacy 
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of system? It is largcly a niatter of imagination, as can 

be readily seen by the most casiial inspcction of the actual 

apparatus, Let us consitler il for a moinent in detail. 

First, as to motors, we can go hack to street prece-

dents. There is not a car running in Ihe city of N e w 

York, at l few in tho Ilnilctl Slatcs, amountÍng, pcrhaps, 

to 40,000, but that has two motors and two maîii con-

trollers. The motors are identically of the same character 

and general construction as thosc used on thc South Sitle 

Elcvated Railroad, and ri ffer only n size. Certainly so 

far as depreciation of motors ancl gcars arc concerned, it 

should be less than 011 ordinary strcct cars, because the 

motors are out of the mud and thcy arc better protected, 

and the tltity is less severc, for they do not stop aud start 

T havc hearri th s bugaboo raised many timcs, bnt 

rcaily it is hartlly serious enougll f<>r me 1" pay any al-

tention to it, nor indccri for any one else who is fauriliar 

with moclcrn motor construction ai l usc. 

Therc is only onc niain contruller on a car, insleatl 

of two. Tlic orriinarv wnrking parts. that is. of llic model 

before you, arc identically thc same as those of an ortli-

nary controllcr. Consequently there is nolhing so far 

which intro<luces a new faetor, antl whatcver thc practice 

is on strect railways Ís ccrtainly gootl 011 an elevated or 

suburban road. 

As to the pilot motor and its litnits. wlial. may I ask. 

is the riepreciation 011 a fan motor wliich runs oftcutimcs 

24 hours a clay, ancl in the most out of the way and for-

gottcn places? The coiistruction of tliis pilot motor is 

practically the same, only bcttcr. Therc is nothing re-

remarkably uníque about it, The contacts whieh inter-

connect its circuíts carry tiic same ctirrent as the master 

controllcr and the train line antl jumpers, the fraction of 

an ampére. 

The master oontroller has two movîng parts, a re-

movable liandle ai ! a cylinricr fonnctl of two castings. 

antl some contact fingcrs of an ordinary lype. 

The relays coukl not well be simplcr. Thcy are 

plungor magncts. the eores carryiug loosely mounted self-

adjusting copper discs wliich impinge against rigid con-

tacts throtigh which are madc ihc pilot mott>r circuits. 

Surely one cannot speak seriously i>f greaf dcpreciation 

in apparalus of this characler. 

The wiring of a car is actually simpler than on an 

orclinary street car, thcre being lcss work anri less ma-

terial. The train line is of permancnt character, mtich 

like that of the lighting circtiits. and thcre is only one sct 

of main motor cables. 

As to the jumpers, I have alreatly said we have had 

some trouble with the break ng of wircs, caused by mis-

takes in thc ear y practice of making up the cables. Prac-

tice, however, has taught the trick of making thesc right, 

but how they are really cnnstrttctcd is a matter I prefcr 

not to at present discuss. I think it may he fairly sa d 

that there is less liability to trouble with them than with 

an ordinary air hose. 

Speaking gencrally, thcre docs not begin to be the 

complication there is in an automatic air brake system, 

and yet I clo not hear any one Ínveighing against its prac-

ticability. 

As to orriinary inspection anri carc 011 the multiple 

unit system, one nian can casily look afler the master antl 

main controllcrs and circuits of 25 or 30 cars. 

M R . B L O O D : It seems to me the argunicnt has been 

motor for motor and controllcr for controller per se. 

Wouldn't it ncccssarilv bc that if you hari tcn motors and 

twenty control ers that you would be liable to have pro-

portionatcly more trouble than wílh four motors and two 

controllcrs in proportíou to Ihc number of instruments ? 

M R . S P R A G U E : Possihly f am more of a railway 

thau an elcctrical cnginecr. To niy niind thcrc is some-

thing more to I>e sotight in railroatling than the saving of 

a pound of coal or a dínic Ín Íns|>ccfÍon or repa rs. t is 

to catch the passengcr's nickcl, anri it rioes not take much 

variat on 011 a road to determiuc its snccess or failure. 

If you put the ahstract question of whcther it is cheaper 

to takc carc of one motor with one controller than 

scveral, that is of course n general true. It would 

cost less pcrhaps to havc onc chair in this room 

for everybody to sit 011, btit it woulri not l>e so con-

venient. You cannol opcratc a railroad iinder a flex-

ible system which givcs yon absolutc inclepenricncc în 

train units and train intcrvals unless thc cars staud on 

their own bottom. Tliey cannot be pullcri arountl by the 

head by something else. To Iiorrow a phrase. we cannot 

mucli improve 011 the Creator. A catcrpillar's legs were 

not put under his head with instructions to tlrag his boriy 

behind him. Ile gcts along. not 011 all fours alone. but 011 

all multiples. 

Thc proof of thc pudding is in the oatiug thcreof. 

Dcspitc all the <lismal prophesies of failure—antl there 

were, as you are well awaro. plenty of them—we have 

becu rutu ng sixtccn tl nisand to twcnly thousand miles 

a tlay, aud perforniiiig a service unequaled in electric 

raîlroariing. 

There seems a curious ínisconcept oti of llie practical 

requirements <if railroading, a tendency to niake it simply 

a problem of moving a fixed length <>[ train a certain 

clistance. Thc railroacl mau has nol siiuply a clear anri 

exclusive right of way from one point to another with 

the necessity of all people to come, bccause if he has a 

good thing another man will come along and build an-

othcr railroad alongside of him. Conscquently the man-

ager who proposcs to keep the passengcr has got to give 

him the utmost facility of travcl, tlic least station wait. 

the quickest transit, Íncluding thal wait. from the time 

he gets 011 thc platform tintil he gets to his destination. 

and it is that frequency of service which is absohitely 

vital to succcssful competitive railroading. N o one would 

think of opcrating 011 Broadway or Sixth Avenue a stx-

car train at six times thc interval of thcir present cars. 

Somc day, becausc of the congestion of traffic, they will 

probably have to opcrate two cars togelher, otherwise a 

longer unit, but maintain the samc characteristics of ac-

celeration. 

M R . C. W . Rit. : 1 should like to Ínquire the re-

lation of the storagc battery to thc success of thc multiple 

unit system. 

M R . SPRAGUI.: It is not a necessity for the success 

of the multiple unit system. Thero are a good many 

raih-oatls runn ng indepentleut cars without a storage bat-

tery. W e all know that Ín any systcm of transmission of 

power the more evcu the otitpnt thc better it Ís for the 

central station. Tbc South Side roari ran for a long time 

without any storage battery, which was not pn>posed as a 

part of its original eqiiipment. 

The centrat sfation was laid out for a larger equip-

ment than was first iustalled. 
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The road actually required 145 to 150 cars in opera-

tion, including those 011 the Loop, but not including cars 

on rescrve, which ortlinarv coi litions of painting ancl 

gencral rcpairs cleterniine as at least 10 per cent., and 

si>inc tlrink evcn morc, of the lotal equipment of a 

road. Only 120 cars were equipped, and the road ran un-

der these conditious unlil finally there werc aboiit 150 cars, 

incluiliiig 30 partially equippcri cars, in operation, more 

than therc was ccutral station capacity for. Consequently 

they fiually concludcd that thc quickest way to get addi-

t onal capacity was to put in a storage battery, which 

woiilcl liclp to cqualizc thc load and to takc a part of the 

peak. I would say Ín general, howcver, that the intro-

duction of a storage battcry is advisable on any elevated 

or suburban road, and, in fact, on any electric railroad 

when its capacity is to bc increased. 

N o one here should niisui lerstanri thc position I have 

always takcn with rcgartl to the storage battery. For a 

long tinie it was an inipracticable piece of apparatus, but 

when pcoplc got tired of fighting patents, and, with a 

fund of increascd cxpericncc, settled down to build a 

practical battery, realizing that its proper function for 

railroading was, as I have tinic aud again stated, pri-

marily for rcgulation, that is, for quick charge and dîs-

charge, and for use 011 peak loads for short timc dtity 

only, thcn it becamc a safe and advisable adjunct to a 

railroad whcn put in undcr proper gtiarantees. 

The questíon about thc storage hattery seems to have 

bccu asked bccause of the impression that 011 a multiple 

unit system thcrc is ncecssarîly a large current input 011 a 

train, which systcm per se as ought to be perfectly evi-

dcnt, has nothing to do with it, because properly it is 

siniply a scmi-aiitomatic systcm of control wh ch permits 

of the aggrcgation of a number of transportation units. 

That aggregation does not fix the rate of current input, 

and for any ordinary schedule, no matter what the weight 

011 the drivcrs, a less than the niaximum rate of accelera-

tion can of course be adoptcd. The specd of the maiu 

conlrollcrs is not a fixture. The current input is de-

terniined by an adjustab e throttle which. whatcver the 

carelessuess of the motorman, pcrmits of any predeter-

nrineri slowness in the ratc of acceleration. and whatever 

thc niaximum rate allowed, it is still possible for a motor-

man to adopt any lower ratc at will. In fact, finer and 

more even gradations of currcnt input is possiblc where 

dcalhig with sniallcr currents on individual niain con-

(rollers than whcre thc wholc is aggrcgated in one large 

one, as deterniined by the practical limitations of con-

struction. 

M R . B L O O D : I am very well aware of the schedule 

and the frequency with rcference to the operating, and 

also thc fact that íf you have a system which operates at 

50, 60, 70 or 80 per ccnt. of the income, that it pays in 

evcry case to do anything to increasc the service, as long 

as thc ratio of the expense per unit of service does not 

go to a greater extcnt than a percentage of the expenses 

to the operating receipts. But the point is, do you not 

claim a great many tlrings for the nmltiple unit system. 

as a system, which acerue to the system, not on account of 

itself, but on account of the increased speed wlrich you 

get? For instance, in the Chicago South Side you have 

ten motors of 50 H. P., each of which makes 50 H. P. 

If you put the same amount of power on the front car 

of the four 125 H. P. motors you can get the same pounds 

per ton and the same acceleration and same speed. 

M R . S P R A G U E : H o w are you going to do it ? H o w 

actually make use of the powcr available? 

M R . B L O O D : For instancc, the prcscnt Metropolilan 

West Side has two 100 H. P. motors 011 thc front ear, and 

they have made a schedulc spced of 12J milcs an Itour. 

Thcy never slip the wheels uuder ordinary acceleration, 

and they run up to 55 or 60 pounds per ton. If you put 

011 four niotors of 125 H. P. you will get thc . ame tort|uc. 

the same pounds per weight of train as yon get now 

with 10 motors, and yoti wonld havc thereforc thc samc 

schedule spced. I bclicvc the South S de rutis on a little 

lcss than 15 milcs schcdulc speed. 

M R . S P R A G U E : They nin at 16A milcs whcn they 

have to. 

M R . IÍLOOD: But I mean the rcgular scheriulc on ihc 

road ís a lutlo lcs- tban 15 miles, and the regular schetlule 

of thc Mctropolitau aml Lake Strcet roacls with thc two 

motors, wliich handle tbree cars, is a littlc over 12 nrilcs. 

It seems perfectly feasible if you put fotir motors and 

Íncrcase thc capacity of eacli motor 25 pcr ccut. that yon 

could get tlie sauie schedulc as you clo now with tlic Sotith 

Side trains. 

M R . S P R A G U E : You seem to forget that when you 

concentrate the capaeity of inotors, bc it 500 or 600 II. P., 

whatever you please, on one car of a five or six car train, 

yoti have not thc saine ratio of wc glit on the drivers, and 

eonsequcntly you cannot gct thc samc cffcctive pull. That 

is imposs blc, unles. you pile pig lead Ínto the car. 

M R . B L O O D : Of coursc the same wcight is not on 

the drivers, but if sufficient we ght is 011 thc drivcrs to 

get the pounds pcr ton whieh you gct uow Í11 your sched-

ule, sufficient is enough. 

M . S P R A G U E : I think I will "stand pat" 011 the 

proi>osition that for all round riuty you cannot count 011 

more than 15 per cent. adhcsion of stccl against stcel, and 

tliat there are many times, iu fogs and other couditious, 

whcn you do not get that. It is aiways advisablc to have 

a reserve. You should bc ablc to slip thc whcels even 011 

the South Side road, as we sometimes do, with 62 pcr 

cent. of the tolal weight of thc drivcrs. If you shoultl takc 

a ocomotive car and put 011 it four 125 H. P. motors, 

you can slip the wheels as long as yoti plcasc and you will 

probably not break down thc motors, but you do not rcach 

the practieal limit of accclcration which is comforlablc. 

I care not how fast it is, so long as it is donc evcnly, thcrc 

is no rate of acceleration possible cven with 100 pcr cent. 

on the drivers, which is uot pcrfcctly feasilric so far as 

passengers' comfort is conccmctl, but it must not bc by 

jumps, but with a controllcr that is propcrly built, graded 

anri regulated. 

M . B L O O D : I perfectly agrec wilh that slatcmcnt, 

and I atso do not wish to bc underslood as an opponcnt 

of the advautages of the inultiplc uirit systcm. l ut what 

I do wish to bring out is that thc poiut at which thc 

systeni givcs advantages 011 account of its Íncrcased ac-

celeration is far above that of any system that has beeu 

used now. I workeri at a niultiple seheme in councctíou 

wilh some propositions iu Bcrlin and Vienna, and it might 

be interesting to know that the scheme proposetl by the 

German eompanies was with a locomotive at each end of 

the train. 

M R . SPRAGIIE: I think quite likely I can tell you 

something about it. 

M R . B L O O D : And the chief advantage of the multi-
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ple systcm is the advantage of the splitting up of the train, 

and not so much at thc present tinic the advantage due to 

accclcration, becausc thc po nt is not reachcri in the prcs-

cnt sehcclules wherc thc advantagc will show up. 

M R . S P R A G U E : quite agree with you about split-

ting up traîns, ancl I think I said quite clcarly that 

I considered the question of coal cconomy, which 

for any given schcdulc is primarily af ected by the 

rate of acccleration, is a thing of lcss iniportaucc than 

indepcndcnce in dctcrnihring lcngths of train units and 

train intervals. The higher schedule speeds for all 

oonilritiations arc, however, only possiblc with the 

h gh aceeleration, at l hencc necessary high ratios of 

wcight 011 drivers. I mtisl, however, repeat the state-

menl that for any given high schedule the system 

which givcs the highest rate of acceleration is the cheapest 

system to install Ín total first cost, as well as the cheapcst 

to operate. Jt costs anywhere from $200 to $250 per 

kilo-watt for the cnergy delívered to the shoes of a car. 

It costs froni $15 to $20 per II. P. for the equipinent put 

on a car, including every dctail 011 it. I am speaking in 

a gencral way. Therefore if you can save 1,000 H. P. 

in a large central station you can af orri to put a goocl 

many thousand II. P. on thc cars, and besides you are 

going to gain a good dcal else by doing it. 

Referring to thc Berlin proposals, it has been only 

cotnparatively a fcw days sincc I received a Ictter froin 

possibly the German firm you rcferrcd to. It was quite 

explicit as to thc plaus hitherto considered. Their plan of 

opcration—and they are somewhat in the air about it— 

was to operatc four-car trains normatly with two dead 

iutern 'riiate cars anri one locomotive car at each end, 

each motor car Iiaving fotir motors, the motors to be 

workccl in two groups, two bcing permanently connected 

in scrícs, and thcsc two series grotips workcri in scries 

and mulliple; that ís, 011 a four-car train, eight motors, 

every pair maintaining a fixc<l rclation. Thc main cur-

rcnt was to be carried from onc car to the other, and a 

liand controt providcd for all motors at each end of thc 

locomotive cars. In stopping it was proposcd to tise the 

forward car alonc for an electric braking systcm. Real-

izing, however, that thcre are timcs when thc traffic would 

require more than four cars to the train, they were con-

templating a possible motl l of combining two of thcse 

four-car cight motor trains into an eight-car train. 

Tlic difficulties experienced were leading them to in-

t|iiiries nto the mnltiple uirit systcm, wlrich is thc straight-

forwartl logical ilevolopment, ancl in every way simplcr 

aucl uiorc effcctive. 

N o w I havc hatl a modicuni of experience in elcctric 

railroads, ai l I ani quite rcady to lct some other men 

try all sorts of altcrnatívc conilrinations. Evidcntly thesc 

cnginecrs recognizcd the fact tliat they had to usc a largc 

proportiou of thc wcight 011 the drivers, large motive 

powers, anri hcnce riistributcri motors, and that is what 

they arc proposîng to <lo. Tliat happens to bc an official 

stalement of facts from the firm which has the contract 

under considcn.tion. 

M R . B L O O D : Thc reason that they wcre to use thc 

two cnds of the train was that the German governmcnt 

spocifio<I that the control mtist be from the end of ihe 

train wliich it was operating. The first roari wlrich ihe 

SÍeineus peoplc were to try it 011 was thc Wannseehahn, 

ancl at one end they did not have the opportunity for 

switching. I figured out a sciieme whereby they could; 

but the German government decided it could not be done, 

and so they wanted Ít done that way. I do not think that 

they considered the distrihution of the motors, and thc 

rcason thcy wotild not allow braking 011 the rear car was 

bccausc tlicy werc aíraitl that the train would double up 

logether in the middle. 

M R . S P R A G U E : In other words, thcy ran across a 

lot of d fficulties the momcnt they attcmpted a combined 

locomotive car system. Oue of the good things (hc Ger-

man govcrnn.cnt does is to put down certain rcstrictions. 

Really the broatl issue is between a scconriary control anri 

an attempted control with main circuits ntnniiig from one 

car to anothcr. I am quite content to rcst on tliat issue. 

M R . H. W A R D L E O N A R D : It seems to m e that one of 

the most iniportant points in connection with thc question 

of elevatcri practice. as has been clearly brought out by 

Mr. Spraguc in his rcmarks antl by many othcrs hereto-

fore, is the fact that a very rapiri accclcration is a neces-

sity, ancl that having stored up in the train a vcry large 

amount of cnergy represented by that acce erat on, it be-

comes ncccssary with the practicc which has bccn de-

seribed lo waste that cncrgy 011 the brakes, and it seems to 

mc that thcre are great possibilities in providing for the 

return of llris energy to the line. 

M R . S P R A G U E : The maximum speed at which 

a train is braked is what detcrmines the amount 

of energy thrown away, and we reduec tlie kilo-watt hours 

per car nrile by kecping that maximum speed as low 

as possible. O n the Sotith Side road our miximum speed 

if often only 50 per ecnt. higher than t ie schcdule. W e 

actually do a great tleal of coasting. On mauy runs the 

current consumption at the car shoes is only 1.55 per 

kilo-watt hours per car mile, or from 70 to 75 watts per 

ton-mile undcr the conditions thcre existing. I have, in 

common witli all othcrs who are intcrcstcd in tlris sort of 

subject, considered the return of the energy that still re-

mains in the car at the time of braking to the linc. Of 

course thcre are quilc a number of methods of doing ît. 

Mr. Leonard no doubt has one in his mind. I have had 

several, and in experimcnts which wcre tried 011 the 34th 

Street branch of the Elevated in 1886 and 1887 I tised 

shunt machines, and weakened thc field to increasc the 

speed, and in slowing down strengthened the field to 

send current back to the line. That brought the speed 

<lown comparatively low. Then the current was thrown 

011 a local rheostat circuit, anri the train stopped without 

any mechanical brakes. But the serics motor has certain 

arivantages, one being its tremet lous overload capacity, 

ai l others its speed and commutat ig charactcrîstics. 

These have lcd most railroad enginecrs to use it for thc 

actual conditíons of railroad practicc, and to abandon the 

project of putting currcnt back înto the line. 

Conring back now to the question of schedule speed, 

high ones, with stations only a short distance apart, are 

only possiblc by using a high ratc of acceleration, and it 

is impossible to get it except with h gh we ghl ratios. 

Take, for cxample, the Manhattan road in this city. Its 

stations average a third of a mile apart. It is making 

now 12} miles actua! schedule during the time of maxi-

m u m load, averaging its entire runs. O n Sixth Avenue 

below 501I1 Street and on the lower part of Third Avenue 

its schcdule speed some imes gets down to 11 miles per 

hotir. although the average Ís brouglit up to t2£ miles. 

It is possible on that road to make a schedtile of 17 nriles 
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with only two motor equ pments per car, although that is 

pretty ncarly strain ng the liniit, hut it is quite practieal 

to make over 16 nrilcs, in othcr words, to bring Harleni 

abrcast of Central Park; that. too, without exceetling 

the presenl niaxiiniim speetl of trains. anri with a reriuc-

tion of the strains on the slruclurc, wlrich has concerned 

our eily officials a great deal lalely, but wlrich does 

not troublc most of us who travel on il. It is possible 

to exccetl 16 nrilcs schedule with only about 25 or 26 miles 

uiaximtin. speeri, at not exccctling ninc ccnts per car mile 

tolal opcrating oxpcuses, ns against 11.9 tir 12, their prcs-

ent cost. Since they makc about 43,ooo,cxx. nriles on their 

present scrvicc; that ineans a saving of about $1,300,000. f 

do not know what their cquipmcnt would, or, rather, will 

cost; hnt after payhig a very fair Íntercst on tiiat cost 

thcrc could still be a satisfactory surplns to the good. All 

this, of course, is on, their cxisling passenger service. 

without regard to what t might become with an improveri 

coi lition of operation. 

M . A R H S T R O N G : I would like 1<> ask if the rate of 

aceclcration Mr. Spraguc Ís tising 011 the Sotith Side ele-

vat<'<I is demanded by the necessities of the scheriule of 

Speed he Ís gctting thcrc; that s, Íf thc niultiple unit sys-

tem is needed for a scheclulc spceri of fiflcen milcs hc is 

making. 
M H . S P R A G U E : It would bc possiblc to niake th.it 

schedule with fcwcr molors antl morc couccnlration. Tliey 

cotild not, howcver, make the sclieriule which Ihcy will l>e 

driven to. Rcmember, Mr. Armslrong, a road has not 

always got its path cut out as iis representatives would 

like. You have latcly bcen a somewhat strong advocatc 

of an Íncrcasc in the rate of accclcration. Yon havc pub-

lishctl a number of curves which show the economy of 

that niethotl of operation. I am quite content to accept 

souie of them as reliablc antl as authoritative. There will 

be, at tiuics, conditions of track, <>f train eongestion, and 

delays in coming out of the Loop or gett ng away 

from stations, such that it will be necessarv to calt on all 

the reserve power in a train, and to force the motors 

to the limit of capacity anri whecl atlhesion. Referring 

to the Melropolilan road of tlris city, somebody once matlc 

the rcmark that sparecl nothing in expense to in-

sure continuity and ccrtainfy of scrvice. That is good 

engineer ng and sound commercial scnsc. That you shall 

gct your passcngcrs through, ancl safoly, is the first re-

quirement. That you shall get thoni through at the high-

cst rate of speetl that you can practically. if you are in 

conipelition with another roacl, is a second onc. There 

was a good many predictions of failure of the South Siclc 

road. Possibly vou remembcr theni. Thc company wlrich 

you represcnt reftised absolutely to take any responsibility 

in connection with ít. ft was willing to scll me 240 motors 

and a goo<l deal of other apparatus. amounting to a con-

sirierablc sum of money. But its ortlcrs werfi strict to its 

engineers that no responsibility for pcrformance other 

than for guaranteed H. P. should be entercd into. I 

would a little rather not mention some of the incidcnts 

attending the putting in of the South Side equipment, 

but I am free to say that very cordial predictions of 

absolute faílurc were made in respect to it. 

M . A R M S T R O N G : W a s a time liniit set? 

M R . S P R A G U E : N O , thank you, not much. Twenty-

four hours were given after the rheostals wb ch I bought 

faíled nic, rosult ng in a burnctl-up car on the road. T 

think ihat I stated that we iiad more trouble with that 

which is soltl as standard apparatus (han wc had with tiic 

apparatus of the multiplc unit system, and that trouble 

is niil Iniished yet, as, for example, 011 such a simple tlring 

as gear cascs. 

.M . A R M S T R O M G : That const tuted 90 pcr cent. of 

yoiir apparatus. 

MR. S P R A G U E : The apparatus we bought in various 

ways. 

-M , A R U S T R O N G : Y011 nalurally cxpcctcd that 90 

per conl. of your trouble woulcl comc from it? 

Mit. S P R A G U E : No. am not speaking of the 

money anioiint. It is a good dcal more. But I am spcak-

ing of the physiea troublcs—the tlrings which woulri 

oansc tlclay anri worry. On the first <lay I started, with 

twenty cars, scvcnteen werc sudtlenly lakeu in becausc 

I saw onc ear going clown thc roacl iu flames. Thc troublc 

was that too thick Gernian silvcr slrip was uscd in thc 

rhcostats, wbich were not of my own niainifacture. Whcre 

it was I 'iit aronucl an anglc it was fractureri ; they opcn 

circuited, shot out a flamc anri sot lire to tlie car, 1 was 

worrictl íor a little. I pulled "(T seventeen cars and kept 

thrcc 011. auri helped boost a locomotíve and train arotu l 

a curvc, but tlris troubte was reetifieri. 

Blll tcmporary troubles cbaractcrizing the early dc-

velopnient of a new system are in the nature t>f cliiklren's 

tliscascs, soou discarded for nian's cstatc. 

You, Mr. Armstrong, ai l cvery other engiuccr in-

tcresled in serious electrîc railroariing, niusl sooner or 

later comc to the unqtialifieri i lorscnicul of the n iltiple 

unit itlea. Please remember tbat prophecy, 

Ahcatly your company, as wcll as otliers, are swing-

ing that way, as is evidenced in the former's April bui-

letin 011 fotir motor equipments for pivot trtick suburban 

ears, wherein the atlvantagos of liigli tractive effort antl 

qtiick acceleration are set forth, four mtiinrs are reeom-

mcndeil instcad of two of llio same aggrogale capacity. 

and the efficiency and relalivc cost <>f mainlcnance are 

statcil to be about ihe same. 

Wliat are the new electrical antl commcrcial coi li-

tíons which, when the aggregalc of traffic makes neces-

sary thc grouping together <>f such cars Ínto trains, a tinie 

when the demands are siirely 110 lcss, lcad to a reversal 

of eugineering couclusions? 

. Again, for Irain operatton, 2 4-niotor loeomotivc cars, 

with synchronous control, have becn recommended more 

tban onee, anri what is tlris but a inongrcl kit l of multíplc 

utiit systcm? 

It is impossible to stem Ihe arivanco. The locomotive 

car, as well as the electric locomotivc pure ancl simple, 

is doometl for the class of electric railroading we are 

considcring. 

I think I may fairly say lliat I have not rccordcd 

niauy failuros in prophecies 011 electric railroading, and 

1 Iiave becn making thein for sixteen years, tlnrîng whieh 

I havc nevcr hcsitated to back a prophecy with every dol-

lar I had, and also what my friends saw fit to add. 

M R . A R M S T R O N G : I would like to ask anothcr 

tltiestion of Mr. Sprague. 

M R . S P R A G U E : I ani a good subject. 

M R . ARMSTROXC;: H e spokc of the facility with 

which yon could make up a traín with a multiple unit 

syslcm ; that any car could bc put in any place in the train 

—thai is really for information. I wanl to know how 

they manage with the smoking cars in Chicago, whether 

http://th.it
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you keep one car there as a smoker or whether you can 

use any car as a smoking car ? 

M R . S P R A G U E : O n the South Side road certain cars 

are marked smokers, and used as such. 

M . A R M S T R O N G : They occupy a certain place Ín 

the train? 

M R . S P R A G U E : I don't know what their present 

practice is. Perhaps Mr. Shepard can say. 

M R . SIIEPARD: One end or the other. 

M R . S P R A G U E : I hope ihc time will not come in New 

York when cars will havc to bc providetl for smokers. 

M R . A R M S T K O N G : I simply want t<> niake the point 

that you cannot make 11 p a Irain with utter disregard of 

any car constiliiting the train. 

M R . S P R A G U E : I do not mean that if you had a 

par or and a baggage car ancl wanted to kccp them in a 

certain order yoti could chauge their characlcr. What I 

dicl wish to cmphasize was a condition of aclual practice, 

and the faet that so far as control is concerned the enri 

relation or sequcnce of cars is a matter of indifference. 

The South Side Elcvated Raîlroad has a loop a.t one 

cnri, an open ended relay at the other, ai l a yard sonie-

where betwecn from which cars can go out in either dircc-

tíon. It is thcrcfore absolutely ccrtain that as cars arc 

niatle tip into trains, and as thcy are inspectctl or repa red, 

they get mixeri up, that is, it i's impossiblc to maititain 

any fixity of rclation between them. To-riay, for ex-

ample, the molor cnds of two cars may be similarly heatl-

e<l. but tomorrow one of thcm may be reversed and an-

other car introduced betwecn them, and so on. 

Curiously enough, this fact seems tt> have been ig-

nored by every one of late who has bccn attcmpting to 

t evise a multiple unit system. 

The yartl man wlio makes up a train Ís not an electrí-

cal engincer, nor a Joctor of physics. H e does not carry 

around a kit of testing instrtunents, nor a book of dia-

grams, but oftetitimcs amuscs himselí by hanimering thc 

track with a jiunper, or in making unquotable remarks. 

Nor is the motornian a scientíst. What they both must 

know is that when a train is made np. and the handle of 

the master conttoller is moved in a certain direction rela-

tive to the platform, that that motion is followecl by a cer-

taín corresponcling track movcment, anri with the teast 

possible thought or calculation 011 any one's part. 

M R . A R M S T R O N G : I think you ralher digress from 

the point I was trying to get at there; that Ís, if a train 

consisted of a motor car antl three or four trailers, thc 

niotor car woulcl occupy nearly the same position your 

smoker does, and the trail cars would be in the same 

[>osition as your other molor cars. 

M R . S P R A G U E : In other words, you would subordi-

uate the road to the necessilies of the sniokers. 

MR. ARMSTHONG: NO. 

MR. SPRAGUE: AS a matter of facl, they run the 
smokers iti that particular case at eilher encl of the traiu. 

M R . Siii-i'ARD: The smoker cars are distinctly 

marked. 

M . SI'1-AI.UL: Of course, I expect arguments 

against the multiple unit system, even if they must be 

oftentimes trivial. I cannot hope to have cvcrybody agree 

wilh me, but I find a good many who are coming that 

way as fast as thcir digirity <>r associations will permit. 

M R . A R M S T K O X G : I was asking for information, 

1 was not arguing. 

M R . B L O O U : In conuection with the question 

brought up in reference to the return of power to the 

line, I would like to bring up a point wírich came ralher 

curiously in figuring on a road. It was a constant 5 per 

ccnt. grade. I said to myself, here is a good chance to 

figure on a system of putting power back into the line. 

There was only about fiftcen per cent. of the whole road 

that w-as lcvel. In the scheme I figured otit I found that, 

owing to the fact that thc efficiency doubles on itself— 

that is to say, in putting the power into the train you 

could not get grcater than 70 per cent. efficiency from the 

line to thc rail—that is a gooci high efficiency under or-

dinary conclitious, that is, running conclitions; but in-

cluding the stops, if you get 70 per cent. that way and 

70 per cent. the other way, the most you can save is 49 

per cent., and I figured out in this case, taking the whole 

tlring into account, that thc amount of power saved, even 

though we wcre going to use water power (but we had to 

use storage batteries), that the cxtra expense would not 

equal the amount saved—the interest of the extra ex-

pense. If you remember, in connec iou with this system, 

onc of the diagrams which Mr. Sprague had 011 the chart 

hcre the braking point is much less than thc cconomical 

point of spced, and when il is remembercri that the energy 

varies as thc sqnare of thc speecl, and when it also is 

rcmembered that you must take somctliing less than 40 

per cent. possibly saveri of the total figurcd otit, that thc 

amotmt that you save in thc brakes—the amount of energy 

that is in thc brakes, ai l the amount of cnergy that could 

be savecl in the brakes, is an insigniricant amount of the 

total energy used—something less than 10 per cent. 

Mn. LICONAKD: I think that it is a little out of the 

line of discussion to debate a point of tlris nature; but í 

will just say briefly that I thínk the last speakcr has marie 

a slight crror in assuin ng that if you did restore energy 

to the Hne the proposition would be trtie that it woukl be 

an economy to operate at very high accclcration and then 

coast; because thc entire argument in favor of coasting as 

an economy is based 011 the proposition that you cannot 

restore cnergy lo the line, and if you could operate with a 

system whích did restore cnergy to the line the result 

would be that you would avoid these very extraordinary 

pcaks of encrgy and redtice greatly the capacity of your 

plant and the amount of energy in kilo-wait hours that is 

used. Of course, it is entirely correct that you could not 

save more than 50 per cent. That is quitc rcadily granteri. 

lîut I tlrink 50 per cent. is a great deal. 

M . S P R A G U E : Fifty per cent. cannot be saved. It 

is impossiblc. 

M R . B L O O D : Fifty per cent. is the theoreticat limit. 

M . S P K A C U E : Y O U have not only got the train 

under way, but you have to carry it over the road. What 

you can put back 011 the line is actually measured by what 

the speecl of the car Ís at the point of braking. The 

quícker you gct under way, thc less the maximum and the 

braking speeds. 

M R . LEO.NARD: Your speed should be the highest 

when you put on the brake, if you restore anythîng to the 

MR. ARMSTRONG: In this case the duty on motors 

would l>e double, and the first cost of the apparatus per 

car, instead of $15 to $20 per kilo-watt would probably be 

$30 to $40. 

M R . L E O N A R D : If the power is cut in two, you 

would have a pretty big saving. 
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M R . S P R A G U E : There is a field for somebody's 

energy. I have been trying for fifteen years to find a 

practical method. I have never found one which would 

w-arant the expcuse. The coi litions of railroading are 

arduous. The speeds are variable, they are not constant 

as they are in certain classes of power service. I must 

confcss that on railroads power reliim has geuerally been 

a failure. I have given up much hope of rcturning energy 

to the line, that is, from a conunercial standpoint. It is 

possible from a thcoretical one. 

M R . L E O N A R D : I should like to ask Mr. Sprague if 

he can gíve us any information, whether hc îs at liberty 

yct to give information, as to thc methods by which he oh-

taius the end to end turning of the cars without confusion. 

M R . S P R A G U E : I shoukl rather be excused. It is a 

point whích has gcnerally beeu overlooked. Of course it 

lies in a fundamcntal systeni of connections. It is scarcely 

a thing which I can hope to keep to myself; at the sanie 

lime I would rather do so for Ihe present. 

M R . B L O O D : I would like to have, as a matter of rec-

ord, what specd it is thought we will have to resort to 

Ín multiple units to get a higher acceleration. 

M R . S P R A G U E : Y O U mean what is possible? 

M R . B L O O D : No. When it becomes necessary to 

cliange from thc locomotive system to the multiple unit 

system in ordcr to get the schcdule speed. 

M R . S P R A G U E : I cannot answer that off hanq_. It 

is simply a question of kinetics. It depcnds on graries, 

curvature, distance between stat ons ancl length of traiu. 

As I said a monicnt ago thcre are a good many questions 

involved besiric. sclieriule spccri. qucslions <>í flcxîbility CJ* 

service, distribulion of weiglits, slrains, etc. It is really a 

comprehensive cngineering qucstion on any road. When 

a man starts out he should determine what he wants, and 

tlien adopt ttie most effectivc methori of gettíng it. 

T H E P R E S I D E N T : Jf there is no further riiscussion a 

niotion to adjourn is in orrier. 

On motion Ihc meeting atljournefl. 

m 
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tric locomotive, and subsequently designed 

some others. 

1883.—Daft at Mt. McGregor ran the Ampêre, pull-

ing one car, and Field, at Chicago, the 

Judge, also pulling one car. 

1884-5.—Vandepoele at Toronto, and later in 1885 or 

1886, at Minneapolis pulled trains of cars 

with an electric locomotive. 

1 8 8 5 — Daft, at Baltimore, operated a locomotive and 

trail car, subscquently increasing the 

equipment, and on the Elevated Road 

pulled a train with an electric locomotive 

for experimental work. 

December, 1885.—At Society of Arts, Sprague stated 

some ol the possibilities on the elevated 

railroad, and pointed out the advisability 

of putting motors under each. 

1886.—Sprague built the first locomolive car. This 

was intcnded for expcrimental work on the 

Elevated Road, but was abandoned beíore 

thc motors were completed. 

1886.—About this period the Rhode Island Locomo-

tive Works, under direction of Knight & 

Bentley, designed a locomoîive for rapid 

transit traín opera iou, but Ít was not built. 

About this same time Stephcn J. Field de-

signed an electric locomotive for the same 

purpose. 

1886-87.—Sprague operatcd a standard elevated raíl-

road car with two single reduction motors, 

axle ccntcred,and with one end spring sup-

ported from the tmck body, on the 34th 

Street branch of the Elevated Railroad and 

also pulled a trail car, and prior to this, a 

platform car with the same motors in the 

Durant Sugar Refinery 011 2.4th Street, 

N e w York. This was followed by the 

Richmond equipment, the bcginning of the 

modern development. 

Novcmber 4, 1890.—City & South London road 

opencd. Originally designed for cable. 

Light trains operated by electric locomo-

tives having two gearless motors with the 

armatures rigidly mounted 011 the axles of 

drivers. 

1892.—Sprague, Duncan & Hutchinson designcri, af-

terwards building it, a sixty-ton electric lo-

comotivc for exporimental work in connce-

tion with the North American Company. 

It was not put to use. 

February 4, 1893.-—Liverpool Overhead Railway. 

Operates two-car traíns, each car having 

one motor disposed at the leading and 

back ends of the couple, the two cars being 

kept together as a unit. Hand control at 

each end. 

Spring of 1893.—Under the general supervision of 

Mr. W . E. Baker, assisted by Mr. B. J. 

Arnold in charge o£ the steam plant, and 

Mr. Charles H. Maeloskie in charge of the 

car cquipment, the Intramural Railway 

was constructed at the World's Fair. Tlie 

General Electric Company wcre largely in-

terested in this cnterprise. Four-motor 

cars, with hand control, were nsed to pull 

three trail cars, this plan of distributed 

motors under the passenger car having 

bcen advocated by Mr. Baker iu opposi-

tion to the general opinion tlicn in favor of 

electric locomotives. The tlrird rail supply 

with the flexible sliding contact shoe, 

was here used for thc first time, and the 

road may be said to be the first real 

practical train opcration on any serious 

scale in this country. 

November 3, 1893.—The Gencral E ectric Company's 

engineers in a communication to Colonel 

Hain, general manager of the Manhattan 

"L," recommendecl eight-car trains to be 

pulled by a single forty-ton four-motor car, 

guarantced an increase of 14 per cent. in 

schedule, and statcd that the motor car 

could pull thirtecn-car trains as easily as 

present steam locomotive could pull five 

cars. 

Proposed potcntial of about 600 volts, 

direct supply, unspocified number of sta-

tions, anri did not suggest alternating cur-

rents, boosters or storage batteries. 

May, 1895.—Metropol tan Wcst S de Elcvated Rail-

road equipped under the supervis on of 
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Mr. W . E. Baker, and using Gcneral EIcc-

tr c Company's apparatus, opened on loco-

motive car plan, us ng two motors on loco-

motive cars. This was the first commercial 

elevated road put into operation in the 

United Statcs. 

June 27, 1895,—First of three ninty-five-ton locomo-

tives put in operation in Baltimore, by 

General E ectríc Company £or pulling 

freight and passenger trains through B. 

& O . tunnel. 

Scptember 20, 1896.—Lake Street Elevated Railroad, 

which had been operated since October, 

1893, with stcam, began electrieal opera-

tion, plans similar to those on the Metro-

politan. 

February 1, 1896.—(Daily papcr.) Electríc Stor-

age Battcry Company of Philadclphia, 

describcd and proposed a storage battery 

locomotive to pull trains, storage batterics 

to be used in combination with current 

from third rail. 

February 8, 1896.—(Daíly paper.) Sprague, in reply to 

striclures on the capacity of electric motors 

in a daily paper, of ercd, under $50,000 for-

feiture, to equip a train which could be 

pulled by a locomotive car, and alsobymo-

lors under each car simultaneously con-

trolled, and to make a specd of forty miles 

an hour 011 express service. 

April 17, 1896.—In intervicw in daily paper, Wcsting-

housc, on behalfof theWestinghouse Elec-

tro-Magnetic Company, with what was 

called thc Weslinghouse-Whcelless Sys-

tem, proposed for all elcvated and suburb-

an roaris the usc of a contact pin system 

and thc continuj.us current. At the same 

time it was statcd that in ten days public 

demonstration was to be made to denion-

strate the succcss of the Tcsla alternating 

current motor for this purposc. 

July 16, 1896.—Exhibition by Wcstinghouse of con-

tact pin system, made for bencfit of Man-

hattan officials. 

June 6, 1896.—Sprague proposed to Messrs. Gould, 

Sage and Galloway, special committce o£ 

Manhattan Elevated, to make demonstra-

tration equipment of multiple unit system. 

May, 1896.—Nantaskct Beach Raîlroad put in by the 

N. Y. and N. H. R. R., under the super-

vision of Colonel Heft was opened—used 

General E ectric apparatus and a locomo-

tive car carrying passengers and pulling a 

trail car. 

November 29, 1896.—Under the supervision of Mr. 

C. B. Martin, electric service was institûted 

on the Brooklyn Bridge R. R. Twenty 

motor cars, cach equîpped with four Gen-

eral Electric Company sixty-two and one-

half H. P. motors, and hand control re-

placed íhe steam sliifting etigtncs.and were 

used in connection with the cable. 

December 10, 1896,—The General Electric Company 

through its western office, proposcd to the 

South Side Elevateri Raflroad an equip-

ment of three and four-car trains, one of 

which should be a locomotive car having 

two motors, and six-car tra ns, one of 

which should be a locomotive car having 

four motors, guaranteeing that on tho first 

combination thi.ty-five niiles an hour 

could be made, and on the sccond. forty-

five miles an hour between stations 2,000 

fcet apart. N o central station syslcm was 

describe<l, eiihi'i' alicrnatitig or continuous, 

or any potential determined. 

December 10, 1896.—The Walker M'f'g. Company 

proposcd to thc South Side Elevatcd Rail-

road a system as fol ows: 

Continuous current, statîon ín midclie, 

pressure 600 volts, three and four car 

trains, one being a locomotive car baving 

two 125 H. P. motors, and guarantecd to 

save seven minutcs in tho trip from Con-

gress Street to Ô3rri Street, a distance of 

about cight and one-lialf miles, that is, to 

make a scheriulc of nearly nineteen milcs. 

February 14, 1897.—Sprague again statcd thc possi-

bilities of the multiple unit system to the 

Manhattan Road, and again offered to 

make a demonstratîon equipment and to 

work up to eight-car lengths under evcry 

possible condition. 

Fcbruary 25, 1897.—Sargent & Lundy reported on 

gencral oqu pmont for South Side Road, 

giving summary of locomotive ear propos-

als aud thcirrecommendation.onc of which 

was to double up traíns. 

l'cbruary 26, 1897.—-Potter, engineer of the railway 

department of the Gcneral Electric Com-

pany, reported to the third vice-president 

at Schcnectady his rccomniendations of a 

system for thc Manhattan J lcvated, witb 

tlctails as follows: 

Direct current, threc wirc system, thc 

cars on one track being in series with those 

on tlie other, 650 volts on cach líne, and 

1,300 volts betwccn power rails on the two 

tracks, the track rails to be used as the 

neutral wire; two power stations ct|uipped 

with 2,300 kilowatt generators, direct cur-

rent supp y; five car trains to be pulled by 

a single motor car with four motors; pos-

sible boosters or storagc battcrics at South 

Ferry alonc; 110 alternating current, no 

sub-stations propcr, ai l uo storage battery 

regulations at sub-stalions. 

About the same date.a systcm diamet-

rically opposed in almost every cssential 

was proposed and rccommcnded to the 

general contractors for the Centraí Lon-

don Railway by Mr. Parshall of ihe Brit-

ish Thomson-IIouston Company, with the 

General Electric Company in consultation 

as sub-contractors. 

This proposition opposed the three 

w rc system, and 011 about six miles of road 

recommended alternating current ma-
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chines, fotir sub-stations with rotary con-

verters, no storagc t>atteries, fîve-car trains 

pulled by electric locomotives pure and 

simple instead of locomotive cars. The 

locomotives are now being built and 

weigh forty-five tons each. The schedule 

is moderate, and acceleration and brak-

ing are aided by having the station at peak 

grades of from two to three per ccnt. 

The Westinghouse Company made 

proposals of something the same nature, 

and the Siemens-Halske prcposed the 

three wire systom, one track being in 

series with the other. 

March, 1897.—Sargent & Lnncly issued general speci-

fications calling for alternative proposals 

for: 

Thirty-six loeomotive cars each hav-

ing four 125 H. P. motors. 

Forty-five locomotive cars each hav-

ing two 150 H. P. motors. 

One hundred and twenty motor cars 

each having two thirty-five H. P. motors. 

April, 1897.—General Electric Company through W . 

B. Pot cr, enginecr of thc railway depart-

ment, proposed to the South Side Elevated 

Railroad four and five-car operatíon, one 

car being a locomotive with four motors, 

April, 1897.—Westinghouse Electric & Manufactur-

ing Company proposed to South Side 

Elevated operation of five-car trains, one 

being a locomotive car equipped with four 

125 H. P. motors, and guaranteed to make 

an eighteen-mile schedule. 

Apríl 7, 1897.—Sprague as consulting engineer con-

demned the locomotive car system for 

South Side road, and recommended the 

aJoption of the multiple unit system. 

April, 1897.—Messrs. Sargent & Lundy, after report 

by Sprague, abandoned the locomotive 

plans for the Soutli Side Elcvated and fully 

endorsccl he multiple unit system. 

April, 1897.—Chief Engineer Wallace, of Illinois Cen-

tral Railroad stated that trains should be 

run in any length from one to a dozen cars 

and he hopcd to be ablc to run them with a 

push-button. 

April 17, 1897.—Sprague tendercd to the South Síde 

Elevated Railroad a proposal to equip 120 

cars on multiple unit system. 

Mav, 1897.—Chief Engineer, George B. Cornell, of 

the Brooklyn Elevated Road, stated that 

two essentials of tris endorsement of any 

change from steam to electricity on that 

road werc increase of schedule speed and 

a control which could enable him to run 

single cars or any desired aggregation of 

cars into trains. 

1897.—Short, for Walker Manufacturmg Co., and the 

Westinghouse Company also, proposed 

various locomotive car plans for Man-

hattan Elevated, 

July r6, 1807.—Sprague made demonstration at 

Schenectady, of two-car multiple unit train, 

and ten days later of six-car train. 

November-December, 1897.—Sprague made working 

test of multip e unít train on Metropolitan 

Elevated of Chicago o£ five-car multiple 

unit train. 

Fall of 1897.—On thcBrooklyn Elevated Railroad.the 

General Electric Company's cngii ers 

recommended for a fifteen-mile schedule 

four and f ve-car trains, two of the cars be-

ing locomotive cars, eaeh weighing about 

thirty-five tons and equipped with four 

motors, with through connections of the 

main circuits, so that either the four or 

five-car unit could bc operated from either 

one of the locomotive cars from a hand 

control. N o indepcndent operation of other 

cars was proposed. A n alternating cur-

rent central station with sub-stations, 

rotary converters and storage batteries 

were a so recommended. 

1897.—Short. for Walker Manuíacturing Co., and the 

Westinghouse Co., also proposed various 

locomotive car plans for the Manhattan 

E evated. 

December 23, 1897.—Sprague Electric Company sent 

the Illino s Central Railroad Company on 

specifications of Mr. John Lundie, the 

consulting engineer, a bid for an equip-

ment for the suburban service of the Illi-

nois Central Railroad, to usc direct current 

system, w th storage battery equalizers, in-

dividually equipped cars, multiple unit sys-

tem, and to make a schedule speed of 

twenty-four and one-half miles with sta-

tions averaging 2,900 feet apart. 

December 23, 1897.—On same specifications General 

Electric Company made símilar bids to the 

Illinoîs Central under agreement to get 

controllers for same from Sprague Com-

pany in case their bij shoulJ be accepteJ. 

January 12, 1898.—-Mr. Sprague proposed to Mr. 

GoulJ to operate any combination of from 

one to ten cars undcr any conditions of rail 

on multiplc unit system. 

February 18, 1898.—Sprague tcndered to the Brook-

lyn Elevatcd Railroad thc multiplc unit 

system. For temporary use, twenty-four 

equipments were consolidated on twc ve 

cars to be used first as locomotive cars, and 

afterwards to be distributed. 

The motor equipments were to be de-

signed for seventeen-mile schedule with 

existing station intervals. 

Those on the South Side were de-

signed for a fifteen-mile schedule. but 

make sixteen and one-half at times, with 

longer intcrvals. 

February, 1898.—The Generat Electric engineers of-

fered to supply on the first twelve cars 

actually equipped by the Brooklyn 
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Elevated Railroad motors with either hand 

or scmi-automatic control, and proposed 

to supply four or five months later, when 

developed, a full multiple unit control. 

April 20. 1898.—Spraguc bcgan opcrations 011 South 

Si<le road with multiple unit system. 

Junc 18, 1898.—Spraguc bcgan operation 011 the 

Bririge enri of the Brooklyn " L " road. 

July 12. 1898.—Waterioo ít City, Lontlon. Straight 

rim one and onc-half milcs, no mid-sta-

tion. Operatcs light four-car train units, 

the two end ones being motor cars with 

two motors, ai l thc mtcrmec iatcs bcing 

dcad cars. 

July 27, 1898.—Multiple unit systcm in ftill operation 

011 South Side roatl. anri stcam abandoned. 

Equipmcnt on South Sitle road atter-

wards Íncreascd to 180 cars. 150 of which 

arc fully equipped, antl ihirty. íor emerg-

cncy scrviee, partially equipped. 

November 1, 1898.—Westinghouse Company began 

to put twenty ears 011 thc Kings Coun-

ty Elevated Railroad, eacli equippcri with 

two sets of two motors with controlk-rs 

actuateri by air pis ous ancl controllcd by a 

secondary eloctric circuit. Four only out 

of the twenty cars are iu use at present and 

Eor locomotivc purposes. 

i8t>8.—General Electric Company proposed six car 

trains ant rioublo locomotive cars for the 

Manhattan Elevated, and three car irains 

witli a single locomottve car for thc Boston 

Elevated. 

And finally the engineers of the Gen-

eral Eloctríc and Westinghouse companies 

arc credited with the Íntention to operatc 

experimental muldple unit trains. 

Of cotirsc. there are a number of other 

proposals wh ch havc been made both for 

multiple unit and other systems, and for 

various roatls. of which, however, mcntion 

is untiocessary for tlic present. 
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