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ELECTRIC RAILWAY PRACTICE ON THE CONTINENT OF EUROPE 

BY HEINRICH VELLGUTH 

It is a bold undertaking to attempt to describe the elec­
tric railway practice in all of E urope, with its mani fo ld and 
widely varying conditions, and no one must therefore ex­
pect to find a thoroughly exhaustive di scussion of the sub­
ject in thi s series of articles. It is impossible fo r one person 
to obtain a comprehensive view of thi s g reat fi eld , be-
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posal sources o f in · St; ~ R, f ucA as fe, jn the profession 
can lay claim to. T he ~~asse-ciations which 
exist in eve ry large country are, a Jove all o ther things, in­
fo rmation bureaus of the first class on all matters pertain­
ing to the industry, and of these the German association in-· 
eludes probably the widest extent of country of any in 

VIEW IN SPITTELMARKT, BERLIN 

cause, whi le it is not difficult for a person conveniently 
located to form a clear idea as to the conditions in hi s own 
country or immediate vicinity, f1e has to rely fo r the rest on 
the reports of companies constructing roads or hi s own per­
sonal fri ends in the street railway profession located in the 
several countries . 

Some readers may even doubt that it is possible fo r any 
one person properly to survey and report on the conditions 
in hi.s own country. This, however, does not apply strictly 
to th e writer, who, as sec retary of the Verein Deutscher 
Strassenbahn und Kleinbahn Verwaltungen, has at hi s dis-

E uro pe. It is furth ermore one of the oldest of such asso­
ciations, and has had to deal at its early meetings with all 
kinds of motive powers and roads of evrry ty pe, whether 
they be urban or suburban, fr eight, mine or mountain in­
stallations. 

The fa ct , furthermore, that most of these different forms 
of roads were tried in Germany before other European coun­
tries had made any trials, and thus gained valuable experi­
ence, and that th ese roads were built by German fi rms, has 
induced nearly all E uropean in terests to ask 1he German 
association fo r info rmation and to fo llow largely German 
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desig ns, so that a German rai lway engineer should be well 
qualified to present a comprehensive picture of the entire 
situation, if such can be written at all. It was then only after 
a careful consideration of the fact s here mentioned that 
the writer concluded to accede to the request of the STREET 
R AI L WAY J OURNA L and write th is articl e. 

As this articl e is intended fo r an A m erican periodical, it 
might be advisable to g ive att ention first to the conditions 
or practices which are universal throughout continental 
E u rope and differ from those of A merica. Chief among 
other facto rs of thi s kind are: (1) The smaller traffic; (2) 
the fa r lower wages and the different labor conditions; (3) 

DOUBLE TROLLEY LINE IN STRASSBURG 

the small money unit ; that is, the 
well-known '' nickel," which is five 
cents in the United States and 
only one-quarter of that amount 
in Germany, and (4) the difficul­
t ies placed in the way of com­
panies by the municipalities first­
ly, on account of their desire to 
m sure safety by prescribing 
almost prohibitive conditions, 
and , secondly, because of th eir 
policy of extorting absurdly large 
fees for fra nchises and ri ghts of 
all ki11ds, thus crippling th e 
service. 

Let us take up these points in 
detail : I. No E uropean (conti­
nental) city can show a traffi c even 
approximating that which exists 
in New York , Chicago and other 
iarge A meri can cities. E ven Ber­
lin , where one might expect very 
dense traffi c, is far behind New 

F irst of all , the wri ter wishes to express his indebtedness 
to all , especiall y those not residing in Germany, who have 
so cheerfully provided him with valuable information . 
Several large German manufactu ring com panies and per­
sonal fri ends of the writer in other E uropean countries 
deserve spec ial mention . 

York and oth er A merican cities of approximately the same 
size. Hut the traffi c of Berlin is increasin g enormously 
from year to year . T he Grosse Berliner Strassenbahn 
alone, that is, wi thout its leased roads, transported in 190 0 

236 ,300,000 passengers, against 306,300,000 in 1901 , an 
increase of about 30 per cent. · 

DEVELOPM E N T OF TRAFFIC IN GRE ATER BERLIN 
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Su 111M ARY.- Increase in popubt ion, 1896-1900, r6 per cent. 
53 per cen t, total 48 per cent. Increase in trips per capita : 
total 31 per cent. 

Increase in passengers : Steam elevated road 8 per cent, st r eet car s 
Steam elevated road (decrease) r per cent , st r eet cars 35 per cent, 

DEVELOPMENT OF TRAF FIC IN GREATER HAMBURG 
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S treet railways . .. . ..... ....... 73,929,436 89. 7 I 84,957,742 100.3 89,697,051 103.6 95,757,733 108 2 102,641,383 113.6 
City and sub urban traffi c on 

s team lines . . .. . .. .. .. .. . . ..... 6.728,000 8.2 7,158,000 8. 5 7, 588,000 88 8, 018, 506 9.1 8,355,000 9.2 
Total on land ........ . ...... .... 80,657,436 97.9 92,115,742 108.8 97,285, 051 II 2 4 103,776,239 117.3 110 996,383 122.8 
Steam roads .......... .. .. .... 17,538,95° 21.3 18,343,327 21. 7 18, 355,887 21.2 19,186,122 21.6 19,501,994 21.6 
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Total. ............. , ... ... ... II0,459,069 130.5 II5,640,938 133.6 122,962,361 138.9 130,498,377 144.4 

SuMMARY.-Increase in populatio n, 1896-1900, ro p er cent. Increase in passengers : O n street car s 39 per cent, total 33 per 
per cent. Increase in trips per capita: O n stree t cars 27 per cent , total 21 per cent. 
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The traffic increase 111 Greater Derlin is shown by the 
table on the opposite page. 

A similar table prepared for Greater Hamburg shows 
quite different results. 

The receipts of the roads operated by th e Gro£se Berliner 
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EXPERIMENTAL HIGH-SPEED CAR, ZOSSEN LINE 

Strassenbahn in 1901 were 30,196,534 marks, against 27,-
580,968 marks in 1900; 76,674,000 car km were traveled. 

The receipts of the Grosse Berliner Strassenbahn only 
were 26,537,664 marks in 1901, the average daily receipts, 
therefore, 72,715 marks. T en years ago they were about 
one-half, namely, 14,400,000, and in 1881, twenty years ago, 
not even one-quarter, namely, 6,600,000 marks. 

The receipts of the Strassen-Eisenbahn-Gesellschaft, of 
Hamburg, amounted to the much smaller sum of 10,34-8,371 
marks in 1901, against 9,803,892 marks in 1900, the m ean 
daily receipts being 28,352 marks. The passengers trans­
ported in 1901 numbered 94,500,000, against 90,300,000 in 
1900, an increase of 4.65 per cent, against 30 per cent in 
Berlin. 

The following financial figures of the Hamburg road are 

and 5 pfennigs on time tickets , amounting to 9,142,1 98 
marks, or a sum equivalent to about (13 per cent of the divi­
clemls paid on the capital stock, in addii1on to enormous 
payments for pavements and widen ing of streets. 

TRACK CONSTRUCTION ON ZOSSEN LINE 

Naturall y, little attention could be paid by the company 
to the demands of the public for lower fares in view of 
these payments, and the same condition of affairs holds 
th roughout Germany. There are, in addition, other taxes, 
and many companies are required to pave the streets at a 
cost which nms into millions of marks. T his money has 
to come indirectly from th e public through fares paid ; yet 
the ordinary citizen wonders why the company refuses to 
eqnip doubtfully profitable lines. Taxes feel especially 
burdensome in the years when no dividends are paid, as in 
1892, the year of th e cholera in Hamburg. That year the 
stockholders received nothing, but the State took 417,000 
marks from the company by the I-pfennig tax alone. 

From the Berlin reports fo r 1900 some interesting con­
clusions may also be drawn. The Grosse Berliner Stras-

DUSSELDORF-KREFELD ROAD WITH CARS WHICH RUN AT 60 KM PER HOUR 

very instructive and typical of the development of German 
street railways, as the company is one of the strongest 
in Germany. During the thirty-six years of it s existence 
up to 1901 the average dividend has been 4.87 per cent, 
and the aggregate dividend p(,lyment has been 14,406,468 
marks. During thi s time the city has received a p~rcent­
age on the gross receipts, on a basis of 1 pfennig per ticket 

senbalm ( omitting its auxiliary lines) had expended up to 
the close of 1900 for st reet cleaning and improvements, such 
as pavements, etc., a total of 75,000,000 marks, a very hand­
some sum, which explai ns why the fare has not been 
lowered. 

T he custom, inaugurated centuries ago, that the business 
man should reside in close proximity to hi s place of busi-
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ness, and, if possible, in th e same house, is still in vogue in 
most large continental cities with but few exceptions. This 
fac t probably explains the slower traffic development in 

modeled horse cars. New trailers have been built only in 
comparatively few cases. 

And now as to the second point, namely, the lower wages 

SPALENTHOR, BASEL ACCUMULATOR CAR OF THE BELGIUM STATE RAILWAYS TRUNK LINE SERVICE 

Germany as compared with E ngland and the U nited States. 
T he German city ,vhich most closely resembles cities in 
these coun tr ies is Hamburg, where the business center is 
di stinctly separated from th e residence portion . This has 
the advantage of increa ing traffic, but the disadvantage of 
concentrating traffic during rush hours in on direction, 
crowded cars going one way and empty cars in th e oth er. 

J\s a road which has to cater to short-distance riders 
must run cars under short headway, a very small car has 

SUPPLY TUBE CONDUCTOR AT FRANKFORT. THE VIEW SHOWS 
A CROSSING OF THIS OLDEST FORM OF TROLLEY SYSTEM 

WITH THAT OF THE MODERN BOW TROLLEY 

been adop ted in E urope. A car seating twenty passengers 
and with standing room for a few more is considered a 
large car, whil e most cars onl y seat sixteen or less . An­
other reason fo r using small cars is the impossibility of 
passing around the 15-m to 18-m curves in many streets 
with larger cars. There are places where cars have to pass 
through crowded streets which only measure S m between 
house walls. But more will be said about the cars farther 
on. To cope with the varying traffic conditions during the 
day extensive use is made of trailers , which are usually re-

paid in Europe. These have made it more economical in 
many cases to alter and repair old and worn-out cars and 

ACCUMULATOR CAR, NAR ROW GAGE STEAM RAILWAY, 
LUDWIGSHAVEN, MUNDENHEIM 

tracks than purchase new equipment. The lower wages 
also explai n the smaller cars, as the conductor's wages are 

OVERHEAD CONSTRU CTION IN FRAN KFORT, SHOWING 
TELEPHONE GUARD WIRES 

not such an important item of the expenditure as in the 
United States. 
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T he third point mentioned as exercising an important 
influence on E uropean traffic conditions ,vas the small 
money unit T his precludes the possibility of a uniform 
fare, which would be very desirable. The European public 
often refer to the uni fo rm A merican fare, saying that if it is 
possible in the United States it ought to be possible in 
E urope. lt must be remembered, however, that the small­
es t piece of nickel money ( copper money being used exten­
sively rrn ly in China and being considered '' unworthy") 
is 5 cents in the U nited States, against 5 pfennigs (rt 
cents) or 5 centimes (r cent). ·while th e European public 
admits that a uniform 5-pf ennig fare is impracticabl e, they 
profess to see no reason for not having a uni fo rm IO-pfen­
nig fare. A lthough the expenses of an A merican road 
may be higher, 10 pfennigs is still less than one-half of 5 

--~~~ ~~·-
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tion . The result per car ki lometer of th e system where it 
has been introd uced is very di sappointing; on one road th e 
receipts fe ll from 40 pfennigs to 35 pfenni gs, on another 
from 35 pfennigs to 29 pfennigs, etc. ; that is as much as 17 
per cent in one year. The gross receipts were larger, but 
th e increased traffic resulting from th e reduction of fare 
required so much more rolling stock that the fina l result 
was a great disappointment. T his was especially th e case 
in towns when~ the street ra il ways were the only means of 
tran sportation ; that is, vv herc oth er means of transporta­
tion were lacking, and the street rai lway companies had to 
carry passengers to the suburbs as well as within the city. 

Some roads were even fo rced by the cities to introduce, 
in addition to a IO-pfennig fare, very low-priced commu­
tation or time cards; permitting the holder to use them 

BASEL-WETTSTEIN BRIDGE 

cents. For these reasons fare s are proportioned according 
to "zones" traveled. It should be stated, however, that 
three or four average-sized roads ( some s,nall ones, but not 
a sing le large one) have successfully introduced the uniform 
IO-pfenn ig fare. The roads have a varying traffic, fo r the 
sea ts are occupied on an average by three sets of people 
during one trip. A ll other German roads which have tri ed 
the IO-pfennig fare have endeavored to return to the zone 
method wherever the cities permitted it. In all cases of this 
kind where th e fare has been rai sed the road belonged to 
the city, but wherever it was own ed by a private company 
the cities prohibited an increase in the fare. The result is 
that many of the roads arc not earning a profit , and fre­
quently are losing money , The onl y salvation for these 
properties is their purchase by the city, and this, fo rtunately 
fo r the companies , is the present tendency , ·up to even a year 
ago many railwayrnanagers thoug ht favorably of a unifo rm 
Io-pfennig- fare , but the sentiment has changed, and those 
who adopted th e plan are trying- equally hard to abolish it , 
a task of considerably greater difficulty than its introcluc-

whenever convenient; these in some cases ,vere sold fo r <io 
marks or less per year for an 8-bn distance. T hat a 
company must operate at a loss under such condi­
tions is evident when we comi<ler that if a person 
uses the road four times daily, or about 1500 times 
yearl y, along the 8-km road back and forth, he travels 2-1- .-
000 km fo r 6000 pfe nnigs, or :l pfennig per kilometer. In ad ­
dition to thi s, most people o\\"n ing such tickets use the road 
during rush hours, which compels th e compan y to have a 
large reserve of cars and employees for use during- these 
few hours. Scholar and workingmen tickets have fr e­
quently been sold for 3 marks per month. Tha t such con ­
ditions a rc detrimental to a company is shown by the re­
port s which have recentl y been made public . T here is lit­
tl e hope for the roads which have ag reed to such low fa re, 
with ci ty authorities , while municipalities, havi ng control 
over their own finances, have hurriedly gone hack to higher 
fa res when they operate the roads themselves. 

The fourth point is the ext rem e safety reg ulations pre­
sc ribed by the cities and the cesthetic sense so hig hl y devel-
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oped in E urope which impose expensive methods of opera­
tion and construction altogether unwarranted by the ex­
tent of traffic. In addition, the per sonal views of the 
authoriti es and nmnicipal bodi es 
in regard to safety regulations 
have p recluded th e adoption of 
standard types of cars, etc . which 
a re so essential fo r inexpensive in­
stallation and maintenance. F re­
quently a mad has to equip each 
car with two or three kinds of 
safety devices, all serving the same 
purpose, and only r equired so as 
to sati sfy the notions of two or 
three different autho riti es through 
whose territories th e road passes. 
It is not at all uncommon to see a 
car equipped with three kinds 9f 
brakes, namely, hand brake, short­
circuit and magneti c brake, and, 
perhaps, also a t rack shoe brake. 

T he cesthetic comiderations 
often require expensive poles, 
with high ly ornamented brackets, 
which som etimes, as on the Jung­
fe rnstieg, in Hamburg. cost about 
10,000 marks completely installed. 
The same considerations made it 
possible fo r the accunmlator com­
panies to induce the au thorities to 
prescribe accunmlator service in 
fine residence di stri cts by forbid-
ding trolley poles within the cit.v 
limits. T hi s is especia lly true in F rance, for there es­
pecial attention is paid to everything which is tasteful. 
\Vith great reluctance the :Hanover Street Railway Com­
pany, fo rced by thi s sentiment, undertook to operate its 
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CROSS SECTION OF OLD TYPE OF TRACK CONSTRUCTION 
IN PAVED STREET. 

system by accunmlato rs. .After having done so, the com­
pany unfortunately thought at first that the servi ce was 
more satisfactory than it ultimately proved to be, and 
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CROSS SECTION OF OLD TRACK IN MACADAM STREET 

replied to the numerous questions as to the outcome of the 
experiment by saying that it resulted in a considerable sav­
ing, The consequences were that other roads which were 
compelled to use accumulator cars on account of this opin-

ion were greatly embarrassed, and losses of millions of 
marks were entailed. That the first favorable opinion at 
Hanover was based on defective calculations has been since 
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PIAZZA S. CARLO IN TURIN 

discovered by the directors of the Hanover Company, much 
to their di sgust. S ince then the Prussian J\Iinister of Pub­
lic \Vorks has forbidden the use of accumubtor cars in Ber-
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I 
CROSS SECTION OF STANDARD TRACK CONSTRUCTION IN 

PAVED STREET IN EUROPE (WITH EXCEPTION OF 
GAGE LINE, WHICH DIFFERS) 

!in, Hanover and Hagen against the expressed wish of the 
citi es, so that their fate is sealed, at least as far as Germany 
is concerned. The other roads which were drawn into this 
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CROSS SECTION OF STANDARD TRACK IN MACADAM STREET 
IN EUROPE 

complication will probably have little difficnlty in the future 
in doing away with accunmlator cars. Other countries, 
especially France, haye still a number of roads equipped 
with these cars. In Halle and Karlsruhe (Germany) they 
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are still in use, because the univtrsity laboratories, where 
delicate instruments a re housed , must not be di sturbed by 
earth currents. In Strassburg, where a large uni versity is 
!ocatecl, the road was obliged to use a complete metalli c cir­
cuit with two trolley wires. In a few citi e::; tbe surface con­
tact sys tem ·was presc r.ibecl. 

Th e worst feature of th e entire situat ion is that E uropean 
authorities seem to have entirely lost sight of the most im­
portant fact of all, namely, that the first duty of a street rail ­
way is the successful transportation of passengers. E uro­
pean authorities are particularly fearful of di sturbing or in­
terfering with local conditions, many o f vvhich are hundreds 

ELECTRIC LOCOMOTIVE, VALTELLINA RAILWAY 

of years old, and do not h esitate to express this feeling 
where the traffic question is involved. The writer •returned 
to Germany in 1893, aft er a six month s' trip through th e, 
U nited States, with th e conviction that many methods in 
that country <1re well worthy of imitation; but he has finall y 
come to the conclusion that the A merican will app: oach 
the European more as to hi s mode of 
living than vice ver sa, while so far as 
traffic conditions are concerned he wishes 
that th e European will becom e imbued 
with a gc-od close of Americani sm . 

The maj ority of E uropean street rail ­
way charters contain th e clau se that the 
compani es must install any system or ap­
paratus which has been found effici ent and 
successful elsewhere when requested to 
make th e change by the city authorities. 
In onl y a few cases is thi s clause modifi ed 
by anoth er stating that such a request can 
only be made if the change be consistent 
with ordinary business meth ods, nam ely, 
if it would not force the road into bank­
rnptcy. This shows that a road can never 
be highl y successful and pay large clivi­
cl encl s, for as soon as this point is reached 
the authorities will clemancl the change to 
a condui t or accumulator system, or the 
installation of some oth er very ex pensive 
lux ury. The sums paid by the companies 
fo r the maintenance of pavements and th e 
cleaning of st reets in German cities a rc 
enormous. Doth are reli cs of th e old st reet car clays and 
relate to the space between th e rail s and from 25 cm to 60 
cm outs ide th e rail s. Some roads were exempt ed from 
rnch duties when they introduced electri city because the 
cause-th e horses-was removed, a motor ca r neither wear-

ing no r soiling the pavement. 1\ s a substitute, th e roads 
often volunt eered to pay over to th e city a pa rt of th eir net 
ea rning s in case th e latt er exceeded 5 per cent or6 per cent. 
The agreement is g enerally as fo llows : In case a 5 to 7 per 
cent dividend is declared, the auth oriti es get 25 per cent of 
the surplu s ove r 5 per cent ; fu r a 7 per ce nt dividend the 
autho riti es receive 50 p<" r cent. and so on for g rea ter ea rn­
ing s. Thi s payment is usuall y in additi on to th e percent -

MOTOR CAR, VALTELLINA RAILWAY 

age 0 11 the gross receipts . This p ractice form ed the sub­
ject of an able review by General Secretary Eduard F uster, 
of th e French Street Railway A ssociation, in his recentl y 
published ".Annuaire General des Tram wa vs de France," 
a book containing authoritative statistics i;1 regard to all 
French roads. His words ,,·ill be quoted in part when the 
writer di scusses the st reet railways of F rance, alth ough 
th ey are applicable to all European roads. 

A nother serious burden on street railway operation in 
E uropr result s from the fact that the telephone systems are 
usually owned either by the government or by the State 
which g rants the franchise to the street railway com­
pany. T he latter generall y uses this circumstance to good 
advantage by imposing conditions o n the street railway 
companies which result in those companies paying for the 
improvem ent in the const ru ction of the te lephon e lin es. 
Th e State not onl y requires the railway companies to in­
stall g uard wires above and next to the troll ey wires, wh ich 
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TURKHEIM- DREIAHR EN, INTERURBAN RAILWAY 

are frequently a complicated netw ork , hut also that a 
wooden lath be attached directly above th e trolley wire for 
a guard; that th e trollc)' pole must not carry current ; that 
th e t ro ll ey wheels shall be flanged on each side with hard ­
rubber bushings which are large r than the wheels them-
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selves, and that the company furnish the telephone system 
with a metallic return wire for each single telephone line. 
as soon as a disturbance is noticed thereon. This, of course, 
has not been necessary in countri es where th e telephone 
lines were operated by private companies. In such cases 
the latter had to make such changes as the advance in elec­
trical engineering made necessary on account of the intro­
duction of the electric railway. 

During the last year, as the result of au extended series 
of experiments. which were, of course, conducted at the 
expense o f the railway compani es, the conclusion was 
reached that the best safety device was the insertion of 
fu ses in the telephone circuits. These tests will not be con­
tinued in Germany, however , as the German courts have 
decided against the method in a deci sion rendered in J amt­
ary, 1902. 

Although the railway companies have paid for every­
thing of thi s kind which was demanded of them for the pro­
tection of telephone circuits. and for some companies this 
expense amounted to more than 1 ,000,0 00 marks, there 
have been three big fires in tel ephone central stations re­
sulting fr om the tel ephone and railway wires coming 111 

BASEL- BARFUSSERPLATZ, WITH WAITING STATION 

contact. In all three cases the court s either laid the blame 
on the telephone companies or the latter made no claim 
for indemnity. At Zurich , Switzerland. the dam age 
amounted to over I ,000,000 franc s and the telephone com­
pany \\'as held to he at fault . At D ortmund, the cause was 
the carelessness of a workman wh o dropped a wire from 
the roof o f a building on to the troll ey wire. At Barmr n, 
telephone linemen were suspending a t elephone wire 
ac ross an open fi eld. Th ey suddenly found an obstruction 
in the form of a troll ey wire and threw thc-ir li ve telephone 
wire over the bare t roll ey wire, with the result that the 
telephone station was burned out. These incidents show 
that the elaborate guard-wire protec tion required by law 
is useless . Tf in any of the installations mentioned, how­
ever , fu ses had been inserted, nothing would have hap-
1 •ened except the blowing of the fuses. 

All th e peculiar conditions which have been mentioned 
here and others naturally determined the methods of con­
struction of th e various roads in E urope, whether th ese 
conditions related to track construction. cost of fuel or 
municipal ordinanc es . F rom an engineering standpoint, 
also, Europe has numerous types of construction which 
differ materiallv from the normal, such as mountain roads, 
three-phase ro~ds, accumulator roads, conduit roads, sus­
pended ra ilways, button contact system roads, the oldest 
-the slotted tube trolley-and the newest-the rapid 
transit road of Berlin . Th e~e has been universal application 

of the balancing battery system on direct-current installa­
tions. This method results in a great saving in coal, es­
pecially for small roads and in mountainous regions, in 
some cases as much as 40 per cent. Even very large roads 
have used the method with much success. Besides equal­
izing the load, th e battery furnishes before the beginning 
and after the close of the actual clay's service current for 
the night trains, for it would hardly pay to run all the ma­
chinery for such light traffic. Of recent years these bat­
teri es have been of twice or even three times the capacity 
of those first used, for it has been shown that their instal­
lation was a good investment. More details in regard to 
this system will be found under the heading ''Germany." 

The most notable departure in European practice from 
American standards is in the use of the b0w instead of the 
trolley wheel. During the last few years the former has 
grown steadily in favor, although it is not as generally 
used as the wheel. It is claimed cm behalf of the bow trol­
ley that it eliminates all clanger of loss of contact and that 
ther e is no necessity for reversing the bow when the di­
rection of the car is changed. Greater contact surface is 
afforded and much easier spans in curves are secured, 

THREE-PHASE RAILWAY, LUGANO 

which improves the appearance of the overhead construc­
tion and greatly decreases the cost of maintenance. In or­
der to allow the bow to turn over autom:.!tically when the 
car changes its direction , the distance between the rail and 
the trolley line ought to be as constant as possible. Euro­
pean engineers who favor thi s form of con~truction say that 
there is no difficulty in doing this, and even many users of 
the trolley wheel favor the bow for higher speeds and 
heavier traffic where heavy currents are used. European 
street railway engineers have not, however, always favored 
the bow construction, and this may explain the fact that it 
is not more generally used at the present time. \!\Then the 
work of the re-establishment of electric railway systems in 
Germany (Bremen, 1890, ) was undertaken, the trolley 
wheel had been fully developed in the l_Tnited States and 
had been adopted as standard American practice. The bow 
trolley at that time had not been perfected. and in the crude 
form in which. it was offered for consi<ll~ration it very 
naturally made a poor impression in comparison with the 
trolley wheel. Since that time, however, many changes 
and improvements have been adopted, and in its present 
form it is favorably considered by the managers of many 
roads who had, however, adopted the trolley wheel. This 
favorable opinion has been strengthened by the knowledge 
that the defects imputed to the bow, especially the greater 
wear of the contact wire, were not well-founded; on the 
contrary, it is now claimed that commercial practice has 
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demonstrated the superiority of the bow construction in 
thi s particular. The change of opinion among engineers 
on this subject, however, comes a bit late, as many of the 
countries in which electric street railways have been built 
have already adopted the trolley wheel, and further exten-

DEVICE FOR PROTECTION OF TELEPHONE WIRES IN LUCERNE 

sions of these lines will undoubtedly be constructed to con­
form with the original installation, so that the cars now 
equipped with trolley wheels can be operated over the new 
lines; moreover, the bow patents will soo:1 run out , and it 
is not expected, therefore, that any considerable advance­
ment will be made in the meantime. 

The slotted-conduit system (with complete metallic cir­
cuit) has been found satisfactory, but is only used in large 
cities where the traffic is very dense, 
where the difference in cost between it 
and a modern, first-cla ss troll ey con­
struction is but slight, and where the 
installation may be expected to pay 
interest. In Europe it is, of course, 
only installed where the troll ey has 
been forbidden. It is certainly pre­
fe rable to the accumulator system, so 
far as short lines in the interior of 
citi es are concerned. The system is 
extensively used in Buda-Pest, Berlin, 
Brussels and Paris, and on a small 
scale in :i. few other cities. 

A very interesting departure from 
this system has recently been used in 
Berlin. It is well known that the Em­
peror, as owner of the street known 
as "Unter den Linden ," has refused 
to permit the Grosse Berliner Stras­
senbahn to cross thi s street by means 
of its trolley system. The company 
was forced, therefore , to adopt some 
conduit svstem, as accumulators had 
been forbidden in Berlin. Siemens & 
Halske have solved the problem by 
attaching a " tail" to th e car. This "tail" is a plow, and is 
hung beneath the car platform at the point where the trol­
ley line t nds. The stretch is 600 111 in length, and at the 
encl of it the plow, whi ch is about 4 ft. long, is lifted out , 
detached and hung on an ornamental pol e until a return-

ing ca r takes it back. At both ends about six such plows 
hang on a pole. The time required to attach or detach the 
device is about fifteen seconds. 

The button-contact system is in use on a few small sys­
tems in France, two or three di ffe rent types being used. As 
yet nothing can be said in their favor as the result of the 
short time they have been in operation, and railway com­
panies in general may congratulate themselves that present 
prospects a re not favorable to an increased use of this 
system. 

The accumulator system is mostly used on European rail ­
ways now in the form of the so-call ed "mixed system." I_t 
is used generally in conjunction with the trolley and is em­
ployed in the interior of cities where the latter is not per­
mitted. That the system is not a commercial success has 
already been stated. In Germany it will soon be extinct 
in all its phases, and in France, where the rest of the ac­
cumulator street ra ilways are in operation, a similar fate 
awaits it. 

A nother type of accumulator service is that which has 
been installed on established steam rail roads in order to 
make small headway between trains possible. It has been 
found here that if the traffic is too light to permit of the 
running of more than three or fo ur steam trains per day 
hourly acc umulator trains fo r passenger service can be run 
to advantage. For thi s purpose old steam railroad passen­
ger cars have been equipped with accumulators, which are 
charged reasonably by an existing central station. In one 
case even new cars have been used. Experience has shown 
that while the service is cheaper than steam service, it 
was still cheaper to run sing le passengcr ,ars propelled by 
benzine motors. 

Such trial s have been made in Belgium, in Italy and at 
Germany in Wurtemberg on a larger scale. The authori­
ties of th e latter State report as follows on the trial from 
A pril 1, 1899, to A pril 1, 1900. Three cars were tried, viz.: 

r. Two-axle benzine motor cars with twenty-four seats. 

VIEW:IN AARAU, SWITZERLAND 

2 . Two two-ax le Serpollet steam cars, one hav ing thirty and the 
other forty seats. 

3. One four-ax le accumulator car with forty- four seats. 
No. I traveled 43,800 km in 292 days. Cost o f material (coal ) 

was 4181 marks. Sala ry of motornwn , 2634 marks; total , 6815 
marks ; so t hat each useful kilometer costs 9.55 pfennigs for ma-
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teria l an d 6.01 pfennigs fo r sa lar ies, a total o f 15,56 pfennigs. Re-. 
pair cost 2883 marks, or 6,58 pfennigs per kilometer. 

No. 2 car, seating thirty people, traY eled in 196 days 23,595 km 
and consumed 65,375 kg. of coa l, or 2,67 kg. per kilometer ; 234 kg, 
of oil. or o,or kg. per kilometer ; tota l fu el cost 1341 marks, o r 5.37 
pfennigs; r epairs, 2138 marks, o r 9,06 pfennigs per kilometer. 

No. 2 car , sea ting fo rty people, traveled 7756 km in sixty- ix days 
and used 3,26 kg. of coa l per ki lometer, 0,012 kg, nil per kilometer, 
o r 6,34 pfenn igs per kilometer; rep~irs, --1 37 pfennigs per kilometer. 

No, 3, the accumulator car, trave led 8043 km, required 6873 kw­
hours a t 1632 mark s ; 34 kg. of oi l, costi ng 21 ma rks. a to tal of 
20,55 pfen nigs per ki lometer; repair s cost 4--1-1 pfenn igs per kilo­
meter. 

Maintenance of batteries wa s und e1·taken by the firm furni shing 
the same, who received 8 pfennigs per kilometer , a total o f 634 
mark , Total ma intenance cos t 12,33 pfennigs. 

T he success o f the accumulator s is confined. therefore, to charg­
ing purposes in central station s. where they are indi spen sable, 

It is necessary to say only a few words ab out municipal 
ownership o f street ra il ways. O ut of a dozen municipal 
roads in Germany perhaps three have paid expenses or 
have made a slig ht pro fit. T o-day, in the face of an ex­
pected defi c it. the far es arc hi g-hcr than on roads own ed by 
pri va te compani es elsewh ere, because municipal operation 

STANDARD DOUBLE TRUCK CAR OF THE GROSSE BERLINER 
STRASSENBAHN 

is more costly. Statistics on thi s point have been pub­
li shed in the STREET RAI L WAY JouRNAL, and th e reader is 
particularl y referred to a table presented last A ug ust. 

Soon after the electric street rai lway co:np:rnies had con­
structed their first lines, which were natu rn lly those which 
promi sed the biggest ret urn s, the murncipalit ies regretted 
that they had not constructed these lines themselves so that 
they could pocket the receipts. From that time until the 
present there have been n: any illusions as to the cheapness 
of electric railway operation. The cities. in view of thi s 
misconception, oft en used force to compel thf' companies to 
sell their roads to them at a very luw price, which they then 
equipped electrical ly. Tn no case did the results come up 
to the expectations. T he taxpayers, who had to furni sh 
the large sums of money for the purchase :rnd equipment 
of the roads, \\'ere assured that the fares would be reduced, 

as well as the taxes. T o- day, in the face of large deficits, 
the fares arc increased, in fact , they are higher than on pri­
vate roads, because municipal operation has proved more 
costly. 

One of the chief points in the considera tion of this prob­
lem is the choice of an efficient bead who is able to clcal 
with the continuously changing conditions , It requires a 
capable, resolute leader , who must be competent to assume 
great responsibilities , and thi s is seldom the case with mu­
nicipal officers. The street railway sup,: rintcncl ent must 
be a man of g reater ability than those generally tempted by 
the small salary which the city pays. H e is subordinate to 
the chief magistrat e , who must, of course, receive a higher 

BARMERBERGBAHN-STEEP GRADE IN LUISEN STRASSE 

salary than the railway manager. This fixes the salary so 
low that cities cannot obtain or retain capable men. 

In view of all these facts, the writer is of the opinion that 
the attempts to municipalize street rail ways have reached 
the point where the cities will lease their costly roads to 
pri vate companies. 

GERMANY 
\Vhatever may be said about Germany in a general way 

has already been expressed in the introduction. The opin­
ions there g iven on continental conditions, which were 
founded on German practice, have been streng thened by the 
information regarding other European road,;; collected by 
the writer for thi s article. 

\ Verner von Siemens, th e great physicist , was the first 
to apply electricity commercially to traction purposes. He 

STATUS oF ELECTRIC RoADS I N GERM AN Y 
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built a 2.5 km elect ric railway at Lichterfelde, a suburb o f 
Derlin , th e first electric road in the world. T he current 
was sent through the two rails, each forming one pole of 
th e circuit. It was impossible, on account of lack of insu­
lation, to adopt pressures as hig h as those used at present . 
O ne humlrecl and sixty volts we re employed, and even if 
the rails had been better insulated no on~ at that stage of 
electrical development would have thought of using a 
higher pressure. ln thi s shape the small road of 1881 
~erved its purpose and carried passengers until 1890 ,~it h­
out being extended, because E urope was not yet r eady fo r 
mechanical traction . The three cars seated sixteen persons 
each, and each ca r was equipped with one 10-hp motor. 
In 1890 the road was transfprmed into a trolley line, using 
a bow collector. 

In April, 1884, S iemens & Halske opened a not her electric 
road in F rankfort-on-Main , built after another system. It 
was 6.7 km in leng th , had 6.9 km of track and ten motor 
cars, each with thirty sea ts and one 15-hp motor. T he novel 
feature of this road was the method of transmitting the cur­
rent. The positive and negative conductors were located at 
one sid e of the track in the form of two slotted tubes, in 
which the contact shoe slid. T hey were drawn along by the 
car to which they were connected by a fl e::-:: ible cable. The 
pressure was 300 volts. The tubes ,vere ordinary gas pipes, 
J in . to J in. in diameter, slotted on th e under side and su s­
pended from wooden poles by m eans of wires, th e poles be­
ing placed every 30 111 . T he apparatus o n this the oldest 
trolley road in existence still works splendidly and reliably. 
One o f the accompanying eng ravings shows this road 
crossing th e new F rankfort City Rai lway, the old est and 
the most modern systems. A similar road was put in op­
eration by the same firm in Vienna in 1883, on which a 
pressure of 350 volt s was used. 

In 1890 the U nion Elektricibts-Gesellschaft, then th e 
Thomson-Houston Company's representatives, introduced 
the A m erican trolley wheel , which had been perfected in 
the United States in the interval and had been successfully 
used in the St_ates. The first German road thus equipped 
was that in Bremen, but others quickly followed. In 1894 
the first Hamburg and in 1896 the first Berlin roads were 
thus equipped, and most German roads have adopted this 
system. 

Several roads have introduced freight traffic, but these 
are not very numerous. The city doing the most in thi s 
respect is Hanover, with I ,375 ,000 freig ht car kilometers, 

1885 
150 H.P. 

1888 

300H.P. 

1889/93 

1000 H.P. 2000 H.P. 

f n addition to th ese street rai l ways, th e Dusseldorf-Cre­
fe ld road handles considerable freight. The table on the 
opposite page, which is taken from the /?,/c!?trotrrli11isrli c 
Zcit 1111 g, gives the status of all the electric roads in Ger­
many on Sept. 1 , 190 1. 

The table indicates that nearl y all the road s in the large 

VIEW IN POTTSDAMERPLATZ, BERLIN 

cities have the standard gage of r .-1-35 meters, or -1- ft. 8-} in s. 
Thi s is shown by th e relation of track length to road length 
and the number of trai lers compared to that of motor cars . 
\ Vhile 011 the 1505 km standard gage roads the generators 
have a capacity of 85 .000 kw, the capacity is only 42,000 
kw for q29 km of narrow-gage roads; thJ.t i5 about half as 
much. 

Before discussing the subj ect of standard-gage electric 

1896 

2000 H.P. 2000 II.P. 

1009 

3000 II.P. 

END ELEVATIONS OF ENGIN ES (DRAWN TO SCALE) USED IN THE BERLIN ELECTRIC POWER STATION FROM 1885 TO 1899 

the transportation of 253,000 tons and an income therefrom 
of 357,000 marks. The other roads transport freight to 
only a limited extent. Even in Hanover, for each freight 
car kilometer only .184 ton was transported and .19 mark 
was collected. Certainly a very unprofitabl e business. 

All o f the German street railways last year, including 
Hanover. covered 1,796,000 freight ca r kilometers, trans­
porting 6 10,000 tons of freight and collec ting therefor 
7 I 6,000 marks, corresponding to .34 ton per car kilometer 
and an income of .85 mark per freight car kilometer. 

railways. it should be mentionccl that there are in operation 
I 505 km length of roatl and 273-1- km of tn..: k ; that is, ahnut 
67 per cent of double track. The nar row-gage rail\\'ays 
have only 12 per cent of double track, 8 per cent being nsed 
for depot track . For standard gag•: the capacity of the gen ­
erato rs amounted to 85,000 kw. that of the station equa li z­
ing batteries 20,000 kw. The narrow-gage roads had gen­
erators of 42,000 kw capacity an<! station equali zing batter­
ies of 12,000 kw , T hese proport ions show that the operation 
'of the latter roads is more difficult than those of standard 
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gage. Generally the capacity of the station storage bat­
teries is understood to be the amount of electricity which 
can be given during one hour without overloading. The 
stati stics from which this table is derived does not g ive the 
capacity of generators and batteries fo r !,everal railways, 
but the writer has, with the aid of other statistics and his 
own observation, made out the g iven numbers for the gen­
erators out of the known operating effect , the capacity of 

M OTOR CAR WITH ADJUSTABLE CANOPY FOR MOTORMAN 
AND CONDUCTOR IN MUNICH 

the batteri es being supposed to h:ive the same proportions 
to that o f the generators as on the other roads. T here are 
equalizing batteries up to 4200 kw in one system at Berlin 

In Germany th ere arc no three-phase roads with the ex ­
cept ion of the high-speed Zossen railway, on which the 
200-km per hour experiments are now bein g made. O n 
this road the three-phase current is delivered direc t to th e 
motors. T here are several roads . however. using three­
phase transmission with rotary sub-stations, The best ex-

TRUCK USED FOR HAULING STANDARD GAGE STEAM CARS ON 
A NARROW GAGE ELECTRIC LINE, MEISSENERSTRASSENBAHN 

ample of thi s is the Hanover road, with its enormous sub­
urban branches up to 40 km in length. 

Th ere a re about eighteen municipal roads in Germany, 
the largest of which are at F rankfort-on-Main and Mu­
nich. Most of them are working at a loss. 

T he most extensive electric railway system of Germany, 
in fact the largest in all Europe, is that of the Grosse Ber­
liner Strassenbahn, which controls the entire traffic of Ber­
lin, with the exception of three small lines having a total 

of 53 km of tracks pass ing through 27 km of streets . As 
an extended descriptive article on this line was published 
in the July issue of the STREET RAILWAY JO URNAL, an ac­
count will be g iven only of the improvements made dur­
ing the last two years and the status of the company at 
present. A t the close of 1900 the length of the company's 
lines was 309 km (length of streets), all of which was used 
for public traffic, and along th ese streets 547 km of track 
were laid . The company owned an additional 58 km of 
track , which was u sed for switching and depot purposes, 
making a total of 605 km. Nearly all of the lines of the 
company are electrically equipped, and at the close of 19or 
only five out of the fifty-eight lines were operated by 
horses. 

The rolling stock consisted at the close of 1901 of 2529 
passenger cars, of which 372 were double-truck motor 
cars. including 178 accumulator cars , and 825 were single­
truck motor cars, 77 being accumulator cars. The others 
were trail ers or horse cars. A ll motor cars are equipped 
with two motors. a short-circuit brake and a Sperry elec­
tromagnetic brake, or a Standard air brake. The latter 
predominates on recent equipments. In 1901 the passenger 
cars traveled 65,662,000 car kilometers, of which the elec-

TYPES OF GENERATORS USED IN BERLIN ELECTRIC WORKS 
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6901,75 
tion 

2500 105 18-pole revolv-
in~ field ...... " " 

,, 
860 3000 110 3 - phase alte r-

nator ... . ... _ " Schiffbauer- " 
1000 275 3600 85 Shunt - wound damm 

continuous 
current .... " Luisenstrasse " 

3000 6ooo . .. 83 3 - phase alter-
nator ........ " Moabit " 

3000 6000 .... 83 3-phase 72-pole 
" " alternator . . . Oberspree 

5000 6ouo .... 83 3 -phase alter-
nator ... ..... " Oberspree- In course 

I Moabit jof erect'n 

CAPACITY Of BE RLI N ELECTRI C WO RKS WHEN COM PLETED 

Capaci ty 
Hp. of in Kw of 

NAME OF STATION S tea m Generators Notes 
Engines and Ac-

cumulators 

l\farkgrafenstrasse ........... .. . - 2,100 4,4°0 In op~ration 
Mauerstrasse .. . ... . ···· ······ · 9,500 9,200 
Spandauerstrasse-Rathau,strasse _ II,600 ro,800 " 
Sct iffbauerdamm-Luisenstrasse _ 16,6oo 12,700 " 
Obe~~pree .... ........... . . ...... 20,000 13,000 " 

................ , ...... 30,oco 20,000 In course of 
ere<.t!On 

Moabit. _ .... : .................... 14,000 9, 000 In operation 
" ····················••' ... 24,000 16,000 In course of 

------ erection 
Total. .............. , ........ 127,SLO 95,100 

tric cars traveled 55,602,000 car kilometers and the horse 
cars 10,060,000 car kilometers. The motor cars traveled 
43,251 ,000 car kilometers and the trailers 12,351 ,000 car 
kilometers. A total of 282,800,000 persons were trans­
ported by these cars. All of these figures refer only to the 
Grosse Berliner Strassenbahn proper and do not include its 
controlled roads, The average consumption per motor car 
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kilometer was 769 watt-hours. It cost 318,000 marks to 
maintain the accumulators in the cars, but , fortunately, bat-

T he Berlin E lectrical Vv orks, which supplies the current 
for the operation of the cars, is the largest on the conti-

' • ' /u • . • 'S • • . • • • . i!1 . ~ . t' ~1 t • , 
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SCHONEBERG CAR HOUSE, BERLIN 

tery cars have now been prohibited within city limits, all 
lines being changed to trolley or conduit. 

At the close of 1901 the company had 7546 employees, 
who received 7,475,000 marks in wages during the year. 

The passenger receipts for 1901 amounted 
to M 26,540,000, M 2,460,000 being for time 
cards; 240,885 ,000 persons paid IO pfennig 
far es, and 41 ,9 IO,ooo traveled on time tickets, 
so that these latter tickets brought only about 
6 pfennigs per passenger. For each kilometer 
of track, 1624 persons were transported daily; 
for each car kilometer , 4.31 per sons, and for 
each crip, thirty-eight persons. 

There is a pension fund for the employees, 
into which the latter paid 278,000 marks dur­
ing 1901 and the company the same amount . 

nent. Its hi story is so typical of the fo rmation and growth 
of many E uropean electrical stations that the writer deems 
it proper to g ive a brief description of thi s large plant. It 
was establi shed in 1883, after Edison, at Paris in 1881, had 

ELEVATED ROAD IN BERLIN. THIS HOUSE WAS 
TORN DOWN AND REBUILT OVER TH E TRACK 

ELEVATED ROAD OF BERLIN, PIERCING A HOUSE USED FOR RESIDENCE 
PURPOSES 

shown the world fo r the fir st t ime his new elec­
tric li gh t. T he city granted permission to th e 
company in r884 to lay cables through the 
streets, an<l two small central stations vverc 
built, in which there were six mac l1ines, each 
having a capacity of 150 hp. The first was 
started in 1885. After many extensions and 
negotiations with the city a max imum of 28,-
000 hp was contracted for in 1890. Large ac­
cumulator suo-stations were installed 111 1898 
In addition, motor-generators were set up in 

By its franchi se the company is obliged to purchase all 
its current from the Berlin Electrical W orks at IO pfennig 
per kw-hour. 

two more sub-stations, which were feel by 
3000-volt three-phase current. As soon as this limit was 
reached the company had to refuse all further orders for 
current. T his fo rced the city in 1899 to make a contract 



686 STR EET RAILWAY JOURNAL. [VOL. XIX. No. 23. 

fo r 42,500 kw with the company ancl 37,000 kw ,vith the 
suburban stations under the fo llowing conditions: The 
city com es into possession of the stations without payment 

BLOCK SIGNAL USED ON THE BERLIN OVERHEAD AND UNDER· 
GROUND RAILWAY 

in 19 15. The city is to receive 50 per cent of the net earn­
ings above 6 per cent on the capital stock if the latter cloes 
not excee<l 20,000,000 mai-1.;:s; but in case the capital is 
greater than this, the city is to receive 50 per cent of the net 
profits above 4 per cent on the capital. 

N aturally the work of extension was carried on as 
quickly as possibl e, as only sixteen and on e-half years re­
main ed of independent ex istence. 

Experience in thi s plant has shown vert ical engines are 
a desirabl e type so long as they can advantageously be 
built in the form of twin-compound machines; hut the 
recent 3000-hp yertical engines are so large that fo r three 
expansions two low-pressure cylinders h ad to be used, 

with a more than normal increase in attendance and repair 
cost. For this reason horizontal steam engines have been 
installed in the latest station. Poppet valves and super-
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SECTION OF PORTION OF DOUBLE TRACK CLOSED Y, 
BERLIN ELEVATED AND UNDERGROUND ROAD 

heated steam are in almost exclusive use. A popular form 
of fly-wheel is one cast in two parts only, the parts being 
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DOUBLE TRACK CLOSED Y, ELEVATED AND 
UNDERGROUND ROAD, BERLIN 

bolted together at the hub and rim. 

SECTION OF UNDERGROUND ROAD, BERLIN, AT A STATION 

The following data regarding the 3000-
hp machines may be of interest: Diameter 
of high-pressure cylinder, 850 mm; diam­
eter of intermediate-pressure cylinder, 1250 
mm; diameter of two low-pressure cylin­
ders, 1475 mm eacb; common stroke, 1500 
111111; speed, 83 r. p. m. Each of the two 
frames belonging to one machine weighs 
27,500 kg (casting), while the total net 
weight of a machine is 280 tons. The 
steam has a pressure of 14 atmospheres 
and is superheated to 320 <legs. C. Each 
engine has a small twin engine for starting. 
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CROSS AND LONGITUDINAL SECTIONS OF REGULAR TRACK, BERLIN 

The 3000-kw, three-phase generators 
operate at 6000 volts. The rotor weighs 
68.9 tons, has a diameter of 7.4 m and 72 
poles. The stator weighs 70 tons and has 
a diameter of 8.6 m and is I .2 m in width. 
The table on page 684 gives the types of ma-
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chines and total output of the several stations of the Derlin 
E lect ric Works. 

Superheated steam at 350 degs. C. is used sat isfactorily 
in several of these stations. 

ELECT RI C ELEV,\ TED AND UN DERGRO UND ROAD OF IlERLIN 

This interesting undertaking in the capital o f Germany 
has been described to a g reater or less extent in man y of 
the technical papers, but as it has recently been put in op­
eration and is well representative of th e latest German 
practice, a few of the salient features will be g iven here. 
The franchi se was awarded to Sien1ens & H alske in 1896 
and the road was begun by them in the sam e year, lmt was 
later tran sferred to a separate operating company. The 
total length of the road at present is IO.I km , and including 
the three terminal stations th ere are thirt een depots, the 
greatest distance between any two stations is I 923 km and 
the short est .454 km. 

The width of streets between houses vari es betweeen 3 I 
rn and 52 111. A ll st reet s on which th e road is built are sim­
ilar in section, that is, next to the houses is the sidewalk, 
then two roadways for vehicles and in the center a broad 
promenade for pedestrians. O n this the viaduct is located, 
in the middle of the street. \ Vith one exception the short­
est radius is 100 111, so that th e cars can travel everywhere 
at full speed, the maximum bei1~g 50 km per hour. Of the 

Section of Elevated Road Berlin, New Constuetion 
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entire 1 o. 1 km di stance, 1.7 km is built underground and 
the remaind er is an elevated structure. Un account of the 

CAR ON RAILWAY UNDER RIVER SPREE, BERLIN 

troll ey lines the viaduct has a height of 4.55 m and the 
upper surface of th e track is located 5.3 111 above the street's 

su rface. The underground section has a 
height of 3.3 111 above the rail s. In Duda­
pest th e height is onl y 2.75 111. A bove this 
is the pavem ent , which varies between .9 rn 
and 1.2 111 in depth. The lowest point on 
the underground sect ion li es 20 m below 
the highest point of the elevated road. T he 
g rades are m oderate and are less than I per 
cent , except wh ere the elevated and under­
ground sections joi n , where they are 2.7 per 
cent and 3.1 per cent. 

The entire viaduct is calculated to stand 
a pressure of 6 tons. T he train s are made 
up of three car$, the first and last being m o­
tor cars and the one in the middl e a trail er. 
They seat 120 persons, and th ere is stand­
ing room fo r a consid erabl e number more. 
T he average speed is 30 km per h our. T he 
gage is 1.435 111 . T he height of th e car body 
above the rail surface is 3.18 111 and the 
width 2.3 111. A large series-parallel con­
troller with train wi re is u sed. 

T he line is double-tracked throughout. 
T h e distance between centers of tracks is 3 
111 on the elevated sec ti on and 3.24 m on 
the underground section, because on the 
latter th ere are supports between the trac ks. 
Th e max imum distance of I .2 111 between 
the upp er surface of the pavem ent and the 
lower surface of the cross-girders of the un­
derground section was made necessary be­
cause it was intended to plant trees above 
t he road, which required .7 m of earth. 

~•trn:t Rai.lwuy Journal 

T he tunnel wall s are made of concrete, 
th e san1 e as the foundation. and two-thirds 
of the tunnel li es bel ow the level of ground 
water . For thi s reason the entire t unn el, 
including the roof, has been lin ed with three 
layers of sheet asbestos. The width of a sta­
tion is 12.6-1- m , of which the two stai rways 
occupy 3.5 111 each. No elevators are em­
ployed . 

STRUCTURAL FEATURES OF BERLIN ELEVATED 

Two fo rms of elevated structure are in 
use. The older type has the rails mounted 
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di rectly on the iron g irders by means of cross-ties, while 
the new construction has a compl ete broken-stone roadbed 
fo r the tracks. T his method was adopted because the old 
construction created too much noise. T he viaduct has a 
width between pillars of 12 m and 16.5 m . 

pass over and under each other. The construction here 
consists principally of massive stone arches. Above the 

O n the old type of construction the rails are 180 mm 
high and weigh 42.7 kg. The new type requires the rails 
only to be 115 111111 high and of 25.6 kg rer meter weight, 
the head being 60 mm and the base 130 111111 in width. T he 
weight of the viaduct, as form erly constructed, is: 

For a di stance between pilla rs o f 12 m, r.2 tons per meter. 
For a di stance between pillar s o f 16.5 m, L f tons per meter. 
F or a di stance between pillar s o f 2 1 m, 1.8 tons per meter . 
In the new construction the roadbed is laid on heavy 7-

111111 thick sheets of iron, which naturally increase the 
weig ht considerably. F rom each sheet the water is drained 
separately so that it cannot dri p on pedestrians below. The 
weight here is 1.65 tons per meter. T h e cost per 100 kg of 
viad uct compl etely erected was from 28 marks to 32 marks. 

T he track triang le, or double-track closed Y , is undoubt­
edly the m ost interesting part of the undertaking . T he 
road has three terminal stations, between all of which 
t rains are run. As the headway on every line is 2½ min­
utes, it was out of the question to have the tracks cross 
each other on the same level. T hey therefore alternate!y 

"MOTOR CAR AND TRAIL CAR ON CENTRALBAHN, HAMBURG 

tracks a small switch tower is located and within the tri­
angle is a car house, '.:he floor of which is on a level with 
the third story of the adjoining houses. 
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DIAGRAM OF CONNECTIONS, MARIANNENSTRASSE, SUB-STATION, THE BERLIN 
ELECTRICITY WORKS 

The third rail is laid 1096 mm to 
one side of the track center. On 
the elevated stru cture 1t is 80 mm 
above the track surface and in the 
tunnel 50 mm hig her. The rail has 
a cross-section ,of 36oo sq. mm and 
rests on hard-rubber insulators 
which are fa stened to the ties at 
distances of 6 111 a part. Vv ooden 
guard timber s, as shown in the 
cross-section , are located close to 
the third rail s and 130 mm above 
them. Being in thi s position the 
workmen naturally step upon them. 
T hey are protected from accidental 
contact either with the third rail or 
live bare feeders just as thoroughly 
as though the latter were covered. 
T hese g uard-rail s are not used on 
the underground section because 
here th e third rail is located outside 
of the main tracks next to th e tun­
nel wall , and there are chambers 
about the same di stance above the 
third rail into which the workmen 
can step. 

The feeders consist of bare flat 
copper strips set on edge and hav­
ing a cross-section of from 1000 sq. 
mm to I 50 0 sq. mm. They are 
located between the guard timbers 
and are mounted on special insu­
lators. Special lighting feeders, 
carrying 6oo volts, are used. To 
protect fallin g t elephone wires, 8-
mm wires are fastened to the guard 
timbers and connected with the 
rails so that a fall en telephone wire 
will fuse immediately. 

One of the interesting features is 
the crossing at one and the same 
point of a canal, an elevated road 
and a street ; in other words, the 
crossing of four means of traffic­
first the water, then the street, 
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above tha t the steam long-distance road and above that the 
elevated road, whose viaduct spans all the others. T he 
viaduct a t this point breaks into a row of houses, entering 
them at the second story. T he old buildings were torn 
down and a new one erected fo r thi s purpose. T he house 
out of which th e road emerges into the street, however, 
was not torn clown . bu t simply broken th rough and lined 

OVERHEAD GUARD WIR E CONSTRUCTION IN FRANKFORT 

around the hole by an iron framework, as shown in the 
illustration. 

T he rolling stock consists of fif ty-s ix motor cars and 
twenty-eight t railer s. The tra iler is called th second-class 
and the motor cars thi rd-class. Each car has four axles. 
T he wheel base on the tru ck is r .8 111 , the body length is 
9 .3 m and the leng th over all. including the buffers, is 12.7 

through which passengers of one car may enter the adjoin­
ing one. T he very wide center aisle serves for standing 
room. T he trai lers have forty-four seats and the motor 
cars thirty-nine seats. Each seat is 50 cm in width. 

T he motorman 's platform is located at only one encl of 
th e car. Each m otor car is equipped with three motors. 
Later, when more trail ers are attached , a fourth motor will 
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MOTOR C AR, ISARTH AL INTl:RURBAN RAILWAY 

be added, T he maximum speed is 50 km per hour. T he 
motors of each car :1re al ways connected in parallel, while 
those of the ent ire tr ain may be connect-ed in series. 1\ 
block signal system is used. 

The po,\' er stat ion contains the condensers, feed and air 
pumps in the basement, the engin es and generators on the 
ground floor level and the boil ers and coal bun kers above. 

V 
,,,, 

VI EW ON ALBERT BRIDGE IN DR ESDEN 

111. T he seats are arranged longitudinally. T here are tw; 
sli ding- side doors at each encl of the car , each .8 min width. 
Two of these, that is, those on the left side of the direction 
of travel, are closed up by improvised seats, which are re­
moved to the other side when the car goes i:1 the other di­
rect ion. Passengers enter the forwa rd door and leave the 
car through the rear door. At the two ends of the car are 
small doors which serve as clanger exi ts in case of fire and 

T he steam is superheated to a temperature of 225 <l egs. 
C. Natural draft is used. T he chimney being 80 111 high 
is used by the m ilita ry authorities for experiments in wire­
less telegraphy. T here a re three 800-kw units and a stor­
age battery with a capacity of 900 hp-hours at a one-hour 
discharge rate. 

T he total installation cost about 25,000.000 marks. The 
cost per kilometer, therefore , including the power station, 
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is less than 3,000,000 marks . In fact, for the eleva ted road, 
0 11 straight sections, the cost was from 1000 marks to 1200 

marks and for the underground section 2000 marks per 
meter. 

T he diagram of connections in the sub-station is repro­
duced by permi ssion from Traction and Trans111ission. 

OTHER CITY TRAMWAYS 

T he next largest tramway system in Ge rmany to the 
Grosse Berliner Strassenba hn is the S trassen E isenbahn­
Gesell schaft, of Hamburg, which uses the t ro!l ey exclu­
sively . T he 01~ani zation a nd equipment of this were 
treated by the author of this a rticle in a prev ious com­
munication . The road is particularly in ­
terestin g from th e fact that it is one of 
ihe earli est troll ey roads in Ge rmany, 
the first among th e large system s, hence 
it s fi g ures indicate what the actual ex­
penses o f a modern electric railway sys­
tem are fo r a long period o f tim e. It is 
fo und that a sing le- truck moto r ca r 
weighin g , emp ty, 7.6 to ns a nd wi th a 
load of twe11ty-nine persons, uses just 
550 watt-ho urs per ca r kil omete r. T hi s 
is pa id for at th e rate of 10 pfennigs 
per kw-h our, 1,1casured at th e feedin g 
poin ts. T h e oth er expenses of o pera­
tio n , as shown b y th e books of the 
l lamlrnrg Company, are presented ii1 

the tabl e on this page. 

EX PE NSES OF II Al\lllU RC COMPANY. 
-- ------

Expenses, including track re­
pairs, salaries, maintenance 
of buildings, accidents, re-1 
pairs, insurance, etc ... .. , .. 

Renewals (reserve) . . ......... . 
Sinking fund (reserve) .. . ... . 

T otal . ... . ..... . . . .. . 

Single-Truck 
Motor Ca r 

21 .06 pfg. 
2 40 .. 
3-32 " 

-----
26. 7S pfg. 

Double-Truck Sin,:le-Truck 
llfoto r Car, Trail<r, 
Weighing 12 Weighing 2.8 
Tons, Load Tons, Load 
30 Persons ;!5 P e rs'lns 

26.34 pfg. 9. 25 pfg. 
2-97 

,, r.73 ., 
4 72 " 1.86 ,, 

- ---- -----
34 23 pfg. I 2 84 pfg-. 

In additi o n to the S trasse11 E isen­
li ahn-Ge. clhchaft, there i_ in H amburg 
til e Hamburg-Altuna Ccntralbal111 , a 
small 7.5-km road built by Schuckert & 
Company , of N iirnberg. T hi s road ex­

SUSPENDED RAILWAY AND TRAIN AT ELBERFELD 

tends through the hear t of the two citi es a nd is on a divi-
cl e11cl -payi 11 g bas is. 

T he Hanover street railway is a lso in te resting, because 
it is o ne o f th e earl y large roads ancl cove1·s :1 \\'ide area 
;,round aanover. It is, moreove r , an excellent example of 

I' \\101king 
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Mcthcd cf S uepc:idi:lg Car 

BARME -ELBERFELD RAILWAY 

poses. Th e Hanover company is a lso one of the few Ger­
man railway co rporati ons which owns a large pleasure re­
sort. lt is in o ne of the suburban districts reached by its 
lines and is said to have cost about 500,000 marks. The 
compa ny also does a considerabl e freight business. Part 

of the road is not equipped ·with the 
trolley, and accumulator cars are run 
ove r thi s sec tion. \i\Thi le this road is of 

J_ ------- --2000-1-.:.-_ -----.:iooo:== =-~~ 
, • ,_1,00 

~ 
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Street R ailwau JrJurnal 

WANNSEE ROAD, BERLI N, SIDE ELEVATION AND SECTION OF THIRD RAIL METHOD OF MOUNTING THIRD RAIL , 
WANNSEE RAILWAY 

the modern tendency. Some of its lines extend -1-o km outinto 
the suburbs . This entire system has a total length of 160 

km and rece_ives current from six power stations, in some 
of which three-phase current is generated. The company 
~.lso furnishes current for industrial , light and power pur-

interest from an engineering standpoint, it has been a finan­
cial failure, and its long suburban lines and the sale of light 
and power current in suburban districts have not proved 
profitable. Trolley rollers, and not wheels, are used as 
current collectors. 
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THE DUSSELD0RF-KREFELD STREET RAILWAY 
This is one of the most extensive interurban electric rail ­

ways in Germany, and for this reason should be mentioned 
in this article. As, however, an excellent article on this 
road was published in the STREET RAILWAY JouRNAL for 
August, 1899, a brief description will suffice here. The 
road is 22 km in length, is standard gage and was built to 
develop some real estate, according to a common Ameri­
can practice. The maximum grade is 2½ per cent and 600-
volt direct current is employed, with floating accumulator 
sub-stations. 

The company was not permitted to install overhead 
wires in the city of Diisseldorf, and therefore had to build 
Sao m of condt~it and equip all motor cars with pl ows, al­
though the city itself operates a trolley line in the same 
section of the city, but. then, that is a different proposition. 
As the illustration shavvs. rollers are used inste:id of trolley 
wheels. The double-truck cars, which measure 12-4 m 
o\'er all, attain a speed of 60 km per hour and are equipped 
,Yith two-relier trolleys, 'while the single-truck cars havl 

OVERHEAD WIRING ACROSS LIFT BRIDGE, DUISBURG 

only one roller, because they are used for local traffic and 
run more slowly. The motors are mounted directly on the 
axles \Vithout the u se of springs, and each is of 60-hp ca­
pacity. The road transports considerable freight and was 
built by Siemens & Halske. 

TllE SL1Sl'ENDED RAIL\\',\ Y AT ELllEHFELD-HARl\lEN 

This road, a view of which is published herewith, is 
familiar to most engineers through articles which appeared 
in the technical papers, including the STREET RAILWAY 
Jo LT RN AL, a year or a year and a half ago. The plan, as will 
be remembered, was to suspend the cars from one single 
rail, without any side guides or supports, so that in going 
around curves the centrifugal force would forc e the cars to 
assume an inclined position. As built, the cars seat thirty 
persons each, and there is standing room for twenty more . 
There are two trucks, being 8 m apart from center to cen­
ter, on each car. A Westinghouse air brake and a hand 
brake are used, which brake on to the tops of the traction 
wheels. Two electrical methods are also used for braking 
purposes. The inventors of the system claim that the cars 
cannot be derailed, becau se the supporting hook embraces 
the track from below, leaving a free space of only 7 mm, so 

that the wheel cannot jump off. If, however, there should 
be an obstruction on the track , even if only the head of a 
riv et , there is some doubt as to the practical value of this 
derailment argument. · 

Only about 7.5 km of the originally planned total of 13 
km of line is in operation, and up to elate, a year and a half 
after th e lin e was opened, only singl e motor cars, weighing 
loaded 16 tons, have been run . The speed of the cars is 
only 20 km to 22 km, althoug h the inventors claim that 
with this system greater speed can be secured than by any 
oth er method o n account of the ease with which curves can 
be traversed. The writer doubts this, especially as it has 
not been borne out by one and a half years' operation. 

The road follows for the greater part th e course of the 
\Vupper River, which is from 15 m to 40 m in width, and 
along it s shores the pillars of th e elevated structure are set. 
The numerous curv es have nearly all a radius of 90 m, but 

LIMMATTAL STRASSENBAHN 

there is one of 30 111 and one of onl y 8 111. The switching 
construction is highl y interesting, but is not considered 
safe by the authorities, so that onl y empty cars are allowed 
to use it. For thi s reason there is no turnout on the line 
although one would have been desirable. In view of these 
conditions no branch lines are possible. 

The writer does not believe that any more such roads 
will be permitt ed within cities, because pedestrians would 
not he protected from water and oil dripping from the sys­
tem, no part of which is water-tight. The ordinary elevated 
construction is certainly more desirable and less noisy. It 
may be more expensive, but it is much more efficient. The 
suspended railway has the furth e1· disadvantage that trains 
cannot easily be run from it into an und erground road, as 
might be desirabl e within city limits. 

THE WANNSEE ROAD 

This interesting railway has also been described in the 
STREET RAILWAY J OURNAL of August, r899, but it'comes 
within the scope of this article, and in order to make 
the record complete its mai n features must be mentioned. 
The road is owned by the State of Prussia and was for­
merly operated entirely by steam. It extends from Berlin 
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to \ Vannsee, a di stance of about 1 2 km, and is a part of the 
Berl in-Potsdam railway. the latter place being the resi­
dence of the E mperor. Siemens & Halske obtained permis­
sion a few years ago to equip one trai n 0 11 the road with 
electric power, and it bas been in sat isfactory operation 
ever sin ce. I t consists of ten cars, weighing without a load 
193 tons and load ed 2 10 tons. T he first and last cars are 
motor cars. E ach motor car has three axles. so that there 

THREE-PHASE LOCOMOTIVE, BURGDORF-TH UN RAILWAY 

STANSSTAD-ENGELBERG THREE-PH ASE LOCOMOTI VE 

LOCOM OTIVE , JUNGFRAU RAILWAY 

are a total of six motors, which are mounted directly 0 11 

the axle without gea rs and have a maximum capacity of 
about 125 h p each . T he maximum speed is 55 km per hour. 
The acceleration at the start up to 40 km is . 18 m per sec­
ond. O ne motor car is equipped \Yith a steam boiler for 
heating th e train; that car weighs 33 tons, the other 30 

tons. T he distances and running time between stations 
are as fo llows : 

1.9 kn1 .. . ... . .. . . .... ..... . . . .. . 
2.78 " ... . .. . .. .. .. . . . .... . ... . 

Running time, 3,½ min. 
,, " 4¼ " 

2.17 " .... . . ... ...... . .... . ' ... . " ,, 4 " 
2.38 " ..... ... ................. . 
2 74 " .... ...... " ....... " ... . 

4 
4 ,½ " 

1r.98 " ..... .. ......... . ....... . " 20½ ,, 

TRUCK OF THE GORNERGRAT LOCOMOTIVE 

LOCOMOTIVE, BURGDORF-THUN RAILWAY 

STANSSTAD-ENGELBERG ELECTRIC LOCOMOTIVE 

The maximum current consumption of the train is 1200 

amps. A motor , with its axle and wheels, weighs 3000 kg. 
At the start both motor cars work in series, but as soon as 
a speed o f 40 km is reached the rear motor car is cut out of 
the circuit. A third rail is used . Th e installation is in con­
stant operation. 
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SWITZERLAND 
It is unfortunate that the Swiss authorities require so 

long a time fo r th e compilation of their yea rly ranway sta­
tistics, because data about these roads become avai lable 
in printed form only from one to two years after the events 
have taken place. If the Swiss stat is tics for 1900 were in 
existence thi s comparat ively small land woul d make a far 
better showing with its hig hly interesting ra il ways than is 
possible in the article which fo llows, as the author has at 
his di sposal fi g ures only up to th e close of 1899. 

R egardless of thi s, however, t he developm ent of the 
electric railways of Switzerland presents a remarkable 
picture, and th is development has taken place under con­
diti ons which differ m aterially from those existing in o th er 
countries. T he chief reason for this is t he situation and 
topogr aphy of the country, far away fro m the coal districts, 
,1 nd including the romantic mountain ranges where few 
industries have been developed on a large sca le. Th e one 
is a direct outcome of the o ther. O n account of the h igh 

franc s for a trip of 10 km, there is still an enormous sav­
ing to the touri st. Many persons al so arc ena)Jlcd to enjoy 
such tours only through these m ean s, and a large part of 
th e electr ical rail ways of S witzerland arc mountain rail­
ways. 

At the close of r 899 nine cable roads were operat ed elec­
trically, their total length being 10.21 km. The longest 
was 3.63 km ( on the Stanserhorn) and the shortest the 
Zurich mou ntain road, being .17 km in le11gth . These fig­
ttres, as well as those g iven elsewhere in thi s article, unless 
otherwise stated, rep resent th e streets coverer! and not the 
length of single track. The steepest grad<.'. is that uf G3 per 
cent on the Stanscrhorn road. 

The greater part of the electrica lly opl'n.ted roads arc 
found within the cities. Statistics show that at th e close of 
1899 there were t\\"enty-three such roads, having a total 
length of 15---1-.18 km. This fi g ure shows that there are no 
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CROSSING OF THREE-PHASE LINE AND DIRECT-CURRENT LIN E ON STANSSTAD­
ENGELBERG RAILWAY, PROTECTIVE NETTING AROUND BARE FEEDER WIRE 

AARAU-SCHOFTLAND, DIRECT-CURRENT RAILWAY 

price for coal attempts were made m any years ago to u til­
ize the powerful and numerous water-powers of the coun­
try fo r the generation of electricity. As water-powers, how­
ever, are not always as conveniently located as .steam plants 
may be, a lternating and three-phase cur rent s have been 
used fo r long-distance t ransmi ssion , and to an extent 
which is simply astounding. A noth er important factor in 
the electrical developm ent of th e_ coun't:ry has been t hat it 
contains two very p rogressive electrica l concerns-the 
Oerlikon Maschinen Fabrik, of Zurich , and Drown; Boveri 
& Com pany, of Baden , Switzerland . 

To o ffset the small numb er of ordi nary manufactur ing 
establi shments and th e resultant scarcity of freight service, 
there is the enormous touri st tra ffi c, wh ich is equaled by 
that in no o ther country in the world. Aml these tourists 
have money to spend- large amounts of it-and it is im­
material to them how m uch they have to pay for a short 
ride so long as they h ave an opportun ity to go where they 
wish. T hi s, however, is som ewhat counteracted by the 
fact that this t raffic extends over only about one-half of 
the yea r , as there is almost no t raffic du ring th e wi nter. 
Even if the fa re charged is 5 fra ncs for a 3-km trip o r r8 

long street rai l ways, which is explained by the fact that 
most of the cit ies are not very large and are crowded into 
valleys which are su r rounded by high and steep mo untains. 
The largest connected electric rai lwa y svstem is that of 
Geneva, and it is at the sam e time the· on.Iv one o n which 
a gage different from 1 111 is used, namely. i . ...J-...J-S -m ( or ...J- ft. 
8-½ ins.). All o ther S\\"iss electric railways have a gage of 1 

111. The older part of the Geneva railway, which has a total 
length o f 15.36 km, was operated in 1899 with hor ses, steam 
and electricity and has a 1 . ...J-...J-S -m gage. The new const ruc­
tion, wh ich was at once equipped electrically, has a 1-111 

gage and is 5.15 km in length. The next in exten t is that of 
Zurich, which belongs to the city and is 19.11 km in length ; 
10.91 km are operated elec trically , while the remainder was 
operated with horses ancl has a gage of I . ...J-...J-5 m. Thi s was 
at the close of 1899. and it is quite probable that electric it r 
has been introduced sin ce that time. · 

Besides th ese roads, th ere are three other lin es nea r Zu­
rich which have a total length of 10.99 km, so that the total 
Zurich railway system had a length nf 30. ro km at the close 
of 1899. 

Ifa sel has a system of street railways r r ••tr km in length, 



STREET RAILWAY JOURNAL. [VoL. XIX._ No. 23. 

Lausanne 13.91 km, and , besides th ese, there arc fiv e other 
cities hav ing ra ilway systems of from IO km to 11 km in 
length, ·w hil e all oth ers a re small er in extent. 

O ne remarkable feature about the Swiss street railways 
is the long life of th e franchi ses as compared with condi ­
tions prevalent in other E uropean countri es . Some of them 

POWER STATION ON THE KANDER FOR THE ~BURGDORF-THU N 
THREE PHASE RAILWAY 

extend to 1950 ancl a few even to 1975. In Germany, the 
longest time is fift y years. whil e in most cases, espec ially 
in large cities, it is considerably less. U nder such condi­
tions a sen sible financial plan, espec ially in regard to a 
sinking fund, can be carri ed into effe ct. 

The total length of all S\\'i ss tramways at the close of 
1899 amoun ted to 175.82 km, of which 154.18 km, or 88 
per cent, are operat ed electrically. T hi s is 
a large p ercentage for E uropean condi­
ti ons, espec ially in view of the fact that the 
figures \\'ere compil ed two yea rs ago, and 
the percentage is probabl y larger at the 
present time. 

Nearl y every road is singl e track, and 
onl v the two roads of Basel ancl Zurich, 
which arc 11 km and 19 km in length, r e­
spectively, have about one-half of the sys­
tem double-tracked (5 km and 10 km, re­
spectively). Geneva has only 8.7 km of 
double track on a system which is 20 km in 
leng th . 

Except perhaps for th e extensive use of 
turbines for the generatio n of electri city, 
the writer find s nothing which differs ma­
teriall y from current practice, unless it be 
the extensive telephone wire protec tion, as 
shown in the illustrations, and the three­
phase ra ilway at Lugano. 

TIIE ELECTRI C RACK ROAD ON 
THE GORNERGRAT 

the Gornergrat is 3020 m above the sea level. At the time 
o f its construction it was th e highest road in Europe. The 
following comparative table may be of interest: 

Height at 
UNITED STATES Starting Point 

Height at 
Terminal 
Station. 

P ike's Peak Railroad (Colorado) .......... 2,015 m 4,26o m 
SWIT7.ERLAND 

Vi tznau-Rigi road ....................... . 437 1,750 
Arth-Rigi road ......................... . 421 1,750 
Pi latus road ...................... ...... . 441 2,066 " 
l\'f ontc Generoso road .................... . 277 1,639 " 
\Vcngcrnalp road ............... ......... . 890 " 2,064 " 
Schynigeplattc road ..................... . 587 " 1,970 
Glyon-Naye road ........................ . 689 " 1,972 
Rothhorn roa d .......................... . 570 2,252 
Curn erg ra t road ...................... ... 1,607 " 3,020 

It goes almost without saying that the most difficult en­
gineering problem s had to be solved in the building of this 
road. As an ex ampl e the following may serve: The en­
tire roadbed was cut out of solid rock or is built on pro­
jec tions, and in driving a shaft only .35 m in depth for 
blasting purposes sometimes thirty chisels were broken. 
Tests show that the rock offered a resistance of 2070 kg 
per square centimeter. Th e work was normal up to a height 
of 2700 m, but when greater altitudes were reached the 
workmen could not work continuously owing to the so­
called ''mountain sickne~s ." During the two years of build­
ing a total of 2400 workmen were employed . T h e illustra­
tions show two portions of the road, one being a section of 
a tunnel and the other a place where the road passes along 
th e sid e of th e mountain . The smallest radius is 80 m: the 

A great many difficulti es had to be over­
com e before thi s interesting road was 
finally completed. In 1890 the franchis e 
was ~ranted, and onl y dunng the sun1mer T ran sformer Station and Appara tus 

~ Transformer Stati on with , \ utomatic 
Gen erator s in Station, Kander 

Motor and Trail Car, l\Iaking a Complete Train 
of 1896 ,vas th e work on th e road actuall y Circu it Breakers 

begun. The road starts at Zermatt at an 
elevation 1607 rn above the sea level, then 
passes over a 24-m iron bridge spanning a rivulet , 
and then by means of many double curves and a 
maximum grade of 20 per cent it ascends the "Gorner­
g rat.' ' The curves r epresent 30 per cent of the total 
length, which is 9.2 km. There are three intermediate 
stations, which are from 2.5 km to 3 km distant from each 
other. T h ese stations are located 1607 m, 1772 111 , 2213 m 
and 2585 111 above th e sea level, and th e terminal station on 

BURGDORF-THUN EQUIPMENT 

gage is 1 m. On a base having a width of 3.6 ma layer of 
broken stone to a depth of .3 m and a width of 3.2 m has 
been laid. The tunnels arc 3.8 111 wide and 4.5 m above the 
head of the rails .. To gain some idea as to the cost of trans­
porting material over the high altitudes without the use of 
railways, it might be stated that a cubic meter of building 
sand costs 62 francs at the lowest tunnel mouth. 

On this road Vignole, or T-rail, weighing 20.6 kg per 
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meter, 100 111111 high , 90 111111 width at base, 46 mm wi<lth of 
head an<l 8 111111 width of web was used. There is onl y one 
80-111 ra<lius curve, which simplifies th e construction. The 
rac k between the rails is of the Abt type and can sustain a 
pressure on the teeth of 6000 kg. As th e spee<l is only 7 
km pe1· hour, the outer rails at curves are not raised. 

The locomotive weig hs 10.5 tons an<l is equipped with 
two three-phase motors, each of 90-hp maximum at a speed 
o f 800 r. p. m . and 500 volts. Double-reduction gearing 
transmits the power of each motor independently to th e 
rack-driving wheel, the ratio being 1 : 12. Th e constant 
speed for the up and down trips is 7 km per hour. T he 
locomotive is equipped with two spindl e brakes, the one 
operating on th e left braking surfaces of the two rack­
driving wheels and th e other on the two right surfaces. 

to increase th e tractive weight of the locomotive, th e cars 
have a truck at one end onl y; the other end rests on the 
lucomot ive by means of exll'nsion sill s. A foll y loaded 
train weig hs 28 metric tons (locomotive, 10.5 tons; two 
cars, 9 .2 tons; 11 o persons, 8.3 tons; total, 28 tons). Such 
a train requires 180 hp , 90 hp for each motor. 

As the efficiencies of the moto rs arc 9 r per cent, th e trol­
ley line 85 per cent (average). the transformers 96 per cent, 
the feeder s 95 per cent (minimum) and the generators 92 
per cent , th e turbin e must furni sh 255 hp for each train. 
and for two trains running at one time 510 hp. 

The station is situated 2 km from th e 10\Yer terminal 
station an<l contai ns three units of 250 hp each, consisting 
of Girard high-pressure turbines with hori zontal shaft and 
a speed of 400 r. p. 111 clirect-connected to the three-phase 
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BURGDORF·THUN THREE-PHASE RAILWAY-TURNOUT AND OVERHEAD WIRING FOR THREE TRACKS 

There is also an electric brake, which is brought into play 
either by the motorman or automatically as soon as the 
7-km speed is exceeded. The locomotive has two running 
axles . The motors are of the asynchronous, three-phase 
type with wound armatures and collec tor rings, an<l are ar­
ranged for the insertion of a resistance into the armature 
circuit. They start under full load. The motors have six 
poles, and with 40 p. p. s. the speed is 800 r. p. m. There 
is a double set of bow trolleys, so as to avoid interruptions 
at switching points. 

The best brake is the three-phase motor it self, which at 
once acts as a generator during the descent as soon as the 
7-km speed is exceeded. In this way a considerable amount 
of current is sent back over the line. 

A closed passei1ger car holds sixty people, an open car 
fifty people, so that a max imum of I ro persons can be 
transported at one time. O n account of the simplicity, and 

generators by m eans of elasti c coupli ngs. There are also 
two direct-c urrent generators, which serve as exciters , 
driven by separate small turbines to re<luce the speed vari­
ations. T he twelve-pole revolvi ng magneti c field is made ot 
cast steel, and at 400 r. p. 111 . the number of periods is 40. 
Current is generated at 5400 volt s. 

Three feeder s lead to the tran sformers, located at 2 km, 5 
km and 8 km from the lower terminal. wh;ch are of 180 kw 
each, and which reduce the voltage from 5400 volts to 5-1-0 
volts. The trolley wires arc 8 111111 in diameter and are sus­
pended from cross-wires 25 111 in length. The rail s are 
joined by mean s of Chicago rai l-bonds a1h.l fo rm the third 
conductor. T he contact circuit is provided with air switches 
at all turnouts and station s. The one row of poles carries a 
telephone ci rcuit a long the entire distance. 

It took only four weeks' time to install all the electrical 
ancl hydraulic machinery, inclusive of the pr~ssure-pipe 
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lines, which is certainly a remarkable performance in view 
of the difficult conditions and great alti tudes . T he electrical 
station and line equipment was furni shed by Drown, Boveri 
& Company, of Baden, Switzerland. 

T he fa re charged is very high , as might be expected on 
such tourist roads, which only do business during a short 
period each year. A singl e trip of IO km costs 12 francs 
and an excursion ticket costs 18 fran cs. Five trips in each 
direction are made dai ly during the season. 

BURGD0RF-THUN ELECTRIC RAILWAY 
This road is the longest of the four Swiss three-phase 

rai lways, being 40 km in length, and was opened in July, 
1899. As this road has also been described in the STREET 
RAILWAY JOURNAL (December, 1899), a few of the main 
feat ures only will be mentioned. T he maximum g rade is 
2.5 per cent and th e gage is standard , i. e., 1.435 m . T he 
minimum radius is 250 111 . There arc fifteen stations , be­
ing a minimum distance of I .23 km and a max imum dis­
ta nce of 4.27 km apart. Thirty-six per cent of the entire 
length of the road is on curves. T he standard trains have 
a weight of 56 tons, but sometimes trains weighing 11 2 
tons are run . T he maximum peed is 36 km per hour. 

The water-power plant is on the Kander, IO km distant 
from the T hun encl of the roacl. T he voltage is 16,000, 
which is reduced to 750 volts for use on the line. 

From the Kander central station to Thun the high-ten­
sion wires are ca rri ed on built-up iron poles, which are 
from 45 m to 50 m apart and are set in concrek . 

T here arc fo urteen transformers, located at an average 
distance of 3 km apart, the maximum being 3.4 km and the 
minimnm 2.4 km. Each transformer is enclosed in an iron 
box cas ing and has a maximum capacity of 450 kw , which 
cor responds to th e load of a doubl e train . T he windings are 
connected in star fa shion . T he so-called horn lightning 
arresters arc used, having a spark distance of 18 mm. The 
wire leadi ng to the track also serves as an earth connection 
of the transformer casing. 

T he trolley wires are 8 111111 in diameter and are run in 
zigzag fashion, so that the bow-trolley contact wears evenly 
along its entire length . T he wires are suspended 5.2 m 
above the tracks ancl have a sag of 35 cm. so that the low­
est point is -1,.85 111 above the t racks except in the tunnels. 
.\ s the cars carry fo ur trolleys. one fo r each leg at each 
end o f the car. insulated sections can be introd uced at the 
overhead switches \\ithout interrupting the car circuit . 

T here are t wo two-axle locomotives , six four-axle motor 

RESISTANCE FOR MOTOR CARS, BURGDORF·THUN RAILWAY 

cars, seve11 trailers fo r passenger traffic, three combination 
mail and freight cars, with twenty scats for passengers, and 
several freigh t cars. T he locomotives are used principally 
for the transportation of freight . Their speed is 18 km 
per hour, which , by changing the gearing, can be increased 
to 36 km for the transportation of passengers. A t a speed 
of 18 km a locomotive can draw a load of IOo tons, in ad­
dition to its own weig ht , up a 2.5 per cent grade. At 36 
km 50 tons can be drawn. T he motor cars will seat sixty-
5ix persons, and can draw at a speed of 36 km a 20-ton 

trail er up a 2.5 per cent grade, the trailer seating an addi­
tional sixty to seventy people. 

A special form of bow-trolley frame, as shown in the en­
gravings, was adopted because each collector had to collect 
as high as 150 amps. The fram es are constructed of gas 
pipe, steel wires being used for diagonal braces. The con­
tact piece can be turned with ease and has a triangular 
shape ( Greek delta), one face of which always bears against 
the wire. T he !if e of the contact piece is about 4000 km. 

I 

CONTROLLE R FOR MOTOR CARS, BURGDORF·THUN RAILWAY 

The locomotive is equipped with two motors, 150 hp, 
750 volt s, 300 r. p . 111 ., one resistance, two controll ers, four 
covtact fr ames, 011 e 18 kw, 750-100 volt s tran sformer for 
lighti ng and h eati ng. one lig htning arrester, one air com­
pressor driven by a -1--hp 100-volt motor. two 500-amp 
ammeters and one complete switchboard. T he wheel base 
is 3 .14 111 , the leng th over all 7.8 m, diameter of clriving­
\Yhecls 1230 111111 , weight (empty) 29.6 tons, weight of elec­
trical equipment ro tons, weight of one motor 4 tons. 

T he motor cars have front and rear platforms. Each of 
the four axles is driven by a 60-hp 750-volt motor by means 
of gearing. T he Westinghouse air brake is dri ven by a 4-
hp 100-volt motor. receiving its current from a small 18-

RESISTANCE FOR TWO 90-HP MOTORS, GORNERGRAT RAILWAY 

kw 750 volt to IOo volt transformer which is located under 
the car. The same transformer also furnishes current for 
lighting and heating th e car. The wheel base of the truck 
is 2.2 m and the distance between the king-pins is 9.5 m. 
The mean duration of a maximum load on a transformer is 
about ten minutes . O n account of this small demand the 
transformers are built very light. At no load the energy 
loss of the transformers is 2.5 kw, the maximum drop of 
pressure IO per cent. At present only five trains are op­
erated on the line at any tims. 
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The cost of the electrical installation , exclusive of the 
central station, was as follows : 
Thirty-eight kilometer high-tension circuits from T lrnn 

to Burgdorf, inclusive of branch circuits to the four-
teen transformers ..................... .. ............ F. 140,000 

Trolley line and track r eturn, inclusive of 6-km double 
track at switches, including feeders, poles, insula tors, 
wires, switches, lightning protectors, and erection . . . . 350,000 

Fourteen 450-kw transformers, inclusive of small tran s-
former houses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160,000 

Station lighting and repair shops...................... . 20,000 
Electric equipment of rolling ~tock, i. e., six motor cars, 

two locomotives, lighting and heating of cars. . . . . . . . . . 235,000 
Reserve parts .................................... ; . . . 30,000 

Total ............................................... F.935,000 

The fare for the entire 40-km trip is 2.05 francs and 2.90 

francs (for two classes) and 3.30 franc s and 4.60 franc s, re­
spectively, for the excursion trip. 

The entire electrical equipment was furnished by Brown, 
Doveri & Company, of Baden, Switzerland. 

SKETCH SHOWING COURSE OF JUNGFRAU RAILWAY 

A ccidents due to the use of high-tension thr ee-phase and 
trolley three-phase currents have not been reported up to 
the present time, and it would appear as if the clanger on 
the high-tension circuits may be absolutely removed by 
the exercise of care. 

STANSSTAD-ENGELBERG ELECTRI C RAI LWAY 

This installation differs materially from the Gornergrat 
railway in having considerable freight traffic and also be­
cause of the entire length of. 22.3 km only r .5 km is rack 
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but no tunnels, as is the case on th e Gornerg rat railway. A s 
the track construction of the latter road has been minutely 
described it is not necessary to do so again in this case. 
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DIAGRAM SHOWING TUNNEL AT LAUTERBRUNNEN 

Mention should be made. however, of a roadway draw ­
bridge shown herewith which is only 2 ft. above the level 
of the roadbed and was necessary to keep the dust of the 
road out of the rack. The bridge is generally clown. and 
on ly when a train approac hes it is opened by hand. T his 
requires one minute. 
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THREE-PHASE LI NE, STANSSTAD-ENGELBERG; LIFTI NG BRIDGE FOR CROSSING OF 
HIGHWAY LIN E AND RACK RAILWAY 

CROSS SECTION OF TRACK ON SIDI~ 
OF MOUNTAIN, STANSSTAD-ENGELBERG 

construction. Some particulars of the Stansstad line 
were published in the STREET RAILWAY Jo u R.NAL for Jan­
uary, 1899, but the line has now been in operation for over 
three year s, ancl a brief review of its construct ion ancl pres­
ent methods of operation will be of interest. 

The road was begun in 1897 and has seve ral iron bridges 

The rails u sed are of the Vignole type, are ro.5 111 long, 
weigh 30 kg per m eter and are laid on metal t ies, th ere be­
ing eleven fo r each rail. The rack weig hs 52 lq; per m eter. 
The smallest radius is 50 111. 

The station co uld forl unately be located near the 1.5 km 
rack section , that is, near the point of greatest power con-
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sumption. In consequence most o f the current is generated 
at the same pressure as is used on the trolley wires, namely, 
750 volts, three-phase, and only for the last thi rd of the 
railway is the current transmitted at hig h potent ial (5300 
volts). T his is accomplished by three single-phase trans­
formers, each of 30-kw capacity. T he central station is 
situated 4.3 km from one end of the road and 18 km from 
the other. 

Water-power is the prime mover . Several sources of 
water supply a re broug ht together in a 1000 cu. 111 basin , 
and from the re are led th rough a 300-111111 pipe line 1634 
111 in length to the stat ion, when.: th is g reat fa ll is util­
ized. T here is room ;n the sta tion fo r three generators, 
each coupl ed directly to a turbine, the shafts being hori­
zontal. Each three-phase uni t has a capacity of 180 hp. 
Two macb ines were install ed at first. T heir speed is 650 
r. p . 111. , and each generator is excited by a small 12-hp ex­
citer. Great care has been exercised in devising means to 
keep the speed of th e turbi nes constant. 
Exciters an<l generators work in para ll el, 
and the several sets are connected to com­
mon bus-bars, one of which is connec ted 
to the rai ls, and to the uther two the trolley 
wires are connected through two-pole 
!--witches. 

T he two trolley wires are 7.5 111111 in 
diameter, a rc suspended 4 .5 111 h igh and 
are carried by poles 6 m in length . Uy 
means of section insulators the entire road 
is divided into fiv e sec tions, which may be 
fed independently. The T 1-km h igh-ten­
sion li ne consists of two 3.5-111111 wires, 
wh ich are carried by separate iron poles 8 
rn high . T he latter are plac ed 80 cm away 
from the tro lley poles and arc anchored 
to ward th e outside. At all streets, as well 
as telephone crossings, the hig h-tension 
wires are surrounded b_v a completely 
closed wire netting, as shown in the illu s­
trations. 

down hill along the I .5-km rack sec tion, which has a 25 per 
cent maximum g rade, at a speed of 5 km; al so to haul 
two 20-ton freight cars up a 5 per cent maximum grade on 
the ordinary t rack at a speed of 11. 5 km. Each is equipped 
with two th ree-phase motors, each of 75-hp capacity at 650 
r. p. 111. , and connected by separate gear-wheels having V­
shaped teeth to a common pinion . which 111 turn drives an 
auxiliary axle. I• rom thi s the motion is transferred by two 
symmetr ically arranged pinions to the gear -wheel dri ving 
ax le. T his latter is holluw and is sleeved around the crank 
axle, which transmits the motion to the axie of the ordinary 
driving-wheels. 

\Vhen on the rack section th e motors dr ive the gear­
wheel dri ving axle only, whil e th e adhes ion axles run idle 
and onl y serve as supports, while on th e ad hesion section, 
by a friction coupling, th e motors arc connected to the or­
dinary wheels and the gear-wh eel mechani sm runs idl e. In 
rnnn ing down grade the motors brake automati ca1ly by be-

rastenecl to the top of the pu les is a tele­
phone line wh ich runs along the entire 
road. lt consists of 2-111111 silicon bronze 
wire, and is transpo sed every 100 m so as 
to eliminate the induction of th e rai lway 
current. T he high-tension line is prutected 
by means of horn lightning arresters and 
the troll ey line by \ Vestinghouse arresters. 

Hig h-T en sion Switching ,\pparatus P ower Station Mou n tai n Curve , J ungfra u Rail way 
a t L a uterb runnen Exterior of Power Stat ion at Lauterbrunnen 

Interior P ower Stati on a t Lauterbrunnen 
T he roll ing stock consists of three loco­

motives and seven motor cars. T he latter 
are four-axle cars, q m long, we igh ing 14 tons, seating 
forty-six pe rsons and having baggage room in addit ion. 
T he forward truck carri es hvo three-phase motors , each of 
35 h p at 750 volt s and 480 r. p. m. , and each weighing 960 
kg. T hey are mounted on springs and have a single-re­
duction gear which runs in oil. The rear truck has a gear 
brake which is operated from the rear platform. T here is, 
furthermore, a hand shoe brake which operates on all eight 
wheels. 

The current is collected by two double bow troll eys which 
are mounted on spring supports on top of the car. T he 
maximum speed is 20 km per hour, which may be cut 
down by means of resistances . For lighting, the troll ey 
pressure is reduced to roo volts by a transformer located 
in the baggage room. For heating, there are fourteen heat­
ers, seven being connected in series between the troll ey 
wire and the rail. 

The locomoti ves are constructed to be able to draw a 
fu1ly loaded 15-ton motor car up h ill or brake it going 

VIEWS OF JUNGFRAU RAILWAY EQUIPMENT 

ing tu rned into generators as soon as the speed exceeds 
the normal by 4 per cent. 

A motor car is capable of drawing a trailer weighing IO 

tons (i. e., a total of 26 tons) up a 2.3 per cent grade at a 
speed of 20 km per hour. As soon as the grade reaches 
5 per cent the trail er is dropped . T he 16-ton car on such 
a grade requires from 80 hp to 90 hp. As soon as the car 
reaches th e rack section th e locomotive comes up from be­
hind, but is not coupled to it , so that independent braking 
is possible in case the car and locomoti ve should separate. 
T he power required to push the car up the 25 per cent 
grade is, for a total load of 26 tons and a speed of 5 km, 
about 150 hp . Aft er reaching the top the motor car con­
tinues alone un til the terminal station is reached. In going 
down hill th e locomoti ve and motor car, having a total 
'"'eight of 28 tons, send about 75 hp back into the line. The 
efficiency of the generators and turbines in the power house 
is 65.2 per cent when the load is normal and 69.2 per cent 
at a max imum load, which is a verv creditable showing. 
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During the height of the season, ten to eleven trains 
are run daily. The fare for a single trip is 2.25 francs and 
4.25 francs (two classes) and 3.70 francs and 7 francs for 
a return trip, the distance being 22.3 km. The dectrical in­
stallation was furnished by Brown, Boveri & Company, of 
Baden, Switzerland. 

THE JUNGFRAU MOUNTAIN RAILWAY 

A third and highly interesting mountain rack railway 
operated by three-phase current is the Jungfrau railway. 
This road has also been briefly described in these pages, 
hut further particulars are of interest. The road has its 
starting point at the "Kleine Scheidegg," situated 2064 m 
above the sea level, and runs along the edge of the moun-

B 1- L ig htning arrest er. 
M , M2- Motors for locom ot ive. 
Ma- Motor fo r air blast. 
LT ,- Main swi t ches. 
U2- Switches for air-blast m otor. 

A1 A,,--Amper e m eter and res istance. 
A.-A mp ere m et er fo r air-blast m otor. 
GE- Direct-conn ect ed m otor. 
\ V- Resis tance for the motors on loco motive. 
V- Voltmeter a nd r es is ta nce. 

~·tn'd Jfoil w~,v Jull1'llf/:. 

R N-Resist an ce fo r fi eld of direc t -conn ec ted m otor. 
B- F uses. 
CS- Method of contact. 

DIAGRAM OF CONNECTIONS FOR JUNGFRAU LOCOMOTIVE 

tain 2.0 15 km, including an 87-m tunnel. It will then 
traverse a ro.185-km tunnel ( 2 km of which has been com­
pleted ), at the encl of which the line will terminate , reaching 
an altitude of 40<.J3 m. A ft er leaving the train, passengers 
will be elevated through a distance of 73 111 hy means o f a 
lift up to the summit of the mountain, 4106 111 above the sea 
level. The grade will be 25 per cent along the entire road, 
with the exception of a 3.50-km section, which will be a 
G7 per cent grade. There are three branches to the 10.815-

km main tunnel, which will terminate in the open ai r ,always 
at intermediate stations, in order to give the travelers an 
opportunity to get a view o f the wonderful scenery. 

The construction of the tun11el is very interesting from 
an eng ineering standpoint, but would consume too much 
space to describe in detail in thi s articl e. It is interesti ng, 
however, to note that during the construct ion of the tunnel 
three-phase current is used for tract ion an<l t>owc-r pur­
poses to quite an extent. T he motors receive the current 
direct from the trolley line, which carries 550 volts and 
which always follows the workmen . f< ifteen, 20 and 30 
hp three-phase continuous-current transform ers are used 
for rock drills and a 12-hp three-phase motor fo r a venti­
lator. T here is also a 550-volt to 200-volt transformer 
for heating purposes, furni shing current fo r the snow 
melter. The tunnel is 3.7 111 in width, is 4.35 m in height 
and has a cross section of 14.6 sq. m. 

Great care is taken in the construction of the roadbed 
and the laying of th e rails, because repairs at such altitudes 
and in a tunnel are very costly. 

Vignole T-rails 10.5 m in length , 100 mm high, 90 mm 
wide at the base , 46 mm wide at the head and weig hing 
20.6 kg per meter are employed. The rails are laid on pri s­
matically shaped ti es weighing 37 kg and closed at the two 
ends. They are 1 .80 m long and are .5 m apart at the rail­
joints and I m apart at other places. The gage is I m, but 
is 2 mm more at 150-111 and 200-m curves and 4 mm more 
at the 100-m curves. 

The Strub rack system has a broad surface at the top, 
which may be embraced by a clamp fast ened to the car fo r 
braking purposes. The rack weighs 34 kg per meter . The 
complete superstructure weighs 125 kg per meter. The 
smallest radius in th e open air is 100 m, in the tunnel 200 
m and at switching points 80 m. 

The power station at Lauterbrunnen covers an area of 
617 sq. m. The turbine installation may be divided into 
three groups: The first consists of two Girard dou ble tur­
bines with the following data : 

Fall, 35 m. 
Quantity of water, 1430 liters per second. 
Capacity, 500 hp. 
Revolutions, 380. 

Each turbine has a fly-wh eel weighing 6000 kg and hav­
ing a peripheral speed of 40 m. The second group consists 
of two horizontal radial turbines with the foll owing data : 

Fall , 35 m. 
Quanti ty of water, 71 liter s per second. 
Capacity, 25 hp. 
Revolutions, 700. 

The third group consists of two Francis turbines : 
Fall, 32.5 m. 
Quantity of water , 2640 liters per second. 
Capacity, 800 hp. 
Revolution s, 380. 

The turbines are connected to the generators by means 
of special couplii:gs. They consist of two plates conn ected 
together by means of an elastic coupling in such a way 
that small variations in the location of turbine and genera­
tor shafts are equalized without di sturbing the smooth op­
eration in an y way. Furthermore, thi s coupling serves as 
a good insulation between turbine and generator, which is 
very desirable in this mountainous country, where thunde r­
storms arc so frequ ent. 

There are three gr~ups of generators, namely, two of 500 
hp, two of 25 hp , direct current , and three of 800 hp. The 
alternating-current machines are of th e indu ctor type, have 
stationary windings and rotating magnetic fie lds, which 
consist of a rotating cast-steel cylinder with two rings, each 
carrying six poles. A t 380 r. p . m. the generators furni sh 
7000 volts at 38 p. p . s. At normal speed and load the 
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generators have an efficiency of about 94 per cent, inclusive 
of the excitation, the load being a non-inductive resistance. 
The drop in pressure at uni fo rm speed and excitation from 
no load to full load is: 

\Vith cos. <P = r.o ............................ 10 per cent. 
\Vi th cos. <P =-= o.8 ... . ........................ 20 per cent. 

In order to reta in the pressure at 7000 volts with uni­
form speed the excitation must be increased 20 per cent 
between no load and a non-conductive full load, and if the 
latter consists of an in ductive resi stance ( cos <P= o.8) the 
excitation must be raised 50 per cent of the maximum ex­
citation. 

For lighting the station the pressure is tra nsformed from 
7000 volts to 86 volts. O ne vi ll age is lighted by m eans of 
the current generated at this station. The resistance seen in 
front of the switchboard in the illustration serves fo r h eat­
ing the station . 

Outside of the tunnel the high-tension feeders are sup­
ported by 12-m ·wooden poles 30 m apart, which also carry 
the testing and signal wires. T he poles are emb edded in 
concrete to a depth of fro m 1½ 111 to 2 m . T he circuit con­
sists of three 7.5 mm hard-drawn copper wi res, which are 
suspended on triple-pett icoat porcelain insulators. A long 
the first portion of the tunnel th e insulators arc a rranged 
as shown in the illustration, being cemented into the tunnel 
wall. After the 2.88 km point is reached the wires are car-
r ied in a cable. _ 

At all stations two transformers are located, reducing the 
pressure from 7000 volts to 500 volts. T h e three iron cores 
arranged concentrically over the primary and secondary 
coi ls are placed in a vertical position next to each other 
and are covered on top and bottom by plates of laminated 
iron. T he loss at full and overload is 3 per cent. The pri­
marv coil s and secondary coils are each connected in 
par;llel. Another transformer, reducing the pressure from 
7000 volts to 200 volts, is used for lighting purposes. 

The troll ey wires, of hard-drawn copper, are 9 mm in 
diameter and are suspended on 6 111111 steel wires 4 m above 
the top of the rail s. In the tunnel the steel wi res are ca rri ed 
on insulators which are attach ed to insulators cemented 
into the tun nel wall. T he rails serve as conductors fo r one 
phase, and are therefore connected by 7-mm rail-bonds 
and cross-conn ected every 90 111. 

The rolling stock consists of five locomotives, ten pas­
senger cars and two freight cars. The locomotive in reality 
fo rms the rear truck of the motor car , bu t can al so be used 
without the latter. The sill s of the motor car are extended 
to the center of the locomotive, where they are suspended 
by springs on spring support s. 

Three independent brak es insure safety during the car's 
descent. There is, furth ermore, a device fast ened to the 
upper running axle which can be made to grip the upper 
portion of the rack, which is designed expressly for this 
purpose, and the gear-wheel is thus prevented from leaving 
the teeth of the rack. 

Two of the brakes are ordinary spmdle shoe brakes and 
one is an automatic speed brake, which is operated by 
mean s of a centrifugal device. If the hand brakes are ap­
plied fo r a considerable distance the shoes are cooled by 
means of water. The diagram plainly shows the method of 
connections, which will be referred to later. The locomotive 
is equipped with two six-pole three-pha~e motors , which, at 
a pressure of from 450 volts to 550 volts at 750 r. p. m. 
and 38 periods, have a normal capacity of 120 hp each. 
T h e motor casing is of cast iron. The weight of the motor 
is 2100 kg. After three hours ' running the temperature of 
no part of th e motor exceeds 25 <legs. C. 

The no-load current for each motor at 500 volts is 25 
amps, the no-load watt consumption is 4200 watts. At 120 
hp, th e efficiency is 92 per cent and the slip 1.5 per cent. 

Th e maximum current, i.e., at short circuit at 500 volts, is 
800 amps. This gives a max imum torque of 360 kg per me­
ter. The fi eld and armature windings are connected in star 
fashion. T h e two ends of the rotating winding are con­
nected to two collector rings, while the third end is con­
nected directly t~ the iron wheels and thus to the rails. The 
current is collected from the rings by m eans of carbon 
brushes. The main dimensions of the motor are as follows: 
D iameter of core, 6oo 111111; air di stance, 1.2 mm; thickness 
of iron, 240 mm; outer diameter of iron, 870 mm. The mo­
tors transmit their power by means of a gear-wheel with 
inclined teeth to an inten~1ediate gear having a diameter 
of 1058 mm. The second transmission begins here, so that 
the total ratio becomes 1: 12.66 and gives the locomotive 
a normal speed of 7.7 km. 

To the fo rward motor is coupled a continuous-current 
six-pole dynamo, which generates 150 amps and 25 volts at 
a speed of 700 r. p. m. This serves for the excitation of the 
motors during the descent, thus turning the motors into 
generators. 

T he resistances are divided for each motor and each 
phase into eight sections, which a're connected to the eight 
segm ents on the controll er. They have a total weight of 
138 kg. To cool the coil s, a small three-phase current mo­
tor driving a ventilator displacing 60 cu. 111. of air per min­
ute has been install ed. This motor can be connected either 
to the trolley line direct or to the induced current in the 
motor, which has a pressure of about 200 volt s. 

T here a re two types of passenger cars, one which has but 
a sing le truck at one end, while the oth er end rests on the 
locomotive, and the other type equipped with two axles 
like ordinary motor cars. Strange to say, the former type 
is termed "motor car" in Switzerland, while the latter is· 
called "trailer," although the fqrm er is a most helpless 
vehicle without the locomotive. The locomotive is always 
at th e lower encl o( the train. The make-up of a train is 
usually a locomotive, a motor ca r and a trailer, seating ::t 

total of eig hty passengers. 
Each freight car weighs 2.6 tons and can transport a load 

of 8 tons. Its loading surface is 4 m x 2 111 = 8 sq. m and 
th e wheel base is 2.2 111 . The cars are spec ially equipped 
for the transportation of long logs. 

O n account of its high altitude, there are but few days on 
which the summit presents a clear view of the surrounding 
countrv, which alone tempts the tourists to use the road. 
The tr-affic is therefore concentrated in a very short time 
when the rush is very great. At thi s time eight trains are 
nm every clay. A special sliding contact is used which does 
not have to be reversed at the encl of the trip and which is 
concaved to g ive a broad surface of contact. The electrical 
equipment was furni shed by the Oerlikon Company, of 
Zurich, with the exception of two of the locomotives, which 
were supplied by Brown, Boveri & Co. The illustrations 
published are those of Oerliken locomotives. 

FRANCE 
The electric railwav industry began to make rapid strides 

in France in 1896. For the information contained in this 
series of articl es, so far as it relates to European countries 
outside of Germany, the writer has been dependent on 
statistics and communications from the railway companies 
themselves or the builders of the roads. 

Very complete statistics regarding French street rail­
wavs fortunately appeared in France a short time ago, and 
we~e prepared by the secretary of the French Street Rail­
way Association, who presents in his preface many inter­
esting facts r egarding French railways, and which are 
equally applicable to the conditions prevalent i~ other 
countri es. The French law of 1880 carefully classified all 
transportation systems for purposes of regulation and de-
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fin ed th e attitude of the government toward th em. T h e 
term tramways is here tt sed officially to desig nate not onl y 
street railways, but also certain classes of interurban steam 
railroads which connect small cities and villages and tra v­
erse territory which is not inhabited. Up to the end of 
1900, 4223 km of such lines had been authorized. O f thi s 
number, the latter class of steam roads represented 2488 
km of the total, while the actual city street railways were 
only 1735 km in length. 

MULTIPLE UNIT TRAIN ON THE WESTERN RAILWAY OF FRANCE 

In 1886 mechanical traction fo r tramways was not m en­
tioned in th e statistics. In 1887, of th e total 720 km of rail ­
ways, 158 km were operated by steam. In 1890 th e first 
elec tric road was put in operation. It extended from 
Montferrancl to R oyat, was 7 km in length and cost th e 
enormous sum of 293,000 fran cs per kilometer. In 1893 
the second electric road, from L yon to Sainte Foy, was put 
in operation with not quite 3 km of track . Ii1 th e sam e 
year another 5-km road received a fran chise . In 1895 a 
25-km electric road was put in operation, and in ad<lition 
five small er roads, making a total o f 3-1- km in length. Since 
then the progress has been so rapid that th e writer mu st 
refer to the tabl e below. ,Yhich gives the stat e of th e in­
dustry up to the close of 1900, 

Referrin g to th e table, it should be stat ed that , legall y. 
the tramways are sttbdivicl ed into several groups. which 
must be referred to, becau se th e present stati stic s arc ar­
ranged on this basis: (A) tramways for passengers and 
freight , with and without th e state"s guarantee; (B) tram­
ways for passengers, baggage and parcels express; (C) 
tramways for passengers onl y. According to German and 
A merican meth ods of nomenclature, th e first and a good 
part o f the second class of roads would not be termed 
tramways in any sense. To make the table complete, how­
ever, all varieties of roads are enumerat ed under their re­
spective classes. 

Th e table shows that a t the close of 1900 there \\"ere but 
very few horse car lines remaining, namely, onl y 5 per cent 
of the total length, while elec tri c roads represent about 
one-qu arter of all the tramways . The elect ric roads are of 
many types, inclu<ling trolley, conduit , contact-button and 
accumulators, and the last three systems arc in more ex­
tended use in France than any other European country. 
Every possible obstacle has been placed in the way of th e 
trolley, th e argument being a desire to preserve the beauty 
of the streets and insure safety. For thi s rcasn11 , probably, 
elec tric roads have not made such rapid strides in France 

as in Germany. We find only 788 km of roads on whi ch 
electri ci ty is th e onl y motive power . O n 61 I km electr ic ity, 
steam and horses arc used in conjunction. T he "all -

LENGTII I N KILOMETERS OF FREN CH TRAMW .\ YS 

C LAS, A CLASS C 
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Ill 
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Q ~ t.~ E 
- ---- --

Horses .... . , , . , .. .. ·· ··· ' 3 3 9 r33 133 145 
- - - - -

Steam ...... .. , .... ... .... 1,965 393 2,358 60 17 17 2, 735 
" Serpellot. . . . . . . . . . . . · 1 I J I 1 I I 

" stored....... ... . ... . . . 5 5 5 
" smokeless...... ..... 58 3 61 61 

Compressed air. ... . ' 45 22 22 67 
E lectrical : trolley ...... . . , I r3 l I 3 r54 495 495 762 

" accumulators , . , 4 4 4 
Steam and horses ... ....... 52 .'i 5; 57 
Compressed air and steam. , 40 40 <JCJ 

Troll ey and steam ... ... .... 31 31' 31 
" " " (smokeless) 35 35 35 

" horses ..... . ... 39 3 39 

El:i;~-~~~t~~: .:.I~~~~ .a.~~ , 32 32 
Electric system : Diatto and 

trolley ...... ... ........ . , 5 JO IO 15 
Electric system : V edovelli 

and troll ey . , .... .... . , . . 7 7 
Steam (smokelessJ, acrnm-1 

ulator and trolley ...... .. 29 29 
Electric conduit (caui-} 

veau ) ... ........ ... .. 8.:i 45 130 130 
Trolley and horses ...... . 

I Steam, with and without} 
smoke, accumulators I 95 95 95 '' 

I and trolley .. .. .... ... . 
Horses, steam (Rowan,} 

Serpel!ot, Purrey), com- 220 220 220 
pressed air, accumul'rs 

Cable roads ... .... ... .... 2 2 3 

Total. . .. ............ 2,075 574 2,649 34r 4r2 821 1, 233 4,223 

electri c"' roads probably represent about 1100 km at th e 
close of 1900. 

O f all systems, the trolley is most ex tensively used; tlwre 

PARIS ORLEANS RAILWAY, SECTI ON OF THE QUAI _D'ORSAY LINE 

being roo roads in forty-eight departments, The con­
duit (cauivea u in France) is used by five roads, the surface­
contact system (Diatto. Claret and \ ' edovelli ) on eight , ac­
cumulators on six , compressed air on seven , steam 0 11 

eighty-six and horses on twel ve. 
Mr. l'ustcr remark s in hi s report that one result of th is 

policy has been that when th e trolley had finall y to come 
in the va rious cities t!I e roa<ls were in large part equipped 
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by foreign companies, who establi shed agencies in France 
for this purpose. 

W hat French managers themselves think about the ad­
vantages of electricity for railway service may be gathered 
from a speech by the president of the Fren::h Street Rail­
way Association at a recent banquet of the International 
S treet Railway Association. He said: ''The prog ress of 
th e electric railway is the best means of ameliorating the 
miserable situa tion within the interior of cities caused by 
the growing number~ of indu strial workers who have to 
find their homes near their place of work . The concentra­
tion of population in large cities, which has been a charac­
teristic of recent years, has been produced largely by the 
steam railroads, whose influence on population has been 
centri petal in it s results ; but th e modern street railway has 
a centrifugal effec t, and its ex tension will enormously re­
duce the g reat clanger of congestion within cities." 

R ega rding F rench street railway financ es, Mr. F uster 
also presents some instructive figures, which arr no t g iven 

.,;. . ,;;. 

J 

Mr. Fuster regards this enormously high coeffici ent as 
very serious, believing that it shows either that the operating 
costs during 1900 were too high or that the recent regula­
tions imposed on the raiiway companies by the government 
in r egard to a prescribed minimum pay and maximum hours 
of labor for employees are too stringent. The latter is a 
more probable cause. The net profits during the Exposi­
tion year (1900) of the Paris roads was on the average not 
more than 9000 francs per kilometer. The dividends paid 
on the invested capita l were as follows: 

18!J0- 18nn moo 
Class B . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 pe r cent. .9 per cent. 
Class C-Seine Department. . .... . ... 3.7 " 4.9 " 

" " Othe r provinces............ 5.8 4.0 
" " Total . . . . . . . . . . . . . . . . . . . . . . 4.8 4.3 

Class B and Class C together.. . . . . . . . 4 4 3.6 

Of the twe nty-one of the largest roads in France, the 
stock of only six ,vas qu oted above par on the Exchange 
on June 30, 1900. They were roads whose gross re­
ceipts were equal to from 23 per cent to 46 per cent of their 

~· "'---,,.,.,. 
y ....... '"""I,.,..,.,.,....,._'\; ,..,.,,, :..,;......,___,..,.. .. , "'"";;;,'. 
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TERM INAL STATION OF TOULON LI NE 

here because they relate to all t ramways and the elec tri c 
earnings are not separated from the others. But the con­
cl usion may be derived from them that the financial results 
of the street railways in France have not been encouraging 
and the net return has been below the legal interest rat e. 
Th e fo llowing table shows th e percentages of operating 
expenses to receipts of the division C, that is, of the actual 
street railways: 

PER CENT OPERATI ' G EXPENSES TO RECEIPTS OF FRENCH 
TRAMWAYS 

V~AR 

1890 ................ . .... . 
1891 ................ . .... . 
1892 .................... . 
1893 .. ..... ......... ..... . 
1894 .. ........ . ... . ..... . . 
1895 .................... . 
1896 .................... . 
1897 . .. . ................. . 
1.898 ..... ...... ....... . . . 
1899 ......... . ........... . 
190.J ..................... . 

Seine Depa, t ment , 
I ncl ud ing Pa ris 

90 
92 
96 
96 
90 
91 
89 
89 
88 
76 
80 

O th er 
Prov .nces 

73 
77-5 
80 
80 
79 
75 
72 
jO 

69 
69 
73 

Grand 
A ve rage 

83 
l:i6 
90 
90 
85.5 
84 
82 
8c 
80 
73 
77 

capital stock. According to F uster, the cause of thi s con­
dition is the rapacity of the municipalities, who no sooner 
secure one concession than they demand another, and the 
un fortunate wording of th e French law, which puts these 
operating companies practically at the mercy of the local 
authorities. A few instances will suffice. The property of 
any street railway company in France can be condemned 
and purchased by th e local authorities if authorized by 
popular vote. No company can refus e to build an exten­
sion to it s system should the same be desired by the au­
thorities, even if the company proves that such a line would 
be unprofitable. A number of roads have been compelled 
to erect their own power stations, although they could pur­
chase current more reasonably elsewhere, solely that the 
station would revert to the city free of cost after the expira­
tion of the franchise. When a street was to be widened the 
railway company was ordered to build a line through it, so 
that the company should pay all or most of the cost of the 
proposed improvement. 

This extortion is not confined to the cities, but is prac­
ticed by the state as well. It obliges the companies to give 
free transportation to its postal and teleg~aph officials, as 
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well as to soldiers, and the condition has actually been 
reached where all French telephone lines and return cir­
cuits are built at the expense of the street railway com­
panies. A street railway, on the other hand, unlike a mer­
chant, cannot re-establish its equilibrium after a deficit has 
been discovered by raising prices, so that, while nothing 
can be done to increase the income, more severe conditions 
are being constantly imposed. The payment to the state 
includes the ordinary taxes, as on real estate, doors and 
windows, patent taxes, rental for the use of streets, ticket 
and stamp boxes. Furthermore, the company.defrays part 
of the expenses for the maintenance of the highways and 
pays for the tel ephone return circuits out of its own treas­
ury, although these would be required whether the railway 
existed or not, on account of the oth er electrical circuits 
which are being constantly erected. To the citi es the com­
pany must pay a percentage of the gross receipts and a 
graduated p ercentage of th e net profits. The cities fre­
quentiy designate the materials to be used for construction 
and repairs. Then there is the free transportation of offi ­
cial employees, which are very numerous in France , some­
times the free lighting of the streets and always th e main­
tenance of street pavements. For example: The largest 
company of Paris, the Cie Generale des O mnibus de Paris 
(cars and omnibuses), paid in 1899 for each of it s 34,000 
shares 162 francs to the state and city before the stock­
holders received a dividend. The other imposts amounted 
to I .8 centimes per passenger, or 10 p er cent of the gross 
receipts, which amounted to I .2 francs per car i-:ilometer. 
Very "constant,'' l\fr. Fuster calls one city, which also 
demands 6 per cent to 7 p~r cent of th e gross receipts, bul 

PARIS-ORLEANS ROAD-LOCOMOTIVE WHICH HAULS TRAINS FOR 
A DISTANCE OF 3.8 KM FROM THE QUAI D' ORSAY 

TO THE CENTER OF THE CITY 

is willing to wait for payment until the dividend reaches 
the same amount. 

Recently a number of cities governed by Socialists have 
presc ribed to th e railway companies a max imum ,-vorking 
day o f ten hours , minimum wages of 5 francs and a pay-' 
ment of an additional 6 per cent of the wages into the em­
ployees' insurance fund. This has increased the expenses 
of a prominent Paris street railway 30 per cent. 

The conditions here described naturall y undermine the 
financial foundations of street railways, so that the latter 
are forced to look for some means to relieve oppression 

rather than to improve traffic facilities. The writer has 
entered rather minutely into these conditions because they 
apply not only to France, but more or less to all of Europe. 

In France, as in other countries, the most interesting 
electri c railways are to be found in the capital. The situa­
tion in Paris is well desc ribed in a report by City E ngineer 
Kortz, of Vienna, from which th e fo llowing facts are taken: 

A large part of the traffic of Paris is cared for by omni­
buses and the remainder by the tramways. The Paris omni -

MULTIPLE UNIT TRAIN ON THE NEW FRENCH WESTERN RAILWAY 
., BETWEEN PARIS AND VERSAILLES 

bus continues to flouri sh because the government will not 
permit trolley lines within the city limits, and imposes 
financial and other conditions that serve to prohibit the 
building of electric lines . In the suburbs, a com pl ete net­
work. of troll eys has been establi shed, and on ly on the 
most frequented streets o f Paris are there conduit and ac­
cumulator cars, because 1t is onl y on such thoroughfares 
that the patronage will support them. 

There is a working agreement between th e 100 lines of 
omnibuses and tramways, although they belong to dif­
ferent companies. The rat e of far e within the city limits is 
uniformly 15 cents on the top of the bu s or car, and 30 
cents withm the cars or on platforms, with the privilege of 
a single transfer ticket. The routes are arranged so that 
a single transfer will enable a passenger t,1 travel from any 
point in the city to any oth er at a maxi mum fare of 30 
cent s. 

One of th e largest concerns is th e Cornpagnie Ge nerale 
des Omnibus, which operates eighty-one lines-forty-five 
omnibus and thirty-six tramway routes. T he railway sys­
tem includes 244 km of t rack , and the omnibus routes are 
305 km in length. 

The onmibu,; traffic of Paris has been very thoroughly 
d-:-vc loped, espec ially alcin~ those thoroughfares from the 
1\ bdelaine to the l'lace de la Republique, where no street 
railways have licen built. Herc traffic start s at 7 a. m. 
and lasts until 12 :30 a. 111. , and the headway between 
buses is from three to ten minutes. Between the hours 
of 8 a. m . and 9 a. 111 . and 6 p. 111. and 7 p. 111. there is much 
crowding at the terminal and transfer station s, and fr e­
quently 100 persons wait patiently half an hour for seats. 
In order to avoid confusion, the passengers, as they arrive 
at these depots, are given cards bearin g numbers (differ­
ently colored cards being used for each fo1e), and when a 
number is called by the conductor th e pe,·son holding the 
card bearing it will be assigned to a seat. O nly as many 
numbers are call ed as th ere are empty seats in the bus. 
Persons who have transfer tickets are 8ssigned seats in 
like manner. A regulation compels each car and bus to 
start from the terminal stations with at least four empty 
scats. thus leaving a few seat s for passengers who intend 
to board the vehicle at oth er points on the route. The 
new buses hold fortv pe1·sons, sixteen in side and twenty 
on to p and four on the rea r platform . 
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T h e trannyays of Paris represent probably th e g reatest 
vari ety in design and equipment to be fo und in any city 
of the world . There are a large numb ';:' r of horse cars , 
many ordinary steam locom otives, steam wagons o f Ro­
wan, the Serpollet autom obile system , the firel ess locom o­
tive of Lamm-Frang, the compressed-ai r loco moti ve of 
Mekarski , electric accumulator cars, overh ead trolley 
cars, the underg ro und conduit and t he surfac e contact 
system s, and , finally , the elec tric cable dr ive , The horse 
cars a1·e now being super seded by electric car s. 

Overhead trolley lines are only permitted out side the 
city limits at present. and th e 1·egulati ons are very strin­
gent. T he gage must be I -4-1- m ; the width of the vehicle 
m ust not exceed 2 111, and the max imum height above rails 
must no t be more than -t- -6 m . O n double-track lines , the 

proved by the city. vVhere there ar e seats on top of the car 
a roof and a glass front must be provided to protect the 
passengers from the elements. 

The company is required to pay each year a certain tax, 
or inspection fee, for the maintenance ot the department 
which supervi ses the transportation faciliti es of the city. 
For the privileg e of erecting waiting rooms at the terminal 
station the company pays 30 cent s per car. No r ental for 
the use of the streets is m entio ned , but many regulations 
regardin g the treatment of employees are in force; for in­
stance, each employee receives t en days ' vacation each 
year with £nil pay, and when per fo rming periodical mi li­
tary duties he is paid by the company the same as if he 
were attending to business . 

The foll owing-named companies handle the principal 

-

PARIS-ORLEANS ROAD-SUB-STATION AT AUSTERLITZ 

space bdween two passing cars must be at least 50 cm. 
T he pavement between t rac ks must consist of stone or 
,rood , with concrete fou ndation 15 cm in th ickness and ex­
tendi ng· oo cm out side of the tracks. The street m ust also be 
paved between the t,Yo sets of tracks and 55 cm outside of 
th e out c1· rail. In laying rail s, provision mu st l•e m ade to 
allow a space of 2.6 111 between the cars and the sidew<ilks 
fo r the convenience of other vehicles wishing to turn out, 

The railway company m aintains and cleans the pave­
ment betw<:'en the tracks and 55 'cm on each side of the outer 
ra il. 

Mechanically propelled trains are limit ed ta' two cars, 
and thei r length must no t exceed 25 111. The speed is 
limited to 2 0 km per hour, and at street crossings this must 
be reduced to 16 km , Everv train contai!1 s twice as manv 
second-class seats as first-ciass. The cars are heated i;, 
winter, and the apparatus for this purpose must be ap-

traffic of Pari s and vicinity: Compag 11ie Generale des 
O mnibus, operating 124 km: Compagnil'. d es Tramways 
de Paris et du Departement de la Seine, operating 112 km, 
82 km o f which belong to the company; Compagnie Gen­
erale Parisienne des Tramways. 85 km ; Compagnie des 
Tramways de !'Est Parisien. 136 km; Ccmpagnie des 
Chem ins de fer N ogentai s, 52 km ; Cornpagnie Electrique 
des Tramways de la Rive Gauche de Paris, 43 km. Sev­
eral smaller roads are also operated. There are eleven 
companies operating seventy-seven lines, fifty-th ree of 
which have m echanical equipment. 

The Compagnie des Tramways de l'Est Parisien uses the 
overhead trolley out side of city limits and tlie Diatto surface­
contact system within the city . The same arrangement 
has been adopted by the Compagnie Electrique des Tram­
,vays de la Rive Gauche de Paris, The conta.ct systems, 
however, do not appear to be reliable. The button which 
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should drop down and open the circuit after a car passes 
sometimes becomes stuck and remains electrified; in this 
way many horses have been killed. Another serious objec­
tion is the fact that the pavement around the buttons wears 
away after a while and the protruding buttons greatly 
impede ordinary traffic. . 

Compressed-air cars are being rapidly replaced by elec­
tric equipments. Electric accumulator cars are generally 
equipped with rapid-charging batteries. The charging is 
accomplished at the terminal stations after each trip and 
requires from nine minutes to twelve minutes. In order to 
avoid the objectionable odors penetrating the interior of 
the cars, and to prevent the spilling of the acid on the car 
floors, experiments are being made with the view of en­
tirely enclosing the batteries while in service. Along the 
sides of the car g lass windows have been placed in front of 
the battery compartment, and th e batteri es m:i.y thus be 
observed at any time. The accumulator cars are: equipped 
with the \\T estinghouse automatic air brake. The com­
pressed air is carried in a reservoir on th t car The over-

VIEW IN .CAB ON WESTERN RAILWAY OF FR.ANCE . 
head and underground trolley cars an: equipped with 
electromagnetic and hand brakes. Generally, one trailer 
is a ttached to each motor car, but the compressed-air cars 
running between Lonore and Versailles and Lonore and 
St. Cloud often have three or four trailf rs attached, so 
that one train has carrying capacity for 200 persons. 

The Paris passenger cars are usually heated by means 
of hot water bottles, which are replenished at the terminal 
stations. The Compagnie Generale de~ Omnibus has 
heated all its horse ca rs and trailers since 1898 by means 
of the Fabre slowly burning coal briquettes. These are 
placed in sheet-metal boxes which are so arranged that 
air is freely admitted and gases are emittc-d through aper­
tures in the car body to the outer air. The Rowan and Ser­
pollet cars are heated by means of exhaust steam. O n the 
St. Germain road the cars are heated by means of ther­
mophor. The Compagnie Generale Parisie1'ne des Tram­
,vays heats its cars by circulating hot wetter through U­
shaped vessels, arranged under the car floor, the water be­
ing heated by a small stove carried under the platfor m. 
This system has been in successful operati,)11 since 1897. 
T he horse cars are g-enernlly lighted by petroleum lamps; 

the Serpollet automobiles and trailer s use electrici ty sup­
plied by a small storage battery beneath 1.he steps and the 
rorward platform of the trailer. 

During the Paris Exposition 197 km of new 10ads were 
projected, and a part of these are now in operation . Cars 
on these lines must be operated by mechanical means, bnt 
compressed ai r is forb idden within the city limits. T he 
underrunning trolley system has been adopted. The con­
creted conduit is not always built directly under the car, 
however ; by placing it at switches between the lines very 
wide conduit openings are avoided. This necessitates the 
use of a shi fti ng contact-shoe on the motor car. 

Engineer Broca, the director of one of the hrgest sys­
tems, declares that, with the exception of the overhead 
trolley system, which is forbidd en within Paris, the storage 
battery cars have been the most economical to operate, 
and that this system pos·sesses an advantag e in being able 
to use existing tracks without alterations. This view, 
however, is not shared by other engineers . 

THE PARIS-VERSAILLE S RAILWAY 

The mutiple-unit system has been introduced by the Com­
pagnie des Chemins der Fer de l'O uest between Paris and 
V crsailles. A considerable portion of this road was opened 
last year. It is proposed to extend the line through a 
tunnel 3550 111 long. There is a constant grade from Paris 
tn Versailles, but through the tunnel it will not be as g reat 
as at other points along the line. 

Three transformer stations have been established to re­
duce the current to 500 volts from 5000 volts, at which it is 
generated by three-phase machines at the lVIonlineaux cen­
tral station . A third rail is employed, which is placed be­
tween the double tracks 600 mm from the inner rail 
and 200 mm above it. The rails weigh 46.25 kg per 
meter, and are 18 m in length. They rest on cast­
iron supports, which are fast ened to wooden insulators. 
These are attached to the extended sleepers every 3 m to 
4 m. The conducting rails are painted red, so that they 
may be easily recognized. The road was equipped by the 
Societe de Locomotion Electrique, which introduced some 
methods that were novel to European practice. The rails 
were cut and bent, the insulating timbers cut and saturated 
with insulating material, and the rail-joints constructed in 
a nearby workshop. The actual work of laying the rails 
was done by what is described in France as a "flying" shop, 
consisting of a steam locomotive, a 45-hp dynamo, several 
cars fitted with machines , lamps, etc. , and twenty-five rails, 
weighing 21 tons. 

The power station has a total capacity of 7200 kw, and 
furni shes current for lighting depots and operating the 
shops, pump works and drawbridges, as well as the railway 
cars. The equipment includes six four-cylinder , triple­
expansion high-pressure engines of I 700 hp each. The 
fly-wheel weighs 20 tons and is 7100 mm in diameter. 
Three other tandem compound engin es have fly-wheels 
w'eighing 25 tons. T hese have a diameter of 6500 mm. There 
are two condensers fo r each machine, placed directly behind 
the two cylinders. T he dynamos were furni shed by the 
\ Vesting-house Company. T he armature frame weighs 38 
tons and is so arranged that repairs and i11spections can be 
made with ease. The revolving magne:tic field , which 
weighs 18 tons, has thirty-eight poles and makes 80 r. p. 111. 

T he 5000-volt three-phase current generated in thi s 
stat ion is led to three transformer stations by triple-armored 
cables, the insulation consist ing mainly of paper. 

Each station has four rotary Thomson-H ouston convert ­
er s of 300 kw capacity, each operating at 5 r. p. m. Each 
rotary is feel by three I 10-kw transformers, connected in 
clelt ,1. The rotaries are operated by motor generators, con-
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sisting of an incluction motor and a 40-kw, 500-volt,80-amp. 
direct-current generator. The speed is 750 r.p.m. Two of 
the transformer stations are furthermore equipped with 
three 60-kw motor generators, the third with 12-kw motor 
generators. 

METROPOLITAN RAILWAY 
The lines of this system, which have Geen described in 

detail in the STREET RAILWAY J OU RNAL, will be 64.7 km 
in length when completed. This road h ,i_s no connection 
with other railway systems, and a uniform fare has been 
adopted. lt is owned by the city, which has leased it for 
operation to a company for a period of :hirty-five years. 
The lessee has been obliged to furni sh th e rail 2. build the 
roadbed, cars, depot equipment and electri cal apparatus. 

The upp c,r cables are for the elec tric con nect ion; the one below is the air­
brake ho ,e; th e train coupling and train chain s are b elow. 

COUPLING BETWEEN CARS ON MULTIPL E UNIT TRAIN 

T he tunnel cost 165 million francs , and !he remainder of 
the road about 50 million franc s. 

The franchi se term begins as soon as the last section is 
fini shed, which will probably be in .April, 1911. Seven 
years later the city may request that the operation of the 
road be turned over to it , under certain conditions, and on 
the expiration of the franchi se the entire property passes 
into possession of the city. 

T he third-rail system is here employed. Of the total 65 
km, 45.5 km are in tunnels , 9.1 km open cut and 10.4 km on 
viaducts. 

The station plat fo rms are 4 111 in width anrl 75 111 long, 
thus enabling trains of eight 9-111 cars to load at one time. 
T he Vignole rails are 15 m long and weigh 52 kg per meter. 

T he fir st section, opened on July 19, 1900, between Porte 
de Vincennes and Porte Maillot, I0.6 km long. has twenty­
five stations ::dong this section, the average di stance between 
them being 625 m. This entire section, which is the most 
important branch of the road, is built in a tunnel. There 
are no depots above the street surface Steep stairways 
lead to the tunnel, and are covered bv glass roofs. The 

platforms are located about 3 111 below the street surface. 
The central station, located at Berey, contains five 1500-kw 
units. Direct current is generated for nearby sections, and 
5000-volt three-phase current for distant ones, which is 
transformed into direct current at the sub-station in the 
P lace de l'Etoile. 

The headway b; tween trains is three minutes. The trains 
are made up of a motor car and three to four trailers. The 
stations are indicated by electric signals, which display the 
name of the next station as soon as one is passed. The mo­
tor cars are equipped with two \i\T estinghouse 100-hr mo­
tors. They will seat thirty persons , and there is standing 
room for twenty more. The maximum speed is 36 km per 
hour. The fare in the first-clas s is 25 centimes and in the 
second-class I 5 centimes. 

The city receives within sixty-five years 33 per cent of 
the gross receipts of the road. Should the number of pas­
senger s carried per year exceed 140,000,000 this figure is 
increasecl, according to a scale agreed upon. The receipt; 
from Jan. I to April 30, 1901 , amounted to 2,690,344 francs, 
although during three days in January the road was at a 
standstill, on account of a strike. At 33 per cent the city 
would receive 2,660,000 francs per year and more than 
7 per cent interest on the invested capital for this first 
section. The paid-in capital of the company could draw an 
interest of 6 per cent. The other sections will probably not 
yield such good result s at the start The traffic on the main 
section of the road is 4,200,000 persons per kilometer, as 
compared with 3,000,000 on the London U nderground 
road, 2,800,000 on the Berlin City road and 3,150,000 on 
the Manhattan Railwayof New York. The average receipts 
per passenger is 17.3 cents, the operating cost is 42 per cent 
of the receipts. T he company, therefore, only retains 25 
per cent of the gross returns. It is expected to reduce the 
operating cost to 33 per cent. as soon as the new three­
phase power station is in operation. The receipts of the 
tramway and omnibus companies have been reduced 1.5 
million francs between Jan. 1 and April 30, 1901. 

EXTENSION OF ORLEANS RAILWAY 
This important steam-railroad company desired to move 

its terminal station at Quai d'Austerlitz into the city, and 
the exposition offered a splendid opportunity to accomplish 
this task. The extension is 3.8 km in length, and runs 
along the Seine River, going around bridge supports in 
curves of 200 and 150-111 radii. The tracks are on the 
same level as the Seine, and ground water has to be con­
tinually pumped out. For 450 m the extension is a tunnel 
road, and a part open-cut, while the last section is in a 
gallery under the pavement , opened toward the river front, 
thus admitting light. 

The new depot is an imposing strncture, and contains 
sixteen tracks, twelve having separate platforms. The 
latter are connected with the waiting rooms by seventeen 
stairways, fifteen elevators, nine inclined platforms and two 
traveling belts for freight. A hotel with 350 rooms is con­
nected with the depot. The traffic is very heavy, 150 trains 
running daily between Austerlitz and Ortay. 

The power station contains two units, consisting of 
1500-hp engines and 1000-kw generators, producing three­
phase current at 5500 volts. The I 500-hp engines are the 
4-cylinders, triple-expansion Corliss type, and operates at 75 
r. p. 111. The fly-wheels weigh 35 tons each. The 1000:-kw 
dynamos are of the A. T. B. type, with forty poles. They 
will carry an overload of 25 per cent half an hour, and an 
overload of 50 per cent five minutes. The efficiencies are 
95 per cent at full load, 94 per cent at three~quarters load, 
and 92.5 per cent at one-half load. 

The current is transformed to 550 volts direct in two 
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transformer stations at the terminals. Each sub-station is 
equipped with two 250-kw motor-generators, six 90-kw 
stationary transformers, two electric ventilators fo r the 
transformers, and one storage battery. 

The latter serves for traction purposes, fo r furni shing 
current to the road at night , and fo r lighting purposes when 
the generators are shut down. Each sub-station contains 
260 cells, capable of furnishing 1100 amps. Each cell , 
containing eighteen positive and nineteen negative plates, 
weighs 350 kg. 

There are eight locomotives, similar to those a t Lockport , 
N. Y., each being capable of drawing a 300-ton train up an 
11 per cent g rade in seven minutes over a distance of 3-~ 
km. Each locomotive is equipped with four G. E.-65 
125-kw motors, transmitting power directly to the axles. 
The efficiency of the equipment when taking 300 amps. is 
86 per cent. The locomotive is equipped with air brake and 
air whistle. 

The third-rail system is used, but at the car sheds the 
overhead troll ev is used. For this reason the locomotive is 
equipped with t hree contact shoes in front and three in the 
rear and a trolley collector. There is also an experimental 
multiple-unit train controller equipment in service on two 
cars. 

The cars are built for a speed of 8o km to IOO km. They 
weigh, without equipment , 12.7 tons, and measure 12-45 m 
over all. The cars contain eighteen cross-seats, and four 
longitudinal benches, seating a total of for ty-four persons. 
Brill trucks are used, and an 80-hp G. E. motor is mounted 
on each axle. The two motors on a truck are permanently 
conected in parallel, while the two groups of motors can be 
connected in series and parallel. 

HOLLAND 
After considering the development in Germany, Switzer­

land and F rance, one is liable to overestimate the progress 
that has been made in European countries. It would be 
unwarranted to take these countries as a standard for the 
entire continent, as many other countries are very back­
ward, and in some there has been very little work done 
along these lines. 

On account of it s small industrial development, for in­
stance, Holland has but few electric railways, and it is not 
to be expected that it will make rapid strides in thi s direc­
tion . Not even the celebrated seaport , Rotterdam, has an 
electric railwav. There are a total of four roads if we 
include a secti~n ·which belongs to a German road extending 
into Holland. 

The section i ust ref erred to, which is a suburban road, 
was opened in ) anuary, 1896, and is operated by an over­
head trolley. 

The Haarlem Street Railway, having 16.2 km of single 
track, was opened in July , 1899, 5-4 km being suburban 
road and 10.8 within the city limits. Although it is the 
lar aest electric railwav in Holland it is a single-track b . 

svstem. 
· The Amsterdam Rail way is 4.8 km in length, 3 km of 

which is double track. 1t was opened in Aug ust , 1900, and 
is a city road. 

The· railway in the royal town of Haag-Scheveningen is 
10.255 km in length, of which 9-488 km is double track. 
\Vhen the queen is at thi s resort in summer, and the traffic 
is heavy, storage batteries are employed, hut in winter 
hor ses are used. The electri c cars were in stalled in August, 
1900. The gage is 1-435 m. 

CONCLUSION 
The writer acknowledges his indebtedness to all who 

have assisted him by furni shing data and photographs, 
thereby making this series of articles possible. As the 

seri es was to Le in 110 \Yay an adverti sing or commercial 
project the names of electrica l firms were only mentioned 
incidenta lly, and the assistance received is all the more 
appreciated. T he articles simply are technical descriptions 
of Continental E uropean street rai lway systems of to-day , 
and an explanation of the conditions under which tl1ey 
operate. Another in stallment may be expected very shortlv. -~---

International Tramway Congress 

Arrangements for the twelfth International Tramways 
and Light Railways Congress. which will be opened in Lon­
don, J\Ionday, June 30, and continued five clays, have been 
completed and the provisional programme has been an­
nounced. O nly members of the association wi ll be admitt ed 
to the meetings, which wi ll be held in Agricultural Ilall , 
Isling ton. The committee of arrangements has establish ed 
headquarters at De Keyser's Royal Hotel, on the T hames 
embankment , near Black Friar's Bridge, London, which 
will be kept open until after the close of the Congress. 
Reading rooms and meeting rooms for the committees wi ll 
be provided. 

T he first fo rmal session of the Congress will be held on 
T uesday morning, an,l will be opened by Sir C. Rivers 
·Wilson , president of the Tramways and Light Rai lways 
Association. In the evening the conversazione of the Insti ­
tution of E lectrical E ngineers wi ll be held in the Natural 
History Museum, to which members of the Congress wi ll be 
invited. Formal session of the Congre"s will also be held on 
vVe<lnesday, T hursday and F riday mornings. T he after­
noons of these days will be devoted to the inspection of 
power houses and points of special interest to the delegates, 
and excursions will be arranged for those who desire to 
visit points of interest in the vicinity of the city. O n F riday 
evening a banquet wi ll be g iven in honor of the foreign 
members by the Tramways and Light Railways Associa­
tion. 

O n Saturday, July 5, it is proposed to invite the foreign 
visitors, who remain in London , to one of the industria l 
centers, probably V{ olverhampton, where they w1 .. have an 
opportunity to study E ng li sh methods of manufac ture. An 
invitation has been extended by the Duolin Tramways Com­
pany to members of the Congress to visi t the interesting 
power plant of that concern , and arrangements will be made 
for taking those who desire to make thi s trip to Dublin on 
Sunday, July 6. Invitations have been received from most 
of the large electrical power stations of London and vicin­
ity, and arrangements have been made to have the delegates 
vi si t many of these plants, including the City & South 
London E lectri c Railway, the Central London Electric 
Railway and \Vaterloo & Daker Street E lectric Rai lway, 
which are known as the Tube Systems; the London linited 
Tramway's trolley plant and the London County Counci l 
Tramway 's conduit system, the latter of which is in course 
of construction. 

The Second International Tramways and Light Railways 
Exhibition , which wi ll be held in conj unction with the Con­
gress , promises to be an interesting event. It will be opened 
to the public on July 1, and continued unti l July 12. T he 
li st of exhibitors includes r6o of the lar~est manufactu ri ng 
and construction companies of E ngland and the Continent , 
and it is promise (! that the latest designs in European 
electrical apparatus will be shown. T he fact that not only 
the International CongTess. but a large number of smaller 
tramwav associat ions will meet in the same building durin g­
the tim ~ fo r holding thi s exhibi tion. wi ll lend inter;st to tl{e 
occasion . 
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STREET RAILWAY ACCOUNTING 

CONDUCTED BY J. F. CALDERWOOD, COMPTROLLER TWIN CITY 
RAPID TRANSI T COMPANY AND MEMBER I NSTITUTE 

OF SECRETARIES OF LONDON 

From the Bank to the Payee, with the Disbursements of 
the Twin City Rapid Transit Company 

In the l\fay issue we illustrated the methods of handling 
the receipts of the Twin City Rapid Transit Company­
"From the Passenger to the Bank." In this article we wiH 

J 

. . . ... -. . . . . . . 
: ._• ; : : : :_ !.!t>J!lln-~ 

7;- Security Bank of Minnesota, 
• t/1//t '(e,-,,1'. -;/,,011'/. / ~ l/t.1//rl;I, . . . . . . 

t,10TVAL10 e e e ••• 

MINNEAPOLIS, Minn. ccii:.,,._~~:~::£-Pe,-< 

FOR!\\ A 

explain the method employed by the company in disburs­
ing its fu nds, or "From the Bank tc, the Payee,'' and repro­
duce some of the forms, used in these transactions and in 
compiling the records. 

As previously stated, the entire passenger and miscel­
laneous receipts of the company are deposited in the bank 
each day to the credit of the company. All payments are 
made by check, requiring two signatures (Form "A"), and 

Please date, sign and return this Voucher at once. Do not detach any papers. 

TWIN CITY RAPID TRANSIT CO. 

To __________ Dr. 
De pt.No.-­

Aud.No,___ Month __ 

Add re~---------- Minneapol is, Minn-----~-90_ 

Distribution 

CORRECT '. 

Date 

AUDITED: AP PROVE D : 

RECEIVED of t hP TWiN CITY RAPID TRANSIT COMPANY. 
----~~~~~-----DOLLARS 

IN FULL FOR ABOVE ACCOUNT. 
DAT ED. ___ ~90_ 

FOR!\\ B 

only on approved voucher with three signatures (Form 
" B") . The treasurer has an individual working capital of 
$2,000 in cash. ·with this he suppli es the necessary change 
fo r the different sta rters' stands wfiere the conductors are 
supplied with their change, and he ~!so pays small emer­
gency items for the company. This cash is charged di­
rectly to the treasurer, and he at all times has either the 

is received by him he gives a receipt (Form "C") in tripli­
cate-original and two carbons. The original 1s delivered 
to the payee, one carbon to the auditor and the third re­
mains in his receipt book. The treasurer deposits the 
amount received in the bank each day. The treasurer 
keeps a treasurer 's record (Form "D"). There are two of 
these records in use, one for each alternate month. When 
the treasurer has completed his last entry for April he 
turns over the treasurer 's record to the auditor and begins 
May business on his other record. The auditor receives 
from the bank the canceled checks and pass books of the 

TWIN CITY RAPID TRANSIT CO. No .1399 

TREASURER'S RECEIPT. 

MINNEAPOLIS, M/NN, _____ f90 . 

R ece ived from--------- $ ___ _ 

----------------~ollars 

Fo, ________________ _ 

AS S'T TREASUR E';:. 

FOR!\\ C 

treasurer , which he carefully audits, and from the data on 
the carbon copies of the treasurer's receipts given makes a 
distribution of the miscellaneous receipts, togeth<=:_r with 

TREASURER'S REPORT. 
DAILY STATEMENT OF RECEIPTS AND DISBURSEMENTS 

790 

Eulunrc in Bunk Inst 8/atuncnt, 

1.'"ln , flrposit Earning8 1.9(1 

190 " Jli sl'dletnro 11s , 

Disoursem,_.nts, 1.9(1 

BolctnC(' i11 Brtnl.-s, 1.90 

TOTAL, 

AMOUNT 

TOTAL, 

(J-1/'1'(('/, 

AJJJJ1·ovefl , 
TREASURER, 

FOR!\\ E 

the passenger receipts, proves the balances and turns the 
treasurer's record over to the bookkeeper to be posted in 
the ledger . The treasurer's report is made on Form E. 

\Ve beli eve that depositing the passenger receipts each 

Treasurer's Daily Record for .................. lHO . .... . 

APPROVED VOUCHERS PA I D BANK BALANCES MISC ELLAt\EOUS 

Check~ I IN FA\"OR OF No. B'k Amount 
No. i\Io. Dy. 

T otal Acco u1<T 
.2 o Amount 

"" -~~ 1,- -,- I I -1:-11-11-11 -11-11 _1_1 - -II 
FORM D 

cash on hand or small memorandums which make the total 
of $2,000. When he has accumulated any considerable 
number of petty memorandums he turns them over to the 
auditor, and a voucher is drawn in hi s favor, which makes 
$2,000 good. 

The treasurer keeps no regular cash book. When cash 

day in their entirety, also the miscellaneous receipts 
promptly, making disbursements only by check and' 
voucher, you minimize the work and responsibility of the 
treasurer and safeguard the company's interests. Our 
treasurer also fills the position of paymaster. The details 
of this position we will treat later on. 
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Requisites 

The underlying principles in street rai lway economics 
are: First, an up-to-date system of accounting; second, 
the supervision of the accounts by a modern accountant; 
third, a management that appreciates the necessity of the 
foregoing, and to that end will give hearty co-operation 
and support. 

The evolution wrought in the methods of street railway 
accounting in the last five years has been little less than 
marvelous. For the transition from a condition of chaos 
to that of a uniform classification of accounts we are in­
debted to the great work of the Street Railway Account­
ants' Association of America, which has laid the funda­
mental principles for a system of uniform classification of 
the various items of expense and revenue, making it possi­
ble to compare one period with another intelligently and 
one system with another profitably. 

Every system has peculiar conditions which necessitate 
a variation in the methods of collecting data and the keep­
ing of auxiliary records, so that in the final summing up all 
will harmonize under the standard classification. 

It is in the act of bringing about the adaptation of a sys­
tem to the conditions that the skill of the accountant is 
brought to a test. 

We earnestly solicit suggestions and ideas on any feature 
of accounting as applied to street railways. It is by the 
exchange of ideas, based on the application of the princi­
ples to the varying conditions, that we will all in the end 
reach a greater degree of perfection in the science of ac­
counting. 

---♦---
National Order of Chartered Accountants 

The investment interests of this countrv, as well as th~ 
highest interests of the accounting profes;ion, require the 
protection of a national organization of chartered account­
ants. The qualifications demanded by this organization 
should be high not only in professional knowledge and 
skill, but in honesty and general ability, and especially 
high and strict in its standard of professional ethics. 

The certificate of a chartered accountant attached to an 
investigation of the affairs of any corporation should be 
beyond suspicion. The findings of the accountant should 
be far-reaching and impartial and beyond the taint of in­
fluence, and they should have the weight in the investment 
world that judicial findings have in a court of law. 

The proper function of the accountant is that of financial 
judge or referee , and not that of special pleader or petti­
fogger; and we need the National Order of Chartered Ac­
countants to give an impetus and a goal to this high and 
right professional ideal. When the professional ideal has 
once found concrete recognition through this chartered 
order the world of corporation management will be com­
pelled to rise to the situation, for the best class of invest­
ment securities will naturally seek the highest standard of 
accounting, and other investment propositions wi ll be 
compelled by competition to follow suit. 

When once the accounting profession is able to furnish 
the invec;tment world the gilt-edge service of a National 
Chartered Accountant the investors themselves will do the 
rest. Capital seeks the safe st and soundest investment 
proposition. Money g8es to the investment that can make 
the best and most reliable report The value of the report 
upon the soundness of the investment depends upon the 
standing of the accountant for integrity, ability, and for 
fea rless and searching analysis. · The accounting profes­
sion, in its fight for high accounting st;rndards. will there­
fore have the substantial co-operation of the investor and 

thereby in the end the hearty support of the intelligent 
corporate manager and promoter. Th e national organi­
zation is the first preliminary. 

---+♦♦----

The Street Railway Monthly Report 

BY C. NESBITT DUFFY, 
Auditor, Chicago City R ailway Company. 

In response to your request to contribute to th e columns 
of the STREET RAILWAY JoURNAL's Accounting D epart­
ment, I offer some suggestions, embodying ideas growing 
out of my own experience and practice, as to the prepara­
tion, scope and arrangement of the monthly report. 

PREPARATION 
In anticipation of and preparatory to the monthly report 

the books should be closed at the earliest possible date 
that will admit of all transactions of the company affecting 
the accounts being brought into the books. 

~t should be clearly understood, and this point can not 
be too strongly emphasized, that the monthly closing of 
!he books should be as complete and thorough as possible, 
Just as the yearly closing of the books is or ought to be. 

Al l asset and liability accounts of the general ledger 
should be carefully examined, if possible verified, except 
as to inventories, and all necessary adjustments should be 
made as would be made in the final closing of th e books 
for the year. 

By following this principle the books will correctly and 
fully set forth the true condition of the affairs of the com­
pany. It may be said, in passing, that the books could he 
closed weekly, or for that matter daily, or not at all, bv 
following the "going" principle of the perpetual balanc~ 
sheet system of our friend Mr. Kittredge, which he has 
so ably expounded and advocated in the columns of the 
STREET RAILWAY JOURNAL. 

\Vhatever may be the practice in vogue the principle 
laid down should be closely adhered to ; th e balance sheet 
should contain all of the transactions entering into the 
accounts of the company, everything in any way affecting 
the income, assets or liabilities should be taken care of 
and ali known liabilities as well as all known assets should 
appear on the balance sheet. 

In order to facilitate the closing of the books and gain 
time a schedule of regular general journal entries should 
be prepared in skeleton form, as this wi ll be of material 
assistance and can be used from month to month. 

From this schedule the general journal can be written 
up, posted into the general ledger and a partial trial 
balance taken off immediately after the close of the month . 
This trial balance will cove; all transactions ending with 
the month dealt with except the following: 

r. Distribution and charge of pay rolls. 
2. Distribution and charge of material and supplies. 
3. Distribution and charge of audited vouchers . 
It is hardly practicable or reasonable to expect th e 

figures for these entries before the seventh day of the 
month , but that should be the time limit , as anv well­
organized accounting department of a street railw;y com­
pany should always have its books for the month closed 
by that date. 

By having the general journal writt en up, posted and 
a partial trial balance taken off at the earliest possible 
moment, as previously explained, it is a comparatively 
easy matter to take ca re of tl1c entries growing out of the 
transactions of the th ree propositions referred to above, 
in order to finish the work of jou rnalizing and posting for 
the month and compl ete the monthly trial balance. 

In thi s connection it should he· understorn! that I he 
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monthly closing of th e books outlined above contemplates 
dealing with the transactions of the company in a summar­
ized or concrete form only, without regard to detail s; there­
fore the general ledger accounts should be arrang~d with 
that end in view. Ordinari ly from fifty to one hundred ac­
counts will be sufficient for the general ledger; the detail 
accounts should be taken care of in subsidiary ledgers. 
The general ledger and the balance sheet therefrom should 
deal with the assets and liabilities, the income, profit and 
loss, and surplus, and the totals only of such accounts as 
operating expenses, construction and equipment, special 
accounts (reconstruction accounts-extraordinary expen-

By this method the main walls and roof of the structure 
are built first , resting on a solid foundation, the completion 
of the building following in detail the plans and specifica­
tions drawn (the classification of accounts of the company) 
being accomplished later. 

SCOPE AND ARRANGEMENT 

The monthly trial balances having been drawn off, the 
nex t step is the compilation of the monthly report. 

This report should exhibit in a comprehensive and ex­
plicit manner the condition of the affairs of the company 
and the results of the operation of the road. 

EXHIBIT A 

CHICAGO CITY RA I LWAY COMPANY- MONT HLY REPORT FOR DIRECTORS, MA RCH 31, 1902 

EARNINGS AND EXPENSES 

Total gross ea rnings. 
Total expenses. 
Net income. 
D ividend charges. 
Surplus. 
Deficit. 

I I I ~-March---,~ -- JI.larch---~ ~ --3 Months-~ ~--3 Months---. 
190'2 1901 Increase Decrease 190i 1901 Increase Decrease 

Capital expenditure charges. 
Extraordinary expen diture charges. 
Reserve fu nd charges. 

. I 

PERCENTAGE OF NET I NCOME TO CAPITAL STOCK 

On $ 18,000,000. 

TABLE OF PERCENTAGES 

ExrENSEs TO ToTAL GRoss E.\RNINGS 

Operati ng expenses ( a ll expen ses except taxes and interest) . 
Operati ng expen ses and taxes ( a ll expenses except interest) . 

TABLE OF PERCENTAGES 

EXPENSES TO PASSENGER RECEIPT S 

Operating expen ses ( all expenses except taxes and interest). 
Operating expenses and taxes ( all expenses except interest). 

D ETAILS OF TuT.\L GROSS EARNI:::s;Gs 

Passenger receipt s. 
Chartered ca r s. 
Income from mail service. 
Income from newspaper car servi ce. 
Income from advertising. 
Income from rent of land and buildings. 
In come from rent of tracks and terminals. 
Income from interest on deposits. 
Income from mi scellan eous sources. 

Tota l gross ea rnings. 

DETAILS OF TOTAL EXPENSES 

Operating expenses. 
Taxes. 
Interest charges. 

Total expenses. 

Passenger receipts per day. 

clitures-reserve fund charges), material and supplies. ac­
counts payable, accounts receivable, etc. The details of 
such accounts should appear on the subsidiary ledgers. 

The advantages of this plan are that it materially re­
duces the labor of closing up the books, drawing off the 
t rial balance and making up the balance sheets, and in 
addition presents quickly the results of operation for any 
g iven period as well as a statement of the condition of the 
company in a condensed and comprehensive form, that 
will find favor with the average director or stockholder, as 
such information as directors or stockholders usually 
desi re or expect will be fully set forth. 

In preparing the monthly report it will be found ad­
vantageous to segregate it or arrange it in sections as 
follows: 

A. Report for directors. 
B. Report for president. 
C. Report for general manager. 
D. Report for heads of departments. 
A. Report for Dircctors.-This report need not be any­

thing more than a condensed comparative statement of 
earnings and expenses, capital expenditure charges, ex­
traordinary expenditure charges, reserve fund charges, per­
centage of net income to capital stock, percentage of ex-
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penses to earnings, details of total gross earnings, details 
of total expenses, and passenger receipts per day. It should 
be in the hands of the directors not later tfian the tenth day 
of the month. The income, profit and loss, and surplus 
account, and the general balance sheet, in full or con­
densed, may be included or not, according to custom and 
conditions. It is not customary to include them in the 
reports for the directors of the Chicago City Railway Com­
pany. 

This report may be a printed blank form, the figures 
being inserted with pen and ink or with typewriter, or the 
report may be drawn up in typewriter form on a blank 
piece of paper. The advantag<:.s of the latter plan are that 
a number of copies in carbon can be made at once, thereby 
saving time and clerical work. The four forms of reports 
already referred to, A, B, C, D, of the Chicago City Rail­
way Company are drawn up in typewriter form on a blank 
piece of paper, with carbon copies. A copy of the report for 
directors of the Chicago City Railway Company is sub­
mitted; it is a typewritten report, on I 7-in. x 20-in. paper. 
(See Exhibit A.) 

B. Report for Presidc11t.-The report for the president 
should be prepared for the purpose of submitting it to the 
board of directors at the regularly monthly meetings, and 
ought to be full and complete in every particular, except 
with respect to details that should be dealt with only in the 
report for general manager, which report will be re­
ferred to and explained furth er on. The president's report 
should contain the following: 

1 R eview of the condition of the affairs of the com-
pany and the results of the operation of the road. 

2. Income, ·profit and loss, surplus account. 
3. General balance sheet . 
4. Condensed general balance sheet. 
5. Analysis of general balance sheet. 
6. Increases and decreases in general balance sheet. 
7. Cash statement. 
8. Capital expenditure charges. extraordinary ex­

penditure charges, reserve fund charges, in detail. 
9. Comparative statement of _earni ngs and expenses. 

IO. Comparative statement of operating expenses. 
11. 1Iaintenance statistics. 
12. Cost of producing power, details of production 

of power. 

13 . Classification of pay roll s by departments. 
14. Traffic stati stics. 
This report of the Chicago City Railway Company, pre­

pared by the auditor, should be in the hands of the presi­
dent on the fift eenth day of the month, if necessary, in no 
event later than th e twenty-second day of the month, ac­
cording to the elate of the monthly m eeting of the board of 
directors, the third Monday in each month. 

The report is typewritten on onion skin paper,8½ins.x 13 
ins., in an original and two carbon copies, and usually 
covers about fifty pages. The three copies are available for 
use at the meetings of the board of directors and are after­
ward disposed of by the president, general manager and 
auditor, each retaining one copy. 

The different subj ect-matters of this report ,as previously 
set forth in detail, are self-explanatory; no attempt will be 
made to discuss them at length, as that would be a task 
equal to the preparation of the report itself, but a few 
1 emarks on some of the features of the report may not be 
out of place and may prove of interest. 

Th e review of the condition of the affairs of the com­
pany and the results of the operation of the road are in­
tended to be a complete digest and analysi s of the figures 
of the report; in other words, the story of the figures. T his 
story should be presented in ci. brief, concise but compre­
hensive form; its purpose is to lay before th e president and 
board of directors th e principal features of th e report and 
the facts and figures in connection therewith. 

In drawing up this story the following are some of the 
more important matters that should demand special atten­
tion: 

In creases and decreases in th e general balance sh eet. 
Cash statement. 
Capital expenditure charge;;, extraordinary expenditure 

charges, reserve fund charges. 
Comparative statement of earnings and expenses. 
Comparative stat ement of c perating expenses. 
Pay rolls. 
Statistics. 
"Bookkeeping" has been defined as th e "how" and ac­

counting as the "why.'' Appl ying this to the subj ect­
matter under discussion, eve ry phase and condition met 
with affecting the results attained, as reflected in the fig­
ures presented. should be thoroughly analyzed and full y 

EXHIBIT B 

CHICAGO CITY RAILWAY COMPANY- MONTHLY REPORT FOR PRESIDENT- 1\IARCH 31, 1902 

INCOME, PROFIT A N D LOSS, SURPLUS- JANUARY I- MA RC H 31, 1902 

EXPENSES 

Operating expenses. 
Taxes. 
Interest on floating debt. 
Interest on employees' deposits. 
Interest on real estate mortgages. 
Miscellaneous interest. 

Total expenses. 
Balance carried down to profit and lo s. 

Dividends. 
Balance carried down to surplus account. 

Balan ce March 31, 1902, as per general balance sheet. 

INCOME 
RECEIPTS 

Passenger r eceipts. 
Chartered cars. 
Income from mail service. 
Income from newspaper car scn ·ice. 
Income from ad,·erti sing. 
Income from rent of land and buildings. 
Income from rent o f t racks and terminals. 
J ncome from interest on deposit s. 
Income from miscellaneous sources. 

PROFIT .-\N D Loss 

Balance carri ed down from income. 

SURPLUS 

Balance carri ed fo r ward from Jan . I, 1902. 

Balance carried down fr.-, m pro fit and loss. 

• 
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explained, so that the "why" may be clearly understood. 
This is the vital featu re of the report. 

T he form of income, profi t and loss, and surplus ac­
count is shown. I t does not differ from the ordinary or 

Cars operated. 
Total car miles run . 
Total car hours run . 
P assengers carried. 

EXHIBIT C 

CHI CAGO CIT \" R AILWA Y CO!\IPANY-MONTHLY R E PO RT FO R P RES IDE NT-MARCH 31, 1902 

GENERA L BA LANCE SHEET- MA RCH 31 , 190-i 

A SSETS 
( I) Construction and equipmen t. 
(2) Horses. 
(3) Cables (in service) . 
(3) Cables (in stock ). 
( 3) Material and supplies. 
(3) Coal. 
(4) Investments. 
( s) Bill s receivable. 
( S) Accounts receivable. 
(6) Cash. 
(6) First National Bank ( dividend account deposit) . 
(6) T rack rental paid in advance. 
(6) In surance paid in advance. 
(6) T axes paid in advance. 
(7) Special accounts. 
( 7) Suspense accounts. 

L IABILITIES 
( I) Capital stock. 
(2) Surplus. 
(3) Reserves. 
(4) Bills payable. 
(4) Account s payable. 
(4) Audited vouchers. 
(4) Pay rolls. 
( 4) Unclaimed wages. 
(4) P assenger tickets outstanding. 
( 4 ) Unpaid dividends. 
(4) Real esta te mortgages. 
( S) Interest on rea l esta te mortgages accrued. 
( s ) Interes t on floating debt accrued. 
(s ) Accrued interest on employees' contrac t deposits . 
( s ) Accrued inter est on employees' savings deposits. 
( s ) Insurance accrued. 
( S) T axes accrued. 
(6) E mployees ' contract deposits. 
( 6) E mployees' badge and tool deposits. 
(6) E mployees ' sav ings deposits. 

NoTE. T he number s in parentheses indicate the number of the classifica tion under which the account has been classified on the 
condensed general balance sheet. 

usual form and is simply exhibited in order to show that the 
balance of income is carried ir.to profi t and lo·ss, and from 
profit and loss into surplus. (See Exh ibit B.) 

The form of general balance sheet is presented in order 

P asseng er receipts per mile of t rack, per car, per car 
mile, per car hour. 

O perating ex penses per mile of track , per car, per car 
mile, per car -hour. 

EXHIBIT D 

C HI CAG O CITY RA ILWAY COl\l PANY-l\lON T H LY R EPO RT FOR PRES:DE NT-l\lARC H 31 , 191)~ 

COND E N SE D GEJ\"ER A L BA LA NC E SH E ET 

ASSETS 
( 1) P roperty and plant. 
(2) H orses 
(3) Material and supplies, cables and coal. 
(4) Investments. 
( s ) Accounts receivable. 
(6) Cash assets. 
( 7) Suspense accounts. 

to show the arrangement of the general ledger accounts 
and also the class ification of same, as condensed on con­
densed general balance sheet . (See Exhibi t C.) 

T he fo rm of condensed g eneral balance sheet is ex­
hibited in order to show the thirty-six general ledger 
accounts condensed into th ir teen accounts. (See Exhibit 
D .) 

The fo rm of analysis of the general balance sheet is sub­
mitted in order to demonstrate how the investment of 
capital stock, surplus and reserves, as it stands on the 
books, is shown. (See Exhibit E.) 

T he several forms of the comparative statement of earn­
ings and expenses are exhibited in order that the special 
features of each may be understood. (See Exhibits F , G, 
H , I.) 

T he stati stics include the following : 
Car miles by lines (there are twenty-five lines and 173 

routes operated by the Chicago City Railway Company) . 
Passenger receipts by lines. 
:Miles of track operated. 

( r) Capital stock. 
(2) S urplus. 
(3) Reserves. 
(4) Current liabilit ies. 
(s ) Accrued liabilities. 
( 6) D eposits. 

LIABILITIES 

C. Report for General Ma11ager.-This report of the 
Chicago City Railway Company is drawn up in typewritten 
fo rm on onion skin paper , 17 ins. x 2 0 ins., in an original 
and two carbon copies, one for the general manager, ,one 
fo r the president, and one for the auditor, usually covers 
about twenty-two pages, and should be completed by the 
twenty-fifth day of the month. 

T he report deals with operating expenses exclusively, 
the intention being to present such details, statistics and 
data as will exhaustively and ..-:omprehensively reflect every 
phase and cond ition of the ope:. rating expenses during the 
period under consideration. _ 

Tbs report should contain the fo llowing: 
r. Itemization of operating expenses. 
2 . Subdivision and itemization of pay rolls. 
3. D istribution and charge of pay rolls . 
4. Table of operating expenses. 
5. D etails of cost of producing power, details of pro­

duction of power. 
6. O perating expense statist ics . 
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7. Analysis of itemization of operating expenses . 
Th e itemization of operating expenses is th e sub­

division of the operating expense accounts, of which the 
Chicago City Railway Company has fifty-one, owing to 
electric, cable and horse operation , first into 173 items and 
then intQ 230 subsidiary accounts; pay roll charges (wages 
and salaries) being separate fro m other charges (material, 
supplies, tools, expenses) . 

T he subdivision and itemization of pay rolls is the clas ­
sification of the pay rolls, first into departments, of which 
the Chicago City Railway Company has eleven, and then 
into occupations, numbering in all six ty-nine, showing the 
total number of employees by occupations and depart­
ments and the to tal amoun t of wages and sa laries by 
occupa tions and departments. 

The distribution and charge of pay ro ll s expl ain s itself. 

EXHIBIT E 

CHI CA GO C ITY RAILWA Y COJ\ l l' ANY- ~IO N l' HLY R li: POKT FO R l'RESID ENT- lllARCH :3 1, 1no:.! 

ANALY SIS O F G ENE RAL BALAN CE SH EET 

Co11 structio11 and equip111en l . 

H orses. 
Material and supplies, cable •. nd coal. 

In vestments ( in deta il ) . 

Accounts receivable. 
Cash assets. 
Suspense accounts. 

P ROPERTY AND PLA NT 

Capital stock. 
Surplu s and reserves. 

PROPERT Y A CCOUNTS 

Surplus and reserves. 

I N VESTMENTS 

Surplu s and reserves . 

CU RR ENT ASS ETS AN D LI ABILITI ES 

Current liabi lities. 
Accrued liabilit ies. 
Deposits. 
Surplus of current asse ts over current liabili t ies. 

ANA L YS I S OF SURPL US A N D RESERV ES MA R CH 31, rno2 

Property and plan t. 
P roperty accounts. 
In vestments.• 
Surplu s of current assets o ,·er current liabilities. 

S UR PL US AN D RESERVES 

Surplus. 
Reserves. 

EXHIBI T F 

CHI CAGO C ITY R AILW AY cu~.l PAN\'-1\l O NTH LY REPORT FOR P RESIDENT- 1\lARC H 31, HIO:! 

COMPA RATIVE ST ATE MEN T O F EARN IN GS AN D E XPENSE S 

EAR N INGS AND EXPENSES 

T ota l gross earnings. 
Total expenses. 
N et income. 
Dividend charges. 
Surplus. 
Defici t. 
Capital expenditure charges. 
Extraordinary expenditure charges. 
Reserve fund charges. 

PERCEN TAGE OF NET I NCOME TO CAPITAL STOCK 

On $I8,ooo.ooo. 

TABLE OF PER CENTAGES 

EXPENSES TO T OTAL GROSS EARNINGS 

Operating expenses ( all expenses except taxes and interest) . 
Operat ing expenses and taxes ( all expenses except interest) . 

T ABLE OF PERC ENTAGES 

EXPENSES TO P ASSENGER R ECEIPTS 

Operat ing expenses ( all expenses except taxes an d interest). 
Operating expenses ( all expenses except interest ). 

Passenger receipts per day. 

1902 
M , rch~ --~

1
~-19~ - :3 l\lonths- - -

19
-
0
-
1

- -

----------
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T he table of operating expenses shows the operating 
l:Xpenses as follows: 

Rank (the numerical positi,Jn o f each account hy reason 
of it s total, the smallest in amount would rank fifty-on e, 
the largest in amount would rank one). 

Percentage (the percentage that each account bears to 
the total). 

P ercentage of passenger rl?ceipts (the percentage that 
each account bears to the total passenger receipts). 

Cost per car mile, cost per car hour (the proportion that 
each account bears to the total cost per car mile or the 
total cost per car h our). 

The detail s of cost of producing power and details of 
production o f power cover in detail the operation of the 

EXHIBIT G 

CHIC AGO c n 'Y RA I LWAY COMPANY-MONTHLY REPORT FOR PRESIDEN T - MARCH 31, 1902 
COMPARATIVE STATEMENT OF EARNINGS A N D EXPENSES 

EARN l N GS .\ N D EXPE N SES 

Gross earn ings from operati on. 

March-----~1~--- ---3 Months--------

Operating expen ses. 
Net earnings from operat ion. 
In come from other sources. 
Gross income. 
Ded uctions from income. 
Net income. 
Total gro5s earnings. 
Total gross earn ings per mile uf single track. 
Total expen ses. 
T ota l expen ses per mi le of single track. 

l NVEST l'vlENT 

Capital stock. 
Total in vestment . 
T11tal inY e!>tment per mile .,f single track . 

1902 1901 190t 

EXI-IIBlT H 

Cll! CAGIJ CIT Y RAILWAY CUMPANY- !IIONTHLY REPORT FO R P R ES ID EN T - MARCH 31 , 190.! 
COMPARAT IVE STATEMENT OF EA RNINGS AND EXPENSES 

1901 

~ - - - - - !l l arch---- ~ ~-----3 Mo111hs-- ------
TABLE OF PERCENT AGES 

l'ercent age of operat ing expenses to total gross ea rnin gs. 
Percentage of taxes to total gross ea rnings. 
I'ercentage of interest charges to to tal g ross ea rnings. 
l'e rcentage of net income to total gross ea rnings. 
P ercentage of net income to capi tal stock ($ r8,ooo,ooo) . 
Percent age of total gross earnings to total investment ($18,000,000). 
Percentage of operating expenses to passenger receipts. 
P ercentage of operating expenses and taxes to pa ssen ger receipt s. 
P ercentage of total expen se to pa ssenge r receipt s. 

19O:! 1901 I902 1901 

EXHIBIT 1 

C HI CA GO C ITY RA ILWAY CO!IIPANY-!IIONTHLY R EPORT FUR PRES ID ENT-M ARCH 31, 1002 
COM PARATIVE STATEMENT OF E AR N INGS AND EXP ENSES 

DETAILS UF TOTAL GRUS S E ,\R N INGS 

.1 'a ~sengc r receipts. 
Chartered cars. 
Income from mail sen·ire. 
Income from newspaper car scnicc. 
Income from advert ising. 
I ncome from ren t of land and b,1i ld ings. 
ln come from rent of tracks and terminals. 
In come from interest on deposit s. 
Income from mi scellaneous sources. 

Total g ross earnings. 

E lectric. 
Cable. 
Horse. 
Al l. 

DETAILS OF PASSENGER RECEIPTS 

DETAILS OF TOTAL EXPENSES 

Operating expenses (all except taxes and interest) . 
Taxes ( estimated and appo rtioned ) . 
Interest on floating debt (apportioned ). 
Interest on employees' deposit s. 
Interest on real estate mortgages. 
M isce llaneou.:; interest . 

T ota l expenses. 

March-------, ,------3 Months-
1Q02 l!l0l 1902 1!)(11 - ---------------1 
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power plants; the Chicago City Railway Company operates 
five power plants, two electric, three cable. 

The operating expense statistics embrace the following: 
Maintenance of way per mile of single track. 
Maintenance of track and roadway per mile of single 

track. 
Maintenance of electric line per mile of single track . 
Maintenance of cable track and conduit machinery per 

mile of single track. 
Maintenance of cables per mile of single cable track. 
Maintenance of cars per car (trucks and truck part s, car 

bodies, car fixtures and trimmings, car painting, separate). 
Maintenance and operation of electric equipment of cars 

per equipment (maintenance and operation separate, 
motors and motor parts, trolleys and troll ey parts , car 
wiring, separate). 

Maintenance and operation of grips per grip (main­
tenance and operation separate). 

Lighting, cleaning and heating cars per car (exclusive 
of cost of current, each item separate). 

Cleaning, sanding and sprinkling tracks per mile of 
single. track. 

Feed and keep of horses per horse. 
Pay roll charges (wages and salaries) and other charges 

(material, supplies, tools, expenses) are shown separately 
in all of the above . 

The analysis of itemization of operating expenses is the 
story of the figures of the operating expense account s in 
detail. Each item and each subsidiary account is analyzed 
and all facts in connection therewith obtainable submitted 
for the information of the management. 

The idea of having the operating expenses subdivided 
into 173 items and 230 subsidiary accounts is to furnish 
that many additional channels of information to draw from. 
This subdivision of the operating expense accounts could 
be made greater or less , as would be found desirable or 
necessary. 

D. Report for Heads of Depart111e11ts.-This report of 
the Chicago City Railway Company is prepared in type­
written form, on 17-in. x 20-in. paper, in two copies, an 
original and one carbon. The original copies go to th e 
heads of departments, the carbon copies are retained by the 
auditor. 

The report is drawn up in sections, by departments, 
from the report for general manager, and should be com­
pleted by the twenty-eighth day of the month. 

The accounts that each department head, respectively, 
has jurisdiction over and is held accountable for or affected 
by are submitted to each department head, so that he may 
know how the expenses of his department are running. 

The reports are made up for the following departments : 
Maintenance of way and structures. 
Power plants . 
Repair shops . 
Operation of cars (by divisions, five divisions in all, five 

division superintendents in charge). 
In the department of operation of cars the reports con­

tain not only the expenses by divisions , but the car miles 
by lines, the passenger receipts by lines, and the passenger 
receipts per car mile by lines for the month and period 
dealt with. 

•• 
Watered Stock 

Not W ebster, but an analysis, defines "watered stock" 
as the increase of capital stock without the acquisition of 
additional property or the investment of cash. 

This adjustment of capital stock by the addition of 
watered stock is gaged by the earning capacity of the or­
ganization, present and prospective. A reorganization of 

a company may mean an adjustment of it s capital stock to 
its earnings that are applicable to dividends on stock . Or­
ganizers and promoters have taken advantage of the possi­
ble phenomenal increase in gross earnings of street rail­
way properti es and a marked decrease (often fictitiou s) in 
the cost of operation , affording an opportunitv to "water 
the stock" in order to keep the surplus applic~ble to divi­
dends normal. In thi s respect the bookkeepin o- and finan -

• • 1::, 

c1enng of these street rai lway properties will not hear the 
lime-lig ht of eith er method or purpose. 

Safeguard of Companies 

The safeguard of a corporation is the vigilance of it s 
stockholders. 

In a corporate body, all power emanates from the ~tock­
holders. A high degree of organization is necessa ry in all 
industrial, commercial and transportation organizations 
or corporations by reason of close competition and the ex­
istence of a complex stdte of modern civilization. 

The stockholders select a certain number as directors 
and delegate to them such powers as are necessary for the 
conduct of the business. These directors choose certain 
others as officers, and to th em are delegated specific duties 
for the purpose of conducting the business in its many de­
tails, and thus we have an effi cient organization. 

There seems to be a lack of appreciation on the part of 
the stockholders that it is not onl y their rig ht , but duty, to 
see to it that the directors and offi cers honestly perform 
their duties to the highest degree of efficiency . The stock­
holders should assemble periodically and review the acts 
of their directors and officers. That a board of directors 
and officers get certain or gratifying result s is not suffi­
cient. The acts and results of a corporate body should be 
carefully reviewed and freely di scussed periodi~ally by the 
stockholders and the directors and officers given to under­
stand that they are amenable to the stockholders at all 
times for th eir acts. There is a g reat dange r in any ten­
dency which makes fo r the removal of power from it s ulti­
mate sources, or that makes it difficult fo r those who have 
the right to demand from its offi cers and directors a full 
account of their stewardship . T n this day of great combi­
nations, mergers and indust rial organi zations, there seem.; 
to be an increasing appreciation on the part of stockhold­
ers of th eir rights and duties. vVe believe that greater 
vigilance and activity on the part of stockholders in assert­
ing their rights would stimulat e a g reater appreciation on 
th e part of directors and officers of their duti es and re­
sponsibilities 

---•♦+----

H. C. Mackay, in the May issue, contributed a verv able 
article on the question of ''reserve fund." The1:e will 
come a time in the life of every street railway corporation 
when it will reach its limit in adding to its capital accounts 
for expenditures, and can no longer, as many of them are 
at the present time doing, under the cloak of reorganiza­
tion, charge to capital account items that are nothing more 
or less than renewals. The time will come when they will 
be obliged either to charge these expenditures against rev­
enue or " reserve fund ." Mr. .Mackay's articl e presents 
food for thought for those who want to make their invest­
ments in street railway securities both permanent and 
profitable. There is no class of legitimate investments that 
presents so many contingencies as a modern electric street 
railway proposition, with it s ever-changing conditions and 
improvements in the methods of electrical mechan ism and 
it s application and the occupancy of streets :111d public 
highways under a franchise or lease at all times subj ect tn 
the rules and regulations of local and State leiiislative 
bodies . 
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NOTICE. 
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for the discussion of prob lems of operation, construction, engineer­
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The Street Railway Publishing Co., 
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It must be admitted by steam rai lway managers that the 
electric raihvay has been remarkably success ful in develop­
ing the freight and package express business along the 
interurban trolley lines, and that in many cases it has not 
only secured its share of patronage, but it has in many 
places opened new fi elds of operation and built up a profit­
able business where the steam lin es could find no induce­
ment to enter. Two notable instances of this character are 
furnished in the operations of the Chicago, Harvard & 
Geneva Lake Rai lway and the Cleveland & Eastern Rail­
way. The former, which is operating in \i\Tisconsin , has de­
veloped considerable. freight business in an average farming 
community without any reference to city traffic or patronage 
from manufacturing centers. There are many other sec­
tions in which similar service could be establi shed with ad­
van tage and made to yield very fair profit upon the invest­
ment , and the returns would be much more satisfactory 
from an investor's view point than those of many steam 

railroads operating under similar conditions. It is worthy 
of note that this troll ey system works in harmony with the 
steam lines, and that passengers and freight are exchanged. 

T he Cleveland & Eastern Railway departed from the 
usual practice of paralleling established steam lines , and 
entered a territory that was badly in need of transportation 
facilities, although in the immediate vicinity of Cleveland. 
Lines were built through a farming country that was almost 
entirely isolated; in fact, the residents of this district found 
it more convenient to go to Pittsburgh, a hundred miles 
away, than to visit Cleveland, which was only a compara­
tively short distance from them. Many small hamlets in this 
territory are touched by an iron ore line running north and 
south, but this was all the service they had, and as much 
better communication could be obtained with Pittsburgh, 
traffic had been diverted in that direction. The electric 
!me brought relief to the residents of the district, and 
opened a direct channel for trade with Cleveland. 

It is an established fact, supported by the experience of 
both of these roads, that the electric system is favored by 
the farmers, a ll things being equal. This is attributed to 
the natural antipathy of the average farmer to railroad 
corporations. But other factors enter into the problem. 
fhe attention which the smaller concern can give to details 
and the advantages of quick connections are not lost on the 
rnrmer who w1sJ1es to place his stock on a nsing market. 

Some month-' ago we took occasion to call attention to 
the practice r egarding overhauling and inspecting mo­
tors. :::iome roads make.: it a practice on all cars to 
do a ll this work from the pit. Motors are taken out trom 
Leneath and armatures are removed from below as far as 
trucks wi ll permit. Uther roads take the trucks out trom 
under the cars and do all work from above as far as possi­
ble. With double-truck cars, which are r,ow becoming so 
common, it becomes much easier and more natural to re­
move the trucks from under the cars for inspection and re­
pairs of both motors and trucks. Nevertheless some roads 
with double-truck equipment do everything possible from 
beneath, and make no provisions for working from above, 
save when the trucks are out from under the car. As long 
as practice is so divided as to the methods of overhauling, 
whether from above or beneath, it would be unwise to con­
demn either method, because both l1ave the sanction of so 
many good master mechanics, and, indeed, on some roads 
both methods are in vogue. A master mechanic of wide 
experience, who has had exceptional facilities for observing 
the operation of both methods, remarked that while it was 
true that practice was divided as to the inspection and over­
hauling of motors in the pit as against t3.king the trucks 
out from under the car and overhauling and inspecting the, 
motors from above, it seemed to him that, as far as modern 
double-truck cars were concerned, there was no question 
as to which was the sensible method. It was all very well , 
he thought, for the superintendent or master mechanic to 
sit in his office and figure on the number of operations re­
quired to inspect and clean a motor from the pit as com­
pared with taking the trucks out from under the car and 
working on the motor from above, but anyone who had 
ever done pit work himself knew that this did not half cover 
the case. He believed that no man would do .a thorough 
job of cleaning and inspection when working by the light 
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uf a portable incandescent lamp with his head under a 
truck irame looking up into dirty machinery that was 
liable at any moment to hll his eyes with du st. H e reasoned 
with much truth that under such conditions something was 
sure to be slighted, and to get good resuh!:: the truck must 
I.Jc run out from under the car su that the men could do their 
work with some degree of comfort , and with something 
more than portable drop-lights to enable them to see what 
they were doing. In this connection he crit;cised the ten­
dency which has been noticeable the last few years to de­
sign rnotl,r.:; which could only be opened for inspection 
from below unless they were removed frum the truck and 
turned over. If the trucks are to be taken out from under 
the cars, motors should be designed to open from the top 
to expose the armature and the commutator without re­
moving the motor from the truck. These contentions , un­
doubtedly, contain much truth in them, anrl they are backed 
by years of experience as a master mechamc of large roads. 
With double-truck equipments, which are becoming the 
standard on an increasing number of roads the tendency 
is constantly toward r emoving the trucks from under the 
cars whenever work is to be done on them . With proper 
provisions for hoisting motors out of trucks it is, of course, 
not a long operation to remove a motor frcm a truck, but it 
saves some work to be able to open up a motor withou~ 
removing it when the truck is standing ~mcovered on the 
floor. Of course, all will not agree with the views advanced 
by our friend whose opinions we have quo!"ed so freely, but 
these suggestions should be taken into cot1sideration in or­
dering new double-truck equipments. As to the character 
of work done by the repair men when working over a trucl<: 
on a well-lighted floor as compared with work in the pit 
from underneath, the verdict is unanimously in favor of the 
more comfortable and more rational methcd of per fo rming 
the work. 

The extended article published elsewhen : in this issue on 
street railway traffic conditions on the Continent of E urope 
will, we are confident, prove of the utmost interest to rail­
way m; nagers both in America and abroad, and will be 
found worthy of the large amount of space devoted to it. 
The author, as secretary of the German Street Railway and 
Light Railway Associations, has had excellent opportuni­
ties for obtaining a close insight into electric railway con­
ditions and practice not only in Germany, but also in otl.er 
E uropean countries, and, being engaged in railway opera­
tion himself, can appreciate the practical requirements of 
every-day service and the extent to which every-day con­
ditions modify purely theoretical des iderata. 

A lthough American ap·paratus is now used widely 
throughout E urope, and although American methods of 
railway construction are studied by fo reign railway engi­
neers more closely than are those of other countr ies , it 
would be erroneous in the last degree to a "= sume that no 
valuable lessons are to be derived from a st~1dy of the re­
sults secured abroad. T he first commercia! electric railway 
in the world was put in operation in Germany. and in many 
branches of electrical work, as well as in other directions 
of scientific r esearch , that country has takc·n a leading posi­
tion. T he practical development of the trol!ey system was 
so long delayed in E urope by absurd municipa l regulations, 
which still hamper its natural growth there, that it had 
finally to be adopted almost bodily from America; but in 

other directions, particulariy in three-phase traction, 
E urope as a whole, and certain parts of it in particular, 
have gone considerably fa rther than has t11is country. 

T here are a number of reasons fo r this d:fference iH elec­
trical eng ineer ing development in the two continents, but 
chief among them are the high pri.ce of co:il. the cheapness 
of labor, the comparatively small size of the installations 
and the municipal regulations already referred to. The 
fi rst consideration has had an important bearing on power 
station design and has resulted in many t:conomies in sta­
tion operation , such as super -heaters, waste-heat engines, 
etc., which are rarely or never used on thi s side of the At­
lantic in railway work. It also lead to the early and wide­
spread adoption of storage batteri es for stations. T he 
lower cost of labor, in turn, has made experimental, and 
consequently special, apparatus cheaper in America, and , 
compared with standard apparatus, very much cheaper, for 
the labor-saving appfia nces, the automatic machine tools 
and the many devices which bring down the cost of man u­
facturing in America are still comparatively rare in Con­
t inental shops. T he comparatively small size of the electr ic 
railways and the governmental regulations in restriction of 
the trolley have bo_th in tern acted as a stimulus fo r investi­
gations along certai n lines, the former , be,ause failure was 
not very costly and the latter because the most obvious and 
desirable method was prohibited. American managers have 
never balked at a large expenditure of money if it promised 
a durable improvement or economy, but the very fact that 
thev have been allowed a comparatively free hand in the 
eqt;ipment of their own systems, and that the standard trol­
ley system has proved so satisfactory, has acted as a bar to 
the adoption of untried methods which wnuld take time to 
standardi ze and in the end, if successfu l, prove littl e. if at 
all , better than that which was immediate}~- available. 

Mr. Vellguth point s out how these differences in en­
vironment have lead to differences in practice; yet these dif­
fe rences are not so great as one might expect to find and 
far less than exist in steam railroad service in the two con­
tinents. T he fact that there are no radical divergences in 
principle between the two continents makes the study of 
one set of methods of value to those whc) practice the other . 

In certain directions. as in three-phase traction , E uro­
pean practice has lead Amer ican , though how important 
this system will be in fut ure traction service will not be 
di scussed here. Cert ain it is that the three-phase roads 
now in operation in E urope are very sat isfactory fo r the 
work fo r which thev are intended, and the leading engi­
neers there are tho1:oughl y imbued with th eir merit s fo r' 
long-di stance. high-speed service. 

---•••---
Conditions of Export T rade 

From time to time one hears some concern expressed as 
to the maintenance of the recent high level of American 
export trade, and late stati stics have been assumed to show 
that the remarkabl e demand exhibit ed for our product 
during the last two or three years was a mere spurt. A 
more careful and sober inquiry does not justify these pessi­
misti c views. T here is, in reality, li ttle differe nce in the 
bulk of export ed manufac tures, whil e lower price and the 
fallin g off in agricultural produce wo uld fai rly acco unt fo r 
the slightl y smaller t rade balance in our favo r. In fact , 
the class ified returns fo r A pril , just to hand , demonstrate 
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that of our exports in that month 36.54 per cent were of 
manufactu res, as compared with 29.15 per cent in Apri l, 
19or. T his is a striking gain of over 7 in the percentage; 
while of our imports that month, not less than 49.93 per 
cent were of raw materials for manufacture or partially 
manufactured material. 'vVe can see nothing temporarily 
<liscouragi ng or permanently bad in such ch eerful figures. 

There is, however, an aspect of the case that does not 
reveal itself in these statistics, but one which is familiar to 
our readers, namely, the actual diminution of exports 
caused by the establishment of large factori e abroad to 
make goods previously shipped in notable quantities from 
this coun try. A change of method like that mu t obviously 
prevent any rapid expan sion of figures in the departments 
affected by the creation of American centers of industry 
on foreign soil ; and while we are not in possession of the 
data-which would in any event be extremely diffic ult to 
collate-it is evident that the growth of manufactured ex­
port in electric and street railway classes would be larger 
bu t fo r the natural and inevitable check referred to. 

\ i\Thil e thi s tendency to plant American factories near 
the points of large consumption , with foreign capital and 
under fo reign management , is likely to continue, we can 
onl y welcome it as a sign of g reater international inter­
course and of a reduction of all practice to uniformity, 
which in the long nm makes not onl y for the welfare of th e 
purchaser, but fo r the benefit of th e produ cer in biggest 
\'Olume. It is the fact that, whil e some areas of suppl y 
have been restricted by the operation of the causes named, 
in general the market fo r American street rai lway ap­
paratus is appreciably larger than when our efforts to pro­
mote it were first made, fo r electric traction is now one of 
th e dominant needs in each of the four quarters of the 
g lobe. This means not merely equal opportunity fo r the 
larger machinery built in E urope and on this continent. 
but a better chance than ever for the long list of miscel­
laneous parts and suppli es without which no t ro ll ey road 
can be equipped or maintained . But such goods must be 
made universally known and be so standardized in quality, 
size ancl applicability that the la rgest orders can be at once 
fi ll ed with that promptitude fo r which our E uropean 
fr iends so often compliment this country. T he one great 
fact to be borne in mind is that eternal vigilance is the 
main item in holding and extending the export market 
already secured by the earlier efforts and th e persistent 
publicity thu s fa r brought to bear. 

•• 
Results of the Zossen Tests 

Tt is with great pl easure that we are able to present to our 
readers the results of the preliminary high-speed tests on 
the Zossen line. It is especially for tunate that they became 
available at this particular time, just when the whole ques­
tion of train resistances had been reopened in our columns 
last month. The curves showing the experimental values 
of the air resistance are exceedingly instructive, and will 
well repay careful study, especially the one indicating the 
points obtained from the full series of tests with the Siemens 
& Halske car. \Vithout entering- into a detailed discussion of 
the records it should be noted that these results indicate for 
the relation between normal air pressure and speed approxi­
mately p = .0027 T,72 . T he experiments show di stinctly that 
the pressure vari es with the square of the speed, but with 
a much smaller coeffici ent than was assumed by the older 

formul~, long discredited and now disproved, which are 
cited by Mr. Davis in his discussion of the subject thi s 
month. The coefficient is, however, much larger than that 
obtained by Crosby with whirling bodies some ten years 
ago, indicating- that hi s experiments were probably vitiated 
Ly " mit-w ind" which is likely to affect any work by that 
method. 

The second important fact b1:ought out by the Zossen 
tests was that the tractive coefficient at about 75 miles per 
hour was certainly no greater, and probably materially less, 
tha11 at a speed as low as 12 miles per hour. This result is 
absolutely confirmatory of the position which we took last 
month , and indeed have often r eiterated in referring to the 
subj ect. T he same fact has often appeared in results ob­
tained from locomotives , and the late Mr. Barnes, who had 
ma<le a special study of the subj ect, used to contend that at 
very high speed a marked steadying action took place, 
which gave smoother and easier running with respect to 
minor irregularities. \Ve regret that the results now ob­
tained do not include the track resistances at various inter­
mediate speeds, for there is some probability, as we have 
before intimated, that they may show higher values than 
those obtained at either extreme. In any event a decreasing 
or uniform value of tractive resistance explains the fact 
that formu l;e like those of Sinclair, Barnes and Vauclain, 
which contain only the first power of T', still g-ive result s 
close to the experimental facts within the range of rather 
hig-h speeds for which these fornml;e were designed. Cer­
tain it is that they give at high speeds results much more 
closely in accordance with fact than any of the older 
fonnul;e, which were based on lower speeds and antiquated 
track conditions, although being based on trains they give 
low values for the res istance of a single car. The power 
actually taken to drive the experimental cars at speeds be­
tween 90 and 100 miles per hour ranged from 840 hp to 950 
hp. and it should be remembered that at these speeds the 
track was g iving serious trouble, so that the tractive coef­
fici ent was probably quite abnormal. 

\ Ve shall await with g reat i11terest the detail ed results 1)i 
the tests with respect to power consumption and tractive 
effort , but enough has already been made public to assure 
us of the welcome fact that electric trains at the high speeds 
in question actually require vastly less power than would be­
indicated by the "B & L" formul re which aroused so much 
discussion last month . The probable errors which we 
pointed out at the time are fully confirmed as errors by the 
results at Zossen, and it now appears that instead of a 
single car at 100 miles per hour taking an amount of energy 
so great as to be virtually impossible, it takes an amount 
that is entirely practicable. Nevertheless, we have always 
taken the position that, as Mr. Davis indicates, the train is 
a unit vastly preferable from the standpoint of output, and 
offers the only proper solution of the high speed problem. 
The one critical point is the character of the track, and evi­
dently this is the direction in which to look for the improve­
ments necessary to make high-speed electric trains an 
operative success. 

The Zossen results, so far as they have gone, are highly 
satisfactory to the advocates of high-speed electric traction , 
and we hope they will not suppress, but rather stimulate, 
further investigation. There is much work to be done. The 
effect of cross wind and head wind must be studied, the 
relation of the track construction to the resistance must be 
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in v<.:s tigated, and the braking problem must be worked out 
to a successful conclusion. It is, however, of great assist­
a:·.(:e to have accurate values of the air resistance and con­
firmatory evidence of the steadiness of the tract i vc resist­
ances so long, at least, as the track remains in good con­
dijon. 

---♦♦.&.----

Automatic Block Signals for Electric Railways 

T he advance of electric traction into tbe fie ld of steam 
road suburban service and the increasing number of high­
speed interurban lines operating on both single and double 
track make it opportune to call attention to the need for de­
velopment of automatic block signal systn n s suited to thi s 
class of heavy electric railway service. It is not to be sup­
posed that any block signal system can :··!ke the place of 
eternal vigilance on the part of motormen and conductors, 
but an efficient system of thi s kind may great!y assist in the 
\\'Orking of the road and add to the safety wi th which 
trains can be operated. M uch costly experimental work 
has already been done in developing block signals for elec­
tric roads , yet much more remains to be ac,::omplished. \Ve 
would not for a moment belittle the work already com­
pleted or in process, but we do wish to spt: :tk a word of en­
couragement to those who are endeavoring to evolve auto­
matic block signal systems which wi ll bt' entirely suited, 
both i11 cost and operation, to the conditions of present high 
speed and electric interurban lines . as well as to steam rail­
road suburban lines electrically equipped. It is true that 
the latter class of service is as yet undeveloped and that 
this application is more a question of future demands than 
present requirements. So far no actual dl',nands have been 
made for signals in this service, yet it does militate some­
what against elec tric traction in the minds of steam rail­
road official s that few automatic block sig nal systems are 
being offered which ,rnuld be at all suited to the condi ­
tions which arise when a steam road is changed to electric 
traction. 

All block signal systems so far put in operation can be 
classified under two g eneral heads; first, those dependent 
on the operation by the train of some kind of a track in­
strument or trolley instrument at a g iven poi nt; econd, 
those dependent upon track circuits . T he fir st class is the 
oldest both in steam and electric railwa_v practice. The 
first automatic block signals used on <;team roads depended 
upon the deflection by the wheels of a train of a track in­
strument at the beginning of each block. The deflection of 
this instrument set the signal at the entrance to that block 
to "danger" position. When the train passed on out of the 
block it defl ected another track ins'xumrnt which estab­
lished· circuits, putting the signal at the entrance of the 
block again to safety position. All the automatic block 
signal systems so far used fo r surface 1:. lectric rail ways 
have depended upon the instruments in ~1-ie overhead line, 
operated by the passage of the trolley wheel. In the case 
of electric roads, of course, power for openting the signals 
or lighting signal lamps is obtained from the trolley circuit. 
In the case of steam roads , primary battPries were neces­
sari ly used. Any block signal system dependent upon the 
operation of track or trolley in struments has certain de­
fects which do not exist with systems dependent upon 
track circnits. \!\Tith the track-circuit syst,~m used on steam 
rai lroads. the blocks are composed of continuous bonded 
sections of track, and each block is in suloited from the ad -

joining blocks by insulat ing rail-joints. A potent ial differ­
ence of one volt is maintained by a g ravi ty b:i ttery between 
the two track rails of a block. T he presence of a train, ur 
even a single pair of wheels on a block, ::lwrt circuits the 
battery anJ let the signals fall to danger. A broken rail , 
or an iron har resting across the tracks, ha . .:; the same effect, 
and it makes no difference whether a portion of a tra in has 
JJassed out of the block or not ; the sign::i.1 governing the 
block wi ll not go to safety until all the wteels of the train 
are off the block. 1n any system dependent on track or 
trolley instrume11ts it is possible fo r the ;n strument at the 
exit of the block to be operated and clear the signal when 
the block is in reality not clear, as, for ex,,mple, when two 
cars are closely fo llowing each other under special or ders 
or wher e one car has entered a block ag-'..tinst the danger 
signals before the car ahead has left it. Of course, with 
motormen proper ly observing rules, the danger of thi s kind 
is very small , and, in fact , as we said at the beginning of 
this article, it makes no difference how efficient the block 
signal system is, there must be discipline upon the part of 
the motormen and strict observance of the rules in order to 
make it efficient. However, the desirable features of the 
track-circu it plan have resulted in an ::i. lmost universal 
adoption of track circuits by steam roacls for automatic 
block signals. It is much to be regretterl, in view of the 
simplicity and efficiency of the automatic block signa l sys­
tems which have been developed on steam roads, that such 
systems are not suited to heavy electric rai lways, because if 
they were it would save much of the inventi ve and experi­
mental work that must be done when electri c traction en­
ters the fi eld of high-speed suburban and interurban serv­
ice on steam roads. T he essential difficul ty is that the 
fou ndation of automatic block signalin g on the steam roads 
of America to-day is the track circuit , wh;ch makes use of 
easily disturbed electrical conditions ex ist ing between the 
rails of the track. 0 11 account of the low ins ulation resist­
ance between the rai ls of a track on the surfac e track cir­
cuits can only be satisfactorily maintained on steam roads 
by using a low-voltage battery of high internal resistance, 
the custom being to use two cells of g ravit~, battery in mul­
tiple. If an electric road were to try track-circuit signaling, 
while still using the track as a r eturn . one rail of th e track 
must be divided up into blocks insulated from each other , 
leaving only one rail available as a retu rn conductor. In 
order to prevent interference with the sig11 :1 ls by any di ffer­
ence of potential set up by the fl ow of the ,eturn cw-re1. t 
used in train propulsion voltage considerr1 blv higher tha11 
one volt or tvv o volts must be used. vVhile a system of this 
kind is successfu lly used on the Boston E levated. as re­
cently described in these column s, it is. of course, not de­
sirable to give up the V8. lue of one tr ack rail as a return 
concluctor, especially on surface roads which have 11 0 ele­
vated structure to bond to ; and , furthermore, it has not 
been establi shed by trial that th maintenance of a suffi­
ciently hig h voltage on the track circnit with rails laid 0 11 

the surface would be fr ee from obj ect ions. If it shoul d be 
fo und that the track circuits a1·e utterl y impracticable for 
surface lin es there is still the alternative of t rack-instru­
ment sy stems. 

O ne possible scheme of hlock signaling on electric roads 
which has been proposed in a general way bv a number of 
writers, but which has never been worked out in practice, 
is that o f ha ving the bl ock signal system g·overn ed b)' the 
current supply. The general ide2. of tlii<, is to divide the 
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third rail into sections insulated from eacb other, each sec­
tion constituting a block. The presence of a train on one 
section would act either to set danger signals at the be­
ginning of the block or to cut off current entirely from 
the preceding block through the medium of a relay in the 
feeder supplying the block to be protected. This could only 
be accomplished with safety on a thi::.-d-rail system, where 
the contact shoes would always be on the rail and where 
each car would take sufficient current from the line at all 
times even when the motors were not running, so that it 
would operate a relay inserted in the feede r cir~uit supply­
ing its section of the third rail. T his would not be feasible 
with a trolley road because of the possibiHy of the trolley 
being off the wire and leaving the car un1)rotected by any 
block signals at the very .time when it might need it the 
most. Considerable experimental work would have to be 
done to bring such :i system to a conunerC'i3.l state as just 
outlined, and it would not conform to the rules adopted by 
American steam railroads governing signals, in that it 
would require the presence of current in the feeder supply­
ing a block before the signal would be 11lowed to go to 
danrrer at the entrance to the block. American railroad 

:c:, 

rules require that in the event of any defect or failure of 
any part of the signal system to operate th signal shall go 
to danger by gravity and shall not depend upon positive op­
eration of some force to put it in the danger position. 

----+-+-+-----

Polyphase Railway Working 

Two important papers , read at the recent meeting of the 
American Institute of Electrical Engineers on this subj ect, 
are of particular interest to those engaged in solving the 
problems of long interurban service and the substitution of 
electricity for steam on existing roads. Naturally , manu­
facturers are well contented to let a good thing stay undis­
turbed, and they will have a very logical and forcible argu­
ment against the innovation, so far as street railway servi~e 
o-oes in the desirability of a uniform practice on electric 
:oad~, yet the polyphase specter will not down. We b~lieve 
that it will be laid, if at all, only by a thorough and unbiased 
study of its merits on a practicar" scale. We do not believe 
that it will prove an important factor in street railway 
systems for cities, but it is the part of wisdom to consider 
the features of the svstem, and to study in particular the 
points in which it differs from present American practice. 

De Muralt's paper dealing with the European roads 
already in operation is full of valuable information. The 
general impression which it leaves upon the mind is that the 
roads operated by polyphase motors have demonstrated that 
the system is thoroughly reliable and practical, at least for 
certain classes of work, but the fact that of the half dozen 
roads described only one belongs fairly to the tramway class 
forcibly suggests that polyphase working finds its least ad­
vantageous field in ordinary street railway work. It seems 
to us that the chief objections to the system lie not in the 
character of the apparatus, which is excellent, nor in the 
difficulty of speed regulation. which can be as readily ob­
tained as in a simple motor equipment of the ordinary kind; 
but in the necessity for a double trolley, and in the incon­
veniences of a nearlv-fixed gener.il speed. 

A double trolley in any form and for any purpose is an 
unmitigated nuisance. It stands condemned by the whole 
body of practical railway men who have used it on street 
rai lways. In the larger field of electric railroadin o- the nh­
i ections to it are not so important. but it seems to us that 
~or ordinary tramway work polyphase motors will have a 

hard road to travel unless they can shed the extra trolley. 
As to the other count in the indictment, induction motors , 

while perfectly capable of speed regulation, constantly tend 
to run at nearly synchronous speed, so that it is difficult to 
obtain the reserve speed necessary for making up lost time 
so as to preserve a uniform schedule. One could run ordi­
narily at reduced speed with some considerable loss of 
energy, but the question of making up time is serious with 
any form of induction motor. Of course, in interurban and 
some special railway service, traffic is relatively steady; as 
regards the call for unusual delays there would be less in­
convenience from this cause, and it is in this larger work 
that polyphase motors have the best chance. 

It is for just such cases that the advantages of the poly­
phase distribution are most conspicuous. Whenever a large 
amount of energy must be distributed over a long line the 
feeder copper becomes very burdensome. In splitting up 
the line into sections fed from the sub-stations there is a 
very great saving, for the feeder copper is very nearly 
inversely as the square of the number of sections. There is 
besides no doubt that the motors, if polyphase, can with 
entire success be wound for double the voltage that is per­
missible in a motor having a commutator, so that here again 
is a possible large saving. The tests on the Burgdorf-Thun 
line show clearly that good results can be obtained with 
simple rheostatic control, but for severe acceleration some­
thing more is needed, and in the Valtellina system Ganz & 
Co. have placed reliance on the so-called concatenated con· 
trol, in which the secondary of one motor feeds the primary 
of another. 

Mr. Danielson, in a very interesting paper, presents 
several modifications of this system, made with a· view of 
getting easy control of speed over a wide range. The ·gen­
eral principle is to employ two or more induction motors 
with different numbers of poles, so as to get what is prac­
tically a change of frequency in the subordinate member of 
the concatenation. There is no doubt that one can get a 
wide range of regulation by this device, and Mr. Danielson 
figures out that such a combination will give substantially 
as good results in acceleration as are obtained with continu­
ous-current motors. The scheme is certainly highly ingen­
ious, but, to the lay mind at least, it suggests frightful com­
plication, both in the controller and in the car wiring. It 
is not many years, however, since series-multiple control 
was rejected for the same reason, and we should really like 
to see Mr. Danielson's device tried on a practical sca:le. For 
many purposes the simpler control used on the European 
roads seems adequate to do the work, and from all accounts 
it actually does perform thoroughly well. 

We do not desire to take a radical position in this matter 
of polyphase traction, and we certainly appreciate the ad­
vantages that have accrued to the art of electric traction 
from the thorough development that standardization has 
brought to our present apparatus. But we cannot be blind 
to the fact that the Continental engineers have rapidly been 
putting polyphase traction into a useful and practical state 
for many purposes. The litigation of last year over the 
" Inner Circle" showed very plainly that polyphase traction 
must be reckoned with in the very near future, and while 
the London decision may have shown sound judgment, 
under the conditions to be met, it cannot be considered as 
having definitely put polyphase methods out of the game. 
The subject ought to be taken up and thoroughly studied 
by our American engineers in the light of the foreign re­
sults. Our cheaper copper and more costly apparatus result 
in conditions of economy radically different from those 
found abroad, and the possibilities and limitations of poly­
phase railway working in this country ought to be investi­
gated most carefully. It will not do to let the matter rest. 
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Freight Business on the Chicago, Harvard & Geneva 
Lake Railway 

lhquiries have recently been made by those interested in 
the building of electric interurban roads as to what amount 
of freight busin ess could be obtained from an average 
farming community, leaving out of account city traffic and 
patronage from factories along th e line. In this con-

CONNECTION WITH CH ICAGO & NORTHW ESTERN AT HARVARD 

nection, also, the question has come up as to how far inter­
change of freight business with steam roads can be carried 
on and whether it is practicable to load the majority of farm 
products directly in the steam road fr eight cars at sidings 
along the electric road. As a partial answer to some of 
these questions an investigation of the freight business 

ties throughout the Central States which are devoted al­
most entirely to farmin g. Another thing which makes the 
experience of thi s road espec ially valuable to others is that 
it probably carries on interchange of business with steam 
roads to a greater extent than any other electric road in the 
country. This holds true both as to freight and passenger 
business . Tickets are sold th rough from any point on the 
Chicago, Harvard & Geneva Lake R ailway to those on the 

MAIN STREET OF HARVARD 

Chicago & N orthwestern Railroad or the Chicago, Mil­
waukee & St. Paul Railroad . The greater part of the 
freight received and delivered by the Chicago, Harvard & 
Geneva Lake Railway is handled in the steam road freight 
cars, which are haul ed dir ectly from the steam road to the 

-:-<J 
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FREIGHT MOTOR CARS ON CHICAGO, HARVAR D & GENEVA LAKE RAILWAY 

which has Leen ca rri ed on for nearly three years by the 
Chicago, Harvard & Geneva Lake R ailway may prove of 
value as indicating what may be expected under similar 
circumstances elsewhere as to the volume and kind of 
business. 

Figures from thi s road are of value not because the 
road 's earn ings are anything enormous either from freight 
or passenger business, but because there is so li ttle along 
the lin e of the road as regards freight production which 
differs from average conditions existing- in many communi-

rural siding at which delivery is made, thu s doing away 
,vith all transfer of fr eight from steam to elec tric cars. 

T he road has 10.5 miles of main line and 1.5 miles of 
siding. Its southern terminus is at H arva rd , on the Chi­
cago & N orthwestern Railroad, near the northern border 
of Illinoi s. This division of the North western road fo rms 
its main line between Chicago, St. P aul and Minneapolis. 
Running north from Harvard 8 .5 miles th e electric road 
crosses the Chicago, Milwaukee & St. P aul Railroad and 
then runs 2 mil es northeast to the southern edge of Lake 
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Geneva, one of \\ ' isconsin's choicest lakes and an aristo­
cratic summer resort. U ut of a total yearly business of 
about $20,000 fully one-thi rd, or $6,666, is income fro m 
freight. The population along the li ne is as fo llows: 
Harvard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,500 
Big Foot Prairie............................... 100 
\Valworth . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 600 
Fontana, on LakL· < ;eneva. . . . . . . . . . . . . . . . . . . . . . 300 
Farmers. tributary to hne. . . . . . . . . . . . . . . . . . . . . . . 500 

Total population ......... . ................ . . 4,000 
or about 380 people per mile of track. 

\ __ ...,, 

.., 

pany's myn yards. I n summer, refri gerator cars are run 
twice a week from the Chicago & Northwestern R ailroad 
for the benefi t of the th ree creameries on and near the line 
of the electri c road . This saves these creameries a long haul 
in the hot sun to the steam roads. L ast winter 3000 tons of 
ice were hauled from L ake Geneva fo r local use along the 
road. T he company receives $500 per year fo r hauling 
1nail two trips each way the entire length of the road. A ft er 
June 1, 1902, an aditional service of one trip each way over 
the 2 m iles between vValworth and L ake Geneva will be 
given . 

L ive stock shi pment3 fo rm an important part of the com­
pany's fre ight business and account for the 
large number of carload lots of freight de­
livered to the steam roads. \1/hen the road 
was fi rst built the only steam_ road con-

td:L Jilhivt.cm 
/ 
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nection it had was with the Chicago & Nor th­
western Railroad at H arvard , its southern 
terminus. Later the Chicago, M il waukee & 
St. Paul Railroad built through \1/alworth. 
T his town had fo rmerly been served only by 
the electric road and had grown from 300 to 
600 people in a space of two years, due to the 
building of the electric line. As the building 
of the Chicago, Milwaukee & St. Paul Rail­
road through \ Val worth gave a direct steam 
road connection from that town to Chicago 
it was fea red that it would have a disastrous 
effect on the business of the electric road 
originating in the vicinity of Walworth. It 
is inter esting to note, however , that the elec­
tric road has held its own in spite of this 
competition and that 85 per cent of the live 

~~ .. t' ~~~--~......_ ~ ·"' 
.'~ ,. -~,.., '·~ 

WALWORTH STOCK YARDS ON THE C HICAGO, HARVARD & GENEVA LAKE RAILWAY stock fre ight business out of \ i\Talworth is 
handled by the electric road instead of being 

shipped directly over the Chicago, M ilwaukee & St. Paul 
Railroad. 

The freight earning s come to about $635 per mile of 
t rack per year. vVhen freight is handled by the carload, 
the Chicago, Harvard & Geneva Lake Railway charges $5 
per car for every car delivered from a steam 
road to any point along the line. Last year 
about 1000 carloads of fr eight were handled 
in this way at $5 a car. Piece freight is 
handled on a one-rate plan between any two 
points on the Chicago, Harvard & Geneva 
Lake Railway at 5 cents per hundred 
pounds. No piece of baggage or single 
shipment of freight is taken for less than IO 

cent s, though baggage of passengers going 
through to or fr om steam road points is 
checked free. In carload lots on both of 
the steam roads which thi s electric road 
intersects the freight rate is the same to 
any point on the electric road that it would 
be to Harvard on the North western road 
or \Valworth, on the Chicago, Milwaukee 
& St. Paul. from any point on either of 
these steam roads. One fr eight motor is 
kept in service all day, with a crew of two 
men. This motor car is made from a steam 
road freight car body mounted on :McGuire 
trucks which were designed for elevated 
service and equipped with two G. E.-57 mo­

T he whole secret of this is in the better accommodation 

tors . T his freight car has windows in each PRIVATE STOCK YARD ON LIN E OF CHICAGO, 

corn er for the use of the motorman and a 
HARVARD & GENEVA LAKE RAILWAY 

controller at each encl. This motor car haul s from one to 
fo ur steam road freight cars and carri es piece freight. 
Some of the latter freight is also carried in the baggage 
compartment of the passenger cars. T here are six 
freight sidings along the road, not including the com-

for shippers which the electric road is able to offer. ~n one 
case the electric road has put in a siding for the stock yards 
of a private shipper a short di stance from Walworth. In 
the town of Walworth itself are the yards of both electric 
and steam railroad companies, Thy rate to shippers being 
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the same by either the electric o r steam roads, the great 
majority go to the elec tric road stock yard because of bet­
ter accommodations. The stock yards of th e elec tric ro;icl 
are near the shops and power house and are supplied with 
both hot and cold water and electric light. Th e hot water 
is espec ially appreciated by shippers who wish to g ive their 
stock a warm bran mash before shipment. Th en, too, there 
are other small points which the shippers appreciate very 
much. There are always enough employees around the 
company's shop and yards so that a man or two can be 
spared to help the shipper in case of necessity and to see 
that hi s wants are attended to. It is manifestl y impossible 
for· a steam road with a single agent to do anything of this 
kind for shippers, and yet under the circumstances it costs 
the electric road little to do it. Steam roads haul stock 
into the Chicago stock yards in from three to four hours 
from the time of leaving Harvard or Walworth. The elec­
tric road makes it a point to keep stock cars always avail­
able for evening shipments on short notice and has arc 
lights at the yards. v\Then a shipper 's agent in Chicago 
wires that the market on the fo llowing clay wi ll be good, 
this message is received by the manager of the road and 
immediately tel ephoned to the shipper, who can load hi s 
stock in time for th e stock train leaving Harvard at mid­
night. From th e experience of this road it is evident that 
an electric road, the manager of which makes it a policy to 
accommodate shippers in every way possibl e and to culti­
vate their good feeling , can rely on capturin g a large share 
of the business of the country through which hi s road runs 
and that stockmen will not drive to a steam road stock 
ya rd when an electric road is near. It has nothing to fear 
from long drives to steam road stock yards and freight de­
pots if the shippers are well treated. It is in the matter of 
conformity to the wants of shippers and travelers that the 
elec tric road has always excell ed, and wh en well managed 
thi s will always be true from th e nature of th e case, because 
the organization of th e steam road and methods of opera­
tion do not permit of such frequent service or attention to 
the individual wants of shippers as would be possible on an 
electric road. 

Although this article ha s been devoted mainly to the 
freight business, it may not be amiss to mention some of 
the other principal points about the road. The equipment 
consists of two freight motor cars , each havingtwo G. E.-57 
motors; four passenger cars, each eq ui pp eel with two G. E.-
1000 motors, and one fa st passenger car equipped with two 
G. E.-57 motors gea red to 40 miles per hour. This latter 
motor equipment is put under a sn0vvplow in 'vvintcr. The 
fr eight motor car, with its crew of two men , is kept in serv­
ice during the clay, and, when necessary, in the evening, the 
year round. One passenger car, with a crew of two men, 
is kept in service all clay during the winter months. In the 
summer this road offers one of the eas iest means of reach­
ing Geneva Lake from Chicago in conn ection with either 
of the two steam roads, and, in fact, this is the only railway 
line going to the water 's edge of Lake Geneva, the grades 
clown to the lake being so severe that no steam road has 
ever built directly to the lake. In the summer , therefo re, 
to accommodate the Lake Geneva travel, much of which 
consists of regular patrons who have cottages on Lake 
Geneva and do business in Chicago, the service is in ­
creased. Two cars are kept running the entire leng th of 
the line, from Harvard to Geneva Lake, and one car be­
tween \Valworth and Geneva Lake. The cash-fare rates 
art'. as follows: 
Harvard to Oak Grove, 3 .75 mil es ......... .. ..... $0. 10 
H arvarcl to Big Foot Prairie, 5 miles. . . . . . . . . . . . . . .15 
Harvard to Walworth , 8 .5 miles ................ -.. .20 
Harvard to Fontana on the Lake, 10.5 mil es. . . . . . . . .30 

After June 1 the rate from Il arvarcl to the lake is to be 
25 cents. Commutation tickets consisting of forty 5-cent 
rides are sold . O nly four coupons are taken from such a 
ticket for a trip from H arvard to the lake. S team roads 
sell tickets from Chicago to Geneva Lake and return by 
way of the Chicago, H arvard & Geneva Lake Railway. 
There is also a commutation ticket sold between Chicago 
and Lake Geneva upon which a person can reach Chicago 
from the lake eith er by the way of th e electric line or by 
a steam road in conn ection with the Chicago & N orth ­
western. O ne coupon on this ti cket reads by th e way of 
either line. T he roads named on this optional coupon are 
credited with the tickets which th ey collect. From Ilar­
varcl to vValworth the right of way is along one side of 
the highway. This highway is much better now than in 
former clays, owing to the absence of heavy teaming, which 
was done away with after the el ectric road was buil t. The 
franchi se is for fifty years . 

The force required to operate the road, except during 
the summer passenger business, consists of one manager, 
t\\'o eng ineers, one fireman, one electrician, one helpEr, one 
trackman, two motorm en , one passenger conductor and 
one freight conductor. The road is managed by H erbert 
T. \ Vindsor, fo rmerl y of the Chicago office of the General 
Electric Company. L. S. Owsley, of Chicago, is president 
and H . II . Windsor, of Chicago, secretary. 

---♦---
Association Meetings at the World's Fair 

It is proposed to invite the American St reet Railway 
Association to hold it s meeting in St. Louis in 190..j., and 
:furnish the organization facilities for a large ga thering. 

At the recent annual convention of the Nat ional Electric 
Light Association, in Cincinnati , considerable interest was 
manifested in the importance of the associat ion taking an 
active part in stimulating a prominent and important dis­
play of electrica l apparatus and appliances at the interna­
tional exposition to be held in St. Louis in 190..J. , \\'hich 
culminated in the unanimous adoption by the convention of 
a resolution presented by J ames I. Ayer, of Boston, which 
provided that the annual meeting of 1904 be held on the 
grounds of the Louisiana P urchase Exposition Company 
at St. Loui s. 

Action was taken by the Na tional E lectric Light Associa­
tion to hold the 190..j. meeting in St. Louis, for the reason 
that the members are convinced that much better working 
exhibits will be forthcoming if the electrical manufacturers 
understand that the operating companies are thoroughly 
interested in having electrical appara tus exploi ted on a 
large scale. The co-operation of the .c\me1·ican St reet Rail­
way Association, it is estimated, would result in attracting 
a still larger number of exhibitors, and ·would really solve 
the problem of getting a prnper representation of these 
interests in the electrical department. 

---♦+.----

O n Oct. 1, 1901, 113 Germc1n cities, against 99 in 1900, 
had electric traction, with a total length of roads of 19..J.0 
miles, equal to 28..J...J. miles of sing le track. The total o ­
pacity of the generating machinery in use for traction was 
108,021 kw, as aga inst 76,600 kw in 1900, excluding storage 
batteries. The increase in the use of storage batteries w~1s 
still g reater; their power was 25,531 kw at the end of Octo­
ber , 190 1, as against 16,890 in 1900. Of the total of 28...j...J. 
miles of single track, only 4..J.5 mi les are owned by the mu­
nicipalities , but even thi s is in part rented to private com­
panies. T he Berlin-Zossen Rai lway is the only p1·ivate 
rail way included in the foregoing fi g ures. 
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Train Resistance 

BY W. J. DAVIS, JR. 

T he communication from Messrs. Lundie, Bell , Dodd 
ar.d W ille in the May 3 issue of the STREET R AILWAY JOU R­

NAL on the subj ect of train resistance in general and the 
fo rmula; offered as the results of the Buffalo & Lockport 
tests in particular, were r ead by the writer with deep inter­
est and appreciation of the suggestions and information 
given. In view of the friendly criticism provoked the 
writer feels that additior:.al explanation of the derivat ion 
and limitations of his fo rmula may not be out of place. It 
must be remembered that as the maximum speed obtained 
in the Buffalo & Lockport tests did not exceed 60 miles per 
hour it cannot be assumed that the constants obtained can 
be applied with accuracy fo r speeds greatly exceeding this 
value until verified. T o the writer 's knowledge, all of the 
published data on train resistance at high speeds is the re­
sult of tests taken with steam locomotives hauling trains of 
standard steam rai lroad passenger coaches. The Buffalo & 
Lockport tests were made under similar conditions, except 
that an electric locomotive was used instead of a steam 
locomotive. • 

It may be interesting to compare some of the best-known 

( 1) Wellington. f = 4 + .005V2 + (.28 + .0311 ) ;
2 

AV 2 

(2) Eastern Ry., France. f = 3.6 + .45V + .0019 -y 
(3) 
( 4 ) 
(5) 

D. K . Clark. f = 7.14 + .00525V" 
Engineering N eZl1S, 1894. f = 2 + .25V 

Baldwin Locomotive \Narks. f = 3 + .IG7\-
\ Vhere f = resistance in lbs. per ton. 

V = velocity in miles per hour. 
T = weight of train in tons. 
n = number of cars in train. 
A = cross section of car in square feet. 

It will be observed that none of these fo rmula;, with the 
exception of \Vell ington's, takes into consideration the 
number of cars fo rming a train or the cross-sectional area 
of the car. In making comparison therefore with the Buf­
falo & Lockport fo rmula it is necessary to approximate 
these values by assuming type of car and engine represent­
ing average pract ice. Suppose we take a five-unit t rain 
made up of four cars weighing 45 tons each, with I 10 
square feet cross-sectional area and hauled by So-ton loco­
motive, making total weight of train 260 tons. Formula 
(3) in the May issue, obtained directly from Buffalo & 
Lockport tests, has been given as 

.004AV2 

f=4 +. I3V+ T [ 1+.1 (11-1)] 

S ubstituting the above value we obtain the following r e­
sults at a speed of 60 miles per hour : 

B. & L. formula............. . . . . . . . . . . . . . . . . . . 2 0.3 lbs. per ton 
vVellington.. .................................. 27.9 " " 
Eastern Ry. , France . . . . . . . . . . . . . . . . . . . . . . . . . . . 33.5 " 
D. K . Clark . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 . 0 " 

E ngineering News, 1894...................... .. 17.0 " 
Baldwin Locomotive \Vorks .... -. . . . . . . . . . . . . . . . 1 3.0 " 

It will appear from the foregoing that the values given 
by the Buffalo & Lockport constants, instead of being high, 
are considerably less than the values obtained from the fo r­
mulce of D. K. Clark, \ Vellington and Ea.stern Railway, of 
F rance, but are r ather higher than the Baldwin Locomotive 
Works and Engineering News formula;. The latter , how­
ever , contain no quadratic function of the velocity, and fo r 
this reason, while approximately correct a;: low speeds, are 
inaccurate in high-speed work. 

T he formula has also been checked up from time to time 
with published results of isolated engine trials and per-

formances. As an example taken at random, the Railroad 
Gazette of Nov. 1, 1901, gives some tabulated results of the 
performance of a New York Central class I engine hauling 
the Empire State Expr ess from New York to Albany. The 
t rain was made up of one composite car , two coaches and 
one parlor car, having weight, with passengers and bag­
gage, of 208 tons. The locomotive weighed 88 tons, mak­
ing total weight of train 296 tons. Assuming the cross­
section of the cars to be II5 sq. ft ., and taking the engine 
efficiency at 90 per cent, the following tabulated results are 
obtained: 

Speed 

I 
T rain Resis. 

CARD No. T otal I. H . P . Tra in R esis. lbs per T on by 
M .P.H. lbs. per T on B. & L. 

Formula 

3 ... - · ·••t••·· ••. 60 1,138 21.8 19.6 
4 ................ 65 1,337 23 7 21 6 
6 ................ 72 1, 331 21 . I 24.6 
8 ... ... . . . . . .... ·1 64 I, I O I 19.7 21,2 

In the Buffalo & Lockport tes ts none of the coaches wer e 
of the vestibuled type, and the out line of the electric loco­
motive was such that it and the car foEowing presented 
practically a fiat sur face to the wind. Verificat ion of the 
law that the wind pressure varies as th;: fq nare of the 
velocity was obtained, not from a single r un , but from six 
independent trials requir ing more than fortv observations. 
Four of these runs, where the wind was very light and nor­
mal to the track, gave each a coeffici ent within a few per 
cent of .004. In the remaining runs the wind was g usty, 
and the tests were rejected on th: s account; but they also 
showed the increase in wind pressure to be proportional to 
the square of the velocity fo r speeds below 60 miles per 
hour . 

The usual type of interurban electric car is vestibuled at 
both ends, and consequently presents a partia lly rounded or 
wedge-shaped end to the direction of motion. In applying 
the fo rmula obtained from the Buffa lo & Lockport tests, 
therefore, to this type of car it was thought to be approxi­
mately correct to reduce the constant " d" to · .0035 . This 
may prove to be too high, and from the viewpoint of the 
engineer and the promoter it is to be hoped that it is so. A 
conservative attitude with regard to motor and power-sta­
tiop capacity impels the writer to favor this value until 
proven high by a number of tests taken under widely vary­
ing conditions. 

It seems to be the general opinion that there is a woful 
lack of data whic11 may be applied universally to high-speed 
traction with single cars having vestibuled fronts, or even 
to short trains of two or three cars where the maximum 
speed exceeds 40 miles per hour. T he results of the Buf­
fa lo & Lockport tests were so striking and conclusive in 
their general character, and appeared so threatening to the 
successful and economical operation of single cars at speeds 
above 60 miles per hour or 75 miles per hour, that i.t was 
with the hope of arousing the attention of electric railway 
engineers to the gravity of the subject, as well as to the im­
portance and value of more data, that the modified results 
of the Buffalo & Lockport tests were published. 

Unfortunately, most of the early interurban electric 
roads follow highways or river bottoms, and on this ac­
count abound in grades and curves. To the writer 's knowl­
edge, there is no electric road in the country now operating 
which can offer a continuous st retch of 10 miles to 12 miles 
of practically level tangent track backed up with sufficient 
station capacity and adequate third-rail construction to per­
mit accurate tests of trains of three or more cars at spee<ls 
approaching 75 miles per hour to 80 miles per hour. There 
are several such roads under construction, however, and 
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one of them, where the highest possible speed and very 
heavy service is demanded and justified by the traffic, will 
have a stretch of 15 miles of almost perfrctly level double 
track free from turnouts and switches which require 
slowing down, will be laid with 90-lb. rail and have 
sub-stations of moo kw rated and 2000 kw momentary 
capacity located at an average of 9 7 miles apart. The Gen­
eral Electric Company is now making arrangements 
through the kindness of the owners to co::1d11ct a series of 
exhaustive tests on this road at the highest speeds within 
the capacity of track and equipmer2 t and under various con­
ditions of shape of cars, number of cars form ing a train, 
etc. It may be several months before these t ests can be 
made and published, and ii other engineers in the meantime 
have an opportunity to add in any way to our present infor­
mation the data will be g ratefully received. 

Special Tests vs. Commercial Practice 

CHICAGO, May 19, 1902. 
EDITORS STREET RAILWAY JOURNAL: 

Regarding the discussion started in the May 3 issue of 
the STREET RAILWAY J OURNAL on the fi gures on train r e­
sistance given by \V. J. Davis, Jr. , I am remir.ded of a story 
which is told of a clisti.nguished A merican inventor who 
has a well-developed sense of humor along ,vith an ability 
to go at all problems in the easiest and most practical way. 
This inventor, so the story goes, had in his employ some 
expert mathematicians notedmore for th eir abilityto juggle 
with equations than for their practical ideas. The inventor 
rushed in upon these gentlemen one morning with a vessel 
of very peculiar and irregular shape and asked to know the 
cubic contents. The mathematicians set trJ ,rnrk with cali­
per and pencil, and along toward night. after a day of 
strenuous labor, they were able to triumphantly announce 
the result. ''Yes, that's correct," said the distinguished in ­
ventor. The calculators were somewhat astounded at the 
assurance with which the inventm spoke and were begin­
ning to wonder if their employer had been brushing up on 
higher mathematics and lightning calculation on the quiet, 
when one of their number , in an awed voice, asked how he 
had obtained his r esult single h3.nded so quickly. "Oh , 
that's easy," he replied; " I filled the thing with water and 
then measured the water in a grac1.uated tube." 

Now, after reading the mathematical discussions on train 
resistance which appeared in connection with Mr. Davis' 
article, I could not help thinking along the line suggested 
by Mr. Dodd that the best way to determine train resistance 
of electric motor cars is to make use of tl1e numerous fig­
ures on power consumption obtainable in every-day service 
from high-speed interurban cars before going through fur­
ther mathematical gymnastics in regard to the 111atter. 
Enough high-speed nms have been made by electric cars 
in the neighborhood of 6o miles per hour, so that there 
ought to be no great alarm lest the train resistance with 
electric traction soon reach a prohibitive fi g ure. Indeed, 
some of us have a strong suspicion that if th!:'. results given 
by Mr. Davis as obtained by the coasting method were 
checked with the readings of an ammeter and voltmeter on 
the same locomotive, taken just before current was cut off, 
there would be a gr eat discrepancv. We have on an elec­
tric car such easy means of obtai~ing, within a fair range 
of commercial accuracy, the power required to propel a 
car at different speeds that it would seem that the best evi­
dence to introduce in a case of this kind would be from the 
car test s of numerous roads now operating at high speed. 
It is safe to say that if electric car resistance had been 
found to be abnormally large on our present roads op­
erating at 50 miles per hour to 60 miles per hour a halt 

would have been called on higher speeds before this. As 
one of the figure s which has been obtained in practice (and 
which I believe corresponds fairly well with results else­
where) the test on the Lake Electric Railway, published 
on page 611 of the May 17 issue, is worth considering. 
Here a car weighing, loaded, 36 tons made 4.84 miles on 
level track in 4 min. , IO sec., taking 12 kw-hours, 2480 
vvatt-hours per car mile, 69 watt-hours per ton mile. Of 
course, special tests are to be considered as of more weight 
than any single common commercial measurements, but 
when special tests do not agree with the gr~neral average 
results of commercial tests there is at least good reason for 
inquiring further into the possible errors in the special 
tests. As intimated in your editorial, there are chances for 
error in the coasting method,· which leave the results ob­
tained by Mr. Davis open to q11estion, and this is especially 
true since they do not seem to agree with power consump­
tion figures obtained in practice. 

C.R. J AMES. 
---•♦---

Mileage, Car and Capitalization of Street Railway Com­
panies in the United States and Canada in l90l 

The accompanying table of street railway mileage, car~ 
and capitalizat ion in the U nited States and Canada for 
1901 has been compih;d from the 1902 edition of "Ameri­
can Street Railway Investments." An examination of the 
table shows that the total mileage of t rack in the United 
States h as been increased during the year 259-1- miles, 
making a total for 1901 of 23,036 miles. The increase in 
capital liabilities is $-1-77,605,002. Each geographical di­
vision of the country shows an increase for the year both 
in mileage and in capital liabilities. The New England 
S tates added 482 miles, an increase of 18.59 per cent, with 
an increased capitalization of $30,237,108, or 6.33 per cent. 
The increase in the mileage of the Eastern States and in 
the capital liabilities is larger in volume, as well as in pro­
portion, than that of any other section. The extensions 
amounted to 922 miles, which was 35.54 per cent, while the 
increase of capitalization amounted to $216,916,744, or 
45-41 per cent. The Central States rank next , with an in­
crease of 792 miles , an equivalent of 30.53 per cent. The 
capitalization was raised by $138,120,450, or 28.92 per cent. 
T he \ Vestern States increased their mileage 354. which was 
an addition of 13.64 per cent, and their capital liabilities 
$5 5,248,200, which was 11.57 per cent. In the South ern 
States, the increase was on ly 44 miles and r.70 per cent, 
but the capitalization was increased $37,082,500, which 
was equivalent to 7.77 per cent. The Canadian systems 
added 18 miles during the year and increased their capital­
ization $2,738,845. 

The year covered by these statistics witnessed the last 
of the cable lines in New York City changed into the con­
duit t ro lley system, thus completing the abandonmen,t of 
the o ld cable system of 56 miles throughout the city and 
the substitution therefor of a modern electric equipment. 
A lthough the mileage of the New York elevated railways 
is still counted in the miscellaneous, or steam group, a 
large portion of the system is· now operated electrically. 
On the Second A venue iine the steam locomotives have 
been discarded entirely, and on Third A venne more than 
50 per cent of th e traffic is handled by the electric system. 
It is expected that th e transformation of the entire elevated 
railway system of New York will be completed within the 
present year , thus making- the largest third-rail multiple­
unit electric railway system in the world. The official open­
ing of the elevated system of Boston, which is operated by 
elect ricity, was the most important event in New England 
during the year. 



STREET RAILWAY JO URN AL. [VOL. XIX. No. 23. 

Results of Tests for Air Resistance on the Berlin­
Zossen Experimental High Speed Line 

T he great interest which has been g rowing for all ex­
periments on high-speed electric railroading for the last 
decade has become largely concentrated upon the trials 
during the tests made in Germany last fa ll. \Vhile a 
g reat many experiments have been made in high-speed 

have been carefully kept from the public, and but little is 
known of the actual data which was obtained. The paucity 
of knowledge on actual train resistance, particularly that 
due to the air, make thi s data of exceptional interest, and 
through the courtesy of the engineers the accompanying 
curves are published for the first time, showing the relation 
between air pressure and speed. It was originally intended 
to obtain speeds of 200 km (125 miles) per hour or over, 

FIG . 1.-THE EXPERIMENTAL CARS USED IN BERLIN- ZOSSEN EXPERIMENTS 

working, there has never been anything undertaken of so 
thorough a nature as the work of the so-called Studien 
Gesellschaft fur Schnellbahnen, which was organized at 
Berlin on Oct. IO, 1899. Th is company, as already men­
tioned in these pages, is composed of representatives of a 
number of the leading German technical societies and elec­
trical manufacturing companies, and is backed by royal 
favor and large financial interests. The right to secure the 
use of the military road between l\.farienfelde and Zossen, 
near Berlin, for experiments, and the necessary capital of 
some $ 180,000 being appropriated, two cars were built by 

but up to the speeds actually obtained the curves show that 
the wind pressure does not vary as the linear function of 
the speed, but as approximately th e square of the speed. 
\ Vhether this relation will obtain at higher speeds will re­
main for subsequent tests to determine . 

The cars have a seatmg capacity of fifty persons, and, 
according to the conditions of the test, were to be no larger 
in width and height than the standard Prussian State Rail­
way car. The trucks are of normal gage, with three axles, 
each able to support a maximum load of 16 tons per axle, 
inclu sive of the passenger load. Three-phase current was 
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FIG. 2.-PLAN AND PROFILE OF BERLIN·ZOSSEN EXPERIMENTAL LINE 

two of the leading continental manufacturers and the tests 
were attempted. \Vhile the rolling stock operated with per­
fect sati sfaction in every way, it was found that at a speed 
above 100 miles an hour the track construction became the 
limiting feature, and the experiments had to be abandoned 
until heavier rails and better ballast had been substituted 
for the present line. 

The results of these experiments, as fa r as carried out, 

used, with 10,000 volts to 12,000 volts on the line. This 
current was transformed on the cars by static transform­
ers and supplied to the motors, which were directly on the 
axles, no reduction gearing being employed. One of the 
two cars used was supplied by the Siemens & Halske 
Aktien Gesellschaft and the other by the Allgemeine Elec­
tricitats Gesellschaft. 

The military road extending from Marienfelde, a suburb 
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a few miles to the south of Berlin, to Zossen, which was put 
at the disposal of the soc iety for thi s purpose by the gov­
ernment, is 23 km (14.3 miles) long and runs almost di-

rec tly south from Marienfelde. I t is level and has only a 
few curves, as wi ll be seen from the plan and profile in Fig. 
2. The road is not used for passenger traffic, so that 
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the tests could be carried on without interference fr om 
oth er trains. The track, which after two or three months' 
tes ts was found to be too lig ht to stand the st rain of cars 
running at the speed proposed, is now being strengthened. 
At 60 km (37 miles) to 80 km (50 mil es) per hour ve ry littl e 
trouble was experienced with the track , but at 100 km (62 
miles)to 12okrn (74mil es)per hour the cars osc illated badly. 

The o rig inal track construction consisted of rail s weigh­
ing 32 kg per meter (64 lbs. per yard), partly on metal but 
for the most part on wooden ties laid in sa nd. It is inter­
esting to note that the sect ion using metal ti es, which was 
near the station, proved enti rely too rigid, and wooden ti e~ 
will be used exclusively in the new work. Th e new rai ls 
·will weigh 42 kg per meter (84 lbs. per ya rd ) and will have 
a head 70 111111 (2 .75 ins.) broad, wi th an 18-mm (.7 in.) web 
and a height of 150 mm (5.9 ins.). They will be laid on oak 
ti es, of which there will be eig hteen to a rail length of 15 111, 

and th e road will be ballasted to a depth of about 200 

out side ax les of the six-wheel trucks. A singl e controll er 
was used, placed in th•~ center of the car and attached me­
chanically to the operating co11troll ers at each encl of th e 
ca r, one of the requirements of the test being that the car 
should be operated from either end. Static transformers 
we re placed under the car, and for tarting and regulating 
liquid rhea tats were employed. The equipment of Car S 
consisted of four motors, likewise placed on the out side 
axles of the trucks, with a normal output of 250 hp when 
running at full speed and a maximum of 750 hp at start­
ing. The transformers were placed under the car . The re­
sistances were made of sheet metal and placed a long the side 
of th e car body between th e wi ndows and the side sill s. 
They were contained in boxes constructed from angle iron, 
which was bolted to the car g irders. O ne main controller 
was used in the center of the car, operated by compressed 
ai r from the motorman's controllers, which were placed in 
each cab at the ends of the car . The voltage used upon the 
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111111 (7.9 ins.). The angle-plates vv ill be 600 mm (23.6 ins.) 
in length a11d will hav·~ six bolt s each. Tie-plates will be 
used under the rail s. T he cars used in the test differed 
somewhat from each oth er , the main points of diffe rence 
being in the shape of th e ends, which in th e Siemens & 
Halske car were somewhat pointed, while th e ends of the 
Allgemeine Electricitats Gesell schaft car we re flat with 
rounded corners. The current-coll ec tors also differed in 
fo rm . Those in the Allgemein e E lectrici tats Gesell schaft 
car were on separate frames, three at each encl . while th e 
Siemens & Halske car had a single upright standard at each 
encl to carry th e sliding contact. These points of difference 
are well shown in the accompanying engraving, which is 
from a hi therto unpu blished photograph . 

The Allgemein e E lectricitats Gesell schaft ca r was desig­
nated as "Car A'' and th e Siemens & H alske car as "Car 
S." The equipment of Car A consisted of fou r moto rs 
having a normal output of 250 hp with 750 hp maximum, 
or a total normal out put of 1000 hp and 3000 hp maximum 
for the car. These motors were ca rried on a hollow sleeve 
around the axle, which was attached to the wh eels by a set 
o f sprin g-s on each side. The motors were 11101111terl 0n the 

motors on Car A was 435 volts and that on Car S was JI 50 
volts. 

As soon as th e track is strengthen ed, which will be in 
th e lat e summ er, the tests wi ll be resumed. In the mean­
time th e data secured from th e tests already made are hei ng 
collated by the Studien Gesell schaft , whose report is s0011 to 
be made public. It is therefore onl y through the courtesy 
of the office rs of the company that some of the most im­
J_)Ortant result s concerni ng air res istance derived from th e 
tests can here be presented. 

An ingenious method was adopted for measuring thi s 
pressure. Pipes of different diameters and at different 
angles were passed through th e ends of the cars and \\'ere 
led to pressure gages whose readings were record ed at 
different speeds. These readings. reduced to a basis of 
ki lograms per square meter and pounds per square foo t. are 
plotted on the charts herewith. n nc pipe (Pipe I I.) was 
arranged so that it could he extend d to various distances 
in front of th e car, as indicated in the charts. which al so 
show the location and diameter nf all the pipes. The final 
chart indicated herewith as Fig. 3, shows tl1at the resistance 
is a function nf v~. 
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F ig ures on the total train res istance are not yet avail­
able, but will be published in an early issue of thi s paper . 
It might be said, however, that th e total motor output re­
quired by the 90 ton to 92 ton cars was from 840 hp to 950 
hp fo r speeds varying from 145 km to 160 km (90 miles to 
106 miles) per hour, indicating a to tal coefficient at these 
higher speeds of about 25 kg to 26 kg per metric ton (50 
lbs. to 52 lbs. per ton of 2000 lbs.), At 18 km to 20 km 
( II .2 miles to 12.4 miles) per hour the traction coeffici ent 
was about 4 kg to 5 kg per metri c ton (8 lbs. to 10 lbs. per 
ton of 2000 lbs.) . It mig ht also be added that when running 
at 120 km (74 .6 miles) per hour, if the current was shut off , 
the car coasted from stat ion 13 to station 22.5 (see plan), or 
9 .5 km (5 .9 miles). T his, however, was with the current­
collectors on the wire, which amounted to about 1 kg (2 

lbs.) per ton , so that the rai l resistance was 3 kg to 4 kg (6 
lbs. to 8 lbs.) per ton. 

Comparisons of Gross Receipts for 1900 and l90l 

T he accompanying tables, which have been carefully 
compiled from stati stic!> presented in the American Street 
Rai lway Inves tments fo r 1902 (just published), g ive the 
gross receipts of 246 railway com'panies, arranged in five 
g roups. The first g roup contains thi rty-five properties , 
each having received in 1901 gross receipts amounting to 
$1 ,000,000 or over; second, seventeen properties, showing 
g ross receipts of between $ 1,000,000 and $500,000; th ird, 
sixty-nine properties, between $ 500 ,000 and $100,000 ; 
fo urth , six ty-three properties, between $100,000 and $50,-
000, and fi fth, sixty-two properties, between $50,000 and 
$ 25,000. T he average rate of increase of the receipts in 
190 1 over 1900 is, in the first g roup, 8 .3 per cent ; in the 
second g roup, 14.4 per cent ; in th e third group, 12.6 per 
cent ; in the ,fourth g roup , 13.4 per cent , and in the fi fth 
g roup, 19 .1 per cent . The general average increase for 
1901 over 1900 for the 246 companies compared is 9.3 per. 
cent. 

T he prosperous condition of the country during the year 
has been refl ected in the earnings of the street railway 
companies, as well as in the number of ex tensions to exist­
ing properties and new roads which have been built . Many 
of th e latter have been of the interurban type, and with the 
introduction of polyphase apparatus longer roads have 
been built and proj ected than ever before. On many of 
these, particularly in the Middle W est, high speeds are be­
ing secured, and some are employing the third-rail system 
of traction on the sections built on private right of way. 

Some particularly interesting developments, which are 
noted in th is review and are emphasized in these tables, may 
be mentioned in passing . The modern tendency toward 
<:onsolidation has been exemplified in the city of Atlanta , 
where two companies , which fo r some years have been 
active rivals fo r the transportation and lighting business of 
the ci ty, have been united. 

T he principal event in Boston was the official opening 
o f the elevated railway system, which is operated by elec­
tricity. The success of the subway has become so marked 
that anoth er sub way is under construction to E ast Boston , 
and plans are under consideration fo r materially improving 
the rapid-t ransit system of th e city by the const ruction of 
additional subwav routes. The consolidations of the sub­
companies of the· Massachusetts Electric Companies have 
res ulted in the prac tical absorption of all th e interurban 
and citv lines controlled by these companies into two main 
com pa~ies. Many of the lines to the west of Boston which 
have not been included in the sch eme of th e Massachusetts 

E lectric Companies, whose operations have been confined 
mostly to the territory north and south of the city, have 
been united under the titl e of the Boston Suburban Electric 
Companies, the form of whose organization is very similar 
to that of the Massachusetts Electric Companies. 

The traffic returns of the street railway system of Buffalo 
and Niagara Falls are larger than usual, owing to the in­
fluence of the Pan-American E x position, which was held 
in that city during th e year. The improvements made in 
track construction and power requirements by the Inter-
11ational T raction Company previous to the fair will remain 
adequate for th e requirements of the company for some 
time. 

The claim of the city that several important franchises in 
Chicago expire within a few years has been steadfastly op­
posed by the street ra il way companies. Just outside of 
Chicago, work is being completed on one of the most am­
bitious schemes of hig h-speed electric railroading which 
has yet been attempted . This is to connect the city of 
Aurora, Ill ., by way of Elgin . The line has been con­
structed especially to attain high speed. 

T wo important events connected with the street railway 
interests of Cleveland are the extension in every direction 
of the interurban systems centering in Cleveland, and in­
cluding the completion of a through electric line under one 
management as far as Port Huron, Mich. , and th e em- . 
barrassment, announced early in 1902, of the Everett­
Moore Syndicate, which had taken a prominent part in the 
development of interurban railways, including the estab­
lishment of the line already mentioned . The report of the 
financial trouble was at first construed as having been 
brought about th rough the failure of its electric railway en­
terprises, but the reports of the Bankers' Committee, which 
has had the finances of the syndicate in charge, indicate 
that , so fa r as the electri c railway properties were con-
cern ed, the results were profitable. , 

Det roit, like Cleveland , has fo r several years been an im­
portant interurban railway center, and the extensions and 
new roads which have been built in Southern Michigan 
durin o- the last vear have directed particular attention to 
the ci~y and its i.nterurban railway enterprises. Several of 
the latest electric roads which have been built in the west­
ern part of the lower peninsula have been equipped with 
the third rail and are representatives of the latest develop­
ment in h igh-speed eltc tric railroading. Th ese roads have 
been extended now so as practically to cross the State, a 
distance of about 200 miles. 

T he city of Pittsburgh exhibit s another striking example 
of the modern tendency in street railway operation to unite 
in the hands of a single company all of the street railway 
lines . This has been done under the name of the Philadel­
phia Company, which now controls all the lines of both the 
U nited T raction Company and the Consolidated Traction 
Company, as well as of several ligh ting, gas and other pub­
lic service corporations . 

T he U nited Railways of San F rancisco during the last 
year secured possession of the San Francisco & San Ma­
teo R ai lwav. the Sutro Railway and the Sutter Street Rail­
wav, and ~arly in 1902 of the Market Street Railway, of 
Sa1; Francisca", thus coming into possession of most of the 
transportation sys tems of the city. San Francif co was one 
of th e last of the cities of first importance in the countr~, in 
which th e transportation system was divided among sev­
E'ral owners, but by the new consolidation, which has been 
carri ed out with Eastern capital, has now followed the lead 
establi shed in Eastern communities. 

It will be seen , therefore , that the year has witnessed 
many important changes in the large street railway prop­
erties , along with the expansion in the volume of business . 
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COMPANIES HAVING GROSS RECEIPTS FOR 190 1 OF OVER 
$1,000,000, 

NAME OF COM PA N Y , 1900. 

Me tropolitan Street Ry. Co. , Ne w York ... .. $14,437, 134 
Union Traction Co .. Philad elphia , Pa ....... . 13,249,819 
Brooklyn Rapid Transit Co. (a ll controlled 

compa nies), Brookly n, N . Y . . . ... ... . . . . 11 ,768. 550 
Bos ton Elevated Ry. Co., Bos ton, Mass .. . .. 10,236,994 
Ma nh a tta n Ry. Co., Ne w York . .......... . . . 9,969,goo 
Chicago Union Trac tion Co., Chica go, Ill .. . . 8,345,748 
Chicago Cit y R.R . Co., C hicago, Ill. ... . .... 5,543,179 
St . Lo u is Tra nsit Co., St. Loui s. Mo......... 5,469,207 
Massac huse tt s Electric Com panies (a ll con -

trolled compa nies), Boston , Mass . ... .. ... . 
U nited R y. & Electric Co. , Ba ltimore, Md .. . 
North J ersey ~treet Ry . Co., J e rse y C it y, N. J. 
Consolid a ted Traction Co. , P itt sburg , Pa .. . . 
Inte rn a tiona l Ry. Co., Buffa lo . N. Y . . .... . . 
Twin City Ra pid Transit Co., Minneapolis , 

5,5 18,837 
4,304 ,933 
3, 992,067 
2,737, 938 
2,621,375 

Minn . ............... . . ... . . ... .. .... . . • 2,839,3 55 
Detroit United Ry., Detroit , Mich . .. . . .... . . 2,5 89, 836 
Bost on & Northern St. R y. Co., Bosto n , Mass . 1,g45,41 5 
Provide nce-Pawtucket-Rh ode I sla nd Subu r-

ba n Ry. Co., Provide nce, R . I .... .. . . ... . 2,182,25 8 
T hird Ave. R . R. Co. , New Yo rk . ..... . ..... 2, 155,461 
Milwa ukee Electri c R y. & Light Co., Mil-

wa ukee, Wis ..... ........ .. . ..... ... .. .. . 
Clevela nd Electric R y. Co. , Cleve la nd, 0 ... . 
U nited Tracti on Co. , Pittsburg , Pa . .. ..... . . 
Old Colon y Street R y. Co., Brockton , Mass .. 
Montrea l Street R y . Co., '.\l ontreal , Q ue . .... 
J e rsey City , H obo ke n & Pate rson Ry. Co., 

2,220,698 
2,061 ,505 
1, 816,6S6 

618,705 
1,769 ,905 

H oboke n, N . J. . .. .... . ........ . .. . .. . ... 1, 803,287 
Metropolita n West S ide E levated R y. Co., 

Chicago, Ill.. . . . . . . . . . . . . . . . . .. . . . . . . . . . . I ,62S , 73 7 
T o ronto R y. Co., T oronto, Ont... .. ... . ..... 1,501,001 
Loui sv ille R y. Co . , Lou isville, K y .. . .. . . . . .. 1,520 ,514 
De n ve r Cit y T ra m wa y Co. , Den ve r , Col. .... 1,302,29,, 
Coney Isla nd & Brookl yn R.R . Co., Brookl yn, 

N. Y .... .. . . . . . ... .. .... . .. .. . ...... .... . 
South Side E leva ted R. R . Co., C hica go , Ill. · 
U nited T raction Co., Alba n y, N. Y . .. . . ... . . 
T oledo Ra ilways & Lig ht Co., T oled o, 0 . .. . 
Capita l T ra ction Co. , W ashing ton , D. C .... . 
Worceste r Consolida ted S treet R y. Co. , 

Worceste r, Mass ..... ........... ... ..... . 
Roc hester R y . Co. , Rocheste r. N . Y ... ..... . 

I ,393, 732 
1,286 ,636 
I ,3 I 8,902 
1,125,1 87 
1,124 ,434 

71 0.023 
936,341 

1901. 

$ 14,720, 767 
13,431,680 

12, 135.559 
10 ,869, 495 
I0, 253,27 l 
8 ,158,810 
5,900 ,271 
5,783,912 

5,778,133 
4 ,718,295 
4,172 ,647 
3,279 ,1 89 
3,202,202 

3, I 73,9 j 6 
2,942,238 
2,75 8,702 

2,702 ,383 
2,655,725 

2,442 ,342 
2,296 ,898 
1,958 ,115 
I ,932,097 
1,900,680 

I ,8 59,931 

l, 75 3,313 
I ,661, ! 08 
l ,61 7,059 
1,507,293 

I ,47 1 I 268 
I 1 362, 231 
1,340,208 
l ,3 1 I ,084 
l, 251,360 

1,03 1,235 
I ,0001 25 9 

j 29 compa n ies in 1900 t $ 6 $ 6 
T ota l. .. 135 compa nies in 1901 f ...... 133,24 ,589 144,333, 73 

COMPA NIES HAVING GROSS RECEIPTS FOR 190 I BETWEEN 

$ I , 000, 0 00 AND $ 500,000. 

N A IIIE OF COM PAN Y . 

U nion Ry, Co. o f New York City, N. Y .... . 
A me rica n Railways Co . , Phila d elphia, P a . . . 
Cin~ini:ia ti , .Newport & Coving ton Ry. Co. , 

C1nc1nna t1, 0 .. .. ...... .... . ... . .... . .. .. . 
La ke Street Elevated R . R . Co., Chicago, Ill. 
Ne w Orlea n s & Ca rrollt on R . R. Co., New 

O rleans , La . .... .. .. . .. .. . •.... ... . . .. .... 
Sprin g fi e ld St. R y. Co. , Sprin g fi e ld, Mass ... 
Unio n Trac tion Co. o f India na, Ande rson , Ind. 
Hart fo rd Stree t R y. Co., H a rtfo rd , Conn, . .. 
Fort y-Second S treet , Manha ttanville & S t. 

Nic holas Ave. R y. Co . New Yo rk City . N . Y. 
P itt sburg & Birmingha m T racti on Co. , Pitt s-

burg, Pa . . . ........ . . .... . .. . . ... . . .. . . . . 
Fa ir H a ven &Westville R.R. Co ,N e w H a ven , 

Conn . ..... . .. .. .... .. .. . . .... ...... . .. . . 
United Power & Tra nsport a ti on Co. , Phila-

d elphia, Pa . .. .. . . .. . .. . . .... . . .... . .. .. . 
Syracu se Rapid T ra nsit Ry.Co. ,Syracuse, N. Y 
Northern Ohio Traction Co., Akron , 0 ... . . . 
Sr ra nton Ry. Co., Scra nton , Pa ...... .. ..... . 
D r y Dock , East Broadway & Batte ry R . R . 

Co . , New York Ci t y . .. . .. .. . . . ... .. . . ... . 
Wa shington Wa te r Po wer Co.,Spoka ne ,Wash . 

1900. 

787,170 
603,606 

783 ,588 
75 7,955 

708,575 
686,050 
447 ,616 
682,936 

519,424 

632,4 55 

591,801 

594 ,625 
552, 403 
425, 886 
589,342 

638,943 
503,906 

190 1. 

919, 131 
8-t4,297 

762, 71 8 
753, Sro 
752,524 
745,173 

701,177 

661,927 

644 ,528 

632, 475 
621,299 
617 ,011 
614,022 

588 ,540 
556,998 

T ota l , 17 compa n ies, .... . . . ......... ... . $10,501'. ,281 $12,021 ,293 

COMPANIES HAVING GROSS RECEIPTS FOR 190 1 BETWEEN 

$ 500, 000 AND $ 100,000. 

1'AME OF COM PANY. 

New York & Queens Count y R y. Co ., Long 
Is la nd City, N. Y .....•. • . ..... .. .... ... . . 

West End Tract ion Co., Pi tt sburg, Pa . . .. .. . 
Ce ntral Crosstown R. R. Co .. New Yo rk Ctt y. 
Port land R. R. Co., Po rtla nd, Me .. . . ... ... . 
Sacra mento Electric, Gas & Ry. Co., Sacra-

me nto, Cal ......... . . . .. .. ..... ... .. ... . . 
Camden & Suburban Ry. Co., Camde n , N. J. 

1900. 

$468, 447 
394 ,(,6 1 
619,21 3 
41 3,512 

376,970 
347 ,948 

IQOI. 

$494,301 
493, 865 
482,47 1 
477,598 

419 ,781 
41 I ,002 

NAM E O F COMPANY, 

Thi rty-Fo urth Stree t Cross to wn Ry. Co., 
New York Ci ty, N . Y ..... ... ... ......... . 

H a rrisbu rg T rac tion Co., H a rrisburg, Pa ... . 
Monongahela Stree t R y. Co. , Pittsburg, Pa .. 
Fonda , J oh ns to wn & Gloversville R. R. Co. 

Gloversvi lle . N. Y ........ .. ... .. .. ...... . 
Tre nton Stree t Ry . Co., Tre nto n, N . J ..... . 
Ottawa Electric Ry . Co . , O tta wa , O nt. ..... . 
H olyoke Stree t R y. Co., H olyoke, Mass .... . 
Cheste r Traction Co. , Ches te r , Pa .......... . 
Winc heste r Ave n ue R. R . Co., New H ave n , 

Conn ... .. . .... ....... .. ........ . ....... . 
Ut ica Belt Li ne Street R. R. Co . , U t ica, N. Y. 
Union Stree t Ry . Co. , New Bed ford, Mass . . . 
Conestoga Tractio n Co., La ncas te r, Pa . .... . 
Halifa x Electric Tramway Co., Ltd . , H a lifax, 

N. S . .. . . .... ... ..... . . .... . .. . . .. .... . . . 
Cleve la nd, E lyri a & Western R y. Co. , Cleve-

land, 0 .. . .. . . .... . . . . ...... .. . ....... . . . 
Eli zabeth, Pla infi eld & Centra l N ew J e rsey 

Ry. Co., Eliza be th , N. J . ... .. . ...... . .. . . 
Lewiston, Brunswick & Bath Stree t R y. Co. , 

Lewi sto n , Me ..... ... ... .. ... .. .. . ... . .. . 
At la n t ic Coast Electric R . R. Co., Asbury 

Pa rk , N. J . . .... . ....... . . . ...... ... .... . 
R ichmond Traction Co., Ri ch mo nd , Va . .... . 
Sche nectad y R y. Co .. Sche necta d y, N. Y ... . 
Sta te~ I sla nd Electric R. R. Co . ,State n I sla nd, 

N. Y . .......... ......... .. ... ....... . .. . 
Newport & Fa ll Ri ve r Stree t R y. Co. , N e w-

port, R. I . ... ............ .. .. .. . .. .. . . . . . 
Ma nc hes te r Stree t R y. Co., Ma nchester , N . H. 
J ohnsto wn Passe nge r R y. Co., J ohnstown,Pa . 
Bing ha m ton R y. Co. , Bingha mton, N. Y ..... 
Sou t h west Misso u ri Electric R y. Co. , Webb 

City, 1\1 0 ......... . . . .. ... . . ....... . . . ... . 
F itc hburg & Leo minste r Stree· Ry. Co. , 

F itch burg, 1\1ass ... . ....... .... .... . . .. . . . 
Yon ke rs R. R. Co . , Yon ke 1s , N. Y . . ... . ... . 
Erie E lectric Motor Co. , Erie , Pa .... .. . . ... . 
Westcheste r Electric R. R. Co., New Yo rk . . . 
Wilk insb u rg & Ea s t Pi t tsburg R y. Co. , Brad -

doc k , Pa ....... . ... . ....... . ........ ... .. . 
T wenty-Eighth & T went y-Ninth Sts. Cross-

town R .R. Co., New York .. . .......... .. . 
Inte rsta te Consolidated Stree t R y. Co., N orth 

A ttleborough , Mass ... .. .............. . . . 
P o tt svill e Un ion T raction Co. , P ottsville , Pa . 
Clevela nd, P a inesv ill e & Eastern R. R . Co., 

Cleveland , 0 . ............. . ..... . . . . .. .. . 
Li ncoln T ract io n Co., Lincoln , Neb .. . . . .... . 
Southern Ohio T ract io n Co., H a milton , 0 .. . 
Bea ve r Valley T raction Co.,Bea ver Fa lls,Pa . 
Sta ten I sla nd Mid la nd R . R . Co. , Sta te n 

I s la nd, N. Y . .. .... . . . ......... . ... .. . .. . 
Londo n Street Ry. Co. , Lond on, Ont. .. .. .. . 
Ca mden, Gloucester & Woodbury, N. J ..... . 
Roxboroug h , C hest nut Hill & Nor r istow n 

R y. Co., P hiladelphia, Pa . ... .. ...... .. .. . 
Lehig h T raction Co., H azleton , Pa ....... . . . 
Northa m pton St. Ry.Co.,Northa m pto n ,l\Iass. 
Me riden Electric R . R . Co., Meriden , Co n n .. 
Newton St. Ry . Co., Newton , Mass . . .... . . . . 
A lto n Ry. , Gas & Electric Co . , A lton , Ill.. .. . 
Montreal Pa rk & Isla nd Ry. Co. , Montrea l, 

Q ue . . .. . .. ..... .. . .. . ....... .... . ...... . 
Schuylk ill Tract io n Co., G ira rdville, Pa ..... . 
A ltoo na & Logan Valley E lectric Ry . Co., 

Altoona, P a ... .. .. .. . ........ . . . . . .... .. . 
H a rt ford, Ma nchester & Rock ville T ramwa y 

Co., Hartford, C on n . .. .. .. . ... . .... . . ... . 
Suburba n Rapid Trans it Street R y. Co., Pi tts-

b ur~, Pa .. .. ..................... .. . ... . . 
New Castle Tract ion Co., New Castle , Pa ... . 
Da r tmout h & W e stport St ree t Ry . Co., New 

Bedford, Mass ... .. . .......... ........ .. . 
Mil ford, H ollis to n & Framing ha m Street R y. 

Co. , Milford, Mass . ..... . ... .. . ........ .. 
H ave rhill & A mesbury Street Ry . Co. , H av-

erh ill, Mass .. . ...... ...... . . ... .. ....... . 
Holmesburg T aco ny & Fra nk fo rd Elec tr ic 

Ry. Co., Philadelph ia, Pa ...... ...... . ... . 
Fai rmount Pa r k Tra nsporta ti on Co. , Phila-

delph ia , P a . .......... . .. . . . ... ... . .... . . 
J a mestow n St reet R y. Co., Ja mes town, N . Y . 
Exe te r, H a mpton & A mesbury S tree t R y. 

Co., Exete r , N . H . . . . . . . .. ... ......... . . . 
New J e rse y & H ud son R ive r R y. & Fe rry 

Co. , H ac kensac k , N. I .. ...... .......... . 
Consolida ted Street R. R. Co. , Maco n , Ga .. . 
Hoosac Va lley S treet Ry.Co., No. Ada ms,Mass. 
P h •l;idelphi a & W est Ches te r Tract ion Co., 

Ph iladelphia , Pa ...... . .... . ............ . 

1900. 

342,7 11 
343,508 
285,094 

318,940 
314,651 
315,022 
262,487 
297, I 32 

278,891 
245, 183 
249,640 
241 I 583 

232,766 

I 79,697 

201,123 

268,802 
203,05 7 
110,382 

204, 049 

128,654 
I 73,004 
169, 784 
170,210 

213, 865 

178,644 
177, 394 
176 ,098 
163,932 

35,962 

I 82,932 

q6,032 
142 ,466 

141,1 12 
132,996 
140,542 

59,469 

139,345 
I 19,109 
140,225 

124, 103 
115, 332 
107,243 
12 1,939 
120, 338 
106,575 

123,722 
98, IOI 

103,337 

115,271 

38, 249 
137,493 

104,637 

121 '708 

I l 5,660 

75,028 

88,895 
100,379 
98, SI 1 

98,910 

1901. 

397,949 
393, 77 1 
356 ,293 

344,927 
337,217 
313, 171 
303,666 
295,915 

288,791 
28 1,224 
272,895 
270,533 

25 I ,644 

249,260 

236 ,082 

221 ,5 32 

220,661 
218,569 
215,962 

214 ,063 

21 3, 129 
21 2,1 38 
204,286 
204 ,079 

203 ,630 

196, 544 
I 89 1 503 
185,847 
185,285 

177 ,370 

174,701 
173,209 

164,971 
163, 634 
154,787 
147,9q2 

144, 814 
141, 846 
141,074 

136,073 
133 ,812 
I 33,429 
133, 15 4 
129, 750 
128,894 

128,678 
128,359 

126,811 

126, 577 
122, 180 

I 19,545 

112,139 

I II ,576 
110,7 16 

105,298 

ro3,589 
101 ,1 90 
100,803 

100, 166 

T ota l, 69 co mpa n ies .................... $13,126, 198 $ 14 ,780,196 
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COMPANIES HAVING GROSS RECEIPTS FOR 1900 BETWEEN 
$100,000 AND $0:,0,000. 

NAME OF COMPANY, 

Ithaca Steeet Ry. Co .. Ithaca, N. Y .... .. ... 
Orange County Traction Co.,.Newburgh,N. Y. 
Woonsocket St. Ry. Co., Woonsocket, R. I. . 
City Passg'r Ry. Co. of A ·toona, Altoona, Pa. 
Citizens' Electric Street Ry. Co., Newbury-

port, Mass ............................. . . 
Norwich Street Ry. Co., Norwich , Conn ... . 
Williamsport Passenger Ry. Co., Williams-

port, Pa ................................ . 
Elmira Water, Light& RR. Co.,Elmira, N.Y. 
Easton Trasit Co., Easton, Pa .. . .......... . 
Parkersburg & Interurban R.R. Co., Parkers-

burg, W. Va .... . ................. . ... .. . 
Cleveland & Eastern Electric R. R. Co,. 

Cleveland 0 ......... . ... . . . . . ...... .... . 
Rockland, Thomaston & Ca mden St. Ry. Co. 

Rockland, Me . ..... .. . ... .... . .. ....... . 
Glens Falls, Sandy Hill & Ft. Edwa r d St. R y. 

Co., Glens Falls , N. Y ... .... . ...... .... . . 
Poughkeepsie City & W a ppinger's Falls Elec-

tric Ry. Co., Poughkeepsie , N . Y .. .. ... . . . 
Pittsfield Electric St. R y. Co. , Pittsfield, Mass . 
Commonwealth A ve.St. Ry. Co. , N ewton,Mass. 
Schuylkill Va lley Traction Co. ,Norristown ,P a. 
Auburn City Ry. Co., Auburn, N . Y ... . .... . 
Ora nge & Passa ic Valley Ry.Co.,Ora nge ,N .J . 
Niaga ra Gorg e R.R. Co., Niaga ra Fa lls ,N. Y. 
Syra cuse, La keside & Bald winsville R y. 

Sy racuse , N. Y ... . ...... . .. ... .. .. .. .. . . 
Delawa re Co. and Philadelphia Electric R y. 

Co., Philadelphia. Pa . .... ... ...... ..... . 
P ortsmouth, Kittery & York Street R y. Co. 

Portsmouth, N. H ........... .. . . .. . ..... . 
Bridge ton & Mill ville T raction Co., Bridgeton, 

N . J . .... ... ..... .. . ..... . .... .. .. ..... . 
Milford , Attlebor o & W oonsocke t R y. Co., 

Milford , Mass ........ . .. . .. .. . . . . ...... . 
Danbury & Bethel St. Ry . Co. ,Danbury,Conn . 
Natick & Cochitua te St. R y. Co., Nat ick ,Mass. 
Spring fi eld & Easte rn Street R y. Co. , P a lmer, 

Mass . ......... . . .. ....... •·•••· • •••• •• • -
Concord St. Ry . Co. , Concord, N . H ....... . 
Kingston City R . R . Co., K ingston , N . Y ... . 
South Mid d lesex St. R y. Co., Na tick , Mass .. 
P ortla nd & Ya rmouth Electric R y . Co., P ort-

la nd , Ivi e .......... . ............ . ....... . 
Bristol & P la inville T ra mway Co.( of th e 

Co nn. Ry. & Lig ht Co.), Bristol , Conn .. . . 
La C rosse City Ry. Co., La Crosse, Wis .. .. . 
Bangor Street R y. Co., Bangor . Me . . ...... . 
New Londo n St. R y. Co., New London , Conn. 
N ewton & Boston St. R y . Co. , Ne wton , Mass. 
S ha mokin & Mt. Carmel Electric R y. Co ., 

S ha mokin , Pa ...... .. .................. . 
Sanfo rd & Ca pe Porpoise R y. Co., Sa n ford, 

l\1e ..... . ...............•..... . ....•.... 
Geneva, W a terloo, Seneca Fall s & Cayuga 

Lake T raction Co., Geneva, N . Y ........ . 
Tarry tow n , White Plai ns & Mamaroneck R y. 

Co., W hite Plain s, N. Y ................. . 
W arren, Brookfie ld & Spencer St. R y. Co., 

Brookfi eld, Mass .................. . ..... . 
W oronoco S t reet R y. Co., W estfi eld, l\l ass .. . 
W ellesley & Bos ton St .Ry.Co.,Newton ,Mass. 
Sy racu se Subu rban R . R . Co., Syracuse, N. Y. 
W est Side St. R y. Co. , El mira, N. Y ........ . 
Ma rlborough St. R y. Co. , l\I a rlborough,Mass .. 
Sta m ford St. Ry. Co., Stamford, Cc n n ...... . 
Burling ton Traction Co., Burlington, Vt, ... . 
W orceste r & \Vebster S treet R y. Co., \Vorces-

t e r , !\l as s .. . .............. . ............. . 
P eople's Tra mway Co., P ut nam, Conn ..... . 
B lack River Traction Co., W atertown , N. Y .. 
Tama qua & La ns ford Street R y. Co. , Lans-

ford , Pa ... . .. ... .. ...... . ... . .......... . 
Amsterdam St. R. R. Co., Amsterdam, N . Y . 
Gardner, W estminster & Fitch burg Street 

R y. Co. , Ga rdner, l\lass . ...... .. ...... . . . 
Herk imer, Moh a wk, Ilion & Frankfort Elec-

tric R y. Co. , Mohaw k , N . Y ..... ........ . 
Ne wtown Electric St. R y. Co., Newtown , P a. 
Bangor,Orono & O ldtown Ry.Co.,Bangor ,Me. 
Still wa te r & Mech a nicsville St. Ry. Co. , Still-

wa te r, N . Y . ........... . . ......... . . . ... . 
Chippewa Va lley Electric Ry. Co., Eau Claire, 

W is .. .. . . ... ... .. ..... . . ... .. ...... . ... . 
O lean S t ree t Ry . Co. , Olean, N. Y ..... . ... . 
Wilming ton Si . R y. Co., Wilmington, N. C . 
Norton & T a unton Street Ry. Co., Norton , 

Mass .... . . ... . .. ... ... . .. . ... . . .. .. . . . . . 

1900. 

!01,548 
93 ,456 
81 ,382 
88,982 

76,848 
84,442 

88 ,730 
75 ,700 

151,167 

80,983 

62,893 

73, 707 

85,003 
79,953 
79,51 8 
78, 514 
76,680 
76,8 50 
61,588 

68,600 

82,421 

7 l, 180 

68,706 

42, 131 
69,955 
68,8 12 

39,774 
64,-1 68 
66,668 
63,451 

55,096 

65,062 
61,52 7 
65, 171 
55,925 
80,667 

44,q18 

47,013 

62 ,II 7 

49, 700 

61,568 
54,772 
59,085 
62,953 
59,148 
54,041 
5 l, 795 
57, 435 

5 l , 58 l 
:w,895 
51 ,370 

43,899 
50, 258 

51,202 
36,445 
50, 587 

52,455 

45,408 
48, 700 
50,398 

49,059 

IQ0I. 

99,552 
97,976 
97 ,692 
95,980 

95,696 
q5 ,378 

93,780 
92, I2l 
91 ,94~ 

91,472 

90,193 

90,007 

89,1 63 
87,071 
85,010 
8-4 , 720 
84,633 
82, 895 
82,160 

81,096 

77,913 

76,798 

75 .832 

75 ,464 
74,434 
72,224 

72,169 
70 ,275 
70,093 
69,425 

69,38 2 

69 ,086 
68, 296 
67, l 5 5 
65, 283 
64 ,912 

62,261 

61,264 
61 ,og1 
60,809 
60,747 
59,2 89 
59,103 
58, 768 
57,963 

56, 563 
56, 180 
55,084 

54, 679 
54,65 8 

54,137 

53,727 
53,713 
53,656 

53,379 

53,077 
52 ,018 
51, 856 

51,341 

Total. 63 com panies,. ............ , ...... $3,990,928 $4,525,223 

COMPANIES HAVING GROSS RECEIPTS FOR 1900 BETWEEN 

$50,000 AND $25,000. 

NAME OF COMPANY, 

Seattle & Renton Ry. Co., Seattle, Wash, .... 
Port Chester St. Ry. Co., Port Chester, N. Y. 
Camden & Trenton Ry. Co .. Camden, N. J .. 
Middletown-Goshen Electric Ry. Co., Middle-

town, N. Y ... ........ . ................. . 
Van Brunt St.& Erie Basin R.R.Co.,Brooklyn. 
Cleveland & Chagrin Falls Elec. R. R. Co., 

Cleveland, 0 ....................... -..... . 
Newark & Hackensack Traction Co., Ruther-

ford, N. J ............................... . 
Meriden, Southington & Compounce Tram-

way Co., Meriden, Conn ........... . 
Fulton St. R.R. Co., New York City ....... . 
Chillicothe Electric R. R., Light & Power Co., 

Chillicothe, 0 .......................... . 
Bradford Electric St. Ry., Co., Bradford, Pa. 
Union Electric R.R. Dover, N. H ........ . 
Waterville & Fairfield Ry. & Llght Co., 

Waterville, Me .......................... . 
Greenfield & Turners Falls St. Ry. Co., 

Greenfield, Mass ........................ . 
Allentown & Kutzto wn Traction Co., Allen-

town, Pa ........... . .......... .. ....... . 
Oil City St. Ry. C., Oil City, Pa ............ . 
Torrington & Winchester Street Ry. Co., 

Torrington , Conn ....................... . 
Biddeford & Saco R. R. Co., Biddeford, Me .. 
Olean, Rock City & Bradford R.R. Co .. Brad-

ford, Pa ................................ . 
Washington Electric St. Ry. Co., Washing-

ton. Pa .................. . .............. . 
Warren Street Ry. Co., Warren, Pa ........ . 
Saratoga Traction Co., Saratoga, N. Y . .... . 
Augusta, Hallowell & Gardiner R. R. Co. , 

Augusta, Ivie . .... . ...................... . 
City Electric Ry. Co. , Rome, Ga ............ . 
Rochester & Suburban Ry . Co., Rochester, 

N. Y ...... .. .............. . ..... . ... . .. . 
Charleroi & West Side St. Ry. Co. , Charleroi, 

Pa .. .. ...... .... . . .. . .................. . 
Athens Electric Ry. Co., Athens, Ga ....... . 
Colonial City Traction Co., Kingston, N . Y . . 
Middletown St. Ry. Co., Middletown, Conn .. 
Bennington & Hoosick Valley Ry. Co .. 

Hoosick Falls, N . Y .. ................... . 
Citizens' St. Ry. Co., F1shkill, N . Y ....... .. 
Framingha m Union Street Ry. Co., Framing-

ham, Mass .. .. . . ........... . ............ . 
Oswego Traction Co., Oswego, N. Y .. . .. . 
Monmo uth County Electric Co., Red Bank, 

N. J ....... . .... .. ....... . ...... ~ . .. . ... . 
Athol & Orange Street Ry. Co., Athol, Mass. 
Harrisburg & Mechanicsburg Electric Street • 

R y. Co. , Harrisburg, Pa ......... .. ...... . 
Dunkirk & Fredonia R.R. Co. ,Fredonia, N. Y. 
Spring fi e ld Electric Ry. Co., Springfield, Vt . . 
Phillipsburg Horse Car R. R. Co., Phillips-

burg , N . J . . .................. . ......... . . 
1;e_wiston & Reedsville Electric Ry. Co., Lew-

iston , Me ...... .. ...... . ... . .. . ... . ..... . 
Boon e Electric St. Ry. & Light Co., Boone , Ia. 
Utica & Mohawk R. R. Co., Utica, N. Y . .. .. 
Farming ton Street Ry. Co., Hartford, Conn .. 
Larchmont Horse Ry. Co., Larchmont, N. Y. 
Raritan Traction Co., Perth Ambov , N. J .... 
Worceste r & Blackstone Valley Street Ry. 

Co. , Millbury , Mass . ..... . ... . . .. ....... . 
Cortla nd & Homer TractionCo.,Cortland.N. Y. 
Punxsutawney Passenger Street Ry. Co. , 

Punxsutawney, Pa ...................... . 
Corning & Pa inted Post Street Ry. Co., Corn-

ing, N . Y . .............................. . 
Mead ville Traction Co., MeadYille, Pa ...... . 
Pottstown Passenger Ry. Co., Pottstown, Pa. 
Southbridge & Sturbridge Street Ry. Co., 

Southbridge, Mass ...................... . 
East Taunton Street Ry. Co., Taunton, Mass. 
Troy & New England R. R. Co., Troy, N.Y .. 
Haverhill, Georgetown & Danvers Street Ry. 

Co., Georgetown, Mass .................. . 
Titusville Electric Trar.tion Co., Titusville, Pa. 
Cohoes City Ry. Co., Cohoes, N. Y .. , ...... . 
Tarentum Traction Passenger Ry. Co., Ta-

rentum, Pa .............................. . 
Norfolk Western St. Ry. Co., Dedham, Mass. 
Fitchburg & Suburban Street Ry. Co., Fitch-

burg, Mass ............................. . 
Hartford & Springfield Street Ry. Co., Thomp-

sonville, Conn ........................... . 
People's Street Ry. Co., Nanticoke, Pa ..... . 

1900. 

40,965 
31,593 
12,177 

27,692 

39,055 
46,147 

44,301 
37,875 
42,347 

43,55Q 

39,984 

21,262 
40,710 

42,413 
31,57l 

32,522 

34,532 
30,179 
36,176 

21 ,489 
37,651 
37,288 
40,421 

35,4!0 
36,096 

35 ,793 
33,1 67 

37,990 
33,366 

30,456 
28,968 
34,158 

40,405 

7,765 
29,842 
32,192 
20,156 

5,369 
16.692 

18,717 
28,925 

II,536 

27,758 
32,353 
23,746 

31,063 
21,695 
26,768 

26,310 
23,934 
28,201 

22,591 
23,802 

22,596 

25,226 
21 ,939 

1901. 

49,601 
49,078 
48,717 

48,707 
48,258 

47,976 

·47,393 

46,617 
45,q21 

45,900 
45,300 
45,235 

45,062 

44,865 

43,601 
43,241 

42,q21 
42,799 

42,654 

42,496 
41,904 
41, 812 

41,553 
41,238 

40,705 

40,598 
39,725 
38,857 
37,590 

37,076 
36,772 

36,596 
36,531 

36,334 
36,199 

35,525 
35,423 
33,957 

33,745 

33,725 
33,352 
33,155 
33,099 
33;084 
32,945 

32,229 
31,624 

31.561 

30,803 
29,576 
28,396 

28,329 
28,167 
27,;82 

27,002 
26,418 
26,102 

26,058 
25,421 

25,401 

25,206 
25,r37 

Total, 62 companies, ................... $1,q41,222 $2,313,054 
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Electric Traction and Standard Railways 

BY E. HUBER 

Up to the present two essentially different systems of 
elec tric traction have been successfully applied to standard 
railways of considerable length . T ypical representatives 
of th ese systems are the Milano-Varese Railway (continu­
ous current. third rail) and the Durgdorf-Thun Railway 
(two wires overhead, three-phase current). 

One may ask, why has the success of such installations 
not advanced more quickly the problem of electric traction 
on standard railways generally, even in cQuntries like 
S witzerland, where coal is expensive and water-power be­
lieved to be abundant? 

It seems to me that elec tricians have generally solved 
the problem of electric traction in a way that does not 
appeal to the railway manager , and it may be that they 
have al so modified this problem so as to make it look more 
feasible with the systems heretofo re submitted to practical 
trial. 

It has been argued in favor of electric traction that with 
it the heavy trains may be sub-divided into small trains 
or even into single car units. Now, while there are cer­
tainly sections in an extended standard railway system 
where a number of smaller trains would suit the public 
better than fewer but longer trains, the general and prin­
cipal problem cannot be determined in this manner ; pro­
vision must be made to handle freight trains and solid or 
mixed passenger trains fr om adjacent railways in a way 
that will not interfere with the latter 's organization of 
traffic and traction even though they are operated elec­
trically. 

Vv e are of the opinion that a system to meet the require­
ments and views prevailing in present railway practi ce 
must not ask the railway managements to restrict th em­
selves o r change their system of making up trains and 
arranging time tables . It seems to us even necessary to 
accept the present organization of the traffic as a basi~ for 
the development of a system of electric traction to super­
sede steam traction: and. what is almost as important , to 
supersede it gradually and to work simultaneously with 
steam, either on the same lines or on different lines, ex­
chang ing traffic. 

The present method of handling the traffic: on standard 
railways once accepted, the electrician is confronted with 
the problem of moving the trains now haul ed by steam 
locomotiYes. This will cause him to abandon as the Drin­
cipal fea ture of hi s plan the small motor car unit a~d to 
provide for an electric locomotive which will take the trains 
as they actually are to-day, and handle them in tl1e same 
way as the steam locomotive. 

·will :t now be possible to solve the problem by adopting 
locomotives for electric railways of the type of th e Milano­
Varese or the Burgdorf-Thun Railway? vVe think not , 
because it is an inherent feature of both these systems that 
the inves1 ment in line material and intermediate mach inery 
and apparatus along the track is so heavy that it wi ll b~ 
incompat ible from the financial as well as the technical 
point of view, owing to the restriction in voltage, which 
seems to be a characteristic feature of both these systems. 
In this we do not except the trial line built bv Ganz & Co. 
in the Valtellina , where three-phase currents ; re conducted 
to th e vehicl es by two insulated overhead wires at a pres­
sure o f 3000 volts. Tt is a matter of simple calcula tion to 
prove that economy in plant and operation will onl y be ob­
tained when pressures arc used far above those heretofore 
adopted. 'We do not take into consideration the trial line 
between Herlin and Zo~~en, which has hecn built \\'ith the 

view of s_o lvi ng the problem of high-speed railways, a type 
which is not likely to enter into the question which inter­
ests us at present. 

The high tension fo rbi ds the application of three-phase 
currents because thi s system requires two contact wi res in­
sulate<l from one another. O nly a sin gle trolley promises to 
be reliabl e in operation. T he voltage being high, continu­
ous current seems to be excluded, and one is forced to 
come down to sing le-phase alternating current. This cur­
rent , however , is not applicabl e to the working of the mo­
to rs driving the axles of th e vehicle. We have, however, 
already come to the conclusion that locomotives will haYe 
to be accepted because of the demands of the traffic organi­
zation. \Ve shall , therefore, have to provide fo r sufficient 
adhesion weight of the locomotives. This requirement is 
most welcome, as it will permit us to put machinery on the 
locomotive to convert the high-pressure single-phase alter­
nat ing current , which is most fit fo r the transmission and 
di stribution of the energy, into continuous current of low 
pressure, which is best fitt ed fo r the working of the motors 
driving the axles. This conversion of current on the loco­
motive may be performed by a motor-generator , by a ro­
tary convert er, possibly with preliminary transformation of 
the voltage, or in other ways. \Ve could now adapt the 
seri es-parallel system of control to the continuous-c urrent 
motors on the axles. \Ve find , however , the conditions to be 
favorabl e to the use of a system of adjustin g the turning 
moment of the driving motors by adjusting the voltage of 
the continuous-current generator on the locomotive, using 
separate excitation. If this method is developed further a 
most sati sfactory arrangement is obtained with regard to 
economy, g raduation and safety in th ~ control of speed, of 
st~rting, braking and returning energy to the contact line. 
This system in th e fo rm here outlined, with the exception 
of the high tension brought into the vehicle, has been des­
cribed bv \Va rd Leonard, in the article referred to where all 
the imp~rtance seems to be attributed to the economy of 
speed control. 

\ \Ti lliam l'vI. Morcley and B. M. Jenkin have also read a 
paper on electric traction on rai lways before the Institutior, 
of Civil Engi neers in London on Feb. 18, 1902. to which 
reference may be made here.* In a foot note to the paper 
the authors have kindl y mentioned that the l\Iaschinen · 
fabrik Oerlikon are engaged in practical work on these 
lines. In this paper the authors give a review of the clif­
f erent systems heretofore proposed and adopted and come 
to the conclusion in a way admirably 10gical that a system 
embodying a rotary converter to change a single-phase cur­
rent into continuous current would have all the desirable 
features of a comprehensive system of electri c raih\·ay 
tract ion . 

Besides a grea t number of special arrangements which 
give the system its full value for the purpose aimed at, spe­
cial design and construction of the several parts of the 
equipment of the locomoti ve, especially of the converter, 
has been necessary. The details of the current-collector and 
the contact line, togeth er with safety devices. largely con­
tribute toward fac ilitating th e useful appiication of the 
general principle. and espec ially of its safe operation und er 
high voltage, without which the rota ry couwrter d ies not 
exert half its usefuln ess in electric traction on railways. 

The 1\Iaschinenfabrik Oerlikon long ago appreciated the 
fact that th e present traffi c organization should be inter­
fered with as· little as poss ible. T hi s firm has r1.crnrdingly 
developed a system comprisinr· the trolley line, th e cur ­
rent-collec tor, the converter. the controllers and all co­
operative nart s. and has comm enced to int roduce it in to 
practi ce. In thi s way it hopes to pron.· th at an elect ric 

* ,\n abstra c t o f thi s pap('r was presented in th e S T RE ET RAILW AY J o tTR N AL. 
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locomotive carrying converting plant need not have a pro­
hibitive weight. The Maschinenfabrik Oerlikon is at pres­
ent building a locomotive having four driving axles and 
developing 700 hp at the rails. The total weight of this 
electric locomotive in working order will be about 42 tons . 
The contact-line pressure is to be 15,000 volts. 

\Ve desire now to present details regarding the practical 
and extensive experiments made by the Oerlikon Com­
pany to show that the system briefly described possesses 
constructive advantages and that it will, without creating 
any traffic disturbances on existing railroads, enable the 
introduction of electrical operation, and that, finally, it 
possesses decided advantages over existing systems. 

T he employment of a rotary converter on ly becomes 
of value, in our opinion, when used in connection with 
high-tension circuits. This view is not shared by Ward 
L eonard, judging from the article mentioneq in the intro­
duction and from his 1891 patent, although at that time 
only street railways were considered. The pr~ncipal motive 
of L eonard was the regulation of the turning moment by 
regulating the terminal pressu re. 

T he fact that a transformer plant had to be installed on 
the moving car led people to abandon the idea, because too 
much stress was laid on the difficulties presented and too 
little on the advantages to be achieved, and because the 
use of the single-phase alternating current was lost sight 
of by engineers who had become accustomed to the di rect 
and three-phase currents fo r traction purposes. 

In conj unction with these currents, however, the rotary 
converter is equally applicable and the advantages of 
three-phase regulation can be retained. These, however , 
are not, in our opinion , the determining facto rs; of greater 
importance is the possibility to operate the converter by 
single-phase currents and the utilization of a very high 
pressure. 

\Ve have already stated that the Oerlikon locomotive 
was designed fo r a line voltage of 15,000. Assuming the 
train to weigh 250 tons , a speed of 24 miles and a grade of 
IO per cent , then we are dealing with 575 hp measured at 
the track. Assumi ng the transformer locomotive to have a 
useful efficiency of 75 per cent, then we mw;t take from the 
line 

· 575 x 736 = 565 kw, or, assuming a shifting of the phases 
.75 

of IO per cent and a pressure of 14,000 volts at the point of 
. 565,000 

consumption , - - -- = 45 amperes. The chosen out-
.9 X 14,000 

put is not a maximum, but is above the average. We see 
tl1at the currents even for heavy trains are not above those 
to which we are accustomed for street railways and small 
railroads and that the current may be easily collected if the 
construction be lighter and the speed g reater. 

This facilitates the construction of a suitable trolley line 
for ordinary roads. Before discussing this feature, how­
ever , let us consider a case in which there are two heavy 
trains in motion 2..f. miles apart on the same side of the feed­
ing point. These two trains take from the line a total of 90 
amperes. Assuming the two wires each to have a diameter 
of 8 mm, we have a loss of energy over the 24 miles of 
400 X .03328 X 90 X 90 

2 
600 volts x 90 amperes = 54,000 

watts, or about 4.5 per cent of the energy supplied to the 
feeding point and about 4.1 per cent of the pressure at the 
feeding point. 

Two such wires have a weight of about 680 lbs. per mile. 
\ Ve will assume the use of the rails for returning the cur­
rent . \Ve now have to deal with the one serious ' disad­
vantage of the alternating current, namely , the inductive 

effect in the rails, which shows itself in the increase of the 
apparent resistance and the actual loss of pressure. This 
effect increases with t~e number of periods of the alter­
nating current. At 42 periods (Burgdorf-Thun road) the 
apparent resistance is eight times that of the ohmic resist­
ance, according to W. M. Morley before the Institute of 
Civil Engineers, London. This results in losses in pressure 
on these long distances, even with small current densities 
such as are used with high pressures, and to eliminate these 
losses is very desirable in many respects. For this reason a 
small number of periods must be chosen, although this im­
plies increase of weight and cost of the single-phase alter­
nating-current generators, motors and transformers. Ac­
cording to the Oerlikon experiments with periods from o to 
60, when the number of periods is 16 the rail resistance is 
increased three-fold, and if this is reduced to a copper wire 
having the same cro~s-section, we have 3 x 9, or twenty­
seven fold. On a track weighing 70 kg per meter ( 140 lbs. 

( 

.0166 X IOO) 
per yard), this loss of voltage 

. . X 700 X I 00 X 3 X 9 X for a 25-m1le rate 1s about 400 
7.6 

90 = 180 volts , and, neglecting the shifting of the phase 
in the rail s, 1.64 watt = 1.4 per cent. 

In general, there are more than two trains on one side 
of the feeding point on a 24-mile section, but we believe 
that to assume thr~e such train s at 12, 24 and 36 miles 
is a very unfavorable load, which would correspond in 
actual practice, considering trains of less weight, to per­
haps double that number of simultaneously moving trains. 
The losses then, if we assume, for the sake of simplicity, 
two 8-mm wires for each 20-km section, become 

[Losses in Raiis, Single 
1
1 Rails,Double 

Wires Losses. Goee; Losses Gage; Losses 

Dis tance -------,--- - --, 
W8ires of Kw. Volts I Amps. Kw. Volts Kw. Volts mm . , 

-------- -- --- --- --- - ------
0 - 12 miles 6 81 300 270 I 73 270 ' 37 135 

12 - 24 " 4 54 300 180 I 32 180 J6 90 
24 - 36 . ' 2 27 300 90 ! 8 90 ~ 45 

Total . . . . . . 162 900 I . . I n3 540 I 57 270 

T hat is a total of about 220 kw of 6 x 566 + 220, or 6.1 per 
cent of the total energy at the feeding point. 

Assuming the pressure at the 24-mile point to be 14,000 
volts, then on the double-gage the initial pressure must be 
14,000 + 600 + 225 = 14,825 volts. Then at the 36-mile 
point the pressure is 14,825 - 900 - 270 = 13,655 volts, 
and the total voltage variation on the 36-mile section at the 
supposed current density is 1170 volts of a total of 14,825 
volts, or 7.85 per cent, and allowing for other losses of 
pressure a total of about IO per cent. Yet this figure is far 
less than has been found on third-rail direct and three­
phase systems of less than IOOO volts and for distances of 
less than one-third of those assumed in this calculation; 
and we know that the lo~es decrease as the square of the 
pressures. 

The weight of copper corresponding to the foregoing is 
(20 + 40 + 60) x 2-45 kg= I08 tons for the line and for 

12 f ·1 the 12-m rails 
6 

x 4 x I kg= 20 tons or ra1 con-
0,000 

nections. Adding 20 per cent for depot tracks, we require 
for a double-gage 36-mile section a total of 150 tons of 
couner, of 8750 lbs. per mile. 

This shows that it is feasible to supply long distances 
with high voltages at small losses. The feeding points 
would be 2 x 36 = 72 miles apart. The equalization of the 
load on the power stations is perfect, and there are no 
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transformer stations which are partly idle or without any 
load. 

One might be tempted to choose a lower pressure, but 
we do not believe that a much lower pressure is sufficient, 
while the choice of a much higher pressure is not desirable 
or necessary. Small currents and track losses seem to be 
the determining factors, together with the safety of the line 
and insulation of the machinery. We believe that 15,000 
volts is the highest pressure which can be generated di­
rectly by machines without much difficulty and con­
veniently transformed, and for which mechanically perfect 
insulators can be obtained. The problem is , therefore, to 
construct a trolley line and current-collector which will 
permit the use of 15,000 volts. 

We may mention here that it is the use of a single-pole 
circuit that permits the adoption 6f lower pressures at large 
stations. We can picture to ourselves, for example, a 
third-rail installation using less than 700 volts while the 
line itself carries 15,000 volts. Using two current-collect­
ors, that is, contact-shoes and contact-rollers, the high 
pressure and low pressure circuits can both be utilized if all 
circuits are connected to proper pressure transformers . 

The high-tension wires are suspended from wires 
stretched between two sets of poles located at each side of 
the tracks, and these suspending wires are attached to 
high-tension insulators. If the contact-roller is used it can 
be easily insulated from the car. In general, the single­
pole construction is a very simple one, and so far as 
safety is concerned is far superior to the customary over­
head circuit. 

Trolley wires have certain disadvantages which are more 
apparent in the case of high-pressure systems than when 
working on low pressure. It cannot be denied that the 
trolley wire is the most easily damaged portion of an elec­
tric railway system, and it would seem unwise to hang the 
fate of electric traction for trunk lines on a single wire. 
For this reason the Oerlikon Company has developed a 
new trolley conductor and collector in conj unction with an 
alternating-~urrent traction system. The wire is located 
to one side of the road instead of over the tracks and is 
supported on ordinary trolley-wire supporters from b~ 
neath or at the side instead of from the top. These sup­
porters are fastened to high-tension insulators. The cur­
rent is collected by means of a conducting-rod which is 
movable about an axis in a plane perpendicular to the di­
rection of motion of the car and can be moved around an 
entire semi-circle. By means of a spring the collector is 
continuously pressed against the trolley wire, but as it is 
permitted to revolve in a semi-circle the wire may also as­
sume· any position within this area. This does away with 
the necessity of span wires and permits a second auxiliary 
wire to be run next to the trolley wire, which may serve as 
a reserve in case of accident to the trolley wire proper. 

The Oerlikon trolley is constructed in the form of a con­
vex rod, which solves the problem of air switches and 
crossings. It permits passing over from a lateral high­
tension line to a central low-tension line at large stations. 

Th e Oerlikon Company has also developed a double 
high-tension insulation for troll ey lines. It is so arranged 
that the insulation nearest the earth is short-circuited by a 
grounded fus e wire, to which an easily movable ball or 
white disc is mechanically connected. Should the upper 
insul ation give out the fu se melts, the ball or disc is visible 
o r ch anges its position a ·Id th e employees are thus notified 
of th e condition of the line. T nsulation test wires might 
also he connected between the two insulations at each sec­
tion of th e road. 

Th e current is returned through the rails, which are con­
nected by efficient rail-bonds. Many meth ods are in use 

for obviating th e disturbances in low-pressure lines within 
the neighborh ood of the troll ey line. T he large differences 
of potential existing on long lines are eliminated very 
largely by boosters. 

While the system under discussion confl icts with many 
street railway regulations regarding th e overh ead con­
struction, none of the di ffe rences would furni sh a reason­
able obj ection to the const ruction of an economical and 
simple system. 

The company has developed a plan fo r the effective pro­
tection of passenger cars against accidental contact with 
fallen trolley wires. It consists of metal rods which con­
nect th e longitudinal g irders of the car frame with the roof 
of the car, and these rods are placed close together along 
the leng th of the car. 

In r egard to the converter locomotive, it may be 
briefly stated that its essential feature is the generat ion of 
direct current fo r th e propulsion of the ca r motors and the 
utilization of single-phase altern ating current. By a pecu­
liar method of compounding the motors and generators 
and connecting all parts which affect the fi eld, strength, 
etc., a method has been devised to regulate speed economi­
cally and automatically and to employ the starting and 
braking . The economical production of large tractive 
power at small speeds is a problem which is not solved by 
all sys tems having a constant e. m . f. at motor terminals. 
O n such systems we find the obj ectionable peaks in the 
load diagram, which are responsible fo r the large power 
consumption and the installation of larger units. 

Th e direct-current circuit s are not connected to earth , 
thus insuring g reater protection to the insulation than is 
usually the case on street ca r motors. All motors on the 
train , including those on the locomotive, can be simul­
taneously regulated . This makes it possible to increase the 
weight on th e driving axles . This meth od will be welcomed 
on roads with heavy g rades and defective rai ls. T he 
method has other advantages, many of which have been 
pointed out in an article on this subj ect by W . M. Mordey. 

It may be of interest to note that the converter locomo­
tive built fo r small power, say 200 hp, may be used also fo r 
passengers, as i10t more than one-third of the floor area 
need be g iven up to the converter installation. 

It is an error to believe that converter locomotives weigh 
considerably more than vehicles without transform ers. The 
O erlikon locomotive, which can exert a drawbar pull-up to 
r 1,000 lbs. at a speed of from 21 to 24 miles, weighs ap­
proximately as follows: 

Locomotive, dead weight ..... .... ....... . .... .. .. . .. 33,000 lbs. 
Converter and exciter . .. .. ... ...... ... ... ... . . .... . . . 35,200 lbs. 
Regulators, circui ts and co tlector . . . . . . . . . . . . . . . . . . . . . 2 ,200 lbs. 
Braking device .. .... ... . .. . .. .. . .. ....... .. .... . .... 24,200 lbs. 

T otal .. ....... .... ...... .. . .. .. . ............ . ..... 9 4 ,600 lbs. 

Comparing this with a system on which the three-phase 
current is used, under similar conditions of speed, effi ­
ciency, grades, pressure etc. , it will be found that the result 
is about the same for both systems. 

The converter locomotive of 44 tons could be replaced 
hy one o r two three-phase cars weighing 30.tons. 

If we assume th e locomotive to have an efficiency of 75 
per cent, a working factor of 0.9, a total train weight of 
250 tons, a grade of 10 per cent , a speed of 2-1- miles and a 
pressure of 14,000 volt s, th en th e locomotive requires 45 
amps., while the three-phase motors and transformers 
having an efficiency of So per cent , a working factor of 0.9 
and a weight of 236 tons require a current of 23 am ps. 
each of which .have to fl ow th rough two wires insulated 
from each other . Us ing th e same amount of copper , 
therefore, the loss in the conductors is about the same fo r 
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three-phase motor as for the converter locomotive, namely, 
2 x 2 3 or 46 amps. There is, hO\veve r, a saving of energy 
on the locomotive at starting \\'hich enables the raising of 
the wo rking factor by using a synchronous motor fo r a 
converter. This necessi tates shifting the phase only about 
5 per cent. 

\Vhi le actual figures do not prove a decided differe;,ce, 
oth er considerations must prove the superiority of the 
single-phase, alternating-current converter locomotive . 

In the opin ion of the Oerlikon Company, a 10,000 volt 
o r 15 ,000 volt three-phase installation is not practical, re­
gardless of the Berlin-Zossen experiments. If three-phase 
currents of less than 15,000 volts could be led directly to the 
vehicle the small gain in total efficiency would be largely 
overbalanced by the single-phase installation in the case of 
the converter locomotive, the greater ease of speed regula­
tion ancl the possibility of furni shing energy to the lin e 
within wid speed limits and not for hig h speeds alone. 

ln addition to these, the locomotive offers the followi ng 
advantages over the three-phase motor cars: 

The di rect and indirec t danger to passengers from the 
line is eliminated as much as possible. 

Th e locomotive may be constructed entirely of non­
burning material. 

The motor equipment is under constant supervi sion , and 
by constant inspection its life is prolonged. 

Th e J ivision of the equipment between the locomotive 
and cars insures greater ease o f inspecti on, making up of 
tra ins and minimizes labor and maintenance. 

It is possible, furth ermore, to run . in addition to the 
locomotive, a number of self-propelled cars for suburban 
or local traffic, or to attach a numb er of cars to th e locomo­
tives , or fina lly to operate branch lines having light traffic 
with direct current furnish ed by converter locomotives 
stationed at convenient points alongthe alternating-current 
main line. 

Th e chi ef points of th e Oerlikon system are high ten­
sions anrl small currents, the laterall y arranged and sup­
ported-not suspended- trolley line, the collector having a 
wide range of contact, and the low-tension branch circu its 
fo r large depots. Furthermore, the electric- locomotive re­
places the ordinary steam locomotive, and the necessary 
\\' eight fo r thi s arrangement is obtained by the installation 
of the converter equipment. 

---♦.,__ __ 

Advertisements in Brooklyn Tunnel 

T he Rapid Transit Commi ssion has displeased the l\lu­
nicipal .\rt Society, of ?\ ew York. by not prohibiting the 
posting of adverti sing bills in the Brooklyn subway, the 
contract for which, it is expe:cte<l, wi ll shortly be let. In a 
communication to the Board the Art Society asks: ' ' Is the 
subway for the convenience and pleasure of the public or to 
enable the operating company to make large profits? Is 
your desire to aid private interests more potent than public 
opini on ? If a citizen were to appear befor e you and request 
the restoration of the provision tricken out, would you re­
store it as quick ly as you removed it at the request of the 
private corporation?" 

The society believes that advertisements should be pro­
hibited entirely, but it asked only that the power to regulate, 
restrict and prohibit should be expressly reserved to the 
commission, so that the wishes of the public could be 
executed at any time, and the subway-the city 's property 
-should be controlled by the city. As the commission has 
not g iven heed to the society's request, that body now insists 
that a pr ovi sion be in serted in the contract prohibi ting all 
adYertisement s in the subway, the entrances, the exits , the 
stations and the cars. 

It is explained that until recently the commission thought 
well of the proposition that the city should restrict the ad­
verti sing in the subway, and that a proper provision should 
be inserted in the proposed contract. The provision was 
stricken out, and full power to deal with advertising virtu­
ally given over to the private corpo~ation. U nder the con­
tract, as at present drawn, the private company could make 
the subway even more hideous than the elevated stations, 
which are so rapidly becoming huge billboards. The Bos­
ton subway is free from posters, except on the newsstands, 
and the law prohibits their introduction. In fact, there is 
no instance of a subway, constructed under municipal man­
agement, where such powers have been g iven to a private 
corporation as the Rapid Transit Commission proposes to 
give to the operating company. The committee of the 
~lunicipal Art Society beli eves that the Rapid Transit Com­
mi ssion will reconsider its action when the matter is care­
fullv considered. 

---•♦----
Determining Value: of Pennsylvania Tunnel Franchise 

The sub-committee on contracts of the Rapid Transit 
Commiss ion and officers of the Pennsylvania Railroad have 
held several conferences fo r the purposes of arranging the 
terms of payment and determining the amount of compen­
sation the city should receive fo r the tunnel privileges, 
which the Pennsylvania Company is seeking. The negotia­
tions were conducted by A. J . Cassatt, president of the 
Pennsylvania Railroad; Samuel Rea , vice-president, and 
James A. Logan, ch ief counsel. The sub-committee of the 
Rapid Transit Commission is composed of Alexander E. 
O rr , Charles Stewart Smith and Comptroller Grout. 

The rail road interests suggested that as the traveling 
fac ilities to be introduced irito the city by the railroad would 
benefit the traveling public of the metropolis and would also 
increase the taxable values of the city, it would be an 
equitable arrangement if the company were allowed to 
operate the franchi se it asked for at a nominal rental. 

~ lessrs. Orr and Smith favored a liberal policy toward 
the railroad, but Comptrolier Grout maintained that the 
franchise asked for by the Pennsylvania Company was one 
of the most valuable that had ever been sought from the 
city, and he proposed that the company should be made to 
pay a correspondi ng rental. Mr. Grout advocated charging 
the company fo r the first ten year s of the twenty-five, 50 

cents a year for every track foot; that is, for every foot of 
track la id and not for the length of the tunnel. For the 
subsequent fifteen years the company wi ll pay $I a year for 
every track foot. T hese prices must be pa id not only for 
the trunk lines, but also for sidings and turn-outs .• This 
was not favored by :iVIessrs. Orr and Smith, who believed 
the percentage named by Mr. Grout would be prohibitive. 
It is believed that thi s demand will be modified somewhat, 
and that sati sfactory_ terms will be adopted. 

The compensation to be paid for some of the streets in 
Long Island City under which the company will tunnel 
could not be finally determined, for the reason that there 
are some nice points of law involved as to the right of the 
city to grant franchises for c,.ertain streets it is proposed to 
build under. The city does not own the streets in that 
borough. except such as have been acquired since January, 
1898, through condemnation or dedication . The streets in 
Long I sland City were laid out on property belonging to 
property owners, and the municipality owns only the ease­
ments. vVhat now has to be determined is whether in ad­
dition to paying- the city fo r the easement rights the Penn­
sylvania Company also will have to pay ±or the property 
rig-hts. Another conference is to be held in about two 
weeks. 
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Rolling Lift Bridges Prevent Drawbridge Accidents 

The slight accident on the bridge of the Metropolitan West Side 
E levated Railroad, of Chicago, which was spoken of and illustrated 
in the STREEET RAILWAY JouRNAL, and which would have been 
very serious had the bridge been other than the bascule type, 
brings to mind forcibly the advantages and safety of this kind of 
bridge, and also calls up some interesting historical facts regarding 
the Metropolitan bridge at Chicago. This bridge was the first of the 
now well-known Scherzer type of rolling lift bridges. In fact, 

OPEN SCHERZER BRIDGE. AN IMPASSABLE BARRIER TO TRAINS 

it was the peculiar problem which had to be met by the Metropoli­
tan E levated in crossing the Chicago River that led to the design 
of the Scherzer rolling lift bridge, and this was the first one of the 
kinc.l constructed. When the Metropolitan Elevated was being 
bu ilt a most difficult situation had to be faced in regard to crossing 
the river. The road had its right of way between J ackson and 
Van Buren Streets between two swing draw bridges turning on 
center pivots. There was not room fo r a swi ng bridge, because it 

better must be devised and the invention of the Scherzer rolling 
lift bridge was the result. The Metropolitan Elevated adopted 
and built this design of bridge, which was followed soon by one on 
the same principle on Van Buren Street next to it. William. 
Scherzer, the designer of these bridges, died soon after the plans 
were completed, but the Scherzer Rolling Lift Bridge Company, of 
Chicago, continued the work of designing bridges under the patents, 
and to-day this type is rapidly being adopted for the most important 
loca tions. The Metropolitan bridge which prevented what might 
have been a terrible di saster on May I 5 is a four-track structure 
114 ft. from center to center of bearings, leaving a clear channel 108 
ft. wide. It is in reality two double-track bridges, which can be op­
erated either independently or together. After the accident traffic 
was resumed in 15 minutes on the two tracks not interfered with. 
It will be remembered that the motor car of the train ran onto the 
bascule just as it started to rise. It rose far enough so that the 
front truck of the first trail car was derailed and the platform 
hoods were smashed. Three views of this epoch-marking bridge 
are shown herewith. Since it was fini shed in 1895 many others 
of the same type have been built both in Chicago and elsewhere. 
It is quick to operate, and can be raised and lowered in much less 
time than it ordinarily takes to swing a draw. The Metropolitan 
bridge is rai sed or lowered in 30 seconds, and trains are run over it 
in less than one minute from the time of starting to lower. The 
government and vessel owners like these bridges, because th·:y 
leave the stream clear of any center pier obstruction to navigation, 
and the bugbear of collisions of vessels with the bridge is done 
away with. As compared with other kinds of bascule bridges the 
Scherzer rolling lift has the immense ci dvantage that the weight 
of the bascule and its counterweight is carried on a rolling rather 
than a pivot or trunnion, a rubbing bearing. The friction on a 
journal or pivot large enough to carry the weight of half a bridge 
and its counterweight as in the London tower bridge, is so great 
that much power is required to operate it, and the machinery mu5t 
be correspondingly expensive. The Scherzer bridges, as the name 
implies, roll or rock on a smooth level surface practically without 
friction. The cost is also lower than for other bascule bridges, be­
cause of the peculiar design which permits the shortest and conse­
quently cheapest span possible between bearing points for a given 
clear channel between piers. Nine of these bridges have already 
been built at Chicago, four of which replaced swing bridges across 
the Chicago River, and six more are under construction to replace 
swing bridges. The big six-track bridge at the approach of the 
South Terminal Station, Boston, is of this kind, as well as the most 
important railroad bridges in Cleveland. Manhattan Avenue 
between Brooklyn and Long I sland City also ha s· one of thes~ 

SCHERZER BRIDGE, OPEN SCHERZER ROLLING LIFT BRIDGE, CLOSED 

would interfere with the swinging of the street bridges on either 
side, and furthermore the time required to swing a draw would 
cause much delay to train traffic. A bascule bridge hinged on 
pivots like the tower bridge in London was first de:1igned. As this 
bridge had some objectionable features, William Scherzer, a civil 
engineer, was called in consultation by the company with the idea of 
eliminating them. A study of the question convinced him that the 
pivot type of bascule bridge was so objectionable that something 

bridges. Many others have been designed for use in the United 
States and foreign countries. 

From Denver there comes a tale of a genuine elephantine stam­
pede, caused by one of those wonderful specimens of the jungle 
getting his tru:1k tangled in a trclley wire. From all accounts it 
was rather a distasteful experience for Jumbo. 
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New Cars for Seattle and Tacoma 

T he cars now being shipped by the J. G. Brill Company, of 
Philadelphia, to the Seattle & Tacoma Railway Company deserve 

passenger cars, and one trailer combination passenger and baggage 
car. The length over the crown pieces is 41 ft. 6 ins., and the width 
over the sills is 8 ft. 9.½ ins. The straight passenger cars have a 
seating capacity of 44. The baggage compartments of the combina­
tions have seats which fold :>gainst the walls. 

SEATTLE AN D TACOMA PASSENGER CAR 

a place in the first rank of the best productions of modern electric 
car building. The accompanying illustrations are worthy of care­
ful examinat ion, as they convincingly show the powerful and hand­
some construction, the roomy, pleasant and convenient interiors, and 

The si ll s are reinforced with heavy iron plates, and the ends are 
strengthened and protected with Brill patented angle-iron bumpers. 
The steps are provided with traps to cover th e openings at high sta­
tion platforms. T he motorman 's cab occupies half the platform 

INTERIORS OF SEATTLE AND TACOMA CARS 

tii e attention which has been paid to every detail. Although fitt ed 
for third-rail contact the cars are wired for trolleys and have trol­
ley platforms, so that a change may be made without withdrawing 
the cars from service. The cities of Sea ttle and T acoma are about 

but does not prevent passengers passing through, as there arc cabs at 
either end, and the motorman is therefore always on the off side. 
The window rails are very low and the windows large, adding to 
the cooln ess of the cars in warm weather. The sliding doors to 

SEATTLE AND TACOM A COMBINATION BAGGAGE AND PASSENGER CAR 

25 miles apart, and it is intended to cover the distance in steam 
railroad time. The Brill 27 trucks, upon which the cars are 
mounted, are capable of making 65 miles an hour. 

There are eleven cars in this order : Two motor passenger cars, 
four motor combination r assenger and baggage cars, four trailer 

platforms have drop sashes, as have also the front vestibule doors 
and outside cab doors. The interiors are finished in solid Mexican 
mahogany, handsomely carved and inlaid. The ceilings are light 
green, striped with gold. Each car is fitted with Dedenda gongs 
and Brill ratchet brake handles. 
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Automatic Alternating-Current Circuit Breaker 

The use of alternating currents in street railway work has be­
come so general that railway engineers are becoming as familiar 
with alternating current as are lighting engineers. The merits of 
the improved automatic oil-circuit breaker , shown in the accom-

IMPROVED OIL CIRCUIT BREAKER 

panying illustration, need therefore only to be pointed out in order 
to have them appreciated by railway engineers connected with 
long-distance transmissions, on either interurban or city roads. 
The circuit breaker has a capacity up to 300 amps. , and is built for 
pressures up to 10,000 volts. It can be arranged either as a single­
phase breaker, having a tripping coil on each side of the circuit, 
as a two-phase breaker, with a tripping coil in each phase, or as 
a three-phase breaker with a tripping coil in two phases, in every 
case the breaking of all lines ' 
being by the operation of any 
one tripping coil. It is thus 
seen that only one-circuit 
breaking mechanism is de­
pended upon for opening the 
circuits of any type of trans­
mission line, thus greatly r e­
ducing the liability of the 
breaker to fail in its operation. 

COLD WELL 

The circuit breaker can be used as a switch when automatic 
action is not des ired, the only change necessary being to remove 
the tripping coil and opening springs. It can be used either as a 
sin gle-pole switch, two-pole switch, three-pole switch or four-po le 
switch. The tripping mechanism, although very sensitive and 
operat ed easily electrically is no t affected by vibration, and it is 
claimed will not open by ordinary mechanical shocks. The oil 
receptacles in th e rear of the board are removable and occupy a 
small space. 

A large number of other styles of switches are made, including 
single and double throw, oil-break transfer switches, relieving 
the switchboard attendant of all liab ility to overload his line in 
manipulating his circuits and pneumatic-oi l break switches 
operated by air. In the transfer switches a device is provided 
whereby the sw'itch is locked when open so as to insure safety 
from being thrown in by jar or in any o ther manner that is not 
intended by the operator. This line of switches is made by S. B. 
Condit, Jr. , & Co., of Boston, Mass., who not only design and 
manufacture high and low-tension circuit breakers and switches, 
but give special attention to designing and building high-tension 
switch boards. 

------♦.-----

An Improved Cooling Tower and Condenser 

Since the introduction of cooling towers some ten years ago in 
thi s country they have been installed in a great va riety of si tua­
tions, and have become recognized as an important adj unct in all 
power stations where the water supply is limited. Th e acco m­
panying illustration shows a type of cooling tower which has been 
developed by the Alberger Condenser Company, of New Yo rk , 
which has many point s to recommend it fo r use in street railway 
work. It is construct ed of sheet steel, carefully riveted and braced, 
and its substantial construction makes it suitable fo r all locations. 
There are two types manufactured by this company, in one of 
which the air is circulated by means of one or more fa ns and in 
the other by means of •. stack placed above the cooling tower 
proper which produces a draft when the air becomes heated by the 
hot wat er from t he condenser. The interior of the cooling tower 
contains a fillin g consistm g of boards of swamp cypress, arranged 

The use of oil in a circuit 
breaker has been highly recom­
mended by electrical engin­
eering experts, and for simple 
and safe operation it is consid­
ered by the manufacturers to 
be far superior to the air-brake 
breakers. The manufacturers, 
however, have perfected a type 
of air-brake breakers which can 
be furnished to those installa­
tions where this type is prefer­
able to the other. As it is the 
general practice to locate cir­
cuit breakers on top of switch­
boards and usually out of 
reach, the designers have en­
deavored to make this arrange­
ment as convenient as possible 
for operation. The breaker il­
lustrated is intended for such a 
position and is operated by a 
portable handle with a suitable 
hook at the end. Wher e, how­
ever, it is desirable to have the 
breaker within reach of the 
operator an insulated handle is 
substituted for the arm shown. 

COOLING TOWER AND BAROMETRIC CONDENSER 

The operator when .closing the breaker loses control of the 
handle and an attachment is provided to open automatically the 
breaker if the short circuit or other difficulty on the line has not 
been removed. It is also possible to actuate the breaker mechan­
ism by remote control if desired, so that it is not necessary to 
approach the switchboard. 

in a r egular manner so as to positive ly Jetermine and compel the 
ultimate di stribution of the water and air. T he cooling tower thus 
i:irevents any haphaza rd or changeable direct ions for the current s 
of air and water, and reta ins a uni form eff ectiveness on the sheets 
of water exposed to the air. T he extended surface of the water 
brin gs each particle in contact wi th the air, so that the cooling 
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process is thoroughly effect;ve. The same steam engine used to 
operate the fans in those towers which are not self-cooling, also 
drives a centrifugal circulating pump, which draws the water from 
the hot well and discharges it to the distributor of the cooling 
tower. 

The Alberger natural draft cooling tower represents, how­
ever, the most advanced type, as no power is required to circu­
late the air. This tower is made in variable sizes, but the prefer­
able height recommended by the manufacturers is about 80 ft. 
The accompanying illustration shows a view of one of these 
towers. The interior arrangement is the same as described above 
for the fan-cooling tower. The air, as shown, enters around the 
piers that support the structure of the tower. The condensing 
apparatus shown in this engravi1,g is the Alberger Barometric 
Condenser, and is especially suited to large engines or to stations 
containing a number of engines which must exhaust into one con­
denser. The circulating pump used comprises hot and cold water 
pumps, operated by the same steam end. The cold water pump 
derives its supply of water from the cold well of the cooling tower 
and discharges into the barometric condenser, being assisted by 
the vacuum in the latter. The water there condenses the exhaust 
steam from the engines and falls down the barometric tube against 
th e atmospheric pressure to the hot well from which it is removed 
by the hot water pump and discharged at the distributor of the 
cooling tower, and becoming cooled by the evaporation caused by 
the contact with the ascending air it finally reaches the cold well 
ready for a repetition of the process. The barometric con­
densers, as illustrated, are similar to those to be used in the power 
station which is soon to be erected for the Rapid Transit Subway 
Construction Company, of New York, the Alberger Company 
having received the contract for the condensers of this plant. 

Novel Elevator and Transfer T able at the Brill Works 

The accompanying illustrations show a combination electric 
transfer table and elevator recently completed for the new finishing 
shop at the works of the J. G. Brill Company, Philadelphia. The 
apparatus is of a new type and design; and contains a number of 
features especially devised to obtain every facility to expedite the 
movement of cars and thus save time and space. 

The finishing shops have recently been completed, and make 
one of the most imposing features of this extensive manufacturing 
plant. It contains two working floors, and this novel method of 
reaching the second story by means of the transfer table has been 
adopted with great success. 

The motor not only moves the structure along the pit but also 

is not the least attractive of the many interesting up-to-date 
features characteristic of this large and busy plant. Cars ready 
for shipment are run from the elevator upon flat cars on tracks 
brought to the table from the trunk railroad lines, at the junction 

END VIEW OF TRANSFER TABLE 

of which the works are situated. George P. Nichols & Brother, of 
Chicago, are the builders of the apparatus. 

----♦----
T he Willans Engine in America 

The prospects for an extensive business for this well-known type 
of central-valve engine in the United States is very bright. T he 
Bradley Maufacturing Company, of Pittsburgh, Pa., has purchased 
the American rights, together with all patterns and special tools 
formerly owned by the M. C. Bullock Manufacturing Company, of 

SIDE VIEW OF ELEVATING TRANSFER TABLE 

operates the elevator, and by means of a cable draws the cars on 
and off. The elevator is halted at top and bottom by automatic 
stops. 

To see a large car drawn upon the table from the tracks leading 
from the other shops, moved 200 ft. along the front of the building 
and hoisted into a second-story door, and all within a few minutes, 

Chicago. The Willans engine will be built by the Bradley Com­
pany in sizes from 25 hp. to 3000 hp, the same standard of mechan­
ical perfection that is found in those of English make. An entirely 
new plant is being erected, equipped with the most modern ma­
chinery and every facility for rapid manufacture, and prompt ship­
ment will be provided. 
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Handsome Convertible Combination Cars 

T he engravings which accompany this article show a number of 
views of a style of convertible combination car built by the John 
Stephenson Company, of Elizabeth, for the Olean Street Railway 
Company, of Olean, N. Y. These cars have recently been shipped 
fro m the factory. 

T he cars combine the best and most desirable features of modern 

All the cars of the order are built with two compartments. One 
of these for passengers takes up about 20 ft. of the body, the 
remaining 8 ft. in part of them is used for a baggage room, and in 
the others is fitted up for a smoking compartment only. These 
cars have 28-ft. bodies and measure about 37 ft. over the dashers. 
The vestibules have street-car bonnets and are completely en­
closed. The floors of the vestibules are dropped, and the platform 
timbers are plated with angle-iron. The buffers are of channel 

PA~SENGER CAR FOR OLEAN STREET RAILWAY 

street and suburban railway practice. They have a number of use­
ful and novel details peculiarly .. dapting them to the city and 
interurban service for which they are intended. The Stephenson 
convertible feature gives the road practically two complete equip­
ments in one, enabling it to have both open and clos~d cars ready 
for service at any time, and only a few moments are needed for 
the change, which can be made if necessary while the car is in 
motion. Space is found in the wall of the car for the large lower 
sash, as well as for a steam road truss plank gained upon the 
posts. The pocket for the sash is closed by a cap, which forms the 

INTERIOR OF SMOKING COMPARTMENT 

arm rest. The upper sash slides upward into a pocket which is so 
placed that there is no disfigurement of the interior, and the form 
of the roof is not changed in any way, the monitor being of the 
same width as usual. 

By lifting only the small upper sash into the roof, no weight worth 
mentioning is added to that part. of the car, and there are no 
strains brought upon the posts. The window opening obtained by 
the Stephenson arrangement is as great as that of any open car, 
measured from the elbow of the pas senger upward. This type 
of car possesses several important advantages over the ordinary 
open cars. I t avoids crowding to a marked degree, which is one of 
the reasons for its great popularity with passengers. Another 
reason is that those seated next the side of the car are not annoyed 
nor disturbed by tho se entering or leaving, a:, is th e case with cars 
having side entrances. 

iron of the Stephenson spring pattern, which gives an elastic resi:;t­
ance to blows, thus saving the frame from strains. In the cars 
without side doors there is a flat trnss in the wall of the car com­
ing up to the window rail and ending in the sill. The bodies have 
curved sides, reducing the width at the sills, and adding to the stiff­
ness. All the side si lls are plated with steel, and in the baggage and 
passenger cars the plate is of more than the usual depth. 

INTER IOR OF BAGGAGE COMPARTMENT 

The interior fini sh is solid mahogany, with handsomely inlaid 
panels in the end of the car and on the partition. The same finish 
i_, used in the smoking room. The seats are of the walk-over pat­
tern, with a hand rail on the back, making a secure grab handle for 
those standing or moving. H and straps are provided, but th~y 
seem hardly necessary. There are twelve seats in the passenger 
end, and four in the smoker. In the outer corners of both com­
partments are stationary longitudinal se:.ts. In the baggage room 
the seats are longitudinal and extend th e whole length of the com­
partment. They are supported on folding brackets, and are hinged 
in the center so that the half in front of the door can be turned over 
endwise out of t11e way wh en th e door has to be opened. The ar­
rangement can be seen in the engraving of the interior. Both 
parts of the seats can be dropp ed against the side of the car when 
the space is needed. The use of the compartment for smokers 
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has been found not to interfere with its usefulness for carrying 
fre ight , etc. The baggage room side of the partition carri es three 
electric h eaters. vne of these is placed over the door and the 
others are over the windows. This arrangem ent , though peculiar, 
seems to work ve ry well. It was necessitated in this case by the 
fact that there was no o ther available place in the co mpartment, 
doors and the fo lding seat s taking up the whole of the wall space 
near the floor. The end doors and windows are fitted with motor­
man's curtains, which have sprin g rollers placed verti cally. 

The trucks are the Stephenson No. 20, with a 4-ft. wheel base. 

shops, and was shipped on its own wheel;; over the tracks of the 
New York, New Haven & Hartford Railroad directly to the mill 
yard in Lonsdale. It is equipped with automatic Tower couplers, 
with Westinghouse No. 49-B railway motors, and with a Christen­
sen air brake outfit. The wheels are 30 ins. in diameter, running on 
4-in. axles, with a wheel- base of 6½ ft. The main framing timbers 
are of hard pine, 2 ins. x 3¾ ins. The bumpers at each end are 
of oak, 12 in s. x 7 ins. The extreme width is 7 ft. 4 ins., and height 
to top of roof 10 ft. 6 ins. A snow plow is fixed at each end, and 
in addition the wheels are protected by diggers and scrapers, which 

COMBINATION BAGGAGE AND PASSENGER CAR 

They are capable of taking the shortes t curves with ease, and a t 
the same time can run sa fe ly at the highest speed which may be 
needed. The double journal springs and the lon g spring-suspended 
links make thi s t ruck very easy upon any track at any speed. One 
valuable feature is the small amount of power required. The " in­
ternal friction" is insignificant, consequently little power is wasted. 

------♦ .----

A Novel Electric Switching Locomotive 

Tbe illustration herewith is made from a photograph of a yard 
switching locomotive recently completed for the Lonsdale Company, 
whose principal office s are in Providence, R. I., and whose mills 
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A NEW SWITC HING LOCOMOTIVE 

are at Lonsdale, R. I. The locomotive was made by the Taunton 
Locomotive Manufacturing Company, Taunton, Mass. 

This electric locomotive will be used for handling cars from the 
t racks of the New York, New Haven & Hartford Railroad, which 
connect with the yard tracks of the Lonsdale Company. It was 
constructed and completely equipped electrically at the Taunton 

keep the track clear under all ordinary circumstances. The locomo­
tive weighed complete when shipped 8½ tons, and is expected to 
haul on a level four loaded cars. 

Provision is made by means of pockets to increase the weight of 
the locomotive by the addition of cast-iron cubes, if such increase in 
weight shall be fo und necessary. The specifications required that 
the side doors of the cab should be of extra width to take large 
packing cases. E nd doors arc provided so that the trolley can be 
controlled from the platform, and coupling arrangements are such 
as to fit the locomotive for use with standard steam road freight 
ca rs. •• 

The Edge Moor Water-Tube Boiler 

T here are many points peculiar to water-tube boilers that have 
made this type the one in general use in stree t railway plants. 
\Vhile, as in all m echanical devices so me faults can always be 
found, it has come to be generally conceded that the water-tube 
boiler m eets the requirements of electric penver stations in the 
most sati sfactory m anner, and to supply this demand the Edge 
Moor Iron Company, of Edge Moor, Del., began in 1895 to 
manufacture a class of high-grade water-tube boilers which have 
proved exceedingly efficient and durabl e. The boilers are made 
in sizes from 75 hp to moo hp, and for steam pressures up to 200 

lbs. per square inch. Quick steaming properties and the ability 
to fo rce the, boiler to the utmo st capacity of the furnaces are 
obtained by making the areas of the path of circulation of the 
wate r larger than_is often found in the horizontal types of water­
tube boilers, and -the liberal water surface provided maintains an 
even water leve l without undue vigi lance on the part of the men 
in charge. 

Mechanically the water-tube boilers are as perfect as are the 
ot her products of the Edge Moor Iron Company. All flat sur­
faces are effectually stayed, and no stayed surfaces nor riveted 
seams are exposed to the intense heat of the direct fire from the 
grates. The boiler is supported upon columns in the front and upon 
expansion rollers in the rear, giving ample opportunity for ex­
pansion without touching the brick work, which constitutes the 
setting. The arrangement is such that the parts of the boiler are 
subdivided, providing the principal feature of safety embodied in 
sectional boilers. 

The facilities of the company at the Edge Moor works are ex­
cellent. Extensive machine, forge and assembling shops, con­
taining the highest grade of tools, enables the company to turn 
out the very best work in the most expeditious manner. Freight 
connections are made by the Three Front Railroad with the Penn­
sylvania Railroad, Philadelphia & Reading Railroad, and Balti­
more & Ohio Railroad, insuring prompt delivery of boilers as 
soon as the order can be filled. 
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An Efficient Water Softener 

Steam plant s- in connection with s treet railway and lighting in­
stallations are only operated at th e highest effic iency when the boil­
ers are free from scale. Street railway plants in parti cular are sub­
ject to extra heavy strains at ce rtain t imes during the day, refering 
particularly to the extra heavy pull during the ear ly evening hours, 
at which time the boilers a re usually worked to their fu ll capacity. 
T here is, perhaps, no branch of steam engineer ing to which more 
att en tion has been given than the prevention of the fo rmation oi 
scale and its removal after it is fo rmed. I t is needless to say that 
methods having in view the removal of scale already formed are 
effort s directed againM an effect and not a cause. T he cause of the 
fo rmation of scale is too well known to require extended notice 
here ; suffi ce it to say, therefore, that scale is usually fo rmed by the 
deposition of t he salt s of lime and magnesia upon the tubes and 
sheets of the boil er, due to heat , pressure and evaporat ion of the 
water . The use of boiler compoun ds adds to the material already in 
the boiler, and a t best can only a ffec t the materia l in the water so 
that the scale fo rmed is not hard, but wi ll be depos ited in a soft , 
easily removable fo rm . One of the most approved methods of 
relief is to remove scale- forming mater ial befo re the water enters 
the boiler . 

EXTERIOR OF WATE R SOFTEN ER 

The K ennicott wa ter so ftener, illustrated herewith, is an appa­
ratus parti cularly adapted to the nc-eds of street railway and light­
ing plants. Th e apparatus is clai med to be un ique among water­
softening apparatus, in that it requires but a single fo unda­
tion, th e whole apparatus being contained in one st eel tank ; 
all small part s bein g enclosed in the main body of water 
so that danger fro m freezing is obviated. A peculi ar fea­
ture of thi s machine is th e surroundi ng soft-water sto rage 
tank. These machines are built eit her with or wi thout thi s 
storage tank, which, however, is r,f parti cul ar va lue to street rail­
road plant s, fo r it may be fi ll ed with soft water dur ing the n ight or 
middle of the day, when the load is light, to be drawn on ~ hen 
the consumption of water is g rea ter than the hourly capacity of the 
machine. T he apparatus treats va rying quan titi es of water with 
Yarying quantit ies of materia ls automatically, and without re­
setting, the amoun t of wa ter entering the machine being auto­
matica lly governed by the amoun t of water drawn from it. It is 
equipped wi th an effici ent mechanical agitator, which furni shes at 
all times lime water of uni fo rm strength ; this is cl aimed to be a 
great advantage over many forms of apparatus which attempt to 
furni sh l ime water simply by the int rod uction of water into the 
lime sa tura te r t hrough a pipe, depending upon the fo rce of thi s 
st ream of water to properly agitate the lime. T he above-mentioned 
agitator is operated by a cast-iron water wheel, whi ch is situated at 
the top of the apparatus, and is turned by the water as it fl ows into 
the machine, thus no ex ternal power is required. T his water 
wheel also operates a li ft wheel which lifts soft wa ter, measuring 

it automatically into the lime saturator so that the lime is dissolved 
ii' some of the already soft ened water. This makes a great savi ng 
in the use of lime, beca use that material is most easily dissolved in 
soft wa ter. T his water wheel al so operates a hoi sting apparatus, 
by means of which the material used for the puri fi cation of the 
water is hoist ed to the plat fo rm sur rounding the top of the machine, 
thus doing away with much objectionable labor. T he continuous 
hater -soft ening apparatus has many advantages claimed for it over 
the old intermittent fo rms of water softener . 

Water is drawn from tl~i s apparatus without rep umping. T he 
water to be purified after flowing over the water wheel fa lls into 
the top of a conical downtake, where it is in timately mixed with 
solutions of li me and soda or any other chemical necessary for the 
purification of the wa ter. T his mixing is of great impor tance, a~ 
it is not suffi cient that the wate r :m d reagents should simply flo11 

together, but should be thoroughly agitated together. Here the 
prec ipitat ion of the obj ectionable solids takes place, and as the 
water fl ows th rough the con ical downtake its rate of flow steadily 
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SECTIONAL VIEW OF WATER SOFTENER 
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decreases so that the precipitate fa ll s away fro m the water from 
which it was fo rmed and collects in the bottom of the machine. 
H ere the "sludge" produced is remo,·ed by means of a dump valve, 
shown in the sectional view of the machine, and the scale for ming 
materials are blown into the sewer in stead of allowing them to go 
into the boiler. The water after flo wing t hrough the conical down­
take turns and ri ses through a series of baffle pl ates where particles 
too light fo r sedimentati on arc entangled, and after formi ng in 
la rge enough quant ity slide off the::e plates and fall to the bottom 
of th e apparatus. T hese baffl e plates a re entii-ely self-clean in g. 
T he water finally passes th rough a filt er of common packing ex­
celsior, this fil ter requiring renewal about once in three months. 
Thi s fo rm of filt er, it is claimed, is much to be preferred to sand 
fi lter s, as it r equires no wate r for washing, apparatus usi ng sand 
filters being open to objection on account of the large amount o f 
wa ter required to wash them, which prec ludes their use in many 
stations. 

T hese K ennicot t puri fying plants are con:,tructed of a sufficien t 
size to allow plenty of t ime for the reaction Get ween the precipitat­
ing reagents and the wa ter to take place. 

T he apparatus being ent irely automatic requi res attent ion only for 
the supplying of the chemicals and fo r cleaning out. T he chemicals 
usually used are lime and soda, according to the Porter-Clark 
process, and these may be in troduced and the machine operated Ly 
an 11nskilled workman who put s the lime and soda in their proper 
receptacles and blows off the " sludge." T he t ime required is usually 
not more th an half an hour per day. T his appara tu s is in use on 
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a number of prominent railroads, among which are the Union 
Pacific, the Chicago, Burlington & Quincy, the Chicago & Eastern 
Illinois, etc., as well as many power plants in different parts of the 
United States. The device is the invention of Cass L. Kennicott, 
who is vice-pres ident of the Kennicott Water Softener Company of 
Chicago, the sole manufacturer of thi s apparatus. 

Modern Automatic Couplers 

The W . T. Van Dorn Company, Chicago, which, as was an­
nounced some months ago, received the contract for supplying 
couplers for all the elevated lines of the Manhattan Railway Com­
pany, New York, wi ll also furni sh t he couplers fo r the new rap id 

First Cars £~om the New Kuhlman Factory 

Next week will mark an important epoch in the history of the 
well-known G. C. Kuhlman Car Company, of Cleveland. At that 
time the fir st lot of cars built in the company's magnificent new 
factory will be completed, and the event will be celebrated by an 
interesting ceremony. It is hoped that the first car will be run 
from the shop by a most distinguished motorman in the person of 
Senator Mark A. Hanna, president of th~ Cleveland City Railway 
Company, for which company the new cars are being built. A 
number of handsome cars are nearing completion in the new shops 
and deliveries will shortly be made to some of the most prominent 
city and interurban roads in the country. 

T here is nothing fin er or more complete in or near the big 

STANDARD DOUBLE-TRUCK PASSENGE R CA R 

t ransit subway of that city. During the last few years this com­
pany has had a most phenomenal success with its product, the vari­
ous points of simplicity, effectiveness, durability and strength 
seeming to have been almost immediately r ecognized by the man­
agements of the most important railway systems in the country. 
The Van D orn couplers are now the standard on all elevated roads, 
and it is safe to say that wherever trailers are used on either city 

manufacturing city of Cleveland than the plant which this com­
pany has established at Collinwood, eight miles from the center 
of the city, on the Lake Shore & Michigan Southern Railway 
tracks. Thirty-one acres are included in the site purchased by the 
company, and twelve and one-half acres are already under the 
cover of seven immense buildings recently completed. Even with. 
these extensive facilities the company finds itself somewhat 
cramped for space and plans are already being made to extend one 
of the largest bui ld ings. T here are 3 miles of tracks in and around 
the plant, and 500 men will be employed when all departments are 
ir: operation. The machinery is all new, and much of it is electric­
ally driven, power being furnished from an independent power 

INTERIORS OF NEW KUHLMAN CARS 

or interurban lines they are acknowledg?d to be in the front rank 
of coupling devices. It has been the intention of the manufacturers 
to make a coupler that would have as long a life as the car to which 
it is attached, and the results obtained show that this condition 
has been almost invariably sati sfi ed. One effect of this reputation is 
that the Van D orn Company has its factory kept continually work­
ing at its full capacity, and is constantly behind in filling contracts. 

Rossiter, MacGovern & Company, New York, have recently 
bought the greater part of the machinery, including engines and 
generators, of the One Hundred ;i.nd Forty-Sixth Street power sta­
tion of the Metropolitan Street Railway Company of New York. 
This well-known concern has sold to the Boston & Northern Rail­
road Company, and are installing in its station, two 850-kw General 
Electric generators, direct-connected to Pennsylvania Iron Works 
engines. 

plant. The buildings are for the most part of saw-tooth roof 
construction, giving_ the maximum floor space and the best of light. 

It is interesting while describing the new shops to examine some 
of the recent work of the company. At its former shops there have 
just been completed several of the finest and largest interurban 
cars ever• built, and others of similar design are nearing completion 
it'. the new plant. Two of the latest productions are illustrated 
herewith. Of the Cleveland, Elyria & Western pattern shown, 
six have just been delivered to this company, and others are under 
construction for the Columbus, Delaware & Marion Railway, of 
Colnmbus, and for the Kansas City & Leavenworth Railway Com­
pny of Kansas City. These cars have 39-ft. bodies and are 49 
ft. 6 ins. over buffers, 8 ft. 6 ins. from top of floor to upper roof, 
and 8 ft. 5 ins. wide over steel sill plates. The seating capacity 
i. forty-nine passengers. They have Hale & Kilburn frieze plush 
,,,alk-over seats, with spring-edge t t1shi0!'.s and extra high corru­
gated backs fitted with bronze grab handles. They are finished in 
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solid mahogany with maple ceilings, while the curtains are o f 
hgured silk, and the trimmings of t- ronze. The windows are double 
and of French plate-glass . The cars a re provided wi th toilet accom­
modati ons and hot water h eat ers. 

The car s for the Northern T exas Traction Company are 47 ft. 
over buffers, and 8 ft . 6 ins. from top of fl oor to upper 
roof. The width over steel sill pla tes is 8 ft . 4 in s., and 
length over body 36 ft. 3 in s. T he combinat ion car s have 

An Improved Railway Cut-OH Saw 

The heavy power-! : ed railway cut-off saw illustrated herewith 
has be en r ecen t ly p laced upon the market by the S. A. W oods 
Machine Company, of South Boston, Mass., and is designed fo r 
cutting up lumber into accurate len g ths. It will cut o ff t imbers 
14 ins. x 16 in s., o r boards 30 ins. wide, and carries saws up 
to 40 ins. in diameter. It is cl aimed to be h eavier , stron ger and 

C O MBINATION BAGGAGE AND PASSENGE R CAR 

a seating capaci ty of thir ty, an d there are fo ld ing wall seats m the 
baggage compartment, which is IO ft . 6 in s. in length. T he seats 
are H ale & Ki lburn r attan , walk-over spring-edge pattern, with 
bronze ha nd les on seat back. The interior fin ish is cherry. T here 
a re toi let accommodations, and a unique feature is an adjustable 
pa rt ition which can be placed between any of the seats in accordance 
with the laws in certa in Southern Sta tes requiring separate com­
pa rtments for whites and blacks. A number of open trailer car s are 
being built for thi s road. as well as a magnificen t private car of 
the same dimensions as the standard coaches. 

An Improved Boiler T ube Cleaner 

The accompanying illustration represents the vVeinla nd im­
proved No. 8 water-power boiler tube cleaner, which is cla imed to 
be a marked advance ove r those heretofore produced. T he 
machine embodies the same general principles as other water 
power, ball -bearing cleaners made by the same manufact urers . T he 
improved type, however , has been r emodeled and has been made 
ve ry much stronger than the other styles. The spider to which the 
arms are attached is now almost solid, so that it wi ll wi thstand 
the severe strain put upon the arms and the bea rin gs, including 
the ball s, are larger so that it run s with the least friction , and 
consequently is more durable. A n ew des ign of coupling is fur ­

m ore ri g id in const ru cti on than o ther machin es upon the market, 
bein g adequate fo r the h eaviest work. 

T he saw carriage is operated by power feed, with three speeds. 
It is under control o f the opera tor by the action o f a treadle, a nd 
i , provided with qu ick a utomati c return . A ten sion device fo r the 
dr iving belt keeps the la t ter tight, and the pneumatic pulley on 
the saw arbor affects a saving of some 25 per cen t to 35 per cent :n 

power, being so a rra nged as to prevent a ir-cushioning of the beit. 
T he arbor may be made long , so as to enable the operator to use 
a gaining head, when so desired . The rol ls in the table suppor t the 
stock an d per mit its easy movement. The table can be lengthened 
by an attachment o f wood or iron as desired, for which additional 
floo r stands. each containing a roll , can be supplied. 

T he fence or gage is extra heavy, and adj u stable stops a re fur-
nished with each machine; thi s 
coupling being a g reat improve­
ment over fo rmer designs in thi s 
line. It h o lds the hose securely 
so that it will withstand any pres­
sure which the h ose will stand 
without any dan ger whatever of 
pulling loose, as so fr equently 
h appens with the ordinary bands 
used in a ttachin g h ose. This 
lit tle device in itself is o f suf­
ficient importance to h ighly rec­
o mmend the apparatus, and will 
he appreciated by those wh o 
hav-e su ffered the annoyance 
avoided hy it s use. T he La­
gonda Manufact uring Company. 
of Spring fi eld, O hio, manu fa c-• 

IMPROVED BOIL ER TUBE C LEANER 

tures th is machin e. T h e company states that it will a lso cont inue 
to make the fo rm er No. 1 Weinland water-power , ball-bearing 
machin e which is so well known to t he ll ser s of t ube cl ean er s. 
These cleaners have been sold in nearly eve ry coun try on the face 
o f the globe , and th e manufacturer s make a specialty o f for eign 
t rade. 

T he new open smokin g car s being n111 on th e New York elevated 
lin es a re highly appreciated by the r,uhl ic. 

ni shed, which can be quickly set for duplication of work. T he 
stop bar as made is in te rchangeable, with fences on both sides of 
saw. Wi th the counter sha ft , which is self-contained, is includ~d 
the company's pa t ent self-oilin g loose pull ey. \Vhere much heavy 
cuttin g is to be <l one, thi s machine is very useful , and wi ll pay for 
itse lf with in a sho rt t ime. It wi ll do th e work of several old-s ty le 
saws at less ex pense, and is therefore a machine that will hel p th e 
use r kee p down the pay ro ll , and at the sa me tim e, get o ut the_work. 
O ne of these mac hi nes wa s recent ly shipped to th e R ochester 
Str ee t R ailway, R oclw ster , N . Y .. wh ere it is highl y appreciated . 
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T he manufacturers are doing a large business in the street rail­
way fi eld wi th this an d other high-grade car-shop woodworking 
machines, and their tools are rapidly becoming the standard equip­
ment for this line of work. 

Cord for Street Railway Service 

The impor tance of deta-il s in the equi pment of rolling stock is 
highly appreciated by mas ter mechanics of those roads which are 
taken as examples of good management. One of the most fr equen t 
causes of trouble to the conductors is the breaking of the t rolley 
rope, bell cord or register cord, and the on ly preventive for thi s 
annoyance is to purchase on ly such cord fo r these va rious uses 
as is made especially for street railway conditions. T he Sampson 
Cordage W orks, of Boston , Mass., are manufa cturing a line of solid 
braided cords, wire center cords, waterproof cords, etc ., which have 
been in general use for a number of yea rs, and which have proven 
far superior to the roughly braided soft cords on the market which 
wear ot1t quickly by abras ion. The ha rd , smooth, waterproof sur­
face of°t he Sampson cord gives it ;_:_ very tong life, and the manu­
facturers claim for its use, therefore, considerable economy. 

•• 
Trolley Cars for Weddings 

A tra in of a dozen open trolley cars on the Union Railway was 
used at New Rochelle, N . Y., on l\Iay 28, t o carry 200 guest s from 
the railway station to the wedding of a society leader of that ari sto­
cratic resor t. The gues ts a rrived fro m New York by special train, 
and at the station were t ransferred to the trolley ca rs. 

After the ceremony at the church the guests again boarded the 
cars and were taken to the bride's home in P elham Road, where 
a reception was held. The trolley cars were used because it was 
imposs ible to get enough carriages in New Rochelle and the sur­
rounding towns. The motormen and conductors wore bright new 
uniforms and were well rewarded by the visitors. 

Projected Electric Railways in Spain 

Consul-General Jul ius G. L ay reports, under da te of May 1, as 
fo llows: "A royal decree of March 7 grants a concess ion to D on 
T eodoro de Mas y N adel t o construct, wi thin the next six yea rs, 
an electric railway between the towns of V ich and A mer, in the 
province of Gerona. 

"T he ca pital of 9,000,000 pesetas (about $ 1,200,000), which is 
estimated as necessary to build th is railway, has not yet been 
subscribed ; but if Sefi o r Mas is as successful in securing capital 
fro m fo reign countries as o ther pro mote rs of electri c railways 
have been, it will only be a short time before the road is 111 

operation. 
" I have obtained a memora ndum of thi s projec t, :,howing in 

detail the estimated cost of construction , mate ria l required, 
water power available, cost of maintenance, rece ipts, etc., and 
plans and longitudin al profil e, which I send fo r the benefit of 
those interested. 

"Contracts fo r this road wi ll , of course, no t be thought of until 
the capita l fo r its construction is subscribed. I wi ll th en report 
the names of chief contracto rs, bu t in the meantime I would 
advise our manufacturers of elec tric railway equipment to keep 
in touch with Senor T eodoro de Mas , of Vich, Spain, and cor­
respond with him in Spanish." 

Death of Colonel C. C. Howell 

Colonel C. C. H owell, formerly vice-president, gen eral man­
ager and purchasing agent of the Knoxville Traction Com­
pany, of Knoxvi lle, T enn., died at Phcenix , Ariz., a few days ago. 
Colonel H owell retired from the Kn oxville company last January , 
when the co mpany was purchased by th e R ailways & Light Com­
pany of A merica, and at once went to Arizona to recuperate. 
Colonel H owell was born in Watertown , N. Y ., and was the son 
of Cornelius H owell, a millwright. H e had few educati onal op­
portunities and worked with his fa ther as a mechanic and later 
in a large machine shop. He attended Ann A rbor University, 
where he worked to pay his expenses two years. W hen eighteen 
years old he went \Vest , where he was connected with many im­
portant enterpri ses. Colonel H owell was for a number of years a 
resident of D enver, Col. , and while there was bri gadier-general 

of S tate troops of Colo rado. It was in 1895 that Colonel Howell 
went to K noxville, and fro m that tim e until he resigned from the 
K noxville Traction Co mpany he wa s dosely identified with · the. 
growth of the company. H e was a moving factor in nearly eve ry 
public enterpri se and his energy and clear insight were 
felt in many quarters. No sooner had he come to Knox­
ville than ·he went to work to rebuild the Knoxville Trac­
tion Company's system. H e brought about the consolida­
tion of the Knoxvi lle Traction Company and an important 
independen t company a few yea rs aft er becoming connected 
with the Knoxville company. But Colonel Howell did not 
confin e his busy life to street railroading. H e was also manager 
of t he Knoxville E lect r ic Li ght &· Power Company. H e was a 
me mber of t he board of directors o"f the Chamber of Commerce, 
and one of its most ea rnest workers. H e was o rganizer and 
president of the T ennessee Gas & Coke Company. Colonel 
Howell was State Senato r, too, and would have accepted ' a re­
nomination had not nis health fa iled. H e is survived by a wife 
and two daughters. 

New England Street Railway Club 

T he last monthly meeting of the N ew E ngland Street Railway 
Club to be held befo re fa ll took place in th e W alker Building 
of the M assachusett s In sti tute of T echnology, Boston, on Thurs­
day evening, May 29, wi th Pres ident F arrington in the chair. 
The feat ure of the evening was an address upon polyphase-alter­
nating-cur rent methods, given by P rofessor Clifford, of the Insti­
tute. Professor Puffer was ex pected to deliver a lecture upon 
this subj ect , as announced, but was unavoidedly absent. The 
lecture was devoted mainly to an exposition of the principles of 
three-phase transmission , illustrated by two small generators 
driven by a motor, and wired to st ep up and step down trans­
fo rmer :, ope rating in the lecture room in front of the audience. 
Phas ing lamps and switches wer e wired up with the generators 
in such a manner that the effe ct of throwing the two machines 
in multip le, under va rious conditions of phase displacement , 
could be seen readily. A small t ransmis~ion line was also run 
across the room. 

Professo r Cliffo rd stated that in his opinion no g reat diffirnlty 
would be fo und in operat ing th e direct-current sides of doubJe­
current generators in multiple with ordina ry direct-current ma­
chinery if the loads were not severely fluctuating. In the lat.ter 
case he considered the use of storage batteries advisable, in order to 
smooth out the in stantaneous peaks of the load diagram. , 

A baseball ch allenge of the Boston & Northern Street Railw·ay 
Co mpany was read and accepted, the gam e to be played in the 
nea r futur e. 

----♦---­
New Publications 

Konstruktion stafeln fur den Dynamobau. By P rof. E . A rnold. 
Two board port folios of sixty sheets each. Price per portfolio, 
2 0 marks. Ferd. Enke, P ubli sher, S tuttgart. T hird edition. 
T his is a new edit ion of the work originally issued by Prof. 

Arnold several years ago, which became well known from its 
merits to dynamo designers both in Europe and this country. A s in 
the case o f the previous edition , the work consists of two port­
fo lios of sheets, one portfolio conta ining sixty sheets relating to 
di rect-current machine design, and the other the same number of 
sheets relating to alternating-current design. The large number of 
machines represented are the designs of the leading European 
manufacturers, such as the Allgemeine E lectricitats Gesellschaft, 
Brown, Bo.veri & Company, Ganz & Company, Oerlikon Works, 
Lahmeyer & Company, etc. Wherever the author has been en­
abled to obtain full data of the machines, these are given on data · 
sheets accompanying the des igns. In the case of the majority of the 
design s, the electrical and magnetica l data are extremely complete. 
Most of the sheets of designs a re fo lly dimensioned, and it is to be 
surmised that where dimensions are lacking, it is not the fault of 
the author. 

Taken together these portfolios give almost a complete view of 
the present state of European design with respect to direct-current 
and a lternat ing-curren t machines, and should, therefore, be of the 
highest value to those interested in dynamo des ign. That Prof. 
Arnold has been enabled to thus present in greater or less detail the 
designs of the leading European manufacturers is notable, as 
showing the difference of policy between European and American 
manufacturers with respect to divulging details of their designing 
depa rtment. 
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NEWS OF THE WEEK 

Canton, New Philadelphia & Coshocton Railway Company 
The Canton, New Philadephia & Coshocton Railway Company 

has been incorporated recently for the purpose of connecting the 
Ohio cities named in the title by interurban electric railway. This 
will include the line already built between Canton and Massillon, 
and will further connect Navarre, Justice, Beaeh City, Strasburg, 
Canal Dover, New Philadelphia and Coshocton. The line from 
Navarre to New Philadelphia, 24 miles, will be built this year. The 
construction from New Philadelphia to Coshocton this year will 
depend upon the state of the supply market. L. E. Meyers, cf 
Chicago, will do the construction work. The officers of the com­
pany are: P. L. Saltonstall, of Boston, president; L. E. Meyers, 
of Chicago, vice-president and general manager; Chauncy Eldridge, 
secretary and treasurer; John C. Weltz, general eounsel. 

Merit System of Discipline at Kansas City 
On June 1 there went into effect on the lines of the Metropolitan 

Street Railway Company, of Kansas City, Mo._, a new system of dis­
cipline fashioned after the Brown system, described in the STREET 
RAILWAY JouRNAL recently . A list of merit s and demerits has 
been posted at each car house of the company, together with a gen­
eral order which thoroughly explains the workings of the system. 
The company has for some time been at work on a system that 
would adequately meet the requirements of its service, and the gen­
eral feeling, both among officers and men, is that there has been 
worked out a system which will work greatly to the benefit of the 
men, and one that will result in making even more cordial than be­
fore the · close relations between the company and its employees. 
The company will make such ehanges in the present system as may 
seem necessary after it has been given a thorough test. 

Improvements at New Orlean11 
As far as magnitude is eonce~ned, the consolidations at Atlanta, 

Birmingham, Savannah, Richmond, Norfolk and other Southern 
cities in which the railway and light interests have been brought 
under one management pale into insignificance when compared with 
the consolidation of the railway and lighting interests of New 
Orleans. With capital liabilities of $80,000,000 and systems that 
are most orderly, the question arises as to what changes and better­
ments are to be made by the New Orleans Railway Company in the 
various systems that it will hereafter operate as one. According 
to the financial plans already made, $7,154,000 will be set aside for 
future extensions· and improvem~nts. Fi;st of all, according to the 
plans of the company, there will be unification of the power distri­
bution system, and to aid in earrying out this plan a large new 
power house to cost between $2,000,000 and $3,000,000 will be 
erected, it is said. This will mean that some of the present plants 
will be dismantled, while others no doubt will be kept as auxiliaries . 
Next to the huilding of the new power house probably the most im­
portant work will be the erection of large n~w ear and repair shops: 
The company now has orders outstanding for about fifty new cars, 
and it is said that when the new car shop is built the company will 
build its own cars. At the present time there are a number of 
small houses, each of which is particularly well adapted to the 
needs of its particular system, but the consolidated company plans 
to build one, perhaps two, large houses , which will meet the de­
mands more effectively than the present houses. Of course there 
will be physical connections between the various lines, and it is 
possible that there will be a general readjustment of lines. A 
universal transfer system such as has never before been enjoyed 
by the residents of any Southern city, will be inaugurated shortly, 
i~ is sairl. 

Vestibuled Cars in Boston 
The Massachusetts Railroad Commission decided on May 27 that 

the ends of all winter cars operated by the Boston Elevated Railway 
Company must be provided with vestibules before Jan. r, 1905. The 
law under which this work is required (Chap. 414, Acts of 1900, 
Massachu setts Legislature), allowed the Railroad Commissioners 
to use their discretion in having the vestibuled cars introduced, and 
a lso to reverse or revise their decision regarding the cars of the 
particular company if they saw fit; consequently, though the Bos­
ton Elevated petitioned last year to be exempt from the law, the 

commission, finding that vestibuled cars were being operated in 
other cities, and that nothing had occurred in the history of the com­
panies using vestibules to warrant changing back to the open ends, 
decided that the Boston Elevated ought, at least, to try rn me of 
the vestibuled cars and determine if the conditions would be as 
dangerous as the company's officials feared. Thir ty-six cars, chiefly 
on the N epon set line, were accordingly placed in operation ea rly 
last winter, and on May 19 the commiss ioners had before them 
the officials of the company, for an inquiry as to the result s of the 
test, advi sing the company that it would require actual proof of any 
claim that there had been any accident that would not have occurred 
except for the vestibuled or enclosed platform. The inquiry was 
made privately, but it is understood that the eompany's fact s, instead 
of showing danger from the use of vestibules, were rather to th e 
contrary. At the time appointed the representatives of the com­
pany presented the record of experience in the use of vestibuled 
cars, contending that a further period should be given it for testing 
safety in operating these cars. After an examination of the evi­
dence presented the commissioners sent a letter to the company 
stating that the figures examined were taken on a route where the 
company claimed the severest test would be made and on a sufficien t 
number of cars to render the result accurate. The record showed 
that there have been fewer accidents from collisions with oth~": 
cars, vehicles or persons than in the case of cars witJ,0-..;~ vestibules, 
and no such accident has apr· · , tly taken place the cause fo r 
which can be said to have br , ne use of vestibules. While the 
number of accidents reported 'co persons getting on or off the cars 
indicates a lack of familiarity on the part of the traveling publie 
in their early use, the figures presented by the company do not 
prove that there is necessarily any greater liability to accident of 
this kind in the use of these cars. The commissioners have there­
fore decided that all winter cars must be equipped with vestibules 
according to the order of Dee. 31, rgoo. 

Consolidation in Rhode Mand 
The details of the plan by which the United Gas Improvement 

Company proposes to take over the United Traction & Electric 
Company, of Providence, R. I. , have been made public , and while 
i~ is said that negotiations are under way with thi s company only, 
the general impression prevails that the United Gas Improvement 
Company plans to absorb the gas and electric companies of Provi­
dence and vicinity. The United Gas Improvement Company will 
organize a new company, the Ri10de I sland Company, subscribing 
for its $2,000,000 stock at par. The Rhode Island Company will 
lease the United Traetion & Electric Company, guaranteeing ex­
penses, interest charges and 5 per cent on the stock. The United 
Gas Improvement Company, in : urn, will guarantee fulfillment of 
the obligations of the latter until such time as $4,000,000 of the new 
property shall have been added to the United Traction & Electr ic 
Company's property. There will be organized under the laws of 
New Jersey another company, known as the Rhode Island Securit ies 
Company. The capital of this company will be $20,000,000, an d 
there will be authorized an issue of $20,000,000 thirty-year bonds. 
The United Gas Improvement Company will deposit the $2,000,000 
stock of the Rhode I sland ' company with the Securit ies Com­
pany and will receive $3,500,000 of its 4 per cent bonds and $r 2,ooo,­
ooo to be subsequently given as a bonus to the tract ion stockholders 
in the proportion of one to four , upon acceptance of terms shor tly 
to be offered them. 

---+-()----

Seven Years' Litigation Result in Victory for T roiley 
Interests 

After seven years' litigation the P hiladelphia, Bristo l & T renton 
Strtet Railway Company has gained a decisive victory over H enry 
L. Gaw, Jr., and established the right to lay tracks an d build over ­
head construction in front of hi s property at Croydon Station, 
two miles from Bri stol. Judge Y crkes, of the Bucks County Cour t, 
i11 Pennsylvania, handed down the decision on Monday, May 19, 
which terminates thi s eventful controversy. T he case has frequently 
been referred to in these column s during the progress of the con ­
troversy, and a brief summary of the principal fea tures will suffice 
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here. Incidentally it may be mentioned that during the prog-ress 
of thi s controyersy, the railway interests were compelled to take 
out nine distinct charters, the last of which was that o f the Bristol 
& N eshaminy Elevated. 

After fighting through the courts fo r several years the prede­
cessors of the Philadelphia, Bristol & Trenton Company prac­
tically secured the right to cross the lands in di spute by means of the 
Bristol & Bridgewater Railway charter, which was taken out under 
the steam railroad act, when the Focht-Emery law was passed by 
the Pennsylvania Legislature on June 7, 1901, prohibiting the 
running of trolley cars over steam railway tracks. The same law, 
however, provided fo r the building of elevated railways, and the 
Neshominy company was chartered two days previous to the pas­
sage of an amendment, which allowed "elevated railways herein­
after incorporated to operate only in cities or other congested com­
munities," which could hardly apply to the rural di strict s around 
Croydon. The Neshaminy company fought the batt le all over 
wi th Mr. Gaw, but it had the right of eminent domain and eventu­
ally secured the right to pass over the 1200 ft. of land in dispute by 
giving a bond to the Bucks County courts in the sum of $20,000, 

which was done. Scarcely was work begun on the elevated road 
when the Pennsylvania Company, which has backed Mr. Gaw in 
his legal fight, sent a force of men to the scene, and a hand-to-hand 
fight was only averted with much trouble. 

A temporary injunction was secured from the Bucks County 
courts by the Pennsylvania Company and Mr. Gaw, upon the 
ground that the bond given was totally inadequate to the dam­
ages that might accrue, and on the additional claim that the Focht­
Emery act was unconstitutional. It was this temporary in junction 
tbat was dissolved on Monday by Judge Yerkes. 

The opinion handed down by the judge reads much like a ro­
mance in some ways, but he upholds the N eshaminy company in 
every point of law rai sed again: ·~e injunction's permanency. 
Judge Yerkesholds that the former attempts to get the Philadelphia, 
Bristol & Trenton Railway ( then operating as the Philadelphia, 
Frankford & Bristol) have no bearing upon the present case, ex­
cept in so far as they review the history of the road and show the 
tenacity exhibited by the trolley company. ' The fact that the 
N eshaminy E levated will be but a link in a chain of roads also has 
no bearing upon the case, he says, because such consolidation or 
con tinuation of lines is recognized by the State laws. 

Judge Yerkes says that it is not his duty to criti cise the acts of the 
Legislature, especially wherein it allows elevated railways to be 
bui lt in country districts. because it is a law-making body, and the 
duty of the court is to enforce, not to make laws. The Pennsyl­
vania Company rai sed the point that the Bristol & Bridgewater 
Company already covered this route, and would be inj ured by the 
building of an elevated road, but the judge sets this point aside on 
the ground that a third party cannot take up the alleged wrongs of 
another unless asked to do so and having a direct inte rest in the 
same. 

Regarding the Pennsylvania's claim that the amendment to the 
Focht-Emery law prohibits the building of elevated railways in the 
country, Judge Yerkes says that this amendment especially provides 
that "companies hereinafter incorporated" shall be affected by the 
amendment, but says nothing about companies already incorporated, 
previous to June 20, 1901. The tond of $20,000 and the method 
of securing the property owner or owners, he holds to be according 
to law, and a just protection to all concerned. , 

The decision of Judge Yerkes was watched very closely by the 
trolley interests throughout the State of Pennsylvania , and par­
ticularly by the new companies incorporated under the Focht­
Emery act for the purpose of building elevated and subway lines 
in Philadelphia, Pittsbmg and other cities. The knocking out of 
the law by Judge Yerkes, if follO\ved by a concurrence in the S:i­
preme Court, would mean a complete upheaval and render valueless 
great franchise rights. It is understood that the transfer of the 
Union Traction lines , in Philadelphia, to the new rapid transit in­
terests. were delayed until this case was decided. It may be merely 
a coincidence, but it is said that the papers in the transfer were 
not signed until an hour or two after Judge Yerkes' decision. 

W . F. Sadler. Jr., general manager of the Philadelphia, Bristol 
& Trenton, the Bristol & Neshaminy Elevated, and contingent lines, 
told a STREET RAILWAY JouRNAL representative when the decision 
was announced that his company would begin work at once, and 
would erect a steel elevated structure sixteen feet above the ground, 
oyer the 1200 feet of land in front of the Gaw place, with the ap­
proaches on the 4000 feet of land which he has recently acquired. 
A n appeal to the Supreme Court will not interfere with the work 
now, and he added that it would not be long befo1 e the road was 
extended from Bristol to Trenton, as he has all the franchises and 
charters for that route. This will complete the trolley line between 
New York and Philadelphia. counting in the Trenton & New Bruns­
wick Railroad. now building. 

ENGINEERING SOCIETIES 
THE CANADIAN E L ECTRICAL ASSOCIATION will hold 

its twelfth annual convention, as already announced, on June 
n - 14, a t Quebec. The Chateau Frontenac will be the head­
quarters of the association, and arrangements have been made 
with the railway companies for reduced rates .. The general busi­
ness of the association will be transacted in the Council Chamber 
of the City Hall. Visits will be made to many of the interesting 
elec trical installations in the vicinity, and a number of papers 
relating to street railway matters will be presented. Among the 
subj ects se lect ed are the following: " The Electrical Equipment 
of an Ordinary Street Car," by A. B. Lambe, Toronto, Ont.; "The 
Use of Storage Batteries and the Electrical Distribution System," 
by A. A. Dion, Ottawa, Ont., and "Electrical Suburban Rail­
ways," by E. A. Evans, Quebec. 

•• 
PERSONAL MENTION 

:-IR. C. S. COLTON, forme rly ass istant mana ger of the Cleve­
land works of th e Westinghouse E lec tric & Manufacturing Com­
pany, has accepted a responsible position with the Union Elec­
tric itats Gesellschaft, of Berlin , as assistant to Mr. F. S. Drake, 
general manager. Mr. Colton will be locat ed at the works at 
Charlotten burg. 

MR. RODNEY CURTIS, for ten years president of the D en­
ver Tramway Company, of Denver, Col.. ha s resigned, and Mr. 
W. G. Evans, secretary of the co mpany, ha s been advanced to 
the position. Mr. William N. Byers, for many years a member 
of the board of directors, h as r esigned from the company, and his 
place on the board has been filled by Mr. J ohn A. B eller, manager 
of the company, who also has been made vice-president of the 
comrany. 

MR. T. A. ESTEP, president of the R. D. Nuttall Company, 
Pittsburgh, Pa., expects to attend the International Street Rail­
way Assoc iation's convention in London next month. His firm 
wi ll have an extensive exhibit at the Agricultural Hall of its well 
known gears and pinions, which have already found a ready sale 
in European countries. Mr. Estep will probably meet a large 
number of fri ends from this side of the water while making new 
ones in England. 

MR. GEORGE H. ANGER , of Wilmington, Del., expects to 
sail fo r E ngland on June 7, in the interest of his father's inven­
tions. and also with a view to establishin g a company to manu­
facture the articles of r ailway equipment under his control. 
Among these is the new automatic brake adjuster, described a 
short time ago in these pages, a number of which are now in 
satisfactory operation on many roads in this country, notably in 
Wilmington and Baltimore. 

MR. W. E. HA YCOX has res ig ned his position as general 
manager of the Ohio Central Traction Company and also of the 
Mansfield, Crestline & Galion Railway Pool. Mr. Haycox ex­
pects to take a much needed rest thi s summer at Magnetic Springs 
but has not decided upon his future connectio~s. He has had a 
large experie nce in the street railway business and leaves the 
company with the most fri endly feelings, the president, Mr. F. T. 
Pomeroy, expressing himself as highly pleased with the adminis­
tration of affai rs under his direction as general manager. 

MR. EUGENE CHAMBERLIN, superintendent of equip­
ment of the Brooklyn Heights R ailroad Company, has resigned, 
his r esignation taking effect June I. M r. Chamberlin has held the 
above position for nearly three years, during which time he has 
had charge of the ent ire repair departments of both the elevated 
and surface systems, and has introduced many reforms both in 
the reorganization of the Fifty-Second Street shops and in the 
outlying repair shops distributed throughout the borough. Be­
fore coming to Brooklyn M r. Chamberlin had devoted hi s energ ies 
to steam ra;lroad work, leavin g the service of the New York 
Central & Hudson Rive r Railroad, where h e had held th e position 
of m aster car builder of the Western Division, Syracuse and 
Niagara Falls and leased lines for eight years, to enter th e street 
railway field . Since then he has developed many ingenious 
methods and machines fo r the repair shop, and done much toward 
standardizing the electrical and mechanical equipment of the 
railway's rolling stock. l\Iembers of the A merican Street Rail­
way Association will remember the novel type of combination car 
with indiYidual revolving seats, which formed the subject of his 
interesting paper before the New York convention last year. A 
large number of these cars are now in operation, with most grati­
fying result s, from both the passengers' and railway's view point. 
Although having had no experience in street railway work before 
co ming to the Brooklyn Heights R ailroad Company, Mr. Cham­
berlin has become a most enthu siastic electric railway man, and 
will probably continue in that work. As yet, however, he has 
made n o definite arrangements for the future . 




