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One of the most interesting examples of electric interur- T he road was designe~l· primari ly to be opera~fd along the 
ban railway construction in the United States is presented same general lines as a ~-~~~1111 ra_i lroad , ar~ t,.'o _engage_ in 
in the Grand R apids, Grand H aven & Muskegon Rail way general passenger and freight btt~mes~. It ts .ft1 1nnovat1011 
system, which has lately been opened for passenger and in electr ic rai lroading in many re~petts,. ancl the selection 
freight business. T his line connects the two most import- of this terri tory proved exceptionally favorable for carrying 
ant port s on the east coast of Lake Michigan with Grand out the idea of the builders. It presents an opportunity to 
Rapids, which is the second largest city of Michigan and a operate an electric railway as a fac tor in a general system 

ENGINE ROOM IN POWER HOUSE AT FRUITPORT 

very important manufacturing center. The principal offices 
of the company are at Grand R apids, and the railway may 
be considered one of that city's enterprises, as it is identified 
very closely with its industries. 

The road extends from Grand Rapids in a northwesterly 
direction to Muskegon, with a branch leading to Spring 
Lake and Grand H aven from Grand Haven Junction, which 
is a point on the main line near F ruitport , passing in its 
course through a number of small towns and villages and a 
rich farming country. I t will be noticed that the route, 
which is traced on a map presented on page 3. follows a 
very direct course , and this gives the company a material 
advantage over competing lines which deviate considerably 
for the purpose of reaching- smaller points. 

of tran sportation in conjunction with steam and lake traffic 
under favorable conditions, at the same t ime competing 
with steam lines fo r the business between Grand Rapids , 
Muskegon, Grand Haven and other important points along 
the line. The company has already developed a large pas­
senger business. and it is now handling considerable freight , 
although its terminal fac ili ties have not yet been entirely 
completed. 

An idea of the possibili ties of this system and the scope 
of its operation may be gathered from consideration of the 
value, character and volume of the industries located in the 
cit ies ancl towns which thi s line reaches. F irst of all is 
Grand Rapids, the second ci ty in l\Iichigan in population 
and the largest fu rniture manufacturing- city in the world , 
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It also produces more plaster paris than any other city or 
section of the United States, and the milling and railroad 
interests are extensive. The city has the additional advan­
tage of being the wholesale distributing center for the north­
ern and western portions of the lower peninsula of Michi­
gan. Next in importance is :Muskegon, on Muskegon Lake, 
one mile from Lake l\1ichigan, which, with 11uskegon 
Heights, comprises a population of upwards of 26,000. 

EXTER IOR OF POWER STATION AT FRUITPORT 

This section was formerly prominent for its great lumber 
cut, and while there are still a number of mills cutting lum­
ber, the relative importance of the industry has lessened 
with the disappearence of the timber, and the industries of 
the place have been changed so that they are now quite 
diversified, and include rolling mills, tin plate mills, sulphite 
and paper mills, knitting factories, furniture and machine 
shops, which is really a favorable transformation for rail­
roading. Grand Haven, which has 5000 inhabitants, has 
not made as good progress as l\1uskegon in rearranging its 
industries since the di sappearance of the timber from the 
surrounding country, but it has clone considerable toward 
recovery from the depression that followed the completion 
of its cut. Several large factories have recently been built, 
and others are contemplated, as the city offers many in­
ducements to manufacturers. Ferrysburg, across the river 

WALKER SUB-STATION, SHOWING THIRD RAIL CONSTRUCTION 

from Grand Haven, contains a shipyard capable of building 
the heaviest dredges used by the government on the lakes, 
and this adds to the general volume of freight for this 
section. 

In the matter of passenger service the road is equa lly 
fortunate , as it passes through many points where attrac-

tions may be offered that will stimulate patronage, espe­
cially during the summer months. Across Spring Lake out­
let from Ferrysburg, for instance, is the village of Spring 

BOILER ROOM IN POWER STATION AT FRUITPORT 

Lake, beautifrll ly located on Spring Lake, and containing 
several summer hotels, making it quite popular as a sum­
mer resort. The shores of Spring Lake are well built up 
with summer cottages owned by Grand Rapids, Chicago, 

COOPERSVILLE SUB-STATION, SHOWING OVERHEAD 
CONSTRUCTION 

Mi lwaukee and Louisville people, and there are several 
good summer resort hotels at well selected points. The 
fake is probably the most beautiful sheet of water and pre­
sents the finest natural scenery in Michigan. The railroad 
company operates boats in conjunction with its cars, both 
for giving access to the several landings alo:1g the lake and 
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to afford a cool evening Loat ride as a part of an excursion 
trip from Grand Rapids. Spring Lake extends from the 
village of Spring Lake in a northwesterly direction with 
jutting arms a distance of seven miles in its longest axis 
to the main line of the road at Fruitport . At this point the 

special attention. T he road is a single.: track line with fre­
quent turnouts, and fo llows the shortest route rather than 
the highway in traversing the country. This enables high 
speed to be made, although stops are frequent, as it tends to 
localize stopping places. In the small towns combination 
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MAP SHOWING ROUTE OF GRAND RAPIDS, GRAND HAVEN & MUSKEGON RAILWAY 

power house and car shop and car storage buildings are 
located, and from here direct current is transmitted north­
west to Muskegon and southwest to Grand Haven and cast 
to Coopersville. Sub-stations, illustrated on page 2, for the 
distribution of direct surrent are located at Coopersville 
and in the township of ·walker. 

freight and passenger stations have been constructed. 
Those at Walker and Cooperville are combined with the 
sub-stations, containing the rotary converters and other 
transforming equipment required for the distribution sys-
tem. • 

The construction features of the system are worthy of 
The main line of the railway is 35 miles in length, and the 

branch to Grand Haven is seven miles long. The distance 
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from Grand Rapids to 11 uskegon is one mile less than the 
shortest steam road between those points, but the distance 

Rapids , and the actual running time of the electric road is 
not far from that required to go by steam trains, while the 

HIGHWA Y CROSSING 

~ 
i 

greater prominence of the terminal cities 
makes it possible to operate a much more 
frequent service for Grand Haven than 
would be possible had an effort been 
made to make the Grand Rapids-Grand 
Haven route shorter. The line from 
Muskegon to Grand Haven has been 
found to be quite popular with the travel­
ing public . 

The road is constructed with standard 
steam railroad ties and 70-lb. T rail, 
double bonded at the ends for the return 
circuit. 

An interesting feature of the equip­
ment is the fact that both overhead and 
third-rail construction are employed. 
The road controls its own right of way 
for the greater part of the distance be­
tween the several cities and towns along 
the line, but in passing through these 
towns and in entering the cities it uses 
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CROSS CONNECTION FOR THIRD RAIL 

tu Grand Haven is slightly greater than the steam r :xtd . 
However, the cars leave the center of the citv of Grand 
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'""V Juu mal practicable. In the towns and villages, 

of course, it is not practicable, as there 
is no difference in the grade at the cross­
ings. and on these portions of the line an 
overhead trolley is used. Nearly all of 
the right of way outside the villages and 
towns is enclosed by wire fences, except 
at the crossings, which are all provided 
with cattle guards. The third rail is 
open at crossings, of course, and at such 
points the ends of the sections of third 
rail are connected by large copper con­
ductor s, well insulated and embedded in 
pitch, which is poured into an under­

ground conduit. Details of the construction and insulation 
of the third rail are illustrated on this page. The rail is of 
65-lb. section and standard composition. It is supported 
upon r econ structed g ranite insulators, and has been excep­
tionally free from trouble through the bad washouts and 
trying months of the spring. 

There are no railroad grade crossings on the line, all 
steam roads being crossed on steel bridges. 

The power house is of brick, iron and tile construction 
throughout. The carefully laid r ed brick walls, with red 
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tile roof, present a very neat appearance. , \long the boi ler 
room side of the building is the coal bunker, capable of 
holding 500 tons of coal. which is reached hy an elevated 
track connecting with the steam railroad. T his provides 
for the storage ~f coal in front of the boilers and prot~cts it 
from the weather. Coal is handled from the cars into the 
hunker by gravity and shoveled directly from the bunker 
into the mechanical stokers, the plant not being large 
enough to require coal-handling machinery. 

The power plant contains five 250-kw Vv estinghouse gen ­
erator s. three of which are double-current machines and 
two regular a lternators. T hey are eng ine-type machines, 
and are directly connected to \Vestinghou se vert ical com­
pound engines:-having steam cylinders L8 ins. and 30 ins. 
in diameter , by 16-in. stroke of piston. They are arranged 
for operation in multiple. 

Excitation current is furnished by t\rn 37½-kw \Vesting­
house e11g ine-type exciter generators, directly connected to 
'vVestinghouse vertical compound engines. 

Stearn is supplied by four 250-hp Dabcock & 'vVilcox boiler s 
equipped with Roney mechanical stoker s, and condensation 
is effected by means of a \Yorthingt on elevated jet con­
denser. Economizer and mechanical draft plant supplies 
draft and heated feed water fo r the boilers, and the waste 
exhaust from auxiliary eng ines is saved. The economizer 
is of the circulating type and heats the water nearly to boiler 
temperature. The feed pumps are of the H enry R. \ Vorth­
ington outside end-packed pressure pattern, and are in 
duplicate. The piping of the station is on the feeder and 
main principal. and any section of pipe can be easily iso­
lated and repaired. A ll valves arc of outside screw and 
yoke pattern, even to the smallest drip va lves, ancl are fur ­
nished by the Chapman Valve ::\fanufacturing Company. 

The switchboard is of the regular \Vestinghouse type. 
and, as at present installed, appears as two boards, but when 
the power house is extended the board will be continuous 
and fill the gap in the alcove shown in the plan of the power 
station, which will be found on page 3. 

Direct current is generated at a pressure of 650 volts, and 
is feel directly to the third rail through two panels, one con­
necting with the rail toward l\Iuskegon and the other r each­
ing: toward Grand Rapids, the arrangement of feeders being 
such that if the circuit in one direction is in trouble it mav 
be cut out without interfering with the other section. · 
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except to test it for assu rance that it is ready for service. 
T he transformers raise the voltage from 370 vults to 10,500 
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TOWER OF A SUB-STATION 

volts, aml transmit it directly to the sub-stations at Coopers­
vi ll e and \\Talker, where it is reduced and converted for 
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CROSS SECTION OF THE POWER HOUSE 

A lternating current is taken from the bus bars through a 
bank of rai sing transformers. O ne spare transformer, 
which was instal led for emergencies, has never been used 

feed ing to the low tension circuits. T he standard high ten­
sion construction , and also the trolley construction in the 
public streets in Coopersvi lle and the terminal towns, are 



6 STREET RAILWAY JOURNAL [VoL. XX. No. 1. 

shown in the detail on this page. The standard construction 
of a farm or highway crossing with third rail is shown on 

H r. 
! AU 
1.37 
1. 30 

I 

I 

. J, 
, r ) -GO lb. Thi r,1 Rail 

ALout 2i00 Ft. 0000 T~)~-J 2-!?:00 K. l'i . Hut:a.ry Converters. 

- ~ 3-:3<'0 K,W, 151100 Volt 
v~Lo1H•rin;;Transformcrs . 

I] '.': o,3 Darl' Cupper Wire. 

..,,.-+---:-,.-++-----+-=1650 \' olts 
·=-""""-+---1600 

.: 

1-GO 11,. Third R nil ~ 8.51 M. 2-GO lb. 3r,J.Ru.ils 3.18 :'ti. Single Oil)() Troll ey 

'---j:.!iOO Ft. Trollev and f,mi MMl C'. )t. Cahle. d w 1 

,...._ 2-:!GU K.W. 3 Generators 4~ Y~ J I 1 5000lK) c.nl. C'11Ll 
[f !?-2.S0 K. W. Rotary Converters. ~ !3::!?50 K. W. A_C- DC !?.5 Miles. 

) ~ 3--!?0J K. W. 15UIIO Volt Transformers. I ~''lfa.ltors G.JU Volts. 

Vl J '.':o.3 [far e Copper Wire. 0 0 ~ J \ ~l~~-~:~!:~:~,::~!~ 
,omw ,.......... , .• ½ ' r.,,~. ; 

; I ?. 
, 400 ,\mp. T rolley 

I 
i ------~ T rack 

Diagram of Fall of Potentia l in Feeders an d Track . Stred Ry. J ournal 

i 

I I 

3~; Brn,c:k e t a nd 
lligh T ension 

l'ole 

- -~ 

T ----'j_ 

~-2r%' x 21l L_Jg Screws 

I 
I 

, I 
,.:, 

.... ~ 
I 

TRAIN 

T L"anspositi on Pole 

30 Dr::u:ket 
Pole 

I 
-..-I -, L~ -¼-

_y_ - .... -r-
-., 

I 'i 
, ;_ -i-

30Pole for 
lligh Tension 

I 

i 

f t I 

20 Telephone I 
Pole 

Note. ~-Pin Arm tn:ly be usul 
instead of 2-Pm, for: 
T eleph•me \\"ires, wbert.> 
Desira ld~ . I 

MJ 
r f~1 d ~~ 1 1{~-{~ 

. I A : ! 

: I 

I 

I 

I 

I 

I 

.--+ 
:::~ 

DETAILS OF OVERHEAD CONSTRUCTION 

page 4. Connections at each highway crossing are made 
with two 500,000-cm copper cables. The general arrange-

Interior views are shown of the engine and boiler rooms 
on pages I and 2, and an exterior view of the power house 
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on page 2. T he sub-stations a rc of hrick , iron and til e 
throughout , and have been carefu lly a rra nged. General 
views o f the exterior of the \iVa lker and Cnopcrsvill c suh-

TYPICAL PASSENGER COAC H 

stations, as they appeared during construction , ar e shown. 
T he surroundings have been somewhat improved since 
these pictures wer e taken. 

The detail s of the arrangement of the apparatus in the 

~; 
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rant th e separation o f th e fr eigh t busi ness from the pas­
senger lrn sincss. 

Th e rolling stuck consists uf fif teen passenger coaches, 
three express car s and one work car. T he 
passenger cars are each 52 f t. in length and 
8 ft. 9 in s. in width , and the bodies were 
bui lt by the Darney & Smith Car Company, 
of Dayton. They arc fini shed in whi te oak, 
medium g rade, with plate g lass windows. 
Each car contain s twenty-eight double 
seats. The scats are upholster ed in r ed 
plush an cl arc arranged to be non-rever sible. 
Each car is equipped with a telephone and 
extension cord which may be plugged into 
cast-iron telephone jacks at all sidings and 
important points, whilt in event o f trouble 
on the line connections can be made 
promptly to the telephone circu it by means 
of pole and cords provided. Space is al ­
lowed fo r the accommodation of a consid-
erable amount of hand baggage without 
crowding. T he cars are divided so that 

the fo rward twelve scats may be used as a smoking com­
partm ent. T he smoking compartment is ventilated for­
ward th rough a transom by a peculiar action o f the cu rved 
vestibule, induci ng a flow of air from th e main body of the 
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towers of the sub-stations are shown, page 5. E ach sub­
station is provided with sufficient space to accommodate 
three rotaries, two being placed in the init ial insta llation. 

Tool-car Tire. 
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I 
D ETAILS OF THRE E TIRES FOR TR UCK WH EELS 

Combined freight and passeng er stat ion s have been pro­
vided in all towns and villages except at the termina ls, 
where th e patronage has been considered suffici ent to war-

car through th e smoking room and vestibule to the ex­
ternal air. T he cars arc warmed by electric hea ters. T he 
trucks were furni shed by the 11aldwi n L ocomotive \ Vorks 
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and r epresent a high standard of practice for electric rail­
way servi ce. The motor truck wheels are steel tires ; while 
1.he leading truck wheels arc spoked chill ed iron wheels. 

Window 

·---31-' -

EXPRESS CAR 

The moto r equipment of each passenger car consists of 
two 50-C \ Vestinghouse, 1 50 hp capacity. T hese motors 
are carri ed by Gibbs suspension and both motors are ap­
plied to the rear t ruck . 

The express ca rs are 45 ft. in lt> ngth and 8 ft. 9 ins. in 
width , and are each equipped with t,Yo 75-hp motors. They 

provided \\'ith a detachable snowplow and with a winding 
drum and motor for use in pile-driving, pulling cars on 
the track or for other work where great pulling capacity 

1s required. This car 
is equipped with four 
\ Vesting house No. 76 
motors, and is capable 
of a sustained speed of 
upward of a mile a 
minute on the line. 

The standard sec­
tions of the tire for the 
three classes of equip­
ment are illustrated on 

page 7, and detail s of the express and construction cars are 
shown on thi s page. A ll cars are equipped with \Vesting­
house air brakes. 

A car shop and storage building is situated at F ruitport · 
near the power house, and an exterior view and cross sec­
tion are given on page 9 . Half of the building is devoted 
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Air Comprt>ssor 

to the shop and the bal­
ance to storage. A fire 
wall 18 ins. thick, with 
heavy pilaster, rises 
through the building to 
separate the storage 
from the shop space. 
The trusses arc of iron 
and the roof is o f 3-i11. 
planking tarred and 
covered with gravel. 

T o Le wired for 6 li i,;-hts and Electri c H ead Light 
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have elect ri c hea ters. The trncks are of the Barney & 
Smith class F. The cars are provided with large side 
doors and large double doors in the rear for loading 
scenery . 

Th e tool, or construction, car is 30 ft. in length and is 

The tracks in the shop portion are served by two traveling 
cranes, each crane having two trolley hoists so arranged 
that one crane can lift a car body and thus permit the re­
moval of the motor from the truck or the substitution of 
another truck when desired. 
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The shop is equipped with a long skeleton pit, hut no 
heavy !if ting is done, th e pit being used for purposes of 
inspection and cleaning only . The shop equipment con­
sists of a 60-in. universal radial drill , 24-in. drill press, a 
sensitive drill, a lath e with 12-in. swing and 6 ft. between 
centers and a larger double-spindle lathe 12 ft. between 

CAR HOUSE AND SHOPS AT FRUITPORT 

centers of a suitable size to handle any machinery on the 
road. In addition to thi s, there is a N iles wheel press and 
an 18-in. shaper. 

The blacksmith shop is in the encl of the main r epair shop, 
partly separated by a curtain to prevent drifting of sul­
phurous gases which 
may escape from the 
forge. The armature­
winding room, stock 
room, with bins for the 

Methods for Heavy Electric Traction 

llY LUlJJ S BELL, PJI. D. 

I have r ead with great interest Huber's propos1t1on for 
the conver sion of trunk lin es to electric traction . It is not 

a ltogether new, for the essential part of the 
project was set forth by Leonard in 1894, 
nor can it be called by any stretch of the 
imagination simple; but it has been care­
fully worked out as is Herr Huber's wont, 
and must receive serious consideration. It 
differs from Leonard 's scheme mainly in 
the use of a high-voltage working conduc­
tor , which has heretofore been many times 
suggested, and which is obviously neces­
sary to economy. The burden of fixed 
charges must always be great in any sys­
tem that uses low-voltage working con­
ductors, and since it is well known that cur­
rent can be taken off high-pressure conduc­
tors without material difficulty, there is no 
good reason why they should not be used 
in any case where the weight of the trans ­
fo rmer on the moving car is not objection-
able. The present scheme l had occasion to 
refer to casually on page 282 of my "Power 

Distribution for E lectric Railways," and I see no reason 
now to change the opinion there expressed. 
· There is no doubt whatever that continuous-current 
motor s, particularly with the Leonard control, which is very 
readily applied to the case in hand, give far more exact and 

supply of salt and sand, ~rs·· --7'.'..- 214 
are provided, and are 

-------· -----5-'-6!4" 

served by an overhead 
traveler and trolley in 
the front of the building, and in the corner of the shop is the 
office of the master mechanic. Above this are the men 's 
quarters, provided with lavatory, toilet facilitie s and with 
expanded metal lockers. 

The road began carrying passengers in February, and 
has been doing a good business from the start. Freight 

Tile (.,::i.p}Jing "'\ :::t= 

STANDARD EXPRESS CAR AXLE 

efficient speed regulation than has yet been attained with 
any form of alternating motor. It may turn out that the 
Ganz concatenated system will secure ample regulation at 
a good efficiency, but it certainly cannot do any better than 
an ordinary series parallel control, which, however, i~ good 
enough. 
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CROSS SECTION OF SHOP AND CAR SHED 

service has only been in operation a few weeks, and is still 
considerably hampered by lack of terminal facilities in 
Grand Rapids and Muskegon, where unavoidable delays 
have been encountered. 

The road was designed and constructed throughout by 
Westi;1ghouse, Church, Kerr & Co., who located the line 
and conducted the negotiations for the right of way. 

The real point of Huber's work li es in the use of a single­
phase current and a single-working conductor to avoid the 
complication of polyphase-working conductor. T he price 
paid for this is ( 1) inability to use alternating motors, if 
one wanted them, and ( 2) the complication and loss of 
efficiency entailed by a motor generator or rotary converter 
on the car. That this is a complication there is no doubt , 
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and it must add materially to the weight and cost and also 
lower the efficiency by IO per cent or so. Huber's figures 
show small apparent extra weight , but, since polyphase 
motors can be made as light as or lighter than continuous­
current motors of similar output and effi ciency, it needs no 
argument to show that the total weight of the motor genera­
tor or rotary converter is added dead weight whatever it 
may be. Of course, if weight is needed to g ive adhesion, 
well and good, but a motor generator is an expensive form 
of ballast. 

I hope that Herr Huber will have an opportunity ere 
long to put hi s locomotive into regular service and g ive the 
scheme a trial. It certainly will give excellent speed regula­
t ion and a very simple system of working conductors, but 
whether thi s gain is worth the price of admission is, in my 
opinion , rather open to question. Granted that the speed 
control is necessary and cannot be obtained with polyphase 
motors, it still seems to me doubtful whether the single­
phase system is advisable for a general system. 

l'ersonally, I would rather pin my faith io polyphase­
wurking conductors, for I think the gain in capacity and 
efficiency of the rotary converters if it were considered de­
sirable to hire continuous current for freight locomotives, 
the lessened loss in the conductors, and the abi lity to use 
polyphase motors for cer tain classes of ser vice, rather out­
\veigh the obj ections to a polyphase trolley system. In 
equipping a road with polyphase-working conductors one 
would gain the power to use induct ion motors while im­
proving the conditions for operating continuous current 
ones. The Zossen experiments seem conclusive on the prac­
ticability of polyphase-trolley lines, and experience should 
secure entire reliability in such service. 

H owever, I trust the Huber plan wi ll be given a good 
trial, for it is singularly easy to apply, and anything that 
·will improve the chances of electric traction for a fair test 
on large railway work is worthy of encouragement. At 
present there is an enormous corporate inertia to overcome, 
and the art is making painfully slow headway. 

----+♦----

Electric Interurban Lines in Northern Itlinois 

\ Vhile a map of Northern Illinois showing the electric 
interurban lines does not Ly any means present such a net­
work as similar maps of O hio or Southeastern l\Iichigan, it 
di scloses the beginning of a healthy growth. Perhaps one 
reason the accompanying map of Northern Illinois does 
not show a greater network as compared with some maps 
that have been published of other S tates is that it shows 
only the roads actually in operation or under construction , 
or so far along in organization as to he practically in the 
beginning of the construction period and hence almost as­
sured. A map of all the proposed electric interurban lines 
in Indiana, Illinois and Iowa would be almost as complex 
as a map of the present steam roads in these States, because 
they have been a most active field of labor for the electric 
inttrurban promoter for the last twelve months. 

Looking at the accompanying map of Northern Illinois 
we see that the only region which has anything near ap­
proaching a network of electric interurban lines is that just 
west of Chicago. Strange as it may seem, the building of 
interurban and suburban lines has never progressed as 
rapidly in the neighborhood of Chicago as around several 
much smaller Ohio cities. · A number of local conditions 
have been responsible for thi s. The companies already in 
the field in the city of Chicago have not seen fit to extend 
their operations far outside of the city limits. The steam 
road suburban service in various directions from Chicago 
has also been excellent and has tended to discourage electric 

competition untii very -recently. Further than this, it is 
necessary to go about 40 miles in any direction from Chi­
cago before reaching any manufacturing towns large 
enough to tempt capital into electric interurban railways. 
Franchises in the neighborhood of such a large city wtrc 
naturally more difficult to obtain upon reasonable terms 
than around smaller. cities, and purchased rights of way 
were expensive. Steam roads doing a suburban business, 
and hence opposing any new lines, and village councils put­
ting excessive values on tranchises, have been discouraging 
elements. Recently, however, the lack of interurban lines 
near Chicago is being rapidiy filled in. 

The most notable of these roads, as well as the latest to 
be constructed, is the Aurora, Elgin & Chicago Railway 
(No. IO on the map), a complete map of which was given 
in the STREET R AILWAY J ouRNAL of Feb. 1, 1902. This 
road, which is almost ready to begin operation, will prob­
ably be the finest example of high-speed electric interurban 
service to be found in the world. Something like 40 miles 
an hour average schedule speed, including stops, is ex­
pected, and the running time from Aurora, 39 miles, to 
Chicago, using the Metropolitan West Side Elevated Rail­
way for entrance to the city, will probably be one hour and 
fifteen minutes. This is about the time in which the Chi­
cago, Burlington & Quincy Railroad's fastest trains deliver 
passengers at the Union Depot , Chicago, which is some dis­
tance from the heart of the city. From Wheaton to Chi­
cago this line is double-tracked and will serve a good line 
of · suburban towns, paralleling two steam roads. The 
Pomeroy-1\Jandlebaum Syndicate at Cleveland is behind 
this enterprise, vVill Christy, of Akron, Ohio, being gen­
eral manager, and, with hi s assistant, \ V. E. Davis, re­
sponsible for the many excellent engineering features in­
corporated in this road. The population of cities and towns 
which will be served by this system, according to the cen­
sus of 1900 ( from which all the population figures given in 
this article are obtained), is as fo llows: Chicago, 1,698,-
575; Oak Park, 7500; River Forest, 1539; Maywood, 4532; 
Melrose Park, 2592; E lmhurst , 1728; Lombard, 590; Glen­
ellyn, 793; vVheaton, 2345. The population of the Fo:x 
River towns forming the western terminals of this road is 
g iven in the fo llowing paragraph under the Elgin, Aurora 
& Southern Traction Company, which will operate its sys­
tem in conjunction with the Aurora, Elgin & Chicago Rail­
'Nay, as it is contro lled by tl1e same capitali sts. The same 
power house wi ll also supply both systems. . 

The Elgin, A urora & Southern Traction Company (II) 
connects a number of good manufacturing towns located 
up and down the Fox Ri ver Valley for a distance of about 
40 miles. The present system is a consolidation of several 
roads. This populous Fox River Valley was among the 
first in Illinois to enj oy the benefit s of an electric interurban 
system. Beginning at the northern end of the line there is 
Carpentersville, with a population of I002; Dundee, 2765; 
Elgin, 22,433; St. Charles, 2675; Geneva, 2446; Batavia, 
3871; Aurora , 24,147; Oswego, 618; Yorkvill e, 840, and 
Bristol, 427. These lines up and down the Fox River have 
clone a good business for a number of years. vVith such a 
brge population scattered along the river within a com­
paratively few miles it was natural that the first extensive 
interurban building in Illinois should be done in this 
locality. 

The fir st interurbans of any kind in the State were, of 
course, short. That from Champaign to Urbana (I) was 
of this class. This could hardly be called a true interurban 
railway, however, because the cities of Champaign and 
Urbana were joined so as to make practically one town. 
This line is operated by the U rbana & Champaign Railway, 
Gas & Electric Company, of which W. B. McKinley, of 
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Champaign , is the head. H e is also interested in many 
other street and interurban railway proj ects. Operat ion is 
in charge of H . J. Pepper . The population of Champaign 
in 1900 was 9098, that of Urbana 5728. 

Of a similar nature was the early extension of the Bloom­
ington city lines built between Bloomington and N annal. 
This company is now known as the Bloomington & Normal 
Street Railway Company-(2), of which J ohn Eddy is the 
manager. The population of Bloomington is 23,286 an cl 
that of Normal 3795. The State Normal Institute at Nor­
mal helps to swell the traffic between the two towns. 

Rock Island and l\foline have been a part of the Tri-City 

of Lake Michigan north of Chicago between Evanston, the 
first submb beyond the Chicago city limits, and Waukegan. 
The name, Chicago & Milwaukee E lectric Railway Com­
pany, so far· represents only the ambitions of the promoters. 
An electr ic line has been built from Milwaukee south as far 
as Racine, Wis., but the gap between \Vaukegan, 111. , and 
Racine, \ Vis., has not as yet been filled. From Racine to 
\Vaukegan progress has been blocked for several years by 
franchi se difficulties in Kenosha, lmt as this matter has re­
cently been straig htened out there is prospect that the con­
nect ing link between Waukegan and Racine will soon be 
built by a company of which D. J. Arnold, of Chicago, is 
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1. Urbana & Champaign Railway, Gas & E lectric Company. 
2. Bloomington & Normal Street Railway Company. 
3. South Chicago City Ra ilway Company. 
4. Chicago E lect ric Traction Company. 
5. Chicago & Milwaukee Electric Railway Company. 
6. Chicago & Milwaukee E lect ric Railroad Company. 
7. Suburban Railroad Company. 

12. DeKalb-Sycamore E lectric Company. 
13. Rockford & Belvidere Electric Railway Company. 
14. Chicago, Harvard & Geneva Lake Railway Company. 
15. Illinois Valley Railroad Company. 
16. Peoria & Peki n Terminal Railway Company. 
17. People's Traction Company. 
18. Tri-City Rai lway Company. 

8. Chicago & Joliet Elec tric H.ailway Compauy. 
9. Chicago Consolidated Traction Company. 

10. Aurora, Elgin & Chicago Railway Company. 
11. Elgin, Aurora & Southern Traction Company. 

19. Rockford. Beloit & Janesvi lle Rai lroad Company. 
20. Rockford & Freeport Electric Railway Company. 
21. Aurora, DeKalb & Rockford Traction Company. 
22. Illinois Valley Traction Company. 

DEVELOPMENT OF ELECTRIC INTERURBAN RAILWAY SERVICE IN NORTHERN ILLINOIS 

Railway Company system ( 18) for many years. This 
company operates in and between Davenport , Ia., Rock 
Island and Moline, Ill. 

These short lines just enumerated were, however, so 
short that it may be truly said that the first real extensive 
interurban building in the State was that between A urora 
and Elgin, in the Fox River Valley, before mentioned. 

After the Fox River roads, the next long line to begin 
operation was the Chicago & Milwaukee E lectric Railway 
(5), which occupies a magnificent territory along the shore 

president. O ne can then ride by electric car the 86 miles 
from Chicago to Milwaukee. The present lines , however, 
are not built for very high speed, but are suited only to local 
travel and passengers from suburban towns to whom time 
is no great object. The road fills an important place as to 
local transportation , however, as will be explained later. 
It is not unlikely that s6me day a high-speed frequent-serv­
ice electric rail way between Chicago and Mi lwaukee and 
the principal in.termediate cities will be constructed. T he 
only thing that could prevent such a line being built would 
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be the adoption of electric traction by the t\\'o steam roads 
which now run several fast trains daily bet\\'een the t\\'0 
cities, but which would surely have to yielJ the cream of 
traffic to an elect ri c road offering fast and more freque nt 
train service and freedom from soot and cinders. 

O ne notable thing abou t the present electric road from 
Evanston along the north shor e to \\'aukegan is that while 
it is not a high-speed line ( the maximum speed of cars be­
ing 24 miles per hour on the level) it captures not only a 
large part of the local business bet\\'een suburbs, but also 
many of those passengers who are bound fo r Chicago and 
who take the electric road to Evanston or some other con­
venient steam-road station at which the train service is 
more fr equent than at other stations along the line of the 
steam road. The trouble of changing cars at Evanston is 
m et by the cheaper fa re on the electric road and th e fact 
that the cars stop fo r passengers at any street crossing, 
while the steam road depot may be a mile or more distant. 
From Lake Bluff, on thi s road, a branch road (6) 6 mil es 
long to Libertyvill e is being bui lt this summer to get the 
lake-resort traffi c from the inland lakes from that region. 

The populations of the towns traversed by the Chicago 
& M ilwaukee E lectric Rai lway are as fo llows: Evanston, 
19,259; \ Vinnetka , 1833; \Vilmette, 2300; Glencoe, 1020; 
Ravinia , 75; Highland Park , 2806: Highwood, 750: Fort 
Sheridan , 1575; Lake Foust , 22 15 ; Lake Bluff , 490; North 
Chicago, 1 T 50; \ Vaukegan , 9426. 

The larger towns in Northern I llinois are found scattered 
almose entirely along the valleys of certain larger rivers. 
T hese towns were originally started because of small water 
powers to be found along these rivers at the points where 
the variou s towns were located. It is therefore natural that 
some of the important interurbans should fo llow these 
river va lleys, not for civil engineering reasons, but because 
the population of the towns justify the location of the in­
terurbans. Next after the Fox River Valley in importance 
as an interurban center the present prospects are that the 
R ock and Illinois Ri vers wi ll come next. R ockford is des­
t ined to be the most important interurban town in the 
northern cent ral part of T)linois. 

The Rockford & l\elvidere Railway ( 13) has been built 
by the same interests that control the Rockford Railway 
Light & Power Company, of which R. N. Uaylies, of Chi­
cago, is president, and T. ::VI. E lli s, of Rockfo rd, is man­
ager. The same people have surveyed a line from Rock­
ford to Freeport ( 20). T he population of R ockford, which 
is called the ''L owell uf the \Vest" on accou nt of its exten­
sive factories, is 31,051, and that of Delvidere is 6937. 

Running north from Rockford is the Rockford, Beloit 
& Janesvi ll e Railway ( H) ) soon to be in operation from 
Beloit, Wis. , to R ock for d , Ill . Its northern terminus is 
to lJe Janesville, \ Vis. T his is a road in which the Pome­
roy-Mandelbaum Syndicate, of Cleveland, is interested, 
and of which \Nill Chri sty is president. The construction 
is under the immediate charge of G. \V. K nox, consulting 
engineer, of Chicago. 

It is likely that before many years there wi ll be a con­
tinuous chain of electric interurban lines from Chicago to 
J oliet, and thence through Morri s, :Marsei lles, Ottawa , La­
Salle, Peru to Princeton , thus joining Chicago with an im­
portant set of towns along the Illinois River. 

From Chicago to J oliet , the Joliet E lectric Rai lway (8) 
has now been giving service fo r over a year. This road in 
the main follows the highway, and the route of the famous 
Chicago drainage canal. Unfortunately thi s company's 
terminal connections in Chicago at present are such that a 
large part of the time between Chicago and Joliet is taken 
up within the city limits of Chicago. This company is con­
trolled hy the American Railways Company, of P hiladel­
phia, F. E. Fisher, of J oliet, being general manager. The 

population of J oli et is 29,353.1 T he population of the inter­
mediate towns is as fo llows: Lockport, 2659; Romeo, 113; 
Lemont 2-1-49; \\'illow Springs, 163; Summit, 547. 

T he Illinois Valley Railroad Company ( 15) of Ottawa is 
building a line 6 miles between Ottawa (population 10,588) 
and nfarsei lles (populat ion 2559). Weston Bros., of Chi­
cago, are engineering and supervising this work. The offi­
ce rs of thi s company are men interested in the Ottawa Rail­
way, Light & Power Company, of which L. W . Hess is 
general manager. 

Further clown the Tllinois Valley is the Peoria & Pekin 
Terminal Railway ( 16 ), giving an electric service between 
P eoria and Pekin, and also operating a number of miles of 
steam road around these two cities. L. E. :Myers, of Chi­
cago, is the general manager of the road. The population 
of Peoria is 56,roo; that of Pekin 8420. 

The People's Traction Company ( 17 ), of Galesburg, is 
considering a line from Galesburg south to Abington. 
Galesburg has a population of 18,607, and Abington 2022. 
T he Chicago, Harvard & Lake Geneva Lake Railway ( 14) 
has a line ro½ miles long from Harvard, Ill. , north to Lake 
Geneva, \Vis. Further details of this road were given in 
the STR EET R AILWAY J ouRKAL of June 7, 1902. H. T. 
\ Vi ndsor , of \ Va lwort h, \Vis., is general manager. Its chief 
bu sin ess is that of taking passengers from Harvard on the 
Chicago & N" orthwestern road to the southern shore of 
Lake Geneva, in "Wi sconsin, and a freight business in which 
it exchanges cars with steam roads. 

T he Chicago Consolidated Traction Company (9) 
re,1-.:hes as far north as Evanston , and as far west as Mel­
rose Park, with it s regu lar street railway service , which 
covers all the outlying parts of the north and west sides 
of the city. 

O n the south side of Chicago, the South Chicago City 
Railway (3) operates the Hammond, \ Vhiting & East Chi­
cago Railway, whi ch reaches clown just across the State 
line to Hammond , Ind . 

The Chicago E lectri c Traction Company (4 ) is another 
line operating in the city of Chicago which reaches Mor­
~·an Park (population 2329), Biue I sland (6u4) and 
Harvey ( 5395), to the southwest. 

T he Suburban Railroad Company ( 7), in connection 
with the \ Vest S ide E levated roads of Chicago, gives elec­
tric service to LaGrange and intermediate po111ts along the 
Chicago. Burlington & Q uincy Railroad. This, together 
with the competition of elevated and surface line5, has 
caused the taking off of quite a number of the Chicago, 
Bulington & Qu incy suburban trains. 

1\ short line is under construction, o miles, from DeKalb 
to Sycamore. This is the DeKalb , Sycamore E lectric Com­
pany ( 12), of which W. D. Ullmann is president; L. Chal­
decott , secretary and treasurer ; J ohn \ V. Glidden , superin­
tendent. The population of DeKalb is 5904. and that of 
Sycamore 3653. 

The A urora. DeKalb & Rockford Traction Company 
( 21) is preparing to bu ild from Aurora, northwest through 
Kanevi lle, De Kalb and K irkland to Rockford. That be­
tween A urora and DeKalb will he built fir st. VI/. D. Ball, 
of Chicago, is consulting engineer. The co111pany is backed 
bv a syndicate composed of V. A. \Vatkins and William 
George, of A urora: R. S. Vivian and G. B Shaw, of the 
American Trust &·Savings Bank, of Chicago. 

An important road joining the Illinois valley chain of 
cities is the Illinois Valley Traction Company (22), which 
is building from Ottawa ( population 10,588) west, through 
U ti ca (1150), LaSalle (rn,446) , Peru (6863), Spring Val­
ley (6214), Lacie} (1324), Seatonville (909), and Hollo­
way (207) , to P rinceton (4023). This is one of the Port­
land Syndicate roads , of ·which W. B. McKinley, of Cham­
paign , Ill. , is president. 
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Collectors for Heavy Traction 

IlY GEORGE T. H ANCHETT 

When an electric car or system of cars requires more 
than 200 amps. for its propulsion, heating- and lighting, 
the problem of collecting this current by means of a 
movable contact begins to become interesting, and the 
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ge rs on account of tu nnels which cannot be adequately 
ve ntilated for numerous reasons. The entrance of great 
railway systems into the large citi es present most for­
midable problems which usually involve all of these ob­
jections with reference to steam . The increasing traffic 
has aggravated the conditions to such an extent as to 
compel th e adoption of electricity in several notable cases , 
and experi ence gained in these cases will serve as a prece­
dent for future enterpri ses. It is, th erefo re, not inappro­
priate to consider th e problem of coll ec ting current and 
discussing its possibilities, for it constitutes one of the 
problems, and perhaps not th e least, which will require 
satisfactory soluti on before electric traction can be adopted 
for any of these purposes. 

The c verheacl troll ey is of course inadequate. It s limit 
has been reached in suburban and interurban 
traffic with heavy equirments of from 300 hp 
clown . Even with two trolleys under favorable 
conditions it becomes difficult to coll ect all of the 
curren t that can be supplied th rough a 0000 

trolley wi re, and it is practically impossible tu 
do so in case of a sleet storm. Beyond this point 
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DETAILS OF CONSTRUCTION OF BOSTON ELEVATED CONTACT SHOE 

1~ecessity for its carefu l consideration increases with the 
amount of current to be collected. 

The heaviest instances of electric traction usuall y com­
prise situations which have been previously handled by 
means of steam, but where the latter form of m otive power 

the heavy overhead contacts and correspondingly heavy 
overhead structure become items of such g reat expense that 
recourse must be had to the third rail. 

The third rail in the open J.ir on an elevated structure is 
a proved success, and no diffi culty is found in collecting 
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DETAILS OF CONTACT SHOE ON BERLIN ELEVATED AND UNDERGROUND ELECTRIC RAILWAY 

has become inadequate, eith er by reason of its inability to 
accelerate the trains sufficiently to make a rapid schedule 
possible in congested sec tions or because the noise, smoke 
and steam have become objectionable to the tenants of the 
rapidly increasing number of buildings along th e line of 
travel, or positively unendurable to employees and passen-

current from 300 amps. to 500 amps. with a shoe weighing 
from 15 lbs. to 25 lbs. , and dependent for it s contact 
upon its weight. These shoes an; usually suspended by 
t \\'O links and ca rrv a fl exibl e connection bolt ed fa st to the 
shoe itself. Such shoes usually operate on third rail s 
having a clearance above the t read rail of from 1½ ins. to 
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3 ins . A shoe of this class is illustrated herewith, a side 
elevation plan, end elevation and link and linkpin details 
being included. 

An interesting modification of the shoe commonly used 
on German ra ilways is illustrated on the preceding page. 
In this case the shoe is supported in toggle arms, which 
are somewhat longer than those in common use in the 
United States, and the shoe itself is provided with a switch 
which drops to an open pos ition whenever for any ;eason 
the shoe drops below any predetermined level. This is a 
valuable featur e, for it can be so set as to make the shoe 
itself dead whenever it leaves the live rail, even if other 
shoes on the same car are in contact. In work of this kind 
the shoe, having cleared the live rail and traveling by sim­
ply hanging fr om the truck, is likely to encounter grounded 
meta l or to be touched by an individual, and by thi s simple 
device serious arcs or shocks are avoided. It is a device 
which might be profitably adopted in this country. 

It must be appreciated that shoe cl earance is a most 
important matter to consider. It is plain that if the shoe 
strikes any grounded metal th e result is a formidable short 
circuit, which , besides throwing circuit breakers and pos­
~.i bly setting woodwork on fir e, ha s a very damaging effect 
if it occurs in full view of a station full of passengers . It 
must not be forgotten that the public regard electricity as 
an exceedingly powerful and destructive agency, and that 
there is still considerable mystery about its manifestations, 
so far as th e majority of people are concerned ; they look 
upon it as being chained and brought into useful service 
by the strongest means and requiring th e utmost ingenuity 
of man, and under the circumstances it is not to be won­
dered if pyrotechnic exhibitions of this character are re­
g arded as a frantic attempt cf a caged monster to break 
ioose and sweep the locality with devastation. Any such 
occurrence is ther efore not calcula ted to inspire confidence 
and incr ease traffic. Th e writer may be charged with in­
dulging in a little romance in the foregoing paragraph, but 
the words are based upon ;i_c tual experience, under cir­
cumstances favorable fo r learning public opinion of such 
demonstrations . 

In any event short ci rcui ts must be avoided, and due 
regard to shoe clearance must therefore be had. The shoe 
must evidentl y clear the tread rail by a reasonable margin. 
It must also clear interlocking mechanisms, not only in 
th eir final but in their intermediate positions. Of course it 
is easy to comply with these requirements in the case of 
elevated work or light interurban work by i:aising the third 
rail about 3 ins. or 4 ins. above the tread rail , but when 
a trunk line problem arises an inspection of clearance 
sheets from the mechanical department will show that the 
margin is very narrow indeed, and opportuniti es for raising 
the thi rd rail are very limited. 

The bulky cylinders of large compound fr eight engines , 
th e projecting doors of steel coal ca rs, which must , by the 
way, be considered in an open position, and numerous 
other things which might be mentioned, make it necessary 
to keep the height of the third rail down ; the clearance 
underneath the cars is always so limited that it is impos­
sible to have a section of third rail between the tread rails. 

\i\Tith a margin of from 2 in:;. to 2-½ ins.- and the third­
rail engineer must consider himself fortunate if he secures 
as much as this-it is plain that the shoe cannot be allowed 
to drop more than I in. below the level of the third rail, 
and this rail must, therefore, be set so that in no place 
shall it be lower than ¾ in . from the level its surface was 
designed to occupy. If this is not heeded the shoe will arc 
on the low place very fo rmidably if heavy current is car­
ried , and this will result in burning both the rail and the 
shoe so badly that the conditions will be aggravated when 

the next shoe t raverses the low place. In heavy locomo­
tive work these arcs are very noisy and brilliant, and if they 
occur in front of a station and, perhaps, set the platform on 
fi re the performance is not reassuring to passengers. 

From the fo regoing it will be easily seen that in a third­
rail installation among other requirements the following 
are necessa ry: 

T he third rail must not be so high that there will be any 
possibility of the ironwork ,)f the moving trains striking 
it, and on the other hand it must not be so low that there 
will be any danger of the shoe on the motor car striking 
projecting ironwork in the trackway. This heig ht is one 
of the most difficult problems to be determined and re­
quires special consideration . 

Closely related to the height is what is known as the 
third-rail gage, that is tp say, the distance between the 
centers of the thi rd rail and the nearest tread rail. If very 
near the tread ra il the third rail must be set low in order to 
clear the cars, and if set too far from th e tread rail the over­
hanging shoe structure extends so fa r from the track it is 
likely to stri ke switch lamps, signals and even th e wall of 
tunnels or the girders of bridges. There is just one spot on 
the clearance diagram where the center line of the head 
of the third rai l shoul d come, which is locatable, accord­
ing to the conditions, with as much accuracy and precision 
as is the center of a circle. 

On the elevated roads clear of mud, dirt or dust the 
third-rail surface can be kept clean, and the collection of 
sufficient current with a shoe of moderate weight and 
dimensions is not troublesome, but where large currents 
are to be collected from third rails placed on the ground on 
roads traversed by steam trains passing th rough damp 
tunnels the problem is by no means as easy. I n the case of 
electric locomotives taking from 1200 amps. to 1500 amps 
maximum in such locations, the least dirt or rust on the 
third rail causes terrific arcs at the shoe and corresponding 
heating; and, if such performances continue across long 
stretches of track , the shoe may become red hot, although 
weighing from 50 lbs. to 60 lbs. In damp tunnels thi s 
is particularly the case, and it is noticeable that if the rail 
is left untraversed by the shoe for a single day the fir st few 
runs will be marked· by excessive arcing, after which , when 
the surface of the rail has been cleaned by the fr ict ion, thi s 
trouble will disappear. The deposit from steam locomo­
tives on the thi rd rail, mixed with water, seem to form a 
peculiarly suitable substance f9r the promotion of arcs. It 
covers the third rail with a crust and is a partial conductor , 
and when vaporized by the intense heat seems to lend itself 
to the propagation and intensification of the arc that is 
fo rmed. Clay or earth, on the other hand, such as accumu­
lates on the rail in cuts and places where excavations have 
been going on, does not act in this way, as its refractory 
powers seem to be greater, and while it undoubtedl y does 
not improve the contact of the rail and shoes it does not 
vaporize and lend fuel to the flame: in fact, it is very 
striking to note how a shoe carrying a heavy current will 
sputter savagely on traversing a little moist crust of de­
posited cinders in a tunnel, and , emerging therefrom , will 
ride over a third rail covered with a mass of earth and pro­
duce scarcely a scintill ation. 

A glance at th e accom panying h alf-tones will sh ow how 
serious arcs and consequent shoe-heating enter into the 
problem. T he photograph s from which the cuts were made 
represent pieces of slag taken fr om a shoe carrying fr om 
800 to 1000 amps. and traversing a dirty third rail. These 
pieces of slag are found ei ther under the surface of the 
shoe, thereby spoil ing its contact with th e third ra il, or at­
tached to the sh oe as trailers, and consist of melted iron 
particles and impurities found on the thir<l rail. They 
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usually get white hot, throwing off scintillations like iron 
at welding heat. If proper att ention is no t paid to shoe 
contact and clean surface the third-rail shoe becomes little 
more than an arc furnace . 

The conductivity may of course be somewhat increased 
by making the shoe of copper o r some of its alloys. From 
what follows, however, it will be seen that copper or brass 
will not stand the wear, it s surface tearing to pieces very 
rapidly under the heavy fri ction from the rough surface, 
and what is still more important it docs not gr ind through 
the film of rust and dirt and secure complete contact with 
the rail itself. 

In one case with which the writer is familiar thi s prob­
lem has been satisfactori ly solved by the use of a heavy 
brass shoe with a renewable steel face, held thereto by a 
dove-tail ed joint, the conductivity of its contacts being rein­
forced by a large number of heavy copper rivets. T his 
combination has the wearing qualities of the steel and the 
ccr:ductivity of the copper combined, and it seems to be the 
best arrangement that has yet been used. 

In the case of heavy currents it is necessary to have the 
5hoe bear heavily on the rail so that it will grind itself down 
to a metal to metal contact in spite of all dirt and ob­
struct ion . If the shoe is too ligh t it will ride over the 
particles of dirt, ironing them down on to the third rail. 
If the foreign suustances are semi-conducting, as in the 

which it will al ways be restored by springs or other equal­
izing devices. 

The insulation of th e shoe must be exceptionall y secure. 
The breaking down of the insulation between th e shoe and 
the support constitutes a pct manent sh ort circuit as the 
current traverses the third rail through the shoe hanger to 
th e truck fram e. This short circuit cannot be removed 
until the shoe it self has been removed or th e car has been 
drawn off the third rail so that the shoe hangers clear. 

Wit h the large current the question of th e order of con­
tact becomes i1{1portant. If two plane surfaces are pressed 
together two points only may be all the m echanical con­
tact that obtains. It may possibly be a line or may be 
several points, but it never is a contact throughout the 
entire surface. A s such surfaces ride one upon th e other 
these poi nt s of contact are continually chang ing. Such a 
point of contact constitutes a little isthmus through which 
the current must pass, and if thi s current is large the 
isthmus will get hot, and if very large it will be vaporized, 
when another point of contact will obtain with similar 
phenomena, the result being a sparking and sputtering 
shoe. 

In the writer 's opinion it is doubtful whether the 
rou nded head of the third rail and the plane surface of the 
shoe are best adapted to deal with the case of heavy current 
collecting. It is true that an <'normous amount of current 

SPECIMENS OF METALLIC FORMATION ON CONTACT SHOE 

case of cinders, they wi ll be J eflagrat ed, and if practically 
insulating and refractory, as in the case of clay, they will 
either lift the shoe clear of th e rail , causing an arc, or in­
crease the resistance in the other parts of the contact , 
causing those places to overheat. In a case where much 
current is to be collec ted pressure on th e shoe surface must 
be increased almost to the point vvh ere mechanical pres­
sure Lecomes a serious source of heat; 125 to I 50 lb s. is not 
too much. 

The shoe-holding mechanism must be designed so as to 
allow the shoe great flexibility of motion , but still the 
shoe must not be abandoned and given universal motion in 
every direction. It should move freely up and down in 
order that it may rise and fall with th e irregularities of the 
surface of the rail. Its downward motion should extend to 
a point where it will be absolutely certain to bear with its 
entire weight on lowest portion of the rail at all times. It 
should have as much margin beyond this point as will 
insure its safely clearing grounded m etal. Its upward 
motion in case of a simple third rail need not be limited 
except as the convenient arrangem ent of the m echanism 
shall dictate. If the rail is hooded in places for protection 
it should not be allowed to rise so as to create danger of 
its striking the protectors above the rail. 

The shoe must be capable of tilting, that is to say, to 
enable one end to be raised so that the face of the shoe 
comes on an angle with the horizontal, in order that it 
may smoothly take the approach es to the third-rail sec­
tions. If the third-rail section is such that the shoe has to 
traverse through slots or between guard boards it must be 
capable of horizontal motion in the clirection of the axle 
to allow fo r irregulariti es in the gage and flange play of 
the wheels. Finally, it· must occupy a normal position to 

can be coll ect ed through very inferior contact s, especially 
if this contact is a rubbing one, bringing cool metal con­
tinually into play. A flat shoe obviously contacts with a 
curved rail-head only on a line, but as the shoe wears it 
conform s in a measure to the shape of the rail-head and 
the order of contact becomes higher; but it must not 
he fo rgotten that it is impossible to set third rails trulv to 
gage, and that therefore th e cu rved surface which - the 
rai l-head was intended to fit may be shifted laterally by the 
irregularities of the gage or flange play of the wheel , and 
even though compensating motions have been provided 
in the shoe mechanism the contact may become inferior. 
The wri ter therefore does r.ot hesitate to r ecommend a 
truly plane third-rail surface for heavy traction work. This 
not onl y improves the order of contact , but takes a great 
deal of responsibility from th e means which it is ordinarily 
necessary to provide to permit the shoe to compensate for 
lateral motions. 

As the traction problem becomes heavier a new 5ystem 
of power distribution will become necessary, for it will not 
be feasible to transmit or collect large currents by conven­
tional method·s, and recourse must therefore be had to the 
device of supplying the power by means of collecting lesser 
current at higher pressure. 

F ive hundred and fifty volts is the present practical pres­
sure limit fo r railway commutators, but that trouble can be 
readily obviated by the use of motors in seri es, and the 
pressure can be advanced to 750 volt s or even 1000 volts. 
\ Vhen pressures of 800 volts 10 1000 volts are reached the 
support and insulation of th e third rail becomes a much 
more diffi cult problem than ha ,, heretofore been presented, 
and one which has very littl e precedent. Even at 6 00 volts 
and 750 volts leakages which we re u nimportant at the lower 
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voltages become very formidable, and it is therefore neces­
sary to provide means to circumvent them . Serious short 
circuits are also much more likely to occur. It is absolutely 
necessary, in the first place, to protect the third rai l by sur­
rounding it with g uard boards, which make it impossible 
to lay a straight bar between the third rai l and tread rail. 

It is unwise to place depe1~dence on the third-rail in­
sulator of the common type, and it should be reinforced 
by a fill ed wood block. It is possibl e for a third-rail section 
onl y 300 ft. to 400 ft. long to leak 4 amps. or 5 amps. at these 
high voltages, and the simpl e device of cleaning th e few 
insulators on which such a section is supported may make 
this leak entirely disappear. Usually the leak i due to 
moisture film, supplemented by dirt , and oftentimes under 
continued voltage will disappear itself by reason of the 
moisture drying out. Occasionally, however, and par­
ticularly in tunnels wl1 ere much carbonaceous matter fro m 
steam locomotives accumulate , the leakage will increase 
instead of diminish . and fin all y establish a fairly good 
circuit between the third rail and tread rail or between the 
third rail and ad jacent piping, the line of fl ow being 
marked by incandescent scintillating earth and the flaming 
of any combustible matter in th e vicinity. Such a leak is 
usually accompanied by arcs over the non-conducting 
gaps, and in many casrs it is impossible to extinguish it 
by any means other than cutting off the current, the appli­
cation of sand and kindred common methods being futile. 
As cut ti ng off the current me~ns suspension of traffi c these 
matters are important. 

That the leak on a section of third rail is a very 
evanescent quantity is a matter of common knowledge. 
·with ordinary voltage it is usually small. T he writer has 
seen lengths of 3 mil es of rail show a leak of 1 50 amps., 
wh ich reduced after twenty-four hours' application of pres-

. sure of 10 amps. or 15 amps .. bnt immediately increased 
when th e pressure was taken off for a few hour and then 
reapplied . T his is undoubtedly clue to th e dryi ng out of 
moisture. J f, hm,vever, high voltages are used it is almost 
certain that the heavier currents which will fl ow through 
the leaks will not only dry out the moisture, but will tend to 
carbonize. any material capable of such decomp0sition 
which lies in their path. increasing rather than reducing 
th e leak. possibly to the extent of short circui t. 

It behooves the profession. therefore, in view of the 
heavy ti1ircl-rail probl ems which are shortly to come, to 
make a particular study of third-rai l and shoe construction 
with all of these points taken into consideration . 

---•♦--­

Interesting Temp~rary lnsta].Jations 

T he Hudson Valley Rai lway Company. which is a con­
soli dation of the Stillwater & lVIechan.icvi ll e, Greenwich & 
Schuyler ville, Glens Fall s, Sanely Hill & Fort Edward, anG 
v\T arren County Railroad and the Saratoga Tracti on Com­
pany, has now in operation over 100 miles of electri c road, 
running north from Albany and Troy to Saratoga, Lake 
George and the Adirondacks. A t the present time power 
fo r operating the road is derived from several independent 
power stations located at Stillwater. Saratoga, Middle Falls, 
Glens Falls and Caldwell. U ltimately power for operating 
the entire system will be developed on the Hudson River 
near ·waterford . 

For the operation of the road until tl1is Hud on River 
pOv\'er station is compl eted a somewhat unusual and inter­
esting method wi ll be used. The company has increased the 
capacity of the direct-current power station at Glens Fall s 
by installing a 250-kw direct-connected engine-type genera-

tor , and has increased the capacity of the Caldwell station 
by installing a 170-kw direct-current, belted generator. In 
the power station at Glens Falls there will be installed a 
250-kw rotary converter , changing direct current to alter­
nating current with raising transformers. Power will be 
transmitted by a three-phase, r r ,ooo-v.olt transmission line 
to Caldwell , wher e lowering transformers and a second 
250-kw rotary converter will be installed to supplement the 
power of the Caldwell direct-current generating plant. 

At the company 's power station in Saratoga there is to be 
installed a 400-hp eng ine and 250-kw, 2200-volt, belted, 
alternating-current generator with raising transformers. 
From thi s _plant power will be transmitted by a three-phase, 
1 r ,ooo-volt transmission line to a sub-station at Round 
Lake, where lowering transmformers and a 250-kw rotary 
converter are to be installed. This sub-station will supply 
power to the r ecently-completed Saratoga division of the 
system, conn ecting the main line at Mechanicville with the 
Saratoga-Ralston line at Balston Spa. A fter the alter­
nating-current generating plant is installed next year on the 
H uclson River the generating and sub-station apparatus, 
now in use and in course of in stallation, will be displaced 
by eight 300-kw, 600-volt rotary convertffs. All of the 
electrical apparatus for the temporary installations and also 
fo r the permanent equipment of sub-stations is to be built 
and furnished by the Westinghouse E lectric & Manufactur­
ing Company, of P ittsburgh, Pa. 

•• 
Pennsylvania Railroad Tunnel 

It is intimated that the Board of Aldermen will hold up 
the Pennsylvania Railroad contract and thus delay work 
upon this improvement for several months. The contract 
between the Rapid Transit Commissioners and the Penn­
sylvania Railroad Company for a franchise for the tunnels 
whi ch the company wishes to construct fo r the purpose of 
providing an entrance into l\'Ianhattan Island, has been 
signed by the Commissioners and railway officials and trans­
mitted to the Doard of Aldermen for approval. The delay 
will probably be explained on the part of the aldermen by a 
desire to secure better terms for the city, but the real ground 
fo r obj ection is said to be jealousy on the part of the alder­
men because of the powers vested in the Rapid Transit 
Commission. \Vhen the latter body was formed it deprived 
the aldermen of some of their most important powers, and 
the Board not only resented thi s invasion of its ri ghts and 
privileges, but it has frequently gone outside its usual 
course to show antagonism by blocking measures recom­
mended by the Rapid Transit Commission. In the present 
case it is s~id that the aldermen planned to r efer the contract 
to a committee and then adjourn for the summer. This, of 
course, would postpone definit e action until the fall, and 
then if the aldermen returned in the same mood further de­
lay might be caused by insisting upon having public hear­
ings, which might be strung out indefinit ely. 

M uch pressure is being brought to bear upon the alder­
men , and it is hoped that they may be induced to reconsider 
this plan and act upon the measure at once. The Pennsyl­
vania Railroad Company is prepared to begin the work of 
construction immediately upon the approval of the contract, 
and it is particularly anxious to get the work under way 
during the summer, as it hopes to makes sufficient progress 
in the work of excavations before the cold weather sets in to 
enable it to continue the work throughout the winter. If 
the contractors are delayed now, however, it will be impos­
sible fo r them to do tl~is'. as they would scarcely get the 
ground broken before they would be compelled to suspend 
operations during the winter months. 
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The System of the Elmira Water, Light and Railroad 
Company 

The city of E lmira is the field of operation of a monopoly 
of municipal undertakings which if not run upon the most 
approved lines and able to give to the ci tizens an excellent 
service would result in a most unsatisfactory arrangement. 
It speaks, therefore, very well for the management of the 
Elmira Water, Light & Railroad Company, which controls 
the electric lighting, gas lighting and water supply of the 
town, as well as the street railway, that it has as pleasant 
relations with the city authorities ancl its patrons as if the 
various departments were run by separate companies in 
competition. The consolidation, which was arranged some 
years ago, has proved eminently satisfactorily to all con­
cerned, and a description of the portion of the combination 
which is of particular interest to street rai lway men will 
prove of value in showing the possibilities which exist for 
the advantageous union of public enterprises by a private 
company. 

The town of Elmira, as seen by the accompanying map, 
is considerably longer than it is wide, and this fact gives 
the railroad company an opportunity to develop a system of 
practically parallel lines running from one encl of the town 
to the other without necessitating the building of many 
transverse connections. The railway receives considerable 
revet'tue yearly from its park traffic, and the line which con­
nects the center of the town with the cemetery is also a 
good payer. The traffic to the Interstate Fair G~ounds and 
Eldridge Park, at opposite ends of the town , requires a large 
amount of accommodation, and the system also operates a 
park of its own, known as Rorick 's Glen, some two and 
one-ha!J miles from the center of the town, which, during 
the summer season, keeps this line very busy. In order to 

an extensive filtering plant and are located a short distance 
away from the town. The systen:i of distribution is similar 
to that employed in most towns having private water com­
panies, each consumer having a meter and paying for the 

EXTERIOR OF POWER HOUSE 

amount used. The gas works are situated adjacent to the 
power station, which supplies both the electric lights and 
power for the railway. T his location is near the railway 
track and affords every facility for easily obtaining its sup­
ply of coal for both the gas works and power station. 

POWER STATION 

The equipment of the power station is being at present 
considerably enlarged and the boiler room is having an ad-

GENERAL VI EW OF ENGINE AND DYNAMOS 

accommodate the extra loads the company has adopted a 
train system, and runs two or three trailers with very good 
success. This is only done, however, during the summer, 
the winter service being operated entirely with single cars. 

The Elmira waterworks consist of a pumping station and 

dition built on it for the accommodation of a new battery 
of boilers. At present the capacity of the power station is 
about 2500 kw, including power for lighting and individual 
motors throughout the city and for the railway circuits. 
There are two tandem compound McIntosh & Seymour en-
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gines of from 400 hp to 450 hp. One of these is belteci to a 
200-kw Stanley three-phase generator and a 75-kw, 250-
volt \:Vestinghouse power generator. The other is belted 
to three 165-light Brush arc machines for street lighting 
The third engine is a McIntosh & Seymour triple-expansion 
700-hp to8oo-hp marine type vertical eng ine and the fourth 
is a cross-compound 500-hp to 600-hp engine made by the 
Payne Engineering Company. These two eng in es are belted 
to a countershaft which nms lengthwise in the center of th e 
building and to which are belted five \Vestinghouse railway 
generator s. O ne of these is 190 kw in capacity, two are 
I 50 kw and two are 200 kw. The fifth engine is a tandem 
compound l\Iclntosh & Seymour 400 hp and is belted to a 

ONE OF THE LARGER ENGINES 

200-kw Stanley three-phase alternator and 150-kw, 250-volt 
\\'estinghouse power generator. The Stanley alternator is 
excited by a 3 1-3-hp Crocker-\\'heeler generator belted to 
its shaft. The equipment is completed by a sixth engine of 
650 hp to 700 hp, direct -connected to a General Electric 
three-phase alternator having a capacity of 400 kw at 80 
per cent power factor. The engine was made by the Ball & 
\\' ood Company and is of the vertical-compound type, a 
good view being shown of it in the illustration of the power 
stat ion. 

It will be seen from this resume of the equipment that 
four distinct classes of service are given by this power 
station. The alternating current is generated at 2000 volts 
and di stributed by means of a three-phase system. There 
is a three-wire system of 250 volts and 500 volts which sup­
plies direct current to the power circuits connected to the 
various individual motor s which are operated on the lines. 
This three-wire system is connected to the two 250-volt 
generators mentioned above, the loads being so distributed 
that the larger generator takes approximatelytwice as much 
as the small er. The town street lighting is at present 
done by engine-driven Brush machines, but it is not un­
likely that within a short time alternating-current syn­
chronous motors will be substi tuted to drive the direct-cur­
rent machines now in service. The commercial arc lighting 
is done by alternating current in parallel with the incandes-

cent lamps. A total of 550 commercial alternating-current 
a rc s, 23,000 incandescents, 387 direct-current arcs, 2040 hp 
in motors and 545 sixty candle-power incandescents are 
connected to the company's circuits. 

The boilers are of a total capacity of 1325 hp and were 
supplied by the Babcock & Wilcox Company. After the 
extension of the plant which is under construction the ca­
pacity of the boilers will be 2000 hp at nominal rating. 
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Forced draft is used, the fan, made by the Buffalo Forge 
Company, being placed at the base of the chimney and regu­
lated by a Burke & Parker regulator. The water for the 
boilers is obtained from the city mains and is chemically 
treated by a compound prescribed by the Dearborn Drug & 
Chemical Company, of Chicago. The engines are run con­
densing, and some 700,000 gallons of water are used daily 
for this purpose, the water being piped for a distance of 
about 1 mile. Near the shore a small house has been bnilt 
on piles. This house contains a 500-volt Ft. Wayne motor 
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connected to a centrifugal double-suction pump made by 
the Lawrence Machine Company, which pumps the water 
through a pipe placed some three or four feet unJergrounJ 
to the power station a mile distant. 

Blake feed pumps of the duplex-compouncl type are used. 
T he water enter s the boilers at a temperature of 275 degs. 
F. There are three heaters, the first, or main heater, being a 
vVainwright , made by the Taunton Locomotive l\Ianufac­
turing Company, which heats the water to 140 <legs., the 
a11x iliary heater, which is a Berryman , heating it to 190 

A complete oiling system has been installed, which is con­
nected to a 200-gallon tank in the roof. The oil is delivered 
at the bearings, etc., by gravity at a pressure of IO lbs. per 
square inch and then returned to the filt ers in the oil house 
and used over and over. 

CARS. 

The electrical equipment of the rolling stock was fur­
ni ~,hed almost enti rely hy the General Electric Company, of 
Schenectady. T he total number of cars is thirty-si x closed 
ca rs ancl thirty-nine open cars. T here arc eighteen 16-ft. 

SOME VIEWS IN RORICK'S GLEN 

<legs., and a \Vainwright even-flow heater u sing live steam 
brings it to the final temperature of 275 <legs. The pressure 
in the steam headers is 165 lbs. Compressed air is used to 
clean generators and cars. 

The switchboard is equipped with oil switches and oil­
cooled feeder regulator s, and until r ecently was on the main 
floor of the engine room. It has now been raised to a gal­
lery, so that the attendants are away from the machinery 
and have a complete view of the room. The various classes 
of service given by the station necessitate a somewhat com­
plex array of instruments and switches, but each depart­
ment is kept entirely distinct on each division of the board. 

vestibuled box cars built by the J ohn Stephenson Company, 
seven 18-ft. closed cars built by the J . G. Bri ll Company, 
four 20-ft. cars most of which were furnished by the Brill 
Company and some by the American Car Company, six 
eight-wheeled closed cars (42-ft. over all) built by both the 
j ohn Stephenson Company and the American Car Company 
and one closed trailer, which is sometimes used as a smok-
111 g car. The open-car equipment consists of six double­
truck 12-bench cars made by the Brill Company and Jack­
~on & Sharp Company, five IO-bench cars made by the Jack­
son & Sharp Company, sixteen 9-bench cars made by the 
Dri ll Company and the American Car Company, three 8-
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b,~nch cars made by the Brill Company and five 8-bench 
trailers made by the Jackson & Sharp Company and the 
John Stephenson Company. Eight 9-bench open cars which 
were in service last year have been condemned and will be 
placed around the loop at the end of the line which runs to 
Rorick's Glen to be used as waiting rooms by the company's 

in charge of the power station, who are entirely distinct 
from the other divisions of the organization. The president 
of the company is Ray Tompkins; vice-president and gen­
eral manager, W. W. Cole, and secretary and treasurer, J. 
M. Diven. The superintendent of the street railway, who 
is in charge of all matters relating to operation, is Francis 

TRAI N OF THREE CARS USED FOR PLEASURE TRAFFIC 

patrons. Air brakes made by the Christensen Engineering 
Company, of Mi lwaukee, Wis., are installed on all of the 
heavier cars. These brakes are operated by motor com­
pressors. The company has installed on its trailers axle­
driven compressors, using an ingenious system of multiple­
unit control. This enables the trains containing two or 
more trai lers to be operated at a very high rate of speed 
with safety, and a much more efficient service can be given. 
A view of a train consisting of one of the large double­
truck cars and two open trailers is given in the accompany­
ing illustration. 

RORICK'S GLEN. 

T his park is one of the handsomest pleasure grounds in 
New York State, and a number of views taken therein are 
g iven in the group shown. As stated above, Rorick's Glen 
is placed at a most advantageous distance from the center 
of the town, about two and one-half miles, making it too 
long to walk and yet short enough for a profitable haul at 
5 cents per passenger. The park contains a casino, at which 
during the summer entertainments of a light nature are 
given. These consist of both high-class vaudeville and 
regular performances o.f light opera, and are very well pat­
ronized. Last year there were few pleasant evenings when 
a seat could be obtained at any of the performances after 
commencing. Both afternoon and evening performances 
are given. Ten cents is charged for admission to the park 
to those who do not come on the cars, this price including 
the checking of bicycles. The park is entirely under the 
management of Henry F. Dixie, a retired actor and man­
ager, who thoroughly understands the theatrical and 
amusement business and takes a personal pride in the per­
formances which he superintends at the park. 

ORGANIZATION. 

A large portion of the street railway work is, of course, 
done by officers of the company, who are also in charge of 
the other departments, such as gas and water; thus the 
general manager, W.W. Cole, devotes only a portion of his 
time to the problems of the street railway, but is obliged to 
give his attention to the operation of the other works in 
which his company is interested. There are,however, a 
number of officers, such as superintendents and engineers 

G. Maloney, and the chief engineer and electrician, who ha-. 
charge of both the lighting and railway, A. E. Walden. 
The master mechanic is J. Creighton. 

---•~----
New Grooved Rail for Philadelphia 

T he accompanying engraving shows a new type of rail 
which is being rolled by the Lorain Steel Company for the 
U nion Traction Company, of Philadelphia. The rail is to 
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A NEW RAIL SECTION 

be used on those streets where the traffic is the heaviest, and 
contains several features of novelty. There will be in all 
about five miles of single track laid on Chestnut, Walnut, 
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F ront, Twenty-second and Arch Streets. T he standard 
flange used on the wheels of the Union T raction Company 
is I 1- 16 ins., although there are a fe w !-in . flanges in ser­
vice. The groove on the new rail, therefore, which is I¼ ins. 
deep, will, when new, accommodate a wheel having a flange 
considerably larger. In order that the groove may be kept 
clean the lip is made much lower than the head of the 
rail and the slope of the groove on the inside is very con­
siderable. A peculiarity of the rail is the sloping edge on 
the outside of the tread. With thi s construction, as the rail 
wears clown, it is expected that it will retain its form much 
better than if the tread were made flat throughout its entire 
width. In order to accommodate this sloping edge the out­
side dimensions of the head of the rail are made a li tt le 
g reater than ordinary. 

Before adopting this section of rail the subject was very 
carefully investigated by the company, and it is thought that 
a type has been fo und which will have as long and efficient 
a life as is possible under the heavy traffic conditions found 
on the routes where it is to be laid . T here are many locali­
ties in city streets where the wear on rails is necessarily 
very severe, and in the rail illustrated this fact has been 
given the greatest attention, so that until the rai l is worn 
sufficiently to be unfit for service it will continue to offer 
to the wheels the most desirable fo rm of head and groove. 
In laying these rails the zinc joint described some months 
ago in these pages will be used, and when the track work is 
finished it will be one of the finest exa~1ples of permanent­
way construction in city streets in the country. 

•• 
Train Resistance 

BY A. H . ARMSTRONG. 

The keen interest taken in the subj ect of train friction , 
especially at the higher speeds, insures a warm welcome for 
the first experimental curves obtained from the Zossen ex­
periments published in the STREET R AILWAY JouRNAL 
While these curves do not in any way afford data for a 
complete study of high-speed car work, they are the first 
authentic published data of the kind carried up to speeds 
beyond 60 miles per hour. 

The data is especialy welcome at this time owing to the 
wide divergence in opinion on the subj ect of high-speed 
car friction and the amount chargeable to wind resistance 
at speeds approaching 100 miles an hour. Some tests taken 
upon the Buffalo & Lockport tracks by the General E lectric 
Company were published by W . J . Davis, Jr. , in the STREET 
RAILWAY JOURNAL, together with his reply to criticisms 
upon his original article. This last contribution has also 
been criticised and the Zossen tests quoted as disqualifying 
the results obtained. Before comparing the data from the 
different tests let us briefly cover the question of train 
friction and see what constitutes the di ffe rent elements 
making up the total friction to be overcome at constant 
speeds. 

Repeated tests upon stationary apparatus have shown 
that the friction loss of rotating bodies may be taken as 
directly proportioned to the speed, or, in other words, the 
torque is approximately constant at varying speeds . The 
journal friction of cars will vary from 4 lbs. per ton for 
heavy units to as high as 8 lbs. per ton, or even more, fo r 
very light cars. Added to this journal loss there is a certain 
amount of flange friction which may be considerably in­
creased by a transverse wind. As the roadbed is not perfect 
or rig id there is a further loss in bending rails, riding 
joints, etc., which is a function of the speed and could very 
well constitute a second factor in a train friction formula. 
By far the largest loss at speeds approaching 100 miles per 

hour occur s in pushing the car or train through the air, 
and it is thi s factor upon which we have the least experi­
mental data and consequently the greatest disagreement of 
authorities. 

I t is unfortu nate that so many train friction formula; are 
based upon pounds per ton, as it is evident that the wind 
resistance is not measured by the weight of the car, but 
rather by its cross-section and length, and such formula; 
are especially misleading when applied to trains composed 
of a different number of units from that pertaining to the 
test from which the fo rmula was derived. This fact largely 
accounts for the conflicting results obta ined by comparing 
di fferent fo rmula: where these ar e of a general character. 
T his is especially true when an attempt is made to apply 
general formul~ of di ffe rent author ities to the operation of 
sing le cars at speeds approaching 100 miles per hour, as no 
experimental data has hitherto been published for single 
cars operating at thi s speed. 

T he total amount of data available for comparison con­
sists of some laboratory tests made by the Siemens & Halske 
Company, the r esults of which were publi shed Sept. 7, 
190 1 , in the E lectrical vVorld and E ngineer , wind pressure 
being obtained by revolving different shaped surfaces. 
T hese tests, together with the results g iven by Mr. Davis 
from the Buffalo & Lockport experiments, and the Zossen 
tes ts published in the STREET R AILWAY J OURNAL, co nsti­
tute the availab le data fo r comparing the perfor mance of 
single-car trains. 

The results obtained by revolving di fferent shaped sur­
faces gave a constant of .001 V 2 for parabolic surfaces and 
.004 V 2 for flat surfaces where "V" is velocity in miles per 
hour. The Zossen tests gave .0028V2 and .003V2, depend­
ing upon the shape of the car end, and the Buffalo & Lock­
port tests .004 V:!. These results are tabulated below. 

P arabolic rot ating sur faces. . . . . . . . . . . . .. . . . . .0010 V" 
Zossen test s, S iemen s & H alske ca r . . . . . . . . . . .0028V

2 

Zossen tests, A llgemeine car ................ .0030V" 

Buffalo & Lockport t es ts.................... .0040V" 

F lat r evolving surface...................... .0040Vz 

T here is a considerable di screpancy between these re­
sults, and the difference between parabolic and flat surface 
shows that the shape of the end of a car has a very marked 
effect upon the friction . These values are, moreover , taken 
by three diffe rent methods, which in it self is enough to pro­
duce considerable variation . 

T he r evolving surfaces must necessarily g ive too low a 
pressure to the square foot when applied to straight-line 
work, as they do not rotate in sti ll air, but carry a consider­
able volume of air with them. W e would look upon the 
Siemens & Halske experiment , therefor e, as g iving r esults 
somewhat too low, and, in fact , they serve only as an indi­
cation of what would be expected fo r actual friction of a 
car at high speeds. Moreover , they would consider only 
the head-on frict ion of the car and neglect the side and rear 
fri ction, which must amount to considerable,as is evidenced 
by the increased total wind fricti on when extra cars are 
added to a train . · These tests point out, however , one fact 
very strongly, and that is that the wind friction increases 
as the square of the speed and that the third member of our 
t rain-fri ction formula should contain the second power of 
velocity. 

T he Zossen tests determine the wind fri ction by pressure 
tubes at the front end of the car and include only the head­
on fri ction , neglect ing the side and rear fri ction. T he con­
stants obtained ( .0028V2 and .003 V 2

) cannot therefore be 
used directly, but must be increased to take care of the ad­
ditional fr ict ion of the sides and end of the car. T he pres­
sure in pounds per square foot given by the barometer 
tubes cannot be used directly either, as it does not neces­
sarily obtain over the total cross-section area of the car. 
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The only correct method of securing the actual wind fric­
tion of the car is by means of power readings at different 
speeds checked by a coasting curve on a straight, level 
track. 

The Buffalo & Lockport tests, on the other hand, meas­
ured the power to drive the train as a whole, deducted the 
rolling and journal friction and arrived at the constant of 
.004V2 by including not onl y the head-on friction but the 
total wind friction of the train. This method of obtaining 
the power required to drive a car at high speeds is undoubt­
edly more accurate and more complete than either of the 
two methods given above. F urther publication of the re­
sult s of the Zossen tests will undoubtedly contain values of 
train friction depending upon the actual power required to 
drive the car, and hence will be directly comparable with 
the Buffalo & Lockport test . 

In his formula, Mr. Davis considers the constant of .004 
as too high , it being obtained with a flat-end . surface, and 
he a sumes that it will be reduced to .0035 with a car hav­
ing it s ends adapted for such high-speed work, a figure not 
much higher than the Zos en constants obtained and not 
too high for conservative preliminary calculations. 

The power required to drive the Siemens & Halske ex­
perimental car at a speed of 100 miles an hour has been 
given as 950 hp output of the motors. The car weighed 
approximately rn4 tons of 2000 lbs. and had an effect­
ive cross-sectional area of about 119 sq. ft ., which was de­
termined by including the proj ecting starting resistances on 
the sides and current-collecting devices on top of the car. 
Using the constant obtained in the Zossen tests (.0028) 
the tractive effort due to wind friction alone at IO0 miles 
an hour wo uld be 3330 lbs., or 32 lbs. pe_r ton of 2000 lbs. 
Jt is necessary to add a certain amount for j 011rnal and roll­
ing fricti on of the car , and thi s latter item could be made 
somewhat larger than the fi gure g iven by Mr. Davis, as the 
rail used in the Zossen experiments was stated to be too 
light fo r the heavy cars and high speeds used. The Davis 
form ula gives a constant of 5 fo r journal friction of a 45-
ton car , and we may perhaps r~duce this to 4 for such a 
heavv car as those used in the Zossen tests. The second 
facto'r of the Davis formula (.13V) could well be increased 
in this case, owing to insufficient weight of track fo r the 
high speeds maintain ed. Using, however, the same factor 
for the second member of the Davis formula and 4 for the 
first nwrnber we arrive at 17 lbs. per ton additional, which, 
added to our 32 lbs., brings the total up to 49 lbs. per ton 
total friction of the Zossen car. At a speed of IO0 miles 
per hour this corresponds to 1368 hp output of the motors, 
or 44 per cent more than the 950 hp given as the experi­
mental value for this speed. 

Although it would seem that the constants of the first 
two members of the Davis formu la are conservative, and 
they are below those g iven by some authorities, it may be 
that they are too high. Taking the wind friction of the 
Zossen experiments as being correct , 32 lbs. per ton at 100 
miles per hour for the Siemens & Halske car , we arrive at 
an ou tput of the motors of 877 hp for a speed of 100 miles 
an hour due to wind friction alone. This leaves 73 hp, or 
.83 lb . per ton, for journal and track friction, an amount 
whi,ch is obviously absurd. The data given as wind friction 
from the Zossen tests, therefore, seems to discredit what 
figures have been published r egarding the horse-power re­
quired to drive the car. 

R eturning again to the Davis formula, we do not find 
any grounds for discrediting it due to the results of the 
Zossen experiments. The previous laboratory experiments 
made by the Siemens & Halske Company showed a varia­
tion between .001 and .004, depending upon whether a para­
bolic or flat surface was opposed to the wind. The Buffalo 

& Lockport test gives a constant of .004 with surfaces that 
are nearly flat, being reduced by Mr. Davis to .0035 for 
rounded-end cars, while Zossen shows a constant of .0028 
as obtained from the ·car ends approaching a parabolic sur­
face and .003 for the rounded-end car of the Allgemeine 
Company. In other words, the difference between the 
Davis constant and that obtained from the Zossen experi­
ments is not as great as previously obtained with the same 
shaped surfaces in the Siemens & Halske laboratory ex­
periments. 

It is unfortunate that the Buffalo & Lockport tests could 
not be carried to much higher speeds in order that there 
might be no question concerning the elimination of track 
and journal frici:ion from wind friction. As far as they 
went, however , they indicated that the wind pressure in­
creased as the square of the speed, which has since been 
verified by the Zossen experiments, thus justifying the use 
of the second power of velocity in hi s formula. The con­
stant of .0035, however , includes the total wind friction of 
the car or train, while the Zossen constants of .0028 and 
.0030 include only the end friction of the car and entirely 
exclude the side friction and whatever rear-end friction 
may obtain. Taking the Zossen constant as it is given, 
however, it does not agree with the horse-power required 
to drive the Siemens & Halske car so far as these figures 
are published as yet , and, furthermor e, does not discredit 
the Buffalo & L ockport tests, but rather confirms the con­
clusions arrived at from these experiments. 

It is obvious that any formula based upon pounds per 
ton must be used with considerable discr etion for cars pre­
senting different cross-sections, different shaped ends and 
different irregularities along their surfaces. Considerable 
error may also be made in selecting the effective cross­
section of the car even after proper constants are found by 
exhaustive experiments. 

Opposing a wind at a velocity of IO0 miles an hour is a 
serious matter, as evidenced by applying the results of the 
Zossen tests directly to the operation of a 45-ton car at this 
speed, using the same constants of 5 and .13V, as given by 
Davis, but substituting .0028 for .0035. Assummg a cross­
section of l IO sq. ft. we arrive at a total tractive effort of 
86.5 lbs. per ton , corresponding to I040 hp output required 
to propel a 45-ton car at rno mil es an hour. The same con­
stants applied to the Zossen car gave a total of 1368 hp, but 
this car was over double the weight and practicallythe same 
cross-section as the 45-ton car , while it does not require so 
very much more energy to propel it at the same speed. 
Davis found that each trailing car added approximately IO 

per cent to the wind friction value, and, assuming this to 
be correct , and using the Zossen wind friction curves, we 
obtain an output of 1390 hp for a train of two 45-ton cars, 
a figure which is practically the same as that required for 
the propulsion of the Zossen car, but carrying with it a 
greater seating capacity. 

Very higl:-speed lines, rno miles per hour or above, will 
probably use trains consisting of more than one car, as it 
is a question if it is not advisable to operate two 50-ton cars 
rather than a single 100-ton car, thus securing the ad­
vantages of distributing the load over a greater wheel base 
and the steadying action secured by trains at high speeds. 
The published results of Zossen experiments giving horse­
power required to drive the car at different speeds and the 

.subdivision of car friction into track, journal and wind fric­
tion, will be looked forward to with very great interest as 
giving much better working data than the results of wind 
pressure as measured by pressure tubes. It is to be hoped 
in the interest of future high-speed railroading that wind 
friction will show a constant not greater than .0028 even 
when total wind friction of the train is included. In the 



JULY 5, 1902. ] STREET RAILWAY JO URNAL. 23 

meantime, however, the constant of .0035 for total wind 
friction deduced by Davis from the Buffalo & Lockport 
tests seems justified for conservative estimate, and, in fact, 
checks up r~markably well with the results of the Zossen 
barometer tests if these should be increased to include as 
well the side friction of the train. 

•• 
Train Resistance Formulae 

BY JOHN BALCH BLOOD 

In the May number of the STREET RAILWAY JouRNAL, 
Mr. Davis had an article based on a series of tests on the 
Buffalo & Lockport Railway. He does not give the test, but 
o·ives formula e which he deduced therefrom. 
1::, In determining hi s formula he starts with the principle 
that the different items going to make up the total resistance 
should be properly segregated, but falls clown on the rock 
where most every one has before him, namely, in attempt­
ino- to have the variables of the formula with integral ex-

t> 

ponents. 
A formula for train r esistance can be made with two dis­

tinct objects in view, one for the easy and approximate cal­
culation of the resistance and the other the accurate deter­
mination of the resistance. In the first, simplicity is the desi­
deratum, while in the second, functional accuracy is im­
portant as well as conformity to the conditions of th e case. 

The accuracy of experiment and observation has much to 
do with the form of the formula, as also has the limiting 
values of the speed. For instance, if the accuracy of the 
observation were measured by a probable error of one 
pound per ton, it would be useless to introduce a term 
,vhose total value in a given case was much less than one 
pound per ton. Again, if the range of the formula were 
very limited, it is useless to increase the complexity by 
multiplicity of factors of different exponents, as within a 
short range a single factor or two factors can be made to 
represent given observations within the accuracy of the 
observations. 

Mr. Davis has attempted to get accurate results. H e has 
introduced terms to increase accuracy, but at the same time 
has made assumptions which introduce larger errors than 
the accuracy of the terms he introduced. 

The formula he uses is essentially the same as proposed 
by Mr. Armstrong, and is similar to th e formula pro­
posed by the engineers of the Eastern Railway of France, 
with the addition of a term giving the wind friction on the 
sides of the cars. 

Mr. Davis gives the elements in train resistance as three: 
(A) Journal friction, (B) rail friction, (C) wind resist­
ance. He mentions that the gear and bearing friction of the 
motors together with the motor losses should be calculated 
as a function of the motors rather than of the train re­
sistance, and with this proposition I agree. 

Mr. Davis in making this division assumes that the wind 
resistance is all of the same function. It would seem from 
reason and experiment that such is not the case. 

It is pretty well established that there is a portion of the 
resistance which varies as the zero power of the velocity. 
which is independent of the velocity. This can be deduced 
by experiment and also on theoretical grounds, and repre­
sents as a basis the journal friction, but contains probably 
other portions of friction of less moment than the journal 
friction. 

Again, it is pretty well established that a portion of the 
friction varies according to the first power of the velocity. 
This portion is the rail-rolling friction, and from a theoreti­
cal standpoint it seems that this should vary as the first 

power of the velocity, as it is practically the bending of a 
beam. 

Mr. Davis's third function , wind resistance, he has taken 
as varying with the second power of the velocity. H e does 
this because the wind pressure on a normal plain from tests 
varies approximately as the second power. H e assumes 
that the friction r esistance on the side of the train also 
varies as the second power. This last assumption is purely 
an assumption, and it is not borne out by tests or theory. 

In ship resistance the head resistance or resistance 
through a fluid is found by experiment to vary as the third 
power of the velocity or some higher power, whereas the 
skin resistance or side resistance of the water is taken as 
the 1.83 power. This has been demonstrated, and this ex­
ponential figure, 1 .83, is almost universally accepted as the 
proper exponent for the skin friction. If the side fricti on is 
deemed of sufficient importance to be put in the formu la 
it should have its proper exponent to the velocity factor. 

As to the second power being the result of Mr. Davis's 
curves, I would mention that from Fig. 2 the 1.9 power 
would represent the results equally as well as the second 
power. It will be noted that between 6 lbs. and 13 lbs. per 
square foot all of the points are above the line, and in no 
case is there a point below the line. 

Taking the case up from experience it seems to me pretty 
well demonstrated that with the third term of the formu la 
a second power term. the results by such fo rmula give much 
too high resistance above 60 miles or 70 miles per hour. 
At the same time, with no term higher than the first power 
resistance above 50 miles per hour is lower than would be 
experienced. 

At 60 miles an hour, with from three to five cars, the heaJ 
wind resistance is probably less than 4 lbs. per ton. The 
side wind resistance is also much less than one pound per 
ton. The rail resistance is about nine pounds per t on , at 
60 miles, and the bearing resistance about 4 lbs. 

It will be seen then that up to 60 miles per hour the ex 
ponent of the third term will not vary the total resistance to 
a very great extent , but when we get to 100 miles per hour , 
we have the bearing fricti on 4 lbs., the rail fricti on 15 lbs., 
and the wind friction something like 30 lbs. H ere it wili 
be seen that the higher exponential factor is of larger im­
portance, as a difference in exponent from one to two would 
make a total in the resistance of from 30 per cent to 40 per 
cent. 

This matter of exponents for terms has been one which 
has troubled everyone who has endeavored to make 
formulae. D. K. Clark, in 1854, used a formula with two 
terms, the first independent of the velocity, and the second 
varying as the square of the velocity. This formula was in 
all probability deduced from theoretical r easoning, assum­
ing that the bulk of the resistance was of the nature of wind 
resistance, or that it varied according to the same law. 

\Vith proper constants this formula would give reason­
ably satisfactory result s within a small range, but it was 
found that when the range was increased the fo rmula was 
wide of the mark. On thi s account we find a reaction, and 
several persons made formulae, using. first power of the 
velocity as the only variable. This gave much better re­
sults at speeds less than 40 miles per hour, and was used in 
large measure in practice for many year s. 

Rankine's formula is of this form as is the one of Baldwin 
Locomotive Works. E ngineering News, in 1893, gave a 
formula of this nature as did also D. L. Barnes, who had 
given great study to this matter of train resistance. 

The engineers of the Eastern Railway of France, in 
1885, made some very careful experiments to determine 
train resistance, at speeds varying from 12 km up to 8 0 

km. They found that neither the formu la with sing le first 
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power or single second power term was applicable, and 
their formulae contains three terms, one with the zero 
power term, another with the first power term, and the third 
with the second power term, which has the weight factor in 
the denominator. This is theoreticaIIy as one would expect 
in determining the resistance in pounds per ton of train, as 
the head resistance wou_ld naturaIIy be constant independent 
of the train wherein the resistance per ton of train would 
vary inversely as the weight of the train. 

The Eastern Railway of France experimenters fou nd 
that even with this formula satisfactory results could not 
be obtained, and in order to make it applicable were forced 
to change the constants of the first and second power term, 
g iving different formulae for the different speeds. ln aII 
they have four formulae, one according to their statement 
fo r freight trains, with speed from 12 km to 30 km per 
hour. This formula has no second power term in it. The 
second formula is for passenger and mixed trains of speeds 
32 km to 50 km per hour. The third is for passenger trains 
with speed from 50 km to 65 km per hour, and the fourth 
for express trains with speed from 70 km to 80 km per hour. 
This fact, namely, that the constants have to be changed 
with the speed, shows that the exponent of variable is not 
correct. 

It seems to me that there is overwhelming evidence that 
a resistance formula with three terms, with the third term 
and second power term, will always give a much too high 
resistance above 60 miles per honr if the formula is correct 
fo r speeds helow that. 

In the STREET RAILWAY JOURNAL for March , 1899, I 
gave an article on "Train Resistance," mentioning this fact 
and giving as most reasonable general formu la where three 
terms were the limit , the formula as foIIows: 

\7\There 

Ml.>l 

R = 4 + .15M + .30 T 

R = resistance in lbs. per ton. 
M = speed in mil es per hour. 
T = weight of train in tons. 

I believe this formula, as it stands, would give reasonable 
results, but in aII cases where extreme accuracy must be 
ohtained, as in cases of single cars, the importance of each 
factor must he considered and proper co-efficient used ac­
cordingly. For instance, a IO-ton car with four wheels 
would have less bearing friction per ton than a IO-ton car 
with eight wheels, and again, a single car running on a 
rno-lb. well-laid rail would have much less rail friction 
than if it were running on a 50-lb. rail in bad condition. 

Again, for extreme accuracy, T believe that we need 
four terms, one representing the head resistance , and 
another representin g the side resistance of the train. For 
~i ngle cars I believe that the side resistance term should be 
eliminated, and h ere we would need three terms only, but 
fo r trains of from five to ten cars two terms of different ex­
ponential value are necessary . 

T n conclusion I would say, that I do not think it possible 
to develop a formula for accurate work to take in speeds 
from zero to rno miles per hour without introducing one 
factor with the exponent of the velocity frac tional between 
one and two. 

Again, I think that without doubt the wind-side friction 
varies with the different power of the velocity and the head 
friction. Further . I believe that it is useless to introduce 
·complications into the formula fo r the side friction until the 
proper exponents for side friction and head terms are 
determined. 

It seems to me that while the eng-ineering work in this 
branch has not produced satisfactory data at high speeds, 
with exponential factor for the third term of r.8, it wiII give 

as accurate results between 60 miles and 100 miles per hour, 
as we have had with other formulae of only two terms up to 
60 miles per hour. 

With reference to experiment I think that the effort 
should be to show the exponents of the wind factor both as 
regards head friction and side friction. 

Argument on Subway Injunction 

T he application of Charles T. Barney for an injunction 
to prevent the completion of the Rapid Transit subway 
along its present line in the section which passes his resi­
dence, at Park Avenue and Thirty-eighth Street, New 
Yark, was argued before Justice Giegerich in the Supreme 
Court of the City of New York, on June 26, by A.H. Mas­
ten, who appeared for Mr. Barney, and Edward M. Shep­
ard, who represented the Rapid Transit Commissioners. 
Corporation Counsel Rives also appeared as the representa­
tive of the Mayor and Comptroller. 

Mr. Barney contends that the original plans of the Sub­
way Commi ssion have been modified, and that these changes 
are of such a radical nature as to reaIIy endanger the safety 
of the residents along the line; consequently he asks that the 
excavations, which he claims were unauthorized, be fiIIed 
in. He also says that the plans upon which the contractors 
are now working caII for four tracks , where only two were 
authorized, and that the waII of the tunnel instead of being 
35 ft. from his house is only 7 ft. Mr. Masten, his attorney, 
says that while it may be wise to enlarge this part of the 
tunnel so as to provide for connection with the tracks at the 
Grand Central, it is not lawful to do so on the decision 
of the chief engineer alone, that when the modification of 
the original plans was contemplated, the change should 
have been announced publicly, and the matter should have 
been submitted to the Rapid Transit Commissioners for 
consideration and approval. 

Mr. Shepard, opposing the petition of Mr. Barney, said 
that the interests involved in the construction of the sub­
way were of such magnitude that an individual's loss or an­
noyance ought not to be considered, as there could be no 
compari son between these losses and the benefits which 
would accrne to the general public. He declared that the 
change in the plans was considered and ratified by the 
Board, and that these modifications were absolutely neces­
sary in order to carry out the mandate of the appeIIate 
division, which had directed the Rapid Transit Commis­
sioners to make some provision for the accommodation of 
the East Side and intemrban traffic. Mr. Shepard said that 
if the section of which Mr. Barney complained had to be 
refilled, in accordance with his wishes, it would mean a 
delay of at least eighteen months in the completion of this 
portion of the work. In summing up the case Mr. Shepard 
said: 

We in sist that Mr. Barney ca n never mai ntain thi s action, or, 
indeed. be greatly li stened t o. H e is a large stockholder and a 
director of th e Rapid Tran sit Subway Construction Company, 
whi ch h as con st ructed thi s sec tion. If the work has been done 
without the ro ute and general plan it has been done under hi s di­
nction and he is with out redress. This change was advised and 
concurred in by th e en gin eers of the company of which h e is a 
directo r. If h e was ignorant of ih e location of the tunnel that 
was simply because h e refrai ned from knowing what his com­
pany was doing. 

The corporation counsel, who appeared for the Mayor 
and ComptroIIer, corroborated the statement of Mr. Shep­
ard that the modifications in the line of the tunnel had been 
made in strict conformity to law, and he urged that the 
action of the Commission be supported by the court. He 
declared that much harm would come from any protracted 
delay in the completion of the tunnel work at this time. 

Decision was reserved. 
- - - J. 
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STREET RAILWAY ACCOUNTING 

CONDUCTED l:!Y J. F. CALDERWOOD. ASS ISTANT TO THE PRESIDENT , 
BROOKLYN RAPID TRANSIT COMPANY, AND MEMBER 

INSTITUTE OF SECRETARIES 0~' LUNDON 

Creation of Reserve Funds 

HY JAl\lES l\lA NN IN G. 
l\lember of the Insti tute of Accountants a nd Actuaries of Scot land and Fellow 

of the Institute of Secretaries of London. 

I have read with interest the article by H. C. l\fackay, 
president of the Street Rai~,\'a\· Accom~tants' Association 
of America, entitled "Creation- of R eserve Funds." The 
suggestions expressed by l\ lr. Mackay are so thoroughly 
in accord with my per sonal opmions that l should be at a 
loss to find a point on which to take issue with him but for 
the title, which affords me a pretext for writing a few 
words. 

In my experience as an accountant in railroa<lino- I in ­
variably raise the point so e ffectively treated h~, l\ lr. 
Mackay, that provi sion should be made for the proper main­
tenance of track and also -0£ equipment, machinery and 
buildings. \\' ithout doubt ample provi sion should be made 
each year for the wear and tear on these and for their 
renewal. Once the average life of the different material in 
the track is settled by the engineer and the approximate cost 
of labor required in making r<:pairs and renew:d s is ascer, 
tained, the accountant can make hi s calculations as to the 
appropriation that should be made on each account, so as 
to provide for renewals as they become necessary. In so 
far as the ascertained amount is not expended in renewing 
the track, a charge should be made to operating expens~ 
and a corresponding credit to a track renewal fund. This 
fund mav be subdiv•ided so as to show the fonds available 
for rail ·rene\\'. ,ds and other items separately . ln prac­
tice it is well to make these adjustments monthly. Sim­
ilarly a r egular charge ''per car mile' ' may be established 
for repairs an<l renewals of cars and motor s, regulated ac­
cording to class of car, and any expended balance charged 
to operating- expenses and credited to a car renewal fund. 
Renewal funds for buildings and machinery may be sim­
ilarly established. But these funds must not be regarded 
as reserve fund s, for they differ materiallv from the reserve 
fu11d proper. The r ene~val fund represe~ts definite depre­
ciation. It is ear-marked for all time, so that it will onlv 
be used for the specific purpose for which the charge w~s 
made. Essentially it forms a primary charge to the op­
erating account, one that must be made befor e any surplu s 
can be shown. Now, it is only from the surplus that the 
reserve fund proper can be voted. and therein li es the dif­
ference. 

To emphasize thi s point, I might call attention to the par­
agraph in which l\lr. l\1ackay 1 efers to making provision for 
the liability on unpresented or unsettl ed claims fo r injuries 
and damages. \\There one has to deal with accidents that 
have occurred and involve un settled claims, the charge is 
one which should strictly be made against operating ex­
penses . But where it is _desir1: d to form a r eserve fund in 
view of the possibility of serioes accidents occnrring in the 
future, the case is different. Here no actual liability ex­
ists. Therefore, any provision voted from the surplus may 
be regarded as a r eserve fund in the strict sense of the term. 

In estimating- the charge that should be made to provide 
for the wear and tear of electrical equipment it might be 
well to allow some margin for replacing equipment that 
may have become obsolete before it is actually worn out. 
This, too, might be provided for in a general reserve. 

It is certainly most important that a proper sinking fund 

should be created to replace capital i11 ve~ted ill plant and 
machinery that may ha ve to be alJandone<l un the expira­
tion of a lease or franchise. J 11 thi s case the payment of 
an annual premium to some well -establi she(! and sub­
stantial tru st company commend s itself to me. A pre­
mium can be adjusted that wil l be based on a reasonable 
rate of interest. \\!hen the premium is so adjusted and 
regularly paid the investor can rest satisfied that the repay­
ments of the amount of hi s investment is as sured. \ s an 
example of what may be done in thi s direction, 1 might 
state that you could insure the payment of $050,000 on the 
expiring of a lease or franchi se in ..J.O years by the payment 
of thirty-nine annual premiu ms of $9,250 to the trust com­
pany. Such an arrangement precludes any possibility of 
trouble in the adjustment of sinking funds. 

l fully agree ,vith l\ lr. l\ lackay that, as a general rule, it 
is well to have a ll renewal fund s especially set aside , so that 
the actual cash be avai lable at any time that it may be re­
quired. T here is, however. a special occasion for setting 
as ide the amounts appropriated to general reserve funds. 
\\!here amounts are voted from the surplus to form a re­
serve fund that may be used for equalizing c!tviclends or 
any other purpose affecti ng the general welfare of the stock­
holders, it may be fo und to be mor e to the advantage of the 
business to u se the fund in the ordinary course of business 
as working capital. By so doing the fund may earn sev­
eral times the amount that ,yould be derived from it if in ­
vested in high-class securiti es. It would appear poor 
financing to set aside a fund that would onl:v return say 2 

per cent. interest, if, on the other hand , you were borrowing 
money at 6 or 8 per cent. to purchase supplies or earn· a 
fl oating debt. 

•• 
The Auditor and the Stockholders 

The auditor of a public company or corporation is 1,1 

th eo ry and by right an agent of the shareholder s. In Great 
Britain, by '' the Companies Act, 1900," he is mad e directly 
responsible to the general body of shareholders, and it is 
made compulsory upon him to report to them as well as 
state on the balance sheet whether the requirements of a 
full and free auditing of accounts have been strictly com­
plied with in letter and spirit. He is made a watch dog 
upon the financial operations of the officers and directors . 
He is to report er rors, misleading bookkeeping and mal­
feasance. H e is to report to the stockholders the conceal­
ment of essential facts, the payment of unearned dividends, 
the wasting, misdirection or overvaluat ion of assets, the 
covering up of liabilities and the perfor mance of official 
acts not authorized by the stockholders or by the articles 
of incorporation. In short, the fun ction of th e auditor is 
to safeguard the interests of the stockholders and protect 
them from official error and malfeasance. 

In order to perform the fun ction of an independent and 
fearless auditing of accounts so as thus to safeguard share­
holder interests, the fir st essential. of course, is that the 
auditor's offi cial position comes not fro m the managing 
director whose financial acts h e is appoi nted to examine, 
but from the stockholders th emselves whose interests he 
represents; and right h ere is th e fundam ental error of th e 
American practice and the danger to the professional 
standing of the Am erican auditor. 

The appointment of the auditor or comptroll er of the 
average A merican corporation comes directly from the 
managing director. The appointee, therefore, is absurdly 
supposed to act as a watch clog upon the acts of hi s man­
ager, to repo rt to a miscellaneou s i1westing publ ic th e 
errors and malfeasance of the official upon \\"h orn he rl e-
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pends for both his salary and his job. Is it to be supposed 
for an instant that where crookedness existed an honest 
and independent audit under such conditions could be ac­
complished? If the report of a fearless audit exposing the 
management were prepared, would it be allowed to go to 
the stockholders? How long would it take the manager 
in such a case to discharge his appointee and substitute 
another who would do his bidding? In short, under the 
current American system, the auditor of the average cor­
poration is nothing more or less than the manager's finan­
cial clerk. He is not an independent official. He is not 
the fiduciary agent of the stockholders. He is not the 
financial watch dog of the corporation. He can report to 
the stockholders neither the errors, the deceits nor the 
frauds of the official management. On the other hand, he 
is made the cloak for errors, the servile agent of deceits 
and oftentimes the helpless scapegoat of frauds. 

The duties of the auditor of the average corporation are: 
I. To ascertain the correctness of the accounts. 
2. To ascertain and verify the liabilities. 
3. To examine and verify the values of the assets. 
4. To present to the stockholders properly constructed 

accounts and balance sheets. 
5. To certify that these accounts and balance sheets 

strictly accord with the facts. 
6. To report to the stockholders any discrepancies that 

may exist between the books and the facts and the dis­
covery of official errors or malfeasance. 

But, suppose that the auditor is appointed to his position 
by the manager of the corporation, and that the accounts 
to be audited, the liability and asset reports to be verified 
and the discrepancies to be reported represent the will and 
acts of the manager. What, under such conditions, is the 
audit worth? Will it be an audit at all , or simply a false 
pretense aimed to cover up the missteps of the manage­
ment and gull the stockholders and investing public? 

The well-known Scottish accountant, Ebenezer Carr, 
explains the correct position of an auditor thus: "Cer­
tainly he should not undertake an audit unless he has a free 
hand to do all that is necessary for presenting a fair and 
full representation of the position of the concern under 
audit; anything short of this is worthless." But what audi­
tor can have a free hand in examining and reporting the 
financial acts of the manager who controls his job? How 
large a proportion of the auditors and comptrollers of 
American industrial and public service corporations can 
boast that they have such free hand? 

The auditor is supposed to ascertain if there are liabili­
ties incurred bythe manager other than those shown in the 
books; to write off the proper proportion on all wasting 
assets and see that the assets are down for present bed­
rock values and not at inflated estimates; to reduce the 
estimates on the stock in hand to net values, and thereby 
guard the stockholders against the dangers of a false and 
fictitious balance sheet. But if the official management is 
the beneficiary of the misrepresentation, and, at the same 
time, has absolute control of the position of auditor, can 
the audit be anything else than a cover of falsification? 

The audit is to ascertain if there is a voucher for every 
disbursement, an invoice for each item of the purchase 
book, a dollar in cash for each dollar in the cash book and 
a deed and abstract of title for each piece of real estate. 
The auditor is to ascertain that the bad debts have been 
marked down as such; that the depreciation in value of 
plant and fixtures has been properly written off; that there 
is no inflation in the value of the stock; that no liabilities 
are concealed; that dividends and cost of maintenance are 
not paid out of the capital; that the bank account is sup­
ported by the certificate of the banker : that all investments 

are verified at present market values; that contingent lia­
bilities are given full showing; that the reserve fund re­
ported is real and not fictitious; that the balance sheet is a 
faithful photograph of the books, and that the books give 
a true and complete record of the facts and of the com­
pany's condition. All this the auditor is to examine, ascer­
tain cind verify; and for what purpose? In order that the 
mistakes and malfeasance of the official management may 
not jeopard the investment interests of the stockholders. 
But when the official management controls the audit by 
controlling the auditor, what mistakes and malfeasances of 
official management are the stockholders going to ascer­
tain from the audit? It is only too plain that, in fact, there 
is no audit at all. It is pure buncombe, a farce, so much 
advertising, and that is all. 

U nder such conditions the auditor might just as well be 
dispensed with. What is the use of an audit that does not 
audit, or an investigation that is never made, or, if made, is 
never reported, or if reported conceals the errors and mal­
feasance investigated. It is worse than no audit; it is a 
fraud to conceal a fraud . 

It is perfectly clear that if the profession of auditor is to 
obtain in this country a high professional standing the 
auditor must be a free moral and financial agent. He must 
be beyond the control of the officials whose official acts he 
is to review. His position must come from the stockhold­
ers whose interests he is supposed to safeguard. He should 
report only to the stockholders and be responsible only to 
them. In that way, and in that way only, will the interests 
of the stockholders of American corporations be strictly 
safeguarded, and in that way only will the standing of the 
American auditor be worthy of the name. 

•• 
Necessity for Audits 

In keeping with the position which we have taken on the 
value of examination of accounts by independent auditors, 
the vVall Street Journal recently called attention to several 
special cases, particularly that of the Evansville & Terre 
Haute Railway, in which this necessity was emphasized. The 
increase in the number of industrial companies seeking in­
vestment demands that some provision be made for the pro­
tection of the general public. The writer of the article in 
question points out that an audit is one thing and an ex­
pert examination is another, the vital fact being the in­
tegrity of profits. While this is in one sense a bookkeeping 
matter, it is entirely different in another sense, for while the 
books may be kept with irreproachable correctness, so 
far as balance sheets and income statements may be 
concerned, the results disclosed thereby and the deduc­
tions drawn therefrom may be entirely incorrect in a larger 
sense. The ordinary audit means very little more than the 
verification of entries, as it does not go into the broader 
question of their original correctness. nor does it verify the 
accuracy of the books as a complete record of the transac­
tions and the condition of the property. Those who are 
familiar wi th the situation will agree that the necessity for 
such independent audits of a thorough and comprehensive 
character is much greater in the case of street railway prop­
er ties than in any other class. The difference between the 
work of the bookkeeper and auditor is very clearly illus­
trated in the following summary : 

Profits mainly depend upon two things, the fir st of which is 
the valuation of inventories at the end of the year, and the second, 
the allowances for depreciation of plant. If a company chooses 
to over-value the inventories, the bookkeeper simply takes the 
statement as given to him and puts it on his ledger. The ledger 
balances agree all ri ght with the profit and loss statement, but if 
the profit and loss statement is made on this basis, the profit as 



JULY 5, 1902.] STREET RAILWAY JOURNAL. 

written is in excess of the real profit, and the excess will sooner 
or later have to be dealt with by wr it ing off. Again, if proper al­
lowances are not made for depreciation th e profits are over-rated 
by the amoun t to which the allowances are short of the facts, and 
if dividends are made on the basis of the book profits trouble re ­
sults sooner or later. 

The ordinary audit, as far as our experience goes, does not 
sufficiently can vass the inventory value or the depreciation allow­
ances-neither of which are subject to ordinary check by voucher 
-and as has been said, it is entirely conceivable that a merely 
bookkeeping audit might certify a set of accounts in whic.h in­
ventory values were wholly out of proportion with the facts, and 
in which depreciation allowances were altogether too small. 

W e think that eve ry industrial company in making its report 
to stockholders should call in independent auditors, who should 
be instructed not merely to certify to the accounting, but should 
also be requested to certify to the profits. The auditor would 
in such case employ experts satisfactory to th emselves on whose 
judgment they would be willing to issue their certificates. With 
such a certificate, stockholders could fairly feel that they had 
something o n which they could reiy besides the statement of the 
company's officers. The officers, moreover, could feel that a con­
siderable part of the responsibility h ad been lifted from their 
shoulders, a nd we should imagine that this would be a strong in­
ducement to all who were desirous of doing their duties con­
scientiously. 

An insufficient audit is worse than non e at all, because from the 
nature of things it induces the stockholder to believe that he has 
a guarantee when he has none. The principle of independent 
audit is good only in its complete application. We think, how­
ever, that such complete application of the principle ought to be 
practically universal henceforth. There is so much uncertainty 
involved in industrial cor poration finance under che best condi­
tions that whatever can be done to remove or diminish this un­
certainty ought to be done. At the present time condi tions in this 
respect are very unsatisfactory. 

----+-+•---

Corporate Dividends 

BY CHARLES COLEBY RECKITT, C. P. A. 

In the present age, when nearly 50 per cent of the title 
to property in the United States is vested in stock com­
panies, it naturally follows that a large percentage of the 
incomes of the country are derived through the medium of 
dividends . Notwithstanding, however, the immense reve­
nues derived through this source, there are, comparatively 
speaking, few court decisions bearing on the subject. 
What cases there are seem to be chiefly of a prohibitive na­
ture given for the protection of creditors of insolvent com­
panies. The court seldom intervenes to regulate the in­
ternal management of the company or to protect the rights 
of one class of stockholders as against another, the only 
exception to this case being where fraud actually exists. 
Upon the accountant of a corporation, therefore, devolves 
the responsibility of protecting the rights of all classes of 
stockholders ' interests; and although in such matters his 
services are only advisory, whilst the decision of the di­
rectors is almost supreme, his efforts should always be 
directed to establ ish the rightful interests of each class of 
stockholders, to exhibit to the directors a full report on 
the condition of the affairs of the company and a correct 
statement in regard to profits of the current and previous 
years, as well as the condition of all reserve funds and con­
tingent funds which are maintained for specific purposes. 
It is obvious that where a company is solvent and the 
capital stock is owned by only one class of stockholders , 
his task is comparatively an easy one; but where the busi­
ness is of such a nature as to involve large contingent lia­
bilities, or where the assets are of an exhausting nature, or 
where stockholders are divided into preferred, ordinary or 
deferred, or where the company is in the course of liquida­
tion, the auditor has a complex problem to solve. 

For the purpose .JI more intelligently dealing with the 
subject of dividends and its relation to the duties of audi-

tors, I have divided the subject under the following head­
ings: 

I. Different classes of stock and dividends . 
2. In what cases may or may not a dividend be declared 

and paid? 
3. What redress have stockholders and creditors ai 

against directors and auditors for improperly declaring 
dividends? 

The most common forms of stock are: 
I. Pref erred stock. 
2. Common or ordinary. 
3. Deferred and founders' shares. 
A corporation may, in general, make four different 

kinds of dividends, viz.: 
I. A dividend payable in cash. 
2. In certificates of stock. 
3. In scrip. 
4. In property. 
In the absence of a special prov1s1on to the contrary, 

dividends will be presumed to be payable in cash and in 
lawful or current money. 
DISCRETION OF DIRECTORS AS TO DECLARING DIVIDENDS 

In general, it is for the directors and not the sharehold­
ers to determine whether or not a dividend is to be de­
clared. When, therefore, the directors have exercised this 
discretion and declared or refused to declare a dividend, 
there will be no inter£ erence by the courts with their de­
cision unless they are guilty of a wilful abuse 0£ their dis­
cretionary powers or of bad faith or of a neglect of duty. 
Accordingly, the directors may, in the fair exercise of their 
discretion, reserve profits to extend and develop the busi­
ness or for the purpose of meeting contingent liabilities. 
The free exercise of their discretion cannot be interfered 
with by the contracts of promoters or original incorpora­
tors as to the disposition of corporate profits. 

Nevertheless, the discretion of the directors in the matter 
of declaring or refusing to declare a dividend is not abso­
lute. The courts exercise a supervisory power in this mat­
ter, and where there is a clear abuse of power in refusing 
to declare the dividend a court of equity will, at the in­
stance of any shareholder, compel the proper authorities 
to declare and pay the dividend. (Stevens vs. South De­
von Railway.) Delay on the part of the shareholders in 
fai ling to commence their suit to compel the payment of a 
dividend until the corporation becomes insolvent is fatal. 
If the plaintiff shareholders are in the majority, and can re­
elect directors at the next annual meeting, the court will 
not intervene. 

The discretion of the directors is not only governed by 
the courts, but by the statute and by the articles of associa­
tion of the company, provided the latter do not conflict 
with any statute. It has already been stated that the courts 
will sometimes interfere with the discretion of directors in 
regard to dividends. The most common causes for inter­
vention are as follows: 

1. When the act of the directors in declaring a dividend 
is ultra vires. 

2. \,Vhen such dividend would jeopard outside creditors. 
3. When the dividend is declared out of capital. 
Numerous English and American jurists have decided 

that it is illegal to pay dividends out of capital, or have 
stated the same fact in reversed form ''that dividends can 
be made only from net profits." 

The relationship of the accountant's profession to the 
subject of dividends and profits naturally differs from the 
legal, his opinion being advisory only, wh ilst court de­
cisions are compulsory. The former, however, is much 
broai:!~::- and far-reaching, because it applies to individua! 
cases, whilst the latter is given to control the actions m 
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the general public . It is not enough that a declaration of 
a dividend is legal ; it must conform to sound judgment 
and conservative financing. M oreover, it is especially 
,Yithin the accountant"s province to regulat e such ques­
tions as to profit whic11 oft en form cont entions between 
d ifferent class es and generat ions of stockholders, where 
the. court s seldom interfere. 

ln the case of Lee vs. The Neuchatel Asphalt Company, 
the court refused to intervene between two different classes 
o f stockholders, preferred and ordinary, to enj oin the 
declaration of a dividend on the ground that the dividend 
was paid out of capital. The common stockholders took 
the view that a reserve should be created fo r the purpose 
of making good th e capital, as the company dealt in assets 
of an exh austing nature, consisting of asphalt , and their 
co ncession s were mereh · leasehold interests . 

The court held that it could not interfere with th e in­
ternal arrangements of the stockholders, and said that "it 
has been very judiciou sly and properly left to the com­
mercial world to settle h ow accounts were to be kept." 
The court took the view that immediately the capital ac­
count was invested it was sunk, and if th e rece ipts ex­
ceeded th e current expenses it was a return of revenue and 
not of capita l. This dec ision makes it necessary for in­
vesto rs to be careful how thev in vest in compani es dealing 
in •·wasti ng assets." T hey ; hould eith er see that the ar­
ticl es provide for a special reserve fo r th e maint enance of 
the capital assets or should onl y take stock that is pre­
fer red unl ess the capital of th e company con sists solely of 
common stock. O therwi se they might find that dividends 
we re being declared out of capital , which th e preferred 
stockh olcl;rs would participate in , to the exclusion of the 
co mmon stockh olders, and th ev could obtain no remedv 
under th ese circumstances unl e;s in case of actual fraud . -

TO WH< Jl\I MAY CORPORATIUNS P.\Y D[VIDENDS 

R egist ration of stockholders is required by th e articles 
of many corporations and a transfer fee payable upon reg­
is tration . T he company is not bound to deal with any but 
the reg istered stockhold er , but the registered stockholder 
is regarded by a court of equity to be a tru stee for a bona 
fid e purch aser or mortgagee so far as th e ownership of 
stock and receipt of dividends is concerned, and the latter, 
as well as the legal representative and judg m ent creditor , 
may enfo rce their rig ht s against the company fo r unpaid 
dividends upon the presentation of proper proo f and the 
payment of necessary transfer fees. 

As a general rul e, however , the party having possession 
of the stock certificate, ancl in whose name th e stock stands, 
is th e proper party to whom th e dividend should be paid. 

\ Vith respect to dividends of a marri ed woman , the cor­
poration must pay th em to the husband or not, according 
to th e domicil e of the corporation and not accord ing to the 
law of domicil e of th e married woman. 

The h eirs of a deceased stockholder must , in order to 
entitl e th em to divicl ends, proc ure a tran sfer nf their an­
cestor 's sh ares, but if the c~rporation shoulcl, with out no­
t ice, pay over th e sam e to the administrator, they will be 
protected in so doing, 

TO WI-IOl\J .T H E DIVIDl'.:~D BELOfGS 

The purchaser of shares is entitl ed to all dividends de­
clared after a sale to him, and th e dividends are not appor­
tionable unless by agreement. Th e sam e rul e appli es to a 
purchaser at a tax sale. A legatee takes all dividends de­
clared afte r th e testator 's death. Th e admini strators all 
declared previously. A n offer to sell shares , which is sub­
sequent!_,. accepted, entitl es the purchaser to dividends de­
clared by th e corporation whil st th e offer remained open: 

but a contract to sell on demand entitles the vendors to 
dividends declared before the demand was made. 

The general rule in all such cases is that the time of 
declaration of such dividends governs, not the time of pay­
ment nor th e time the profit s were earned out of which 
they were paid. Profits have been likened by one writer to 
fruit on a growing tree, which would pass with the sale of 
such tree . Fallen fruit , however, would not pass with a 
sa le of the tree ; so dividends already declared would not 
he included in a sale of stock, although the purchaser has 
the benefit of all undivided profits. 

LIABILITY OF DIRECTORS AND AUDITORS WHERE DIVIDENDS 
ARE lLLEGALLY DECLARED 

The directors of a corporation may be sued for the re­
coven, of dividends declared out of capital and for all di­
recto1:s · fees paid after the corporation has become insol­
vent. Such suit may be brought eith er by a creditor or a 
stockholder. 

It is not suffici ent defense for th e directo rs to state that 
they r elied entirely on the reports and statements of the 
auditors: th ey must sa ti sfy th emselves personally in re­
gard to the conditions of the corporation 's finances. (Lon­
don and General Hank, Ltd.) Nor does it relieve the di­
rectors from liability, even though th e dividend is declared 
"ith the acquiescence of all stockholders. 

An action for fraud li es where the condition of the busi­
ness is wilfully misrepresented for th e purpose of declaring 
a dividend. 

It is held that auditors are liable onl y for negligence in 
regard to statements and reports given in their profes­
sional capacity . They are not insurers, therefore they are 
only responsibl e for mi ss tat ements wilfully made or made 
through er ror, when, with proper diligence, they might 
have ascertained th e tru e facts. 

It is not suffi cient for the auditor to prove the arithmet­
ical accuracy of the books; th ev mu st ascertain that the 
assets on th ~ balance sheet to which they certify represent 
something of substantial value; that all actual liabilities 
are included; that all the expenses of the fi scal period are 
taken into account, and that all profits stat ed in their cer­
tificate have been earned. 

When an auditor reli es on certain figures or statements 
of a previous auditor he should cover himself hy stating 
so. A n auditor is r esponsible for the valuations placed on 
inventories unless h e espec ially exempts himself. His cer­
tificate covers eve ry it em on the balance sheet unl ess he 
makes exceptions in hi s certificate. 

In thi s country, especially in the \Vest, where the audi­
tor has not received th e sam e official recognition from the 
courts, it is doubtful whether his responsibility or liability 
ici so great as in the East. 

CO!\'C IXSIO N 

Corporations b eing of comparatively modern creation, 
thi s branch of th e law usuall y des ignated corporation law is 
almost in it s infancy . It has not become the science that 
real estate law becam e many hundreds of years ago, and 
has scarcely kept pace with the rapid strides which cor­
porations have made during the last century and the de­
velopment of trusts during the last decade. 

As in medical jurisprudence, the lawyers have frequ ent 
occasion to consult the medical profession; so in corpora­
tion law the accountants ,viii oft en be called into confer­
ence. 

It is a comparatively easy matter to lay down a series of 
rul es governing a subject like dividends, but it is the appli­
cation of those rules which requires constant vigilance and 
labor: and this is the accountant's duty, for which h e is 
specially adapted and trained. 
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Profession of Public Accountant 

BY J. F. CALDERWOOD. 

It belonged to the latter half of the N ineteenth Cent ury to 
produce the modern profess ion of public accountant. It 
remains fo r the Twenti eth Century to develop an<l g ive this 
profession the standing to which it is en titled . 

An age of commercia i and industrial ex pansion , an era of 
joint-stock companies and industrial corporations makes 
the profession of public accoun tant as necessary to the pub­
lic weal as that of law, medicine, teachin g or engi neeri ng . 
T he duties of public acco untant ca ll fo r a hig h order of in­
tellect , integrity and technical skill , second to that of no 
other profession ; and certa inly no other profession call s for 
heavier responsibilities. 

I t was in 1856 that the profession received its 
first public r ecogni t ion; that being the elate of the 
royal chart er to the Scotti sh Institu te of Accountants. 
I t was not until 1880 that a similar charter was g ranted 
to th e Institu te of Chartered Accountant s in England 
and Wales. Conditions fo r admission to these insti tu­
t ions were severe and st ri ct, bu t the g rowth o f the pro­
fess ion has been, nevertheless , ra pid, u ntil the m em ber­
ship and li st of associates and fellows of the tm) societ ies 
has spread world-wide. Following the Briti sh example, the 
P nited States has such well-known institut ion s as the X cw 
York Society of Certified Public Accountants, the I ncor­
poratecl Accountant s of .Massachusetts, the lllmois A sso­
ciation of P ublic Accountants, the Ameri can Association 
of P ublic Accountants, and other societ ies representing 
special industrial and commer cial interests, of which the 
Street Railway A ccountant s· A ssociation of A m eri ca is an 
example. T he laws of N ew York , Penn sylvania. Cali for­
nia and Maryland recogni ze the profession by providing 
fo r examination s fo r the degree of "Cert ified Public .-\c­
countants." In the l'niversity of New York a School of 
Commerce and Accounts has been organized to prepare ap­
plicants fo r the degree, the course includin g bookkeeping 
and accounts, law and economics. T he time will come 
when every well-equipped university will place accountancy 
in its course. 

P robably the g reatest step in the establi shment of the 
profess ion of public accountant is the act of Parliament , 
J an . 1 , 19 0 0 . the first clay of the Twentieth Cent u ry, pro­
viding not only the forms of the report and certificate by 
auditors, but furthermore that the acco unt s of every cor­
poration must be examined and certified by an i11 dependent 
auditor appointed by the stockholders. T his act at once 
stamps the profession of public accountant with legal sta11 d­
ing. E very British corporation henceforth must submit its 
books to the examination of an independent accountant . 
and no corporation accounts i11 Great Britain can pass m us­
ter without the certificate of such independen t accountant. 
T hi s accountant is not an empioyee of the cor por ation, not 
a subordinate of the manager, but an independent official 
selected by and respon silJle to the stockholder s. H e is the 
watchdog who sa feg-ua rds the investor. Consequently. 
wher ever there is a Driti sh corporation , or a stockholder of 
a llriti sh corporat ion , or investment in Briti sh corporat ion 
securities , there is legal necessity fo r the duti es of an inde­
pendent accountant , and thi s profession has standing i11 
law. 

\ Vithout doubt , American law will soon fo ll c,w E ngli sh 
practice in this respect. A lready Tlriti sh investor s in Amer­
ican securities are demanding-, and in many cases securing. 
the same protection of an independent audi t di rected bv 
the investor s. A number of p1·ominent A merican corpor; ­
t ions have anticipated legislat ion lJy already inau~urat ing 

the custom of an inrkpen<len t audi t. T he United States 
Steel Corporation is a notable example wh ich is bound to 
be fo llowed by others. T hus the profession of independ­
ent , di sinterested, skill ed public accountancy is assured of 
a wide and steadily enlarging field of usefu lness, with high 
standing an<l responsibi li ty. -

T he duties of publi c accountant arc so patent as scarcely 
to require cap itulat ion. Bri efl y summari zed , these duties in­
clude : 

1 . T he audit uf account s, wh ich may bl'. conti nuous, 
da ily or weekl y o r month ly. o r quarterl y, half-earl y or an ­
nually, according to the necess ities of the case and the 
natur e and size of the business. 

2. T he preparation of a balance sheet and profit anrl 
loss accoun t. based on the facts of the bu siness. 

3. T he investigation of suspected frauds and the pro­
vision of bookkeeping checks against fraudul ent mani pu la­
tion. 

4. The establi shm ent o f systems of bookkeeping based 
on the nature of the bu siness, with a view not onl y to 
savi ng of labor , bu t clea rness and thoruttt?,· l111 ess of ac­
count keeping. 

5. T he inauguration of a system uf cost accoun ts. cover­
ing fi r st cost and the various stages of cost through the 
manufacturi ng . mercantile or other liu siness processes. 

6. T o provide for a corps of train ed ass istant s equal to 
the spec ia l demands of widel_\· varied business enterprises. 

7. The investigation of the account s and likewise of the 
detailed business fact s for the purposes of sale, or of in ­
corporation . or of bond an d stock issues. 

8. T he preparation of a ca"e in bankruptcy fo r the as­
signee , that the latter . as well as the creditor and the 
debtm. may begin to settle their affairs bv th e best sys­
tem. 

9. T he simi lar hand ling of a trust estat •:? fo r the ex­
ecutors. 

IO. Special investigat ion into the subj ect of per sonal 
in jury cases . in a measure acting as a referee. 

I I . Exper t calcu lat ion of interest insta llment s to pro­
vide for sinking fu nds. bond redemptions and the a rrange­
ment of payments over a ser ies of years. 

12. Expert advice in a thousand of bu siness lines fo r 
the investor, the pr omoter, the .nanager, where special 
training is required to unear th the earning probabi liti es o i 
a g iven enterprise or investment. 

--- ·•• -~-
T he paper presented elsewh ere in this department on 

" Corporat ion D ividends" was prepar ed by Char les Colby 
R eckit t. C. P . . -\ ., for the in formation of street ra ilway in ­
vestor s. managers and accountants. It is an elaboration of 
the feat urc>s rela t ing to thi s special work that were em­
bodied in the author's address befo re the Illinois ,-\ ssocia­
tion of P ublic _-\ccountants. which attracted so much favor­
able comment. 

--- +♦+-~-

E benezer Can , the well -kn o\\'n Scotti sh accountant. 111 
a very able articl e on "The D uti es and R esponsibilit ies of 
A uditors ," publi sh ed in a recent issue of the Commerce Ac­
counts and F inance, has thi s to say regarding reserve fund : 
"A real. as di stin g ui shed fro m a more or less fictiti o11 s, re­
serve mu st be invested outside th e busin ess fo r which it is 
created , and the auditor should have the nature of such 
investment set fo rth on th e balance sheet. " 

•• 
n eg innin g wit h an earl y issue. we \\'ill publi sh a se ri es of 

a rticles on im portant pract ical sub jects, under the h ead­
ings : Fi rst, ' 'A S uccessful Manager and \ Vhat H e R e­
qui res :" second. '' H ow to A nalyze a Street Rail\\'ay P rop­
osition fro m an Investor 's Point o f. V iew." 
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Fewer horses and stables are now maintained in New 
York than formerly, and the number is dec reasing every 
year. The Department of Health has just completed a 
census of the horses and stables in the city, and the result 
shows a surprising decrease in th e last five years , the num­
ber of horses reported this year being only 65,086, against 
73,746 five years ago, showing a falling off of 8660. There 
are now 3326 stables in New York, whereas five years ago 
there were 4640. This condition is attributed principally 
to the substitution of electricity upon street railway lines, 
although the introduction of the automobile has con­
tributed somewhat to this result. In view of the increase 
in population in the periods mentioned and the consequent 
increase in the city's haulage requirements, this decrease 
in the number of horses is convincing evidence of the im­
portant part that electric traction i~ ;}laying in every large 
ancl prosperous community. 

Street railway companies and contractors who build pub­
lic works will be interested in the opinion submitted by 
Corporation Counsel Rives, of New York, upon the ques­
tion of the validi ty of municipalities inserting clauses in 
public contracts restricting contractors to the employment 
of union labor. The labor unions of New York have been 
trying to get the City Council to insert a clause in con­
tracts and specifications for work and supplies providing 
that only union labor and union-made material shall be 
used. The corporation counsel holds that such action 
would constitute discrimination and prevent competition, 
and therefore would be illegal. In support of this position 
he cites a case in Chicago in which the Illinois courts pro­
nounce<l legislation of this character unconstitutional. 

In the controversy over the misdeeds of automobile 
operators the disputants seem to be inclined to lose sight 
of a very important fact, which, however, cannot be over­
looked in the final settl ement, namely, that streets are 
dedicate.cl to the use of the people, and cannot be converted 
into racetracks. The automobile of to-day is built for 
higher speeds than is safe under ordinary conditions upon 
the public thoroughfares of any large city, and the tend­
ency of the operators is to send them along at the top 
notch, without regard for the safety, convenience and com­
fort of those who cling to th e old-fashioned carriages 
drawn by horses, thus positively endangering the lives of 
pedestrians, especially children. The daily newspapers 
have been printing a lot of rubbish in the form of com­
munications from owners of these vehicles, who attempt to 
(lefend their practices. They emphasize the advancement 
that has been made in the development of these equip­
ments, and the mechanical perfection attained which will 
enable an expert operator to attain a wonderful control 
over the machine. But all this is fore ign to the subject. 
T he numerous accidents recorded show that there is a 
wide difference between theory and practice in automobile 
operation. Objection is not made against the machine 
itself, but against the practice of driving it along at a 
(langerous speed. 

A sa tisfactory explanation is sought fo r the falling off in 
the new mileage which is added from year to year to the 
country 's steam railroads. So marked has been this de­
cline that it has come to be regarded as a serious problem 
by the builder, the engineer and the investor interested in 
properties of th is class. Statistics have been compiled 
which show that , while this diminution is general , it is par­
ticularly noticeable throughout this country and Canada, 
the growth in the whole of North America between 1890 
and 1900 being only 40 per cent of that reported between 
1880 and 1890. This condition is viewed with apprehen­
sion by many, although some capitalists console them­
selves with the reflection that their investm ents will in­
crease in value in keeping with the decline in building 
opertions, but they must realize that this wi ll be true only 
within certain well defined limits. It is but natural to offer 
in explanation of the constant decrease in new mileage the 
.fact that during the period of g reatest activity more roads 
were built than were really needed and that many years of 
industrial development must elapse before the capacity of 
the g reat systems of transportation already established will 
be reached. There is unquestionably considerable merit 
in this explanation, but it is a significant fact that the 
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threatened stagnation in steam railruaJ. building does not 
extend to the electrical field. On the contrary, in this new 
department there is now greater activity than ever before 
m its history, and the magnitude of th e undertakings of 
to-day surpass anything seriously considered a few years 
ago. Besides, it is recog nized and admitted that electricity 
is supplanting steam in much of the new work and in 
service that was formerly considered safe from invasion. 
The real significance of the tendency to adopt electricity 
upon interurban and suburban lines and employ it in oper­
ating feeders and branches of important steam lines is that 
it points to the inevitable extension of the electric equip­
ment to th e working of the entire system. The suburban 
and interurban field is being given over gradually, but 
surely, to electrical operation, just as the street railways 
have been, and in many districts this has naturally resulted 
in th e development of freight and express service in con­
nection with the passenger traffic. Of course, these 
changes involve radical departures from street railway 
methods of construction and operation. New conditions 
have to be met and the special requirements of the new 
field must be carefully studied. How sucessfully the prob­
lems have been solved is shown by the equipments of 
numerous roads for heavy service in various parts of t:he 
country. The development of this departm ent is now up­
permost in the minds of electrical engineers, and while it 
may be said that the progress thus far made has been 
mostly in timid, faltering steps, the experience gained has 
indicated such vast possibilities that we may confidently 
expect to see furth er advancement made in sturdy strides. 
This may result in a still g reater diminution in new mileage 
of steam roads, and in the transformation of many of the 
present lines into complete electrical systems. Of course, 
this is not the task of a day, but its ultimate accomplish­
ment is confidently expected by every electrical engineer. 

Steam and Electric Suburban Service 

The suburban passenger business of steam roads is just 
now at a critical point, and the same might be said regard­
ing local passenger business where it is of sufficient volume 
to be of any importance. It has been evident to observers 
of the passenger traffic situation throughout the country 
that the electric railway is g radually developing to a point 
where it is securing a larger and larger proportion of the 
local passenger business, and that instead of meeting the 
issue and providing some permanent policy for relief the 
steam roads are relying upon an impracticable and unpop­
ular plan of opposition to all advancement. 

The first electric railways for ci ty or interurban service 
were comparatively short and made slow time. according to 
the present standards. Therefore they affected steam road 
business only hetween a few points, and these were located 
only short di stances apart. But the length of electric in­
terurban roads is increasing, as is also their schedule speed. 
They are, it is true, creating new business to a large extent, 
but they are also taking away profitable business from 
steam roads, as is clearly shown by the changes in the sub­
urban train time-tables in many localities. We do not pre­
sume to say that steam railroad companies have been en­
tirely to blame in allowing their suburban a nd local traffic 
to go to electric suburban and interurban lines; that is a 
question for them to decide. It is for them to say, also, 
whether their through freight and passenger business is of 

such importance, and their track and terminal facilities are 
so limited, that it is impossible to cater to local and sub­
urban passenger and express business. The steam railroad 
companies have, to be sure, obstructed efforts to build 
parallel electric lines in many cases, and it is manifest that 
at best such efforts can only afford them temporary relief. 
It is too evident to require further argument that the only 
way in which local and suburban passenger and express 
business can be retained by the steam railroads is by giving 
the public as good service, if not better, than can any elec­
tric road operating in the same territory. In the present 
state of the art this can only be <lone by the adoption of 
electricity for handling such business and by introducing 
radical changes in methods of operation. 

Steam roads do not seem to have made any serious effort 
to get out of the rut of steam operation, and the building of 
high-speed electric roads goes merrily on, invading more 
and more sacred steam territory every year. In Chicago, 
the Aurora, Elgin & Chicago Railway is about to offer a 
suburban service superior in every way to that of the estab­
lished steam railroads with which it competes, and these 
roads, too) have been noted for the excellence of their sub­
urban service. In New York the New Yark & Port Chester 
Railway is preparing to put up a similar competition 
against established steam roads, and the result will doubt­
less be the same. These are onl y the two latest and most 
notable instances of the electric railway entering steam 
suburban fields. The day is surely coming when the pres­
ent so-called competition between electric railways giving 
a local service and roads adapted to high-speed service with 
infrequent stops will be changed into a co-operation which · 
will be beneficial to all parties concerned. Both classes of 
service are absolutely necessary, and unless the steam 
roads meet the exigencies of the situation soon they are 
lost. 

\\' hen a passenger patronizes a high-speed line with in­
frequent stops and then consumes a large amount of time 
in walking from a station to his ultimate destination there 
is a waste of time which is as unjustifiable as if he had 
boarded a car on a line giving local service and stayed on 
that car until such time as it arrived at a distant point. In 
other words, there is room in every populous community 
for two classes of service, a high-speed express service and 
the local service, whether these be given on the same tracks 
or whether they be given by two distinct companies. It 
does not require any great reasoning power to recognize 
the fact that the passenger traffic can only be developed to 
its highest perfection when the local and through services 
are operated in harmony. We have in mind a certain 
magnificent suburban territory through which an electric 
line operates side by side with an excellent steam road. 
Such an arrangement would be almost ideal wrre the two 
roads to co-operate. The suburban territory in question. 
like many others, is scattered along the entire length of the 
line rather than concentrated at particular points. The 
electric road being built to land passengers at any street 
crossing- is a g reat convenience to those living at a distance 
from the stations of the steam road, while the location of 
the electric line alongside the right of way of the railroad 
is very satisfactory from a suburban property-holder's 
standpoint who does not like to have his village cut up with 
many railway lines. In the case under consideration, the 
un fortunate thing- about the arrang-ement for the steam 
road is that when passengers once board the electric car 
near their respective homes they are incliner! to remain on 
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the car until it has proceeded a considerable di stance 
toward the city before chang ing to the steam rail road, and 
no sma ll numbers escape to other lines of transportation, 
although many take the steam trains at some of the more 
important stations where the fastest steam trains stop. If 
the two roads were worked more in harmony as to time­
tables and rat es of far e it would profit both, provided, how­
ever, the service on the high-speed or steam railroad was as 
frequent as that on the local lines. In other words, in order 
to 1;1ake such a plan most profitable and best suited to the 
needs of th e publi c the steam road should adopt electric 
traction , which would allow it to give a more frequent 
servi ce at a profit. Th e only obstacle at present in the way 
of profitable co-operatic,n between electric and steam rail­
wavs which are parallel is the lack of frequent service on 
the. steam roads and the lack of terminal faci lities accept­
able to suburban passengers in the largest citi es. T o over­
come thi s latter difficulty, co-operation with the local sur­
face and elevated lines should prevail at the downtown ter­
minus as well as out in the suburban territory; and thi s, 
too, would be feas ible with electricity, but not with steam. 

Wheth er steam roads will awaken to th e situation soon 
and save their suburban and local traffic by adopting elec­
tricity for that purpose is a matter of speculation. From 
their conservati sm in thi s respect in the past, and the will ­
ingness of capital to go into the building of new electric 
interurban roads for such traffic , it i s r easonable to assume 
that before steam roads make the necessary radical changes 
parallel electric lines will have covered the field . It is but 
natural that steam railroads should place their throug-h 
fr eight and passenger business above anything else. Th ey 
wou ld he foo li sh to jeopard it for the sake of local business, 
if one would have to be sacrificed. The st eam roads, how­
ever, should realize that they must either prepare to adopt 
a frequent service for local traffic , such as electric traction 
makes possible, or step aside and let other s handle it. Vv e 
have a firm belief that such a supplementary electric serv­
ice could advan tageously be given in connection with 
through steam service in very many cases in spite of the 
present indicat ions that it \\·i ll not be clone. 

-·---+♦+-----

Electric Railroading Before the Institute 

T hi s year 's convention of th e Institute at Great Barring­
ton will be remembered because of the prominence g iven 
the subj ect of electri c rail roading and the special interest 
attached to the papers in thi s fi eld . A clay was devoted to 
consid eration of these contributions, and it is not too much 
to claim fo r it the distinct ion of being th e most interesting 
and instructive session of the entire meeting. Mr. Arnold 's 
paper upon the Ne\\' York Central ,vork has already re­
ceived a tt ention , as has also hi s announcem ent of the com­
pletion of hi s preliminary experiments in the development 
o f a system of h eavy electric rail roading employing a 
s ingl e-phase motor. Two other papers o f great practical 
valu e and sc ient ific m erit were contributed by M essrs. Ar­
nold and Potter and Mr. l\Iai ll oux . 

The paper by Messrs. 1).rnold and Potter should really 
be read in conjunction with Mr.Arnold 's paper on the New 
York Central plan s, as th e investigations wh ich it records 
were p,:imaril y made to secure special data upon which to 
base recommendations in conn ection with the Central' s 
plan s. In this paper a careful study is made of the relative 

merits of steam locomotives and electric motor cars for ac­
celeration in fa st suburban se rvice, and what might prop­
erly be called heavy trunk line traffic. The comparison 
was made with a powerful consolidated engine designed es­
pecially for this work, and the results are conseqt1ently of 
g reater value than they would be had the test been made 
with an ordinary locomotive not espec ially selected be­
cat1 se of its adaptability to this work. The rest1lt was en­
tirely satisfacto ry from the standpoint of the electrical en­
g ineer. The electri c cars were equipped with motors of 
am ple power, and their weight was concentrated upon the 
driving wh eels. They made a much better showing than 
the locomotive in accelerating trains of equal weight, giv­
ing a g reater max imum draw-bar pull, keeping up th e 
work and g iving quicker acceleration and lower max imum 
speed ior the sam e schedul e than in the case of th e loco­
motive. Som e very interesting data is presented t1pon the 
energy cons t1111 ed, and th e cost of steam locomotive service 
is included in this paper. Not the least important feature 
is the fact that the locomotive showed a marked tendency 
to lose steam pressure rapidly t1nder contint1ecl effort. 
Every rest1lt of the investigation in this particular is favor­
able to electric traction,· although the conditions under 
which the investigation was conducted were far from ideal. 
U nder the circumstances, thi s showing is, of course, par­
tic t1larly grat ifying, as it justifies electri cal engineers in an­
ticipating greater victori es under conditions better suited 
to electric servi ce. 

NJr . . Mailloux, in hi s paper .on "Plotting Speed-Time , 
Curves," call ed attention to the fact that the advent of elec­
trical engineers in this department was marked by a st1b sti­
tt1tion of rational for empiracal meth ods and standards. 
The at1thor's purpose is to facilitate th e use of speed-time 
curves as a method of precision by simplifying their appli­
cation to practical w9_rk, and he has gone into a very care­
ful and compreh ensive investigation of the subject. It is 
shown in the course of the discussion that any force con­
cerned in the movem ent or -a train may be expressed in 
terms of an eq t1ivalent acceleration, and the theorem is de ­
veloped that th e effective acceleration in any concrete case 
is equal to th e algebra ical st1111 of the acceleratio ns which 
will be produced by each of the forces acting independently 
and alone, and is conseq uently eqt1al to the algebraical sum 
of th e differential co-efficients due to these forces. The 
fir st st1bdi visio n of the subj ect in the body of the paper is 
on the analysis of train motion, fo llowed by the specific 
analysis of th e different fo rms of variable motion , includ­
ing po~ itive acceleration, and the two. forms of negatiYe 
acceleration, corresponding to the motion of trains while 
drifting and braking. T he second subdivision of the sub­
ject is on the plotting of speed-time cu rves, beginning with 
certain preliminary considerations, and then clisct1ssing 
separately the plotting of acceleration curves, drifting 
curves and braking ct1rves . In this portion of the paper 
the at1thor, after briefly referring to two other methods of 
plotting these curves , describes a new simple graphical 
method of plotting speed-time curves of all kinds , based 
~1pon the theorem referred to, and also upon a formula for 
the time values corresponding to speed values. The first 
installment of thi s paper is presented in this issu e, and th e 
brief outline h ere given of the salient features will sh ow 
that it is really a very valuable contribution to the literature 
of th e subj ect, and is \\·orthy cif careful study. 
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The Cardiff Corporation Tramways 

T he county borough of Cardi ff , the metropolis of the 
Principality of W ales, had a population at the last census of 
16-1-.315 . Th e value of taxable propert y is about $5,000 ,000, 
and the a rea of the mun icipal borough is 8-1-oR acres or 13. I 3 
square miles. T hat Cardi ff is a growing to \\'n is shown hy 
the fac t that during the last twenty yea rs the population has 
just doubled , the population in 188 1 being 82,671 , while at 
the same time the taxable values have nea rl y trebled. 

The corporation in 1898 promot; d a bill in Parl iament 
seeking powers to borrow muney fo r various purposes , in ­
cluding the purchase of Cathays P ark, consisting of (>o 
acres of land from the :\ Iarquis of 11ute, the erection of a 
new town hall and law courts , street improvements and th l'. 
construction of tramways . and the pu rchase of land for 
bnilclings in connec tion therewith . T hi s hill in clu e course 
received the roya l assent , which enabled the corporation to 
proceed with the various works. T he amou nt of money 
sanctioned in the bill to be borro\\"ed by the corporation fo r 
tramway purposes was about $800,000 fo r perman ent wa,· 
construction and for the purchase of lamb for power stati on 
and car houses. T he period fo ,· repay ment was fi xed by th e 
act at sixty years fo r lands and thir ty years for building s. 

All other moi1i es to be borro \\'ecl fo r tranrn·ay 
purposes, such as plant and equipment , care, 
etc ., \\"as to be such as migh t be sanctioned lH 
the Board of T raci e. \ V. Harpur, E sq. , l\I. I. 
C. E ., th e borough eng ineer of Cardi ff, ac ted 
as eng ineer to th e scheme durin g th is im portant 
period. 

D uring 1899 the chairman and deputy 
chairman of the tramways commi ttee and 
the borough engineer, ac ting on instructions 
from th e Coun cil, visited all the important 
tramway systems in the kingdom , and pre­
sented a leng th y :i.nd detail ed report thereon . 
with th e result that th e Council fin all y decided 
to adopt the overh ead system of electrical trac ­
tion in preference to any oth er, although at one 
time the condui t system was suggested, and , 
in fact, th e estin-1ates placed befo re Parli a-
ment in the corporation bill were based on th is 
system . T he first important matter to be dealt with 

hy the corporation was the purchase of lands for power 
station and car houses. F our sites wen ' ptu-chased for these 

STEAM PIPING OVER BOILERS 

pu rposes. Two a re at the eastern encl o f the 
borou gh and arc occupied Ly the power station 
and main car house , o ne is at the western end , 
and used by th e di stri ct ca r house already con­
st ru cted th ere, and the fo urth at the southern 
part is h eld fo r the bu ilding , when neeclecl, o f 
another di strict house. 

In June, 1900, Arthu r Ellis was appointed 
electri cal eng in eer to th e tramways department , 
and took up hi s du ties in September of the same 
year. In the month o f D ecember fo llowing he 
\\"as appointed borough electri cal eng in eer and 
manag er of th e electric lightin g and t ramways 
un dertakings of t he corporation. Im m ediately 
after taking up his du ti es in co nnecti on with 

THE ENGINE ROOM AB OVE AN D BELOW 

the t ramways he prepared <letail s o f his requirements 
in connec tion with the pu \\' cr station, in urcl er that the 
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work might be proce~decl with without delay, thi s 
being the most important matter to be dealt with. Upon 
rece iving these details of requirements Mr. Harpur, the 
borough engineer, who has acted as architect for all build­
ings in connection with the undertaking, immediately pro­
ceeded to prepare the plans of the building, Mr. Irwin 
act ing as clerk of the works. 

As soon as the foundati on plans were ready and in order 

boiler house fronting the boilers are lined with cream­
colored glazed bricks, which give a very clean appearance. 
The front portions of the boiler settings are also lined with 
glazed bricks. Immediately to the side of and adjoining the 
boiler house is provided a buildin g running its full length, 
into which the coal trucks are brought directly from the 
railroad siding. From this building th e coal can be 
tipped either into the bunkers above the boilers or 

,-----l'UTURE EXTENSION---><-------- -------PRESE~T STA TIOJ.N---------------->1 

to save as mu ch t ime as possibl e th e 
borough engineer, with hi s own men, 
put in th e concrete foundations, th e 
structural detail s of the buildings in 
the meantime being prepared and 
tenders got in for same. By thi s 
mean s at least three month s were 
saved. T he work of putting in the 
fo undations was commenced in D e­
cember of 1900, and on acconnt of 
the peculi ar nature of the sub, oil ex­
cavations had to be made to an aver­
age depth of 17 ft. 

The power station bui ldings, upon 
the substantial character o f which 
the borough engineer h as received 
many compliments, are chiefl y of red 
brick with stone copings, etc. , and 
the principal entrance is situated at 
the farth est end of th e site from the 
mai n roadway, the commit tee at the 
time having purchased the land im­
mediately frontin g on to the road­
way. A spacious hall is provid ed in 
front , on the right and left of which 
are the battery room , store room , 
mess room, repair shop and black­
smi th shop, workmen 's lavatori es, 
etc. Imm ediately over these rooms 
are the office s of the stati on staff, 
compri sing in all five large rooms complete with lavatori es, 
a bath room, etc . T he offic es are reached by means of a 
staircase leading from the main entrance hall , as well as 
from the switchboard gallery in the engine room . 

The engine room and boiler house are situated imme­
diately behind the offices. The former is a fin e, large room, 
provided with excellent ventilation. It is 104 ft. long , 60 

ft. wide and 56 ft. high and is lined throughout with cream­
colored glazed brick. At interval s along the side walls sub­
stantial piers with semi-circular arches are provided, upon 
which the rails fo r the traveling crane are fixed. On one 
side is the boiler house, of the same length as the engine 
room, and 46 ft . wide and 48 ft. high. The walls of the 

PLAN AND ELEVATION OF POWER STATION 
\ 

into the coal storage below the level of the tracks. 
The roofs th roughout are supported by mild steel princi­

pal s and framing of neat design, composed of angles and 
flat tie-bars. The buildings have been erected by W. 
Symonds & Co., the whole of the steel work being provided 
by A. D. Dawnay & Sons, Ltd. , of Cardiff, as sub-con­
tractors. The stack is sitnated at the front end of the 
b-uilding, and is 160 ft. high, it is built of reel brick and is 
octagonal in shape. It is surmounted by a very heavy 
granite capping, made up of eight stones, each weighing a 
ton and a half, and the hoisting and fixing of these heavy 
stones was a matter of great difficulty. The stack was 
erected by Clark & Co., of Cardiff. 
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Mr. Ellis, in arranging these buildings, fixed their 
position in such a way as to leave room on the other side of 
the engine room for an exact duplicate of the boiler house 
and coal bunkers. When this addition is completed, there­
fore, the engine room will be between two boil er houses. 
These extensions he expects will be required at an early 
date, and the present buildings are all finished off with tem­
porary brick ends, awaiting this enlargement of the capac­
ity. The dotted lines in the accompanying engraving indi­
cate the proposed extension. There is sufficient room also 
on the present site to extend the buildings a further 300 
ft., with two additional stacks at the ends. 

At the end of the building and in front of the offices a 
large cooling pond is being provided for condensing pur­
poses. The water in the pond is drawn from a fresh water 
brook running along one side of the main building and 
dividing the power station site from that of the main car 
house. Mr. Ellis intends, when necessary, to erect cooling 
towers over the pond, which has been built with this end in 
view. The construction of the pond is very substantial, and 
has been carried out by the Department of Public Works, 
under the direction and supervi sion of the borough en­
gineer, who prepared the detailed drawings to meet the 
requirements supplied to him by Mr. Ellis. 

POWER STATIO N EQUIPi\IENT 

The present power-station buildings, it is expected, will 
be fully equipped during the present year. At the present 
time there are in the engine room four engines each of 500 
hp, and two more on order of 1600 hp each. The engines 
are supplied by John Musgrave & Sons, Ltd. , of Bolton, 
Lancashire. They are all of the inverted vertical cross­
compound condensing type and of heavy design. They 
work; under a steam pressure of 140 lbs. per square inch, 
and run at a speed of roo revolutions per minute. Each 
engine is fitted with its own condenser, driven by side levers 
from the crossheads. The air pumps of the smaller sets are 

are fitted with Corli ss-va lve gear on both cylinder s, worked 
by means of eccentrics fixed to the cranksha fts. Each en­
gine is provided with l\fo sgravc's patent automatic cut-off 
motion, connected direct to the governor. The engin e is 
entirely closed, and forced lubrication is applied to the 

THE POWER STATION 

crank shaft necks, crank pins, crosshead pins, slide blocks 
and eccentrics by means of two ram pumps, fixed on each 
side of the engine. The governors are of the quick speed 
type, driven by ropes from the crankshafts. Means are also 
provided so that the speed can be altered by hand whilst 

street Railway Journal 

CROSS SECTION OF ENGINE AND DYNAMO ROOM 

25 ins. in diameter, 12-in. stroke, and the condensers are all 
of the injector type, with suitable water regulators. On the 
large sets there are two air pumps, each of 30-in. diameter. 
The condensers are placed below the engine room floor 
level, and immediately at the rear of each engine. 

Each engine is provided with steam-driven barring gear. 
They are capable of withstanding an overload of 25 per 
cent for two hours, and 50 per cent for short periods. They 

the engines are running, the governing variation from no 
load to full load being 2½ per cent. The cylinders are of 
hard, sound metal, the high-pressure cylinder being 17½ ins. 
in diameter and the low-pressure cylinder being 35 ins. in 
diameter, both having a stroke of 3 ft. The piston rods are 
4 ins. in diameter and are fitted with United States metallic 
packing. The crankshafts are made of hollow Siemens­
Martin steel, 12½ ins. in diameter and 15 ins. at the wheel 
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boss. The fl ywhee ls a rc 1G ft. in diameter, made in halves. 
T hey have a weight of 14 tons in the rims alone, the total 
weight of each wheel being 35 tons. 

T he larger eng ines, which are to come, have cylinders 
of 38 in. and 58 in .. with a stroke of 42 ins.; piston rods 
G in. diameter and n} in. diameter. and crankshafts 18 ins. 

hours, and 50 per cent for short periods, without sparking 
and without movement of the brushes. The generators are 
of the multipolar type and mounted directly on the shafts of 
the engines, in between the high and low pressure sides. 
The armatures were fo rced on to the shafts under pressure 
of 70 tons. The generator s work as compound machines on 

tl 
t 

SWITC HBOARD FO R BOTH LIGHTI NG AND TRACTI ON CIRCUITS 

tramway loads at pressure of 500-
550 volts, and as shunt machines on 
lighting loads at a pressure of 460-
500 volt s. 

T he two large generators on 
order are being suppli ed by Dick , 
K err & Co ., Ltd. , of L ondon. 
'l hey each have a capacity of 900 
kw, and are being made to m eet the 
same conditions as those already 
install ed , and will be mounted on 
to shafts in a similar manner. 

There is al so in the eng ine room 
an 80-kw motor-generator, which 
works in conjunction with a bat­
tery of accumulators and serves 
several purposes. It receives cur­
rent from the main tramway bus­
bars at 500 volts, ancl gives out cur­
rent at a pressure of 100-140 volts 
fo r charg ing the battery or supply­
ing the works lighting independ­
ently . The lighting circuits can 
also be suppli ed directly from the 
battery when the motor g enerator 
is not working . 

in diameter and 23 in s. at wheel boss . T he flywheels arc 
19 ft. in diameter , buil t up in sections, with a weight of 38 
tons in the r ims and total weight of 75 tons each. 

Each eng in e is fitted with a neat and substantial packing 
stage, wi th ornamental hand rails and pill ar s. Ever y 
facili ty is therefo re fu rni shed fo r getting at cylinders, valve 

\\'hen worked in the reverse order the motor-generator 
can r eceive current directly from the battery at 100 volts, 
ancl give off current at a pressure of 500-550 volts. By this 
means it is possible to switch the cars in the car houses 
when the main plant is shut clown, and to work the various 
motors in the power station in connection with the mechani -

A111µ e res Volts 

A 
B 
C 

Automa tic ci rcuit b reake r .. . . GOfl.\,000 500 
A m me ter (\Ves ion t ype)_.... 1,000 ••• •. ..... 
D. P.- S. T .- Q. B. switch. 1,000 ..•. .•.... 

1.J V met er (i ll umi nat ed d ial) . 

E Wa tt m eter (recording).... ... 1,000 
F T u mter swi tc h.. .. ..... .. .... 5 
G Fuse with magne tic bow.out . 5 
1-1 Q. P.. - D. T . swit ches. . . . ... ].(]()() 

0 & 400 
to GOO 

200 
fiOO 

I Am met e r illu minated d al .... 1,000 

J ti~\~n::t~i:~'.'!~.~~~~~~~:::: l ,~UIJ- 8~ :~:~. ~1:•0::1 
L ,; r. p. la mp ........ ..... . ... . . . . . . .... .•.. ...... 

1\ 1 , on-i n d u c tive re~ is tan ce 
1,:333 oh ms.. 3 500 

~ ~~~~~f;,/ ~;_,';.";~t ; :i::.'.~'.~~1, I 403 .... ~01
:. I 

P Sing!:' p ole _circu it b rcake, s 200- 00 fjflf) 
Q Starting resis tance ...... ... . . ... .. ..... . ..... . . 
I<. Am meter. .... . . ... ... ....... 0• 400 .... . .. .. . 
S Voltm eter.. . ..... ... .. . .. . .. . . ..... . .. GOO 
T Shunt regula ting res i, tance 

(fiel d) .. ..... .. .•. ........ . . 
U F ield regu la ting resistance . ... ···· - .. .. ......... . 
V Series parall el sw itch...... . 1,000 I 00 

\V Single pole. Auto circuit 
b reake rs .. 500-1,000 100 

X Ammeter......... . .... ...... 1,()( )1) ........ . . 
Y Sta rting rh eos tat. ...... . . .•. ............ . .. . . •.• • 
Z C harg e and discha rge switch 

(10 way.) .. 1,000 

A m Je res Vol ts 

---------- - - -- ----

a Ammet er (polarize d). ... . .. . .. 
1•??&g 

b Au to- cut ou t.. ...... .... .. .. 1,000 
c ~1agn etic blow out fu se .... . . 10 

d A m m eter. T wo scales... ... . . g=.O~ 
e H. T . swi tch.. .... ..... . . ... . 10 
f !2 way conta ct switch . .. .. .... 10 
g !Reco rdi ng volt mete r. . .. ... . . . .. . .. . .. . 
h Plu g connections... . .. .. ..... 5 
i Rus ba, s withplug co nn ec tiun , 5 ....... 

4 
. . 

j 4 volt accum ula tor . .. . .. .. .. .. 10 
k R ecording a mmet er.. ..... .. . . 0-:30 
I r wo way d.p. switch . .... . . . 30 ·· ··· ··· 1 

m Mag ne tic b low out fu se . .. . . . . 75- 100 ... . .... . . 
n Amme er ... .. . . ...... . . ... .. . 0- 100 .• •• . •• .. I 
o Starling resis tance ( for molor) .. .• ..• • . ... .. ... . . . 

0- 10 

~ ~il~;~ ~f:C~\:t~a~!~~~~~~~: ::: ······ Goo :: ::.-: .. :: 
r Am meter . -- -- ------ · ---- --- -- - ----- ---- ----------

D. P . t h row ovcrswitch. . . . .. GOO .••••• . •. . 
Triple pole throw over swi tch. GOO ..•••••••• 

u Booster fi eld regu lating 
rt sistance ... - - ··------ ·---------

v Volt meter... . . .. . ... ... . ... ... . .. ... . .. 125 
w Ammete r.. ... . ... ..... . . . ... . 800 
x S. P. switch . ... ... .. . .... .... 400 

~ 1:::: :::~.-.·.·.·.·:~_-::::::::::::: U~g :::.::::.: I 
I 

A mperes Volts 

---- - - - - -- ---- ---
a' Automa tic circuit breake r .. .. . 
b' 

1 

Kicki ng coil.. ....•. .... .. . .. . 
c' -\n1meter . .. .. .. ....... . . ........ __ _ _ 
d' S. P.-Q. B. swi tch ... . . .... . . 
e ' , Thomson• H ouston lightning 

400-60\J 
600 
GOO 
600 

!' Voltmeter . . . . ....... ~~~e·s·t~~:: : :::: ::::: ·0~600·· 
g ' S. P.- Q . B. switc h.... . ... .. . 100 •. ••. ..• 
h ' Recordingvoltmetc r. .. . .. .. .... .. ... . .. ~60-540 
i ' ,H. V.- S. P . switch .. . . .. .. .. 5 

k
j: D . P .- Q. B. switch...... .. .. 200 

Magnet h low out fu ses........ 200 
l ' Magnet ic blo w out fuses... ... JOO 

: : S. P ,;--Q. B_. switch.. . . . ... ... 100 
Starting resistance .. .. . . . ... . ....... . . 

o ' Fie ld reiulating resistance ________ ___ __ _ 
p' M~gne11c blow out fuses.. ... . 25 
q' D . P.- Q. fl . switches..... . . . 25 
r' Ammeter..... .. ...... .. ... .... .. .. ....... . .. .. 600 
s D. P. - 4 wa y switch...... ... . 5 
t' D. P.- 2 way switch.... .. ..... .. . 5 

u ' Vo ltmeter .................. ---· __ _____ __ _ 0-200 
v' Recording voltmeter _______ ________ __ __ _ 440to480 
w' S. P. switch____ _______ ____ ___ 1,500 __ __ _ _ _ 

REFERENCES TO LETTERS ON DIAG RAM UN OPPUSITE PAG E 

g( ar, etc ., and the platforms arc all coupled together so that 
the at tendants can get from one engine to any other with 
ease. 

T he four generators at present installed were supplied by 
the British \Vestinghouse Electric & Manufacturing Com­
pany, Ltd. T hey each have an output of 3 00 kw, and are 
capable o f wi thstandin g overloads of 25 per cent fo r two 

cal stokers, etc., when raising steam in the boilers previous 
to starting up the plant. It is also used for running any 
specially early cars or repair cars . for night work on the 
overhead equipment. The motor-generator was supplied by 
Bruce, Peebles & Co., of Edinburgh, and consists of two 
generators coupled together with a flywheel weighing one 
ton hetween, and mounted on a common bedplate. The 
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low-tension has a double-wound armature and is furnished 
with the com mutator at each end. The reason for th e 
J ouble-wound armature on this 

2rno ampere-hours when discharged at 2m amps. 
1800 ampere-hours when discharged at 360 amps. 

side of the apparatu s is to get the 
max imum output of th e machine 
and to run the set at a constant 
speed. 

To enable the low-tension side to 
generate an output of 600 amps., 
at 140 volts or 84 kw, the high­
tension side requires an output of 
100 kw, at 500 volts running at 
500 r.p . m. \Vith double-wound 
armature and a pressure of 100 
volts suppli ed to th e low-pressure 
side of th e two armatures in paral­
lel the set is driven from the bat­
tery at a speed of 600 r. p. 111 ., and 
the hig h-tension sid e generates its 
full output of 170 amps. at 500 
volts or approximately 84 kw. 
The motor-generator can by thi s 
a rrangem ent always be worked at 
its high est effi ciency without any 
weakening of the fields except th e 
small am oun t necessary to reduce 
the ,,oltage on the lmv-tension 
side, as a dynamo, from 140- 100 
volts. 

Lines Completed 
Lines in course of Construction . __ _ 

Cardiff District and Penarth } 
Tramway about to be 

Purchased and Reconstructed •==-= 
fo r E lectric Traction . ._ 

__ Street Railway -!_vtirnal 

The battery of accumulators, 
which is placed in a room adjoin­
ing th t: engine room, was supplied 
by the Tudor Accumulator Com­
pany, and consists of fift y-six cell s 
with thirty-one plates ii1 each . T he 
cell s themselves consist of lead- MAP OF CARDIFF TRAMWAY SYSTEM 

lined wooden boxes, supported on 

CARDIFF ELECTRIC TRAMWA':'S 

DIAG RAM OF FEEDERS, DISTRI BUTERS AND 

INSULATED RETURN FEEDERS 

Feeders shown tht!'s ___ _ 
D istributers 
R eturn Feeders" __ _ _ ___ _ 

Feeder Boxes " ■ 

Section Boxes " □ 

1620 ampere-hours when dis­
charged at 540 amps. 

1 he normal rate of charge is 300 
amps., and the max imum rate of 
charge 375 amps. The duties of 
th e battery, as previously men­
tioned, are the lighting of the 
power station and car house and 
the supply o f current to the works 
generally. 

ln the engine room there is a 
20-ton traveling cran e, supplied by 
J oseph Booth & Dros., of Leeds, 
which can operate the whole 
length of the building. lt 1s 111-

t ended to eventually equip the 
crane electrically, but at present it 
is operated by hand. The span is 
60 ft. and the lift 35 ft. The crane 
is fitt ed with platforms and hand­
railing on either side, running its 
full length. 

Down the center of the engine 
room, between the two rows of en­
gines and generators, there is a 
gangway supported by means of 
ornamental columns, the gangway 
being 12 ft. above the engine room 
floor level. This gangway i'> 

ELECTRICAL DISTRIBUTION SYSTEM 

oil insulators. The capacity of the battery, at different 
rates of di scharge, is as follows: 

coupled up to the stagings around the various engines and 
also leads on to the switchboard gallery at one end of the 
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room. It is approached at the switchboard and by means of 
a double staircase from the eng ine room floor and a stai r ­
case at one side of the gangway at the opposi te end of the 
eng ine room. The whole of the upper gang way is protected 
Ly means of ornamental columns and handrailing of similar 
design to those on the stagings of the engines mentioned 
above. This central gangway serves two purposes, the easy 
access to the cylinders and valve gear and the carrying of 
the main steam pipes running clown the center of the room, 

are three Weston-type illuminated dial voltmeters at each 
end of the board for li ghting and traction purposes. An 
independent switchboard has been in stalled for controlling 
the lighting ci rcuits of the station. 

In the boiler house there are at present fixed four Lanca­
shire boil ers, 30 ft. x 8 ft., wi th provision for three more of 
similar sizes, which are being erected. The boilers were 
supplied by J ohn Musgrave & Son s, Ltd ., and are made for 
a dai ly work ing pressure of I 50 lbs. per square inch. Each 

CONSTRUCTION OF PERMANENT WAY 

which are supported by carriers on the underside of the 
gangway. 

The main switchboard is bui lt direct into the main wall 
at one end of the eng ine room, and stands back in a r ecess, 
taking up 42 ft. of the total width of the room. Immediately 
in front of the board there is a clear space IO ft. in width. 
The gall ery is carried right through into the boiler house 
and to the coal bunkers beyond , so that the engineer s in 
charge can control the whole station with the smallest 
amount of trouble. 

The switchboard is of the standard Ferranti pattern , Ll nd 
consists of ten feeder panels, each of 600 amps capacity; 
two return feeder panels. each I 500 amps capacity; one 
positive booster panel, one negative booster panel, three 
panels for motor generator and battery, one Board of Trade 
panel, fo ur 300-kw generator panels, two 900-kw generator 
panels, fo ur panels for .controlling supply of current fo r 
private and public lighting and power purposes, each of 
these panels having a capacity of rooo amps. 

On the front there is a table standing out from the board 
2 ft. 6 ins ., upon which the field-regulating and motor­
starting switches are placed, the resistances being below 

Jutnts Bonded 
l CoppeT Bond 

l ,l>J.Q.stk n 

RAIL SECTION 

the board. There are also fo ur panels on the front of the 
table for controlling the works motor, battery, regulating 
cell s, etc. T here are two independent sets of main bus bars 
for controlling the traction and lighting loads, each of the 
bars having a cross section of 6 sq. ins. 

All the switches are designed fo r a current density of 60 

amps per square in ch of contact area. Each pan el is fitted 
with an automatic circuit breaker of the Ferranti pattern, 
and the various indica ting instruments are of the edgewise 
type. The r ecording instruments were supplied by E ll iott 
Bros., the wattmeters being of the T homson type. There 

boiler has two flu es with five cross tubes in each. The 
fittings were suppli ed by Messrs. H opkinson, and are of 
their latest type. At the rear end of each boiler there is a· 
superheater of the l\I usgrave type, so arranged that it can be 
easily removed for inspection, the steam in the meantime 
going directly to the main steam header. At one encl of the 
boiler house there is a Green 
economizer, consisting of 288 
pipes , built into a by-pass 
fro m th e mai n flu e. 

T he mechanical stokers, 
which . together with th e metal 
coal bun kers, ash conveyor 
and el evator, were supplied by 
T. & T. Vicars, are of the 
coking type, and hoppers are 
taken to each from the coal 
bunkers above. T he ash con­
veyor is of the screw type, 
working in a trench in front 
of the boilers and independent 
of th e blow-off t rench. The 

DETAILS OF POLES, BRACKETS, ETC. 

elevator is fixed at one encl of the boi ler house. The general 
arrangement is such that a minimum amount of fuel 
handling is necessary. The coal is brought directly from 
the colli ery and passes over the rai lway siding from the 
main line. It is weighed on a weighbridge at the entrance 
to the power stati on yard , and the truck, are delivered into 
the boiler room annex, where the coal is either put into the 
coal bunker s over the boile rs or in to the storage room be­
low, which nms the full length of the building and is con­
nected to the boi ler house by sliding doors fixed opposite 
each boiler. T he fu el is only used from thi s store when 
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hand firing is necessary. The ashes are withdrawn from 
the fires, dropped through grids in the floor of the boiler 
house to the conveyor, and delivered into a hopper at one 
end, where they are taken up by the elevator and delivered 
either into railwc1.y trucks or carts. 

There is room for twelve feed pumps in the pump room, 
which is at one encl of the boiler house and immediately 
under the repair shops. At present there are but two 111 -

engine room consist of two 14-in. pipes, supported by the 
central gangway. 

There are separators at either encl between the boiler 
house piping and engine room piping. 

There are also expansion bends and separators in the 
center house. The steam branches to the engines are 6 ins. 
in diameter. 

All of the separators are drained through Geipel steam 

STREETS BEFORE PAVING, SHOWING HANDSOME SPECIAL WORK 

stalled and one on order. The pumps were supplied by G. 
& J. \i\Teir , of Clasgow, and are of the vertical direct-acting 
type, capable of delivering each 6000 gallons of wat"r per 
hour against a pressure of 160 lbs. per square inch. 

The whole of the steam, exhaust , injection and overflow 
pipes, and also the auxiliary and fe ed pipes, were supplied 
l,y the Sir Hiram l\Iax im Electrical & E ngineering Com-

traps ancl delivered into a main drain pipe, which runs back 
to the cooling pond. A ll of the valves were supplied by 
.Messrs. Hopkinson, of Huddersfield. A duplicate system 
of 4-in. auxiliary steam pipes is provided for the pumps 
with separators and drains. The steam pipes as well as the 
engine cylinders are covered with non-conducting cement 
and finished off with planishecl steel with bright steel bands 

VIEWS IN CARDIFF AFTER OPENING TRAMWAY SYSTEM 

pany, Ltd., of London, which has also on order the pipe 
extension s fo r the two large engines and three boilers. 
This firm also supplied the central gangway and switch­
board gallery in the engine house. The steam pipes are 
made of best wrought steel and other pipes of cast iron. 
The main steam pipes in the boiler house are r8 in. and 14-
in. diameter, and are coupled to each boiler by means of a 
7-in. branch, from which there is also a 7-in. by-pass to the 
superheaters. T he main pipes are coupled up to separators 
at each end of the boiler house. There is a large expansion 
bend in the center of the boiler house, and the leaders in the 

at the joints. The cast-iron exhaust pipes are carried the 
full length on each side of the engine room, and are sup­
ported by means of brackets and hangers and fixed imme­
diately below the crane gantry. The pipes at one end of 
the room are 12-in. diameter, increasing to 22-in., with 12-
in. branches to each engine; r8-in. branches are provided 
for the large engines not yet installed. There is an auto­
matic valve between the main exhaust and each engine. 
The injection and overflow pipes are fixed below the engine 
room floor level and coupled up to the condensers, and 
there is a duplicate system of feed-water pipes of cast-iron, 
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which deliver to th e boilers eith er tlirectl y or through the 
economizers. The blow-off pipes fu r the L>uilers are fixed 
in a trench in front of the boilers and deli ver into a tank at 
one end , from whence the water is pumped up into the 
brook, the boil er house being below water level. A com­
plete sys tem of dra in pipes from all parts of the station is 
provided, and the water delivered into the coolin g pond. 

The engine room fl oor is chiefl y constructed of cast-iron 
plates, which can be easily r emoved for getting at the pipes, 
etc., with mosaic work around each engine and at one end 
of the room. The cooling pond, mentioned above, has a 
capacity of over one million gallons, and is being made by 
the Public \Vorks Department of the corporation, under the 
direction of the borough eng ineer. T he whole construction 
is of concrete. The water from the condensers is delive red 
into a hot well at one side nf the pond, and the in jection 
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At one encl there wi ll be an electrically-dri ven transfe r 
table or "traverser," operating the full width of the shed , 
fo r taking cars either from on e track to another or into the 
repair shops beyond. The pit in which it runs is 25 ft. wide. 
T he repair shops consist of a machine shop 120 ft. x 60 ft., 
painting shop 90 ft. x 33 ft. , blacksmith shop 29 ft. x 25 ft. , 
and carpen ters' shop 29 ft. x 25 ft., together with ruums for 
the men, oil storage, sand storage, etc. The for eman in 
charge of thi s part of the shed has an office between the 
paint and mach ine shops, with glass wincluws on all four 
sides, so that he has a complete view of the whole building 
from his office. T he contractor for this building was D. VI/. 
Davies, who also built the car house at present in use at the 
opposite encl of the town, which has accommodations for 
thi rty-two car s. T he lighting arrangements and tool equip­
ment of both sheds is beinJ carried out by the staff of the 

~, . 

, -·-, .. :;':::;;:;~ -
,.... ,~4 ~ . -

SOME TYPES OF OVERH EAD CONSTRUCTION 

water is taken from a point where the water is coolest. T he 
pond is so constructed into two sections by means of a sub­
stantial wall that one-half can be shut off for cleaning pur­
poses at any time. If, at some future date, cooling 
towers a re necessary they can be built over the pond as 
stat ed. 

The lighting of the power station, which has been carried 
out on a large scale, was done by the men of the elect ric 
lighting department , under Mr . E lli s. A complete set of 
engine room signalling apparatus is fix ed and controlled 
from the switchboard gallery, there being three illuminated 
signal boards at different points of the room , one at each 
end and one below the central gangway. 

MAIN CAR HOUSE 

Adjoining the power station and on a site of two acres, 
which is divided from it by the R oath Brook , is the main 
car house, which , when completed, will accommodate 100 
cars. The main portion of the building consists of four 
bays, each 320 ft. long, with three tracks in each. T he total 
width is 136 ft. At the side of the shed there are offices for 
the shed foreman and timekeeper , together with men's 
lavatories, etc. The for eman's office is on the first floor and 
overlooks the interior from the large bay windows standino­
out into the storage room. On thi s fl oor are also ~ffices fo~ 
clerks, eng ineers, etc. The whole of the shed fl ooring and 
tracks are supported on columns, leav ing a clear space 
under the cars 4 ft. deep. 

tramways department under Mr. E ll is, ,vhi le the borough 
engineer has a ~ted as architect in both cases. 

PERMANENT WAY 

Cardi ff is an ideal town for tramways, being practically 
fl at and having only four g radients in the whole system, the 
worst of which is one in twenty. O n the other hand the 
tramways are handicapped to some extent by very low 
railway bridges, which necessi tate the reduction of head­
room inside the cars, and on two routes the use of single 
deck cars. Fortunately on the main line, that going to the 
docks, where most of the cars run, it has been possible to 
lower the roadway 15 ins., giv ing sufficient headroom under 
the bridge on this route fo r the use of double deck cars. 
The sharpest curve on the system is of 40-ft. radius. 

Girder rail s have been used 45 ft. long, having a weight 
of 100 lbs. per yard. T he rails are 6¼ in. in depth with a 
7-in. fl ange, the groove of the rai l being r-l- ins. wide by I± 
ins. deep . T he rails are la id in a concrete bed I I ins . deep and 
r} ins. wide, the depth of concrete un der the other portions 
of the t rac k being 8 ins. The rail joints are made by fi sh­
plates , weighing 64 lbs. per pair, with six r-in. bolts and 
patent lock nuts. T he joints are furth er secured by sole 
plates, 2 ft. x I I ins. and -fJ in . thick, secured by four single 
and two double cl ips by -¾- in . bolts and nuts. The tie-bars 
used were especially designed by l\Ir. 1-Iarpur, the borough 
eng-inecr. The ra ils being 6 l ins. deep and the paving bricks 
only 4 ins., enables the rails to be buried in concrete to a 
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depth of 2± ins. The accompanying cross section view of 
the track shows the various detail s of construction. 

The rails were supplied by Dick, Kerr & Co., and Bolc­
kow, Vaughan & Co. , of Middlesborough. The points and 
crossings have been supplied by A skham Bros. & Wilson, 
and Messrs. Hadfield. both of Sheffield. The track is paved 
almost entirely with wood blocks. Composition block is 
placed l) etween the tracks, where center poles are used. T he 
·.vood blocks are J arrah woo d and redgum, the timber 
being delivered in bulk and cut up into 9 in. x 3 in. x 4-in . 
blocks at the corporation' s saw mill. To reduce the wear 
and tear on the ·wood blocks at the sides of the rails chilled 
cast-iron paving blocks are laid alternately with the wood 
blocks. The chemical analysis of the rails is carbon 0.35 per 
cent to 0.45 per cent, silicon not to exceed 0.1 per cent, phos­
phorous 0.06 per cent, sulphur 0.1 per cent. 

The track is doubly bonded at each joint with Chicago 
{ 
j 

ber 31, 1901, the sum paid for the lines being £50,000. 
The corporation also took over fifty-two cars and 342 
horses, for which it paid £15,644, and there still remains to 
be paid to the company the sum to be agreed up01~ for the 
purchase of three car houses. 

TRACK SWEEPER AND SPRINKLER 

and plastic bond s. Neptune bonds are also used. It is 
cross-bonded every So yards. 

The track construction was commenced in one of the new 
routes in December , 1900, and a portion opened for horse 
tramway traffic in June of the next year, when the Royal 
Agricultural Show was held in Cardi ff. Several other new 

In the meantime the borough engineer had prepared plans 
fo r the reconstruction of the whole of the company's lines , 
representing 12 miles of single track. Long discussions 
took place as to whether the work should be done by con­
tract or by the corporation's own men. O ne firm offered to 
do the whole of the work for a stated sum and to complete 
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PLAN OF CAR HOUSE 

routes were completed during this year, the work being 
done for th e tramways department by the public works de­
partment of the corporation. On December 12, 1901, after 
long negotiations with the Cardiff Tramways Company, 
Ltd. , terms were arranged whereby the company agreed to 
hand over its lines to the corporation at 12 p. m. on Decem-

the work in six months with the usual allowance for bad 
weather, traffic, etc. The borough engineer stated that he 
could not only do the work in the same length of time but for 
less money, and the work was taken over by the corporation. 
It is greatly to Mr. Harpur's credit, therefore, that on May 
1 eleven out of the twelve miles were opened for traffic, 
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whilst the rest of the twelve miles was completed on May 
16, or one month less than the time guaranteed. 

The cables are of the single-conductor, plaie lead-cov­
ered type, drawn into Dou I ton 's ea rthenw::tre conduits. 
There are seven main feeding points on the system, the 
fteders varying in section from .6 sq. in . to .4 sy. in., there 
being five .6 sq. in., one .5 sq. in. and one -4 sq. in. feeders . 
These feeders nm direct from the power station to feeder 
pillars and are not tapped at all between these terminals . 
The feeder pillars are of special design made by Mr. E llis 
and contain one main feeder switch of 600 amp. capacity 
and four switches of 300 amp. each, as well as a lightning 
arrester. From these pillars cables are taken to the sec­
tion pillars from which each route is fed. The sect ion 
pillars contain tvvo main switches for cutting the di stribu­
tors into sections and four line switches. 

The use of these fe eder pillars does away with the neces­
sity of tapping th e main feeders when necessary to feed 
into more than one distrilmtor. The feed ers are so ar­
ranged that each one fe eds a star, or, in other words, in 
three or four directions. Th ere are t,vo r eturn points on 
the system from which insulated cables are taken back to 
the power station, and from one of these three .3-sq. in . 
cables are taken, and from the oth er two .6-sq. in. cables. 
These cables are coupled to the rail s by m eans of special 
clamps and copper bonds . Th e di stributors running along 
the several routes vary in size from .4 sq. ins. down to .15 
sq. ins. 

Test wires consisting of three core cables are taken to 
the various points of the system, one conductor being used 
for testing purposes and the other two for telephones. 
Special telephone pillars are fix ed every half mile along 
each route and at different points in the center of the town 
and are in communication with the power station, central 
offices, depots, etc. The entire cable installation was sup­
plied by the British Insulated vVire Company, Ltd. , of 
Prescot , Lancashire. The conduits are laid solid in con­
crete, and from the power station to the center of the town 
there are thirty duct s. At this point the conduits radiate in 
all directions along the several routes. At the power sta­
tion end the main line of conduits is coupled up to the 
power station by a subway 300 ft. x IO ft. x 4 ft., thi s sub­
way being in direct comnrnnication with the main switch­
board. 

OVERHEAD EQUIPiVIE NT 

way detract from the appearance of the con struction, 
which, as can be seen, is light and ekgant. 

ROLLING STUCK 

Three types of cars a rc u sed, all of which arc ex trcmdy 
well built , ha ving steel unckrframing and a hand some ap­
pearance. They are double-deck four-wheel cars with a 
fi xed wheel base of 6 ft., double-deck double-truck cars 
with max imum traction trucks and single-deck double · 
truck ca rs with maximum traction trucks. The wheei 

SINGLE-DECK C AR 

base of the maximum traction trucks is 4 ft. The four­
wheel ca rs carry fift y- t\\'o passengers, t\\'enty-two inside 
and thi rty outside. The staircases are the double or 
broken type, \\'ith a platform half ,vay up. The owr-all 
leng th of these ca rs is 28 ft. 6 in s. over the bumpers, with 
platforms 5 ft. 9 ins. Un accoun t of low bridges the over­
all height of the cars from the rails to the troll ey plank is 
9 ft. in order to leave 6 ft. clearance from the trolley plank 
or upper deck to the under sid e of the bridges, and on thi s 
accoun t it has onl y been possible to get an internal head­
room of 6 ft. T he internal length of the car body is 16 ft. 

The whole of the overhead construction has been carried 
out by the men of the tramways department under Mr. 
Ellis, the poles, brackets, bases, etc. , being designed b~· 
him. The equipment is very solid and substantial, fl exibl e 
suspension being used throughout. Center poles are used "· 
chiefly, although side poles and bracket arms, as well as 
span wire constructions, are used on som e of the routes 
where the streets are narrow and not suffici ently wide for 
center poles, although double track is laid . Speciall y 
heavy materials have been used, including ooo t ro ll ey wire, 
supplied by Back & Manson, th e agents for Roebling & 
Sons. ,.-/ 

The engravings give an idea of the hand someness of the 
overhead work. The hangers are made of best gun metal, 
with ¾-in. insulated bolts. None of the ears are less than 
18 ins. long, and they were spec ially designed by Mr. E llis· 
to give great strength. The ears vary in length up to 36 
ins. The insulation is of the JEtna type. the Jim· material s 
being supplied by R. W . Blackwell & Company, of Lon­
don. The span wire consists of seven strands of No. 12 

gage steel wire, galvanized, while the guard wires are of 
twelve No. 16 strands. Steel taper poles in one section 
have been used, with heavy cast-iron ba ses 6 ft. high. 
While h eavy materials have been used, th ey do not in any 

DOUBLE-DECK CAR 

The double-deck doulil e-truck ca rs 2.re similar in every 
way except in length, the length over all being 34 ft. 6 ins., 
and in side the car body 21 ft. 4 ins. The roof seats are in 
both cases of the ''garden" type. The cars carry sixty­
eight passengers, thirty inside and thirty-eight outside. 
T he single-deck ca rs carry thirty-four passengers, and the 
length over bumpers is 33 ft. 6 ins. The interior length of 
car body is 24 ft. 4 ins., th e platforms at either end being 
3 ft. 9 ins. T he internal fin ish of the three types of ca rs is 



44 STREET RAILW1\ Y JOURNAL. [VoL. XX. No. 1. 

ve ry handsome, the double-deck cars having flat roofs, 
while the single-deck cars have monitor roofs. The wood­
work is chiefly light and dark oak and the ceilings three­
ply bird 's-eye maple divided into panels by oak mouldings. 
All the inside seats are lathe and space, no cushions being 
used. T h e windows are draped with neat reel blinds with 
"C. C. T." worke<l on each. 

T he larger double-deck cars have eight 16-cp lamps 
inside, ,Yith two roof lights and the usual dash and canopy 
lig ht s, the fo ur-wheel ca rs being similarly lighted with the 
exception of there being onl y six internal lights of 16 cp. 
T he single-deck cars have eight inside lights. All the 
cars are provided with illuminated destinati on or route in­
dicators made by the British E lectric Car Company, of 
::\Ianchester. Each car has also a Ruby leakage lamp at 

either encl . It mig ht 
here be added that 
all cars have steel 
underframing. 

The four - wheel 
trucks are the Drill 
No. 21-E type with 
30-in . wheels. T he 
spring base meas­
ures q ft. 6 ins., and 
the extreme leng th 
ot top-plate 15 ft. 7 
ms . T he wheels hav•: 
ti res with wrought­
iron centers and 
were made by J ohn 
Daker & Company. 
'1 hey are forced on 
to the axles under a 
pressure of not less 

STAN DARD CARWHEEL than 25 tons or more 
than 30 tons. T he 

~xles arc 3¾ ins. in diameter and the journal boxes 
are fitt ed with spring caps. The brakes are the ordinarv 
link-suspended type with Corning brake-shoes. The ca1:s 
are fitt e<l with li fe guards and fenders of the Tidswell type. 
T he maximum traction trucks were also supplied by J. G. 
Brill & Company, of L ondon. T he diameter of the driving 
wheels is 30 ins. and that of the pony wheels 20 ins., and 
the wheels all have steel tires and wrought-iron centers. 
The flanges are all -g ins. deep and the wheel treads 1 ¾ ins . 
wide. A view of one of the wheels is g iven . 

T he cars are fitt ed with a controller at each end having 
four series and three parallel notches, as well as four 
notches fo r th e electri c brake. T he electri c braking is 
effected by connecting the motors as seri es generators in 
parallel with each other and in series with the same resi st­
ance as u sed ordinarily. Each car is fi tted with an auto­
matic circuit-breaker, main motor switch and main fuse, 
with magnetic blow-out, lightning arrester and kicking 
coil. The trolley standards are of the inclosed spring 
type, a single spring under compression being used. The 
~tandard is in one piece, made of malleable cast-iron. A 
super-elevation stop is provided to limit the vertical mo­
tion of the trolley pole. The trolley standards are fitted 
with hand-holes for getting at the cable connections be­
tween the car and standard. Wood's trolley-heads are 
used. 

The motor equipment consists of two seri es-wound mo­
tors, each capable of a draw-bar pull of 1400 lbs. on 500 
Yolts, propel ling the car at a speed of 8 mil es an hour at 
this load. They are capable of doing this for one hour 
with 100 per cent overload for short periods. The motors 
are of the four-pole type, with the armatures geared to the 

car axles by single-reduction spur gearing. The armatures 
arc of the slot-wound drum type and so wound that only 
two sets of brushes are necessary. The commutators have 
a wearing depth of I in. The insulation of the armatures 
and field coils from the frames are tested to withstand a 
pressure of 3000 volts. 

Each car is provided with a complete set of tools, includ­
ing a traversing and lifting jack, a set of adjusted span-
11ers, screwdrivers and cutting pliers, hammer, chisel, rub­
ber gloves and four feet of steel rope, with a hook at each 
encl , for hauling purposes. All of the cars have been sup­
plied complete with equipments, etc., by Dick, Kerr & 
Co., Ltd., of London, whose first contract was for 
the supply of twenty double-deck double-truck, twenty 
double-deck four-wheel and fourteen single-deck bogie 
cars. They have recently received an extension order for 
twenty double-deck double-truck cars and twenty double­
deck, four-wheel cars, making ninety-four cars in all. It 
is expected that there will be at least I 50 cars required. 

GEI\"E RAL R E.MA RKS 

The general arrangement of the plant, etc., at the power 
:,tation, together with the cables, overhead equipment and 
cars has all been carried out in accordance with the plans 
and specifications prepared by the borough electrical engi­
neer and manager, Arthur E llis, M. I. M. E., lVl. I. E. E., 
who, from the commencement, has been ably assisted by 
hi s chief assistant, C. E. Davies, who is a man well versed 
in tramway work. The tramway system was officiall y 
opened on the fir st of May, and since that time has been 
running smoothly, no accidents of any consequence having 
ta ken place. 

Mr. E lli s, in addition to his duties in connection with the 
electric lig hting and tramways department, has, since 
January, had to manage the horse tramways system as 
taken over from the old tramways company. This con­
sisted of fift y-two cars and 342 horses, together with the 
various depots. The horse tramways will, of course, be 
g radually done away with as the electric cars put into serv­
ice mcrease. 

Since the opening, the traffic on the electric cars has 
been enormous, and th ey have already become very popu­
lar in the dist rict , th e public realizing the greater facilities 
offered by them for getting about. Cheap fares have been 
adopted with a quick service and stopping places have 
been fix ed along the various routes. It is interesting to 
note that from the new power station, which is now in op­
eration, it is intended to supply current for electric light­
ing purposes in addition to the supply of power other than 
that for tramways, and it is mainly for this reason that the 
two large generator sets of goo kw are being installed. It 
is expected that by next winter there will be a demand in 
motors alone amounting to nearly 1500 hp, the corpora­
tion having recently entered into a contract with one of the 
largest shiplmilding and repairing firm s in Cardiff for the 
supply of current for the driving of the whole of its ma­
ch inery, which eventually will mean 500 hp for this cus­
tomer alone. In addition to this company there are appli­
cations in from several other very large firms for large 
amounts of power. 

The whole of th e current for lighting and power pur­
poses generated at the main power station will be trans­
mitt~d to a large sub-station in the basement of the electric 
lighting and tramways department 's central offices, and it 
is intended to put in a main switchboard at this point, to­
gether with balancers , boosters, battery, etc., and to trans­
mit tne current from this central sub-station to the various 
sub-stations in the district. For a commencement, 2-sq.-in. 
feed ers are being laid from the power station to the sub-
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station , a nd for tli e docks district alone two .5-in. triple 
concentri c cables arc being laid. lt is intended to change 
over the central area to continuous current during th e 
present summer, as th e existing lighting station is practi­
call y working up to its full est capacity. It is al so intend ed 
to light up the whole of th e tramway routes electri ca ll y, 
which will be done from th e troll ey poles, hut th e lamps 
will not be suppli ed from the tramway feeders or troll ey 
wires, independ ent cabl es being laid for the purpose. 

ln closing, a fe,v word s should be said about th e hand­
some l◄e rranti switchboard. 1 t consists of a number of 
massive slates fixed in a hori zon tal position and grouted 
into the station wall. These slates arc divided off by verti cal 
partition slates and insulat ing material into a number of 
separate compartm ents. Each of these compart ment s con­
tains, separately, th e apparatus making up th e board. 
There are in all about twenty panels, occupying a wall 
space of some 40 ft. Of th ese panels, commencing at th e 
left hand facing th e board, th ere are four lighting feeders, 
each feeder containing a quick carbon-brake switch and 
automatic device to release same 0 11 maximum current. 
The edgewise ammeter placed on the top of the slate reads 
the current passing through the circuit. The bu s-bar volt­
meters are mounted on a swivel bracket so that th ey can 
he seen from any position on th e switchboard platform. 
Next to th ese lighting feeders, continuing toward the left 
of the boa rd, is a wattm eter , arrang-ccl in the bu s-bars to 
read th e total energy distributed to th e feeder s. 

Each dynamo panel consists of doubl e set of bus-bars, 
one for tracti on the other for lighting, and a change-over 
switch by which th e machin e can be used on ei ther sys­
tem. The other parts comprising the dynamo pan el are 
the quick-break switch with automatic reverse-current re­
lease, edgewise ammeter, field regulating resistance and 
the usual field and voltmeter switches. Two of th ese 
dynamo panels are suitable for dealing with a maximum 
current o f 2000 amps., and th e remaining four are rated at 
750 amps. Tn ord er of arrangement come th e pan els re­
quired for motor generators and boosters containing the 
switch es a11d in strum ents for th ese panels, designed so 
as to be in conformity with the remaind er of th e gear 
To th e extreme right are the traction and feeder pan els . 
comprising chopper switches, quick-break switches with 

' automatic maximum release, ammeters, kicking coils, 
lightning arresters, etc. A set of illuminated dial volt­
meters is arranged for these panels to correspond with 
those fitt ed over the lighting feeders. The regulating tabl e 
has been extended under the traction feeder-panels and 
contains small fuses and switches required for the station 
power circuits. The design is very effici ent and substantial. 
and great care has been taken with the workmanship and 
finish. A striking ad,·antage of this system is th e si m­
plicity in the general arrangement of parts which render 
it possible to read the connections from the front of the 
board without the aid of a diagram , thus r educing th e re­
sponsibility of the attendant and the possibilities of mis­
takes. 

---+-♦♦----

Boston Subway Legislation 

The Massachusetts Legislature. in it s closing clays , en­
acted a bill providing for th e construction in Boston o f a 
subway through the busin ess center and along the general 
line of \Vashington Street, and thi s was signed by Gov­
ernor Crane. As a result of long negotiations between 
the Governor, the l\Tayor o f Ti oston, representatives of th e 
mercantil e organizations and th e Doston E levated Rail ­
way Company, the bill was draft ed and was referred to the 
committee on m etropolitan affairs o f th e L egislature a 

week ago, and was reported unanimously to the L egis­
lature by that commit tee, but with certain amendment s, 
two of which we re eventually struck out. 

T he compromise bill agree,1 to by th e representative ()t 
the interested parti es provided that the Hoston Transit 
Commi ssion may construct a tunnel for elevated train s 
and later a subway fo r surface cars extending from a point 
nea r the junction of Broadway and Washington Street and 
a point near Ada ms Square, Haymarket Square, or Cause­
way Street, ancl fo ll ow the general line of \ Vashington 
Street. Much latitude is allowed in the fi x ing of the pre­
cise route, sin ce the tunnel may be built anywhere between 
th e existin g subway and a lin e 750 ft. easterly from \Va sh­
in gton Street. 

This tunn el will contai n two tracks, and will be adapted 
to elevated cars or trains, and its construction will begin 
immed iately after the acceptance of the act by a majority 
o f the voters o f the city. A further provision is made for 
the construction of another two-track subway fo r the use 
of the surface cars along the same general line, any time 
after one year after the completion of the tunnel just m en­
t ioned. This second subway will he built if the Transit 
Commi ssion and the Elevated Railwa y Company agree 
that it is necessary, or , in case o f disagreement, if the Board 
of Railroad Commi ssioners dec id e that it is necessary. 

The Transit Commi ssion shall, within ninety days after 
the passage of the act, execute a lease of th e tunnel and 
subway for a period of twenty-fiv e years from the hee;inning 
of the use of the tunnel, at an annual rental of 4½ per cent 
of the net cost of construction. The Elevated Road is 
authorized to connect it s elevated lines with the tunnel in 
such mann er as the Board of Railrnafl Commissioners may 
approve. 

Upon th e compl etion of th e tunn el the company must 
1·emove its elevated trains from th e existing Tremont Street 
Subvvay and r eadapt that subway to the use of surface 
ca rs, as for rn erl v. At any time after one year from the 
completion of the second subwa:v the Railroad Commis­
sioners mav order th e removal of surface tracks from 
\Vashington Street between Droadway and Adams Square, 
and such order shall he deemed a r evocation of all loca­
tions and right s to occupv the st reet. 

The cost of construction is to be met by an issue of 
fift y-year bonds by the cit,· of Doston. and the r ental de­
rived from the use of the subwav wi ll be used for the pur­
pose of paying the interest and providing; a sinking· fond 
fo r the retirement of these bonds. The act will not become 
operative unless approved hy a ma iority vote in the next 
municipal election, or some snec ial election called for the 
purnose, except, of cou rse, th e provi sions that apply to 
prelim inary work take effect at once. 

The provisions of th e act become a part of the t erm s of 
th e contract between the city and the company, and like­
wise constitut e a contract between th e Commonwealth and 
the cit,,, under which the city will own in it s private and 
proprietarv capacity as an irrevocable grant from the Com­
monwealth, all suhwavs heretofore authorized, as well as 
those authorized in th e hill. 

The committee having the bill in charc-e made several 
chanQ"es. two of which were not approved. One of them 
nrovided thclt Pleasant Street sh ould be widened for sur­
f;ice c;.11·s to prm'ide a connection between the Tremont 
Strf'et Subwc1y and South Doston. This amendment, 
however. w;.is reiec ted bv the House, and is nnt now a oart 
of th e bill. Th e second change was the in se rtinn of a section 
nrovidin g that none hut 1\meri can citizens should he em­
nlo:ved as laborers or mechani cs in the work of construc­
tion , and that s11ch laborers shall he naid not less than th e 
rat e of wages paid to laliorers emplovf'd bv the citv of 
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Comparative Acceleration T~sts with Steam Locomo­
tive and Electric Motor Cars* 

HY B. J. AR l\" O LD AN D W. B. POTTER. 

In connecti on with t ne preparation of a report on the use of 
electricity fo r th e propulsion of t ra ins o f the New York Central 
Railroad in the tunn el entrance and t erminal in N ew York City, 
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grate area and heating surface and a ve ry large proportion of 
weight on it s drivin g wheels. 

The two elec tric motor ca r s were similar in form, 54 ft. over all, 
each weighing about thirty-five tons, including the electrical 
equipm ent, which consisted of four G. E.-55 motors and type M 
control. All axles being equipped with motors, the two cars to­
gether gaye approximately the same weight upon the drivers a; 
the st eam locomotive. The acceleration was therefore directly 
comparabl e for trains of equal net weight , and to secure this 

compari son the same trail cars, arranged 
in the same order, were used in both steam 
and elect ric tests. 

-------

In the st eam run s the draw-bar pull , speed 
and time were recorded by an Illinois Cen­
tral dynamometer car, and the same car was 
used with the electric motor cars to deter­
mine the r elation between current input and 
draw-bar pull. The dynamometer car had 
to b e r eturned before th e electric runs were 
co mpleted, but not before a large number 
of r eadings were taken, from which curve s 
were plotted sh owing the relation b etween 
a mperes and draw-bar pull with different 
weights of train b ehind the motor cars. The 
draw-bar pull thus determined has been 
plotted on the attached electric motor car 
curve s, which were taken subsequent to the 
r eturn of the Illinois Central car. 

End View of 
Tra.ck a.nd Protected Third Rail 

'-' ·g .., 
"' 

T he o rder of the test s, both steam and 
electri c, was as follows: 

A train of six cars, includin g fiv e standard 
passen ger coach es loaned by the New York 
Central Railroad, and the dynamometer car, 
was started and run over a mile of track, 
accelerat ion being m ade as rapidly as pos­
sible. These same nms were repeat ed, drop-

-~~~~~~~~~~~~~~~,BS 
ping off one ca r a t a time, until only the 
dynamometer ca r remain ed. Automatic 
records were kept of the draw-bar pull, 

FIG. r.-MAP OF GENERAL ELECTRIC RAILROAD 

an invitat ion was exte nded by th e Ge neral E lectric Company to 
\ V. J. \ Vilgu~. chief engineer of the rai lroad co mpany, to use it s 
experimental track (Fig. r) and apparatus at Schenectady, and a 
series of te sts were accordingiy carried out under th e direc tion of 
the authors of thi s paper. The tests.were pr in cipally fo r the pur­
pose of determining the comparison between steam and el ectrie: 
t rac tion on short-haul suburban passen ge r se rvice. O wing to the 
sho rt curvrs in th e connecting t racks the Gene ral Electric Com­
pany's track coul d not be used fo r th e steam locom otive tests. 

WEIGHT ON DR IV ERS 12EiJ0 □ TUBES . NU MB ER OF AND D 1AM 365-2" 
TOT AL 214□□□ " LENGTH 12° 

WHE EL BASE DRIVI NG 15" HEATING SURFACE T UBES 22fl5°
0 

•• TO T AL 35:9• FIREBIJX lfl □•· 
CY LI NDER DIA • STROH 2□°0f ORATE 63~ 
WHEELS [DRIVI NG] 63. 
BOILER PRESSUR E 2 □0LBS 
FIRE BOX 93l9fl' 

TRACTI VE POWER 25900 
TA NK WA TER CAPACITY 3500 GALS. 

FUEL 4TONS• 

N EW YO RK CENTRA L L □ C:DMDT I VE N~ l4□7 

FIG. 2.- 0UTLINE OF STEAM LOCOMOTIVE NO. 1407 

T he stea m t est s were th erefo re m ade on th e N ew York Central 
main line tracks west of Sch enectady. 

T he steam loco motive sh own in Fig. 2 wa s built fro m the speci­
fications of A. M . \ Vaite, superinten dent o f motive power and 
rolling stock of the New York Cent ral, by the Schenectady Loco­
rnotin \Vorks. It was designed especially for th e rapid accelera­
tion work req uired in suburban se rvice, being provided with large 

* Read at the n ine teenth annual conventi on of the A m er ica n Institute 
of Electrical Engineers, Great Barring ton , Mass. , June 19, 1902. 

speed, tim e, distance and the strength and 
direction of the wind. The condition of rail 
and temperature were also noted. The same 
run s were r epeat ed, using the two motor 

ca r s in place of th e steam locomotive, the dynamometer car being 
used in some of the runs and a box ca r loaded to equal weight 
in subsequent run s. In the electric runs additi on a l r ecords were 
kept of Yoltage , ampere and wattmeter readings. The: wattmeter 
was not carried on the car, but was placed stationary at the point 
of feedin g the third rail, thus avoidin g any inaccur acy due t o 
jarring. The volt age leads of the wa ttm eter were c.onnected to 
th e extreme end of th e third rail and track, thus ;-eceiving at all 
times the exa ct voltage at the train, so th at the energy delivered 
to the motor cars repre sented the net input and did -not include 
losses in the feed er system. 

The cars used in thi s test and the weights are given below: 

Nu mber Pounds 

N ew York Centra l locomoti ve ...•••.. . ••• •.•• .. ..•. . •••• •••• 
General Elect ric motor car .••..• •• ········ ····-· ···-· · · ··· · ··· 
General Elect ric motor car .•••••••.•• . •• . •.••••••. -··- ....••• 
Illinois Central dynamometer car ....... . .••.•.•....•.••.•.•.• 
New York Central coach ••••••• • ••••• ••• .••• • ••••••••• •••••• 
N ew York Central coach .•••••.••..•.. . ... .. .•... •. ...•..••.. 
New York Central coach ..••.••••.• • .•.••••• .•.•....•...••• •• 
New York Central coach .•••••...•• •• .•••• .••. ..•••.•••• •••.. 
New York Central coach •••••..•••..••••.•.•••••••.•.•••••••• 

1407 
4 
5 

17 
1885 
545 

1709 
508 

1798 

214,000 
73,000 
70,000 
45,640 
48 200 
60,250 
53,700 
51,450 
54,600 

During the tests many run s were made, but fo r the illustration 
of this paper representative and average nms only ar,:, given. 

ELECTRIC MOTO R CA RS NO. 4 AN D 5, 

The electri c runs were made upon the General Electric experi­
mental track aga inst a head wind of 15 m. p. h. The rail was dry, 
the temperature of 8 <legs. C., and the grade practically level. In 

.o 
ci z 

1 
3 
5 
7 
9 

11 
13 

Characler of Load 

;; "' 0 ~ b.Ci= s Q) 
WATT H OURS PER 

T ON MILE 
1 ~ ~~ sai ~] 
-~-0 _ C ·x ~ t ~ From From 
; ~ f§ ~C/l <C/l volt Watt. 

..:I C""E-< Amperes meter 

6 trailers ... .•• •••• ••• • . ••• ••• ~ 228.5- 36,4 27.2 1~ ~ 
5 " .... ••••••••··· · ·••·• 130. 201.5 37,9 28.6 78.4 82.0 
4 •... -················ 104, 175.5 39.1 29.8 84.3 86.9 
3 ••••.•..••••••.. ••·•· 77. 148.5 41.0 30.6 84.7 93,4 
2 .. .. .. .. •••••••• .. ••• 47. 118.5 42,8 3t.0 98.5 9!1.4 
1 

No H 
~3. 94.5 I 44.7 33.1 

1 

115.o 1ao 
11.5 46. 1 34.6 I 132.3 129.o 
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the middle of the run there was a curve havin g a minimum radius 
of 875 seconds, equivalent to about 6½ degs. curve, the effect of 
which may be assumed as approximately equivalent to the 1 per 
cent up-grade of the steam runs. 

rrnw YORK CENTRAL STEAM LOCOMOTIVE NO. 1407. 

All steam locomotiYe runs were made upon the New York 
Central main lin e track west of Schenectady against an up grade 
of l per cent and a head wind of 15 m. p. h. The temperaturs was 
4 degs. C. and the rail wet with a ve ry li ght falling snow, 

No. of I 
Run Character of Load 

2 
4 
6 
8 

10 
12 

16 trailers ___ _______ __ ____ _ 
I 5 '' ____ ______ ____ __ _ 

: 4 " -····· -·-- ······· 
3 
2 
1 

Weight of W . ht f Speed. Total l\l aximum I 
Load, T ons T rai~~ T~ns m. p. Ii. 

157. 264. 39.0 
130. 237. 41.3 
104, 211. 40,9 
77. 184. 45.7 
47. 154. 48.0 
23. mo. 50.9 

Average 
Speed. 
m. p. h. 

28.2 
28.4 
2'7.4 
27.3 
30.1 
33.0 

Although this locomotiv e was especially built for suburban or 
acceleration work, and was provided with a large fire box, giving 
it facilities for rapid steaming, the pressure dropped from zoo lbs. 
to less than 185 lbs. during the fir st part of acceleration. In start-

FIG. 17.-ELECTRIC MOTOR CAR NO. 4 

ing, the throttle was opened wide and steam use d full stroke, the 
engine being hooked up as acceleration proceeded. Curves show­
ing detail s of these runs are given in Figs. 3 to 15 inclusive. 

While the electric run s had the advantage of dryer rails than the 
steam runs the drivin g wheels were not slipped in either instance. 
Although the steam locomotive was able to give a maximum 
tractive effort at starting equal to that obtained electrically, this 
high tractive effort was not maintained, but immediately fell off 
with increased speed, even with the most expert handling. 

As the acceleration curves produced by the .s t eam locomotive 
and electric motor cars have different shapes, and as in the two 
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FIG. 16.-SPEED TORQUE CURVE OF G. E.[55 MOTOR 

test s there was about the same weight upon the drivers, it is in­
teresting to note how well this driver weight was utilized. T his 
is shown by the fo llowing tables, giving th e speed reached in ten, 
twenty and thirty seconds with equal trai ling load for both electric 
and steam trains: 

MILES PER H OUR ATTAI NED IN 10 SECONDS 

N o. of trail ers ____ __ _________ _ 1 2 3 4 5 (j 

l\l otor cars N o. 4 a nd 5. ___ ____ 2-2.5 20.7 17.3 14.4 12.6 11 
Locomotive N o. 1407. ____ ____ _ 14. 13. 12 5 12. IO. 9. 7 

l\lJLES PER H OU R ATTAINED IN 20 SECON DS 

N o. of trai lers ••• ·-· ·· ····---- 2 ::i 4 5 6 

Motor cars No. 4 and 5 ____ -·· 34. 32.3 29.4 27.4 24.5 21.2 
Locomotive No. 1407 ____ _____ 25. 21.2 21.5 19.5 18. 16.::J 

M ILES PER HO UR ATT.-..J NED IN 3J SECON DS 

N o. of trailers _____ ___ ____ ____ 2 3 4 5 6 

Motor ca rs N o. 4 an d 5. ___ ____ :38.2 36.4 34.2 32. 30.3 28.1 
L ocomotive No. 1407 _____ __ __ 31.7 26.2 27. 24.7 2:3.2 20.8 

An inspection of the tables brings out clearly the fact that the 
electric motors during accelerat ion can m ore effectively utilize 
the weight upon their dri vers than a steam locomotive. As rapid 
acceleration is especially important when stops are a mile or so 
apart the electric motor has an advantage in being able to cover 
the same distance in the same time with less energy expended 
and at less maximum speed th an with the steam loc omotive, 

FIG. 18.- TRAIN USED IN ELECTRIC TESTS 

owing to its being able to maintain it s maximum accelerating rate 
for a longer period. 

The average speed given in both steam and electric tables is 
the average speed of the train while it is in motion, and does not 
include time of any stop at the end of the run. Starting from 
rest, the power was kept full on to th e three -quarter mile post , 
where the power was shut off and the brakes applied in such a 
manner as to bring the train to rest as near the mile post as prac­
ticable. In th e tests the steam train ran from 5 per cent to 15 per 
cent over a mile befo re the train was brought to rest, and the elec­
tric trains from 2 per cent to 4 per cent, but even with the longer 
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distance the a\'erage speed o f th e stea m runs only approaches 
that attained in th e elect ric runs made ove r th e short er distance. 
A compari son of the two sets of runs on the basis of a\'erage spee d 
is, th erefo r e, not quite fair to th e electric motor car, as it s aver­
age speed would ha\'e been co nsiderably hi gher if the length of 
the run had been th e same as that made with th e steam loeomotive. 
An inspection of the tables will show, h owe\' er. that even with the 
short -distance run the elect ri c motor ears were ab le to make higher 
average speeds than th e steam loco moti\'e over its longer dista nce, 
a nd these hi gher average speeds were obtai n ed also with a lesser 
maximum speed. 

The inaximum speed of a train making a gi\'e n rur. in a give n 
time se r \'eS as an indication of its energy consumption. A train, 
ther efore, which is so handled as to make a given run in a give n 
time, with lowest maximum speed. will consume less energy fo r 
the run. The electric runs tabulated all show a lower maximum 
speed and a hi gher average speed than th ose runs m ade with the 
steam locomoti\'e, and the ene:rgy consumption of the elec tric 
nms should therefore be less for the same service performed than 
with the steam locomotive. 

The motors of an electrically equipped train may be placed 
upon the trucks of o rdi nary passenger coaches, each carryin g its 
full complement of passengers, and thus lessen th e gro~s weight 
by elimination of the locomotive. The true m edsure of co m­
parison betw ee n steam and electrica ll y propelled train s should be 
the energy per seat mile rather than per ton mile, as the la.tt er 
va lu e is based upon t he total train weight and in cludes a co nsid­
erable proportion of dead weight cm bodied in lo comotive and 
tender. The weight of the electric motors is much le~ s than th e 
weight of a steam locomotive capable of performing t he same 
service, as the latter , in addition to it s tender, must be heavy 
enou gh upon its drivers to provide a draw-bar pull suffi cient to 
accelerate the trai n. 

As an illu st ration, th e following table ha s been prepared from 
th ese tests showing the number of cars in the train, the number 
of pa ssengers carri ed (each car seating sixty-four people) and the 
energy, whi ch for convenience we have g iven in watt-hours, re­
qui red per passenge r for both steam and electric ru!l s: 

Num ber of Cars 
13 
5 
4 
a 
2 

N,n ENERGY PE R PASSENGER CARRIED 

Number of Passe nge rs 
3,~ 

\Va tt H ours JHr Passenge r 
Steam El ec tricity 

4:Hl ::?!l.7 
320 
251i 

5•) 2 '.3·> 1 
nt5 ai5 

l !l2 77.4 37.5 
128 10:3.0 45,2 

ti l 187,8 4'1.2 

Thi s table is ba sL: d Ltpon the actual net energy delivered to th e 
wheels of th e train and do es not includ e the lo sses inherent to any 
system of operation. The re sult s tabuiated may th erefo re be con­
sidered as fundamental and typical of the two systems of opera tion 
- the steam locomotive and the elec tric m oto r car. 

Th e following table g ives the efficiencies to r the seven P.lec tric 
run s, the efficiency being the rat io betw een net energy output to 
the wh eels and total volt ampere input: 

Trailer, 
ti 
5 
4 
3 

EFFICI E NCY OF ELECTRIC R UNS 

Averagt 
m. p. h. 

27.2 
28.u 
29.8 
30.ti 
32. 
3:31 
:H.u 

\V a rt H ou rs per Ton M ile 
Ourp11t I nput 

59. 1 79.8 
61.0 82,0 
ti:3.8 8 1 0 
G8.0 90 2 
ti!l 6 ori:G 
75.3 JI 2.8 
79.8 130.0 

Efficie ncy 
of Run 
74. % 
7U% 
75.3% 
75.a~ 
6!Hl% 
66 7% 
til.5% 

An accnrate comparison of the relat iYe efficie ncy or coal con­
sumption of steam and clectrie power for similar service would 
require a n extensive series of test s with indicator and dynamom­
eter on th e performance of the steam locomotive. 

As a matter of interest, we have secured an approximate co m­
parison from a sin gle test by weighing the coal and water taken 
by stea m locomotive No. L+07 fo r a period of twenty-four hours 
cm·eri ng four trips between North \Vhit e ·Plai ns and Grand Cen~ 
tral Station, a di stance of 24.75 mil es. on the Harl em division of 
the New York Central Railroad. The trips occupi ed about fo ur 
hours. the ya rd m ovement about one h our and the loco motive 
was idle for nin eteen hours. 

Followi ng is a detailed record of the ~ervice cr;vering the 
twenty-four hours: 

Time 
f\:~.fi mi n, 
I a\ -over __ ~ 

N ot< TH ,vHITf! PLAINS T O GRA'ID CENTRAL STATION 

Number 
of Cars 

::l 

Num ber 
o f Stops 

21 
fj holl's 

T ota l 
Wt>ight 
204 tons 

W eight 
o f Cais 
!17 ton:; 

Effective 
h. p. h. 

129 

GRAND CENTRAL STA TION TO NORTH WH I TE PLA I NS 

Number Number 
Time of Ca rs of top, 

66.:.!5 mi11. 5 l i' 
Lay-o ver ________________ ___ ___ 12 hours 

T ota l 
Weig ht 
:.!i'S tons 

Weight 
of Cars 
lil tons 

NORTH WHITE PLAINS TO GRAND CENTRAL STATIO N 

Num l er Number 
Tim <! o f Cars o f Sto ps 

60 :3 min . 7 1:3 
Lay-over_ _____ ___________ ___ __ ¾ hour 

Tota l 
Vveign t 
387 t ons 

Weig ht 
of Cars 
280 tons 

GRAND C ENTRAL STATION TO NORTH W HtTE PLAIN S 

Number Num ber 
Time of Cars o f Srnps 

59.75 min. 4 20 
Lay-over ____ ---- -· _______ . __ __ 1¼ hours 

T ota l 
W eig h t 
256 tons 

W,ight 
of C ,irs 
149 tons 

Effective 
h . p. h . 

255 

Effective 
h. p. h. 

231 

Effective 
h. p. h. 

246 

T otal effective horse-power hours, h auling coaeh es, ____________________________ ___ 861 

~~:l ~~~seuff':~1i;; h ; r~~~j,-;,-,~;;-h~~~~::::::==:: :::: :: ::=:: :: ~: :: :::::::::::: }tt'2 !?5

• 

The effec tiv e hp-h ours g iven is th e energy required for move­
ment of the cars only, excl usiv e of the locomotive, and was de­
t ermined fro m th e draw- bar pull taken by the dynamometer ear 
in pr evious t es ts over th e same route. 

Th e coal con sumpti on covers all coal burned during th e pe riod 
of tw enty-four hours, not only for movem ent of cars, but also 
move ment in th e yard and the banking of fires duri n g lay-overs. 

The effective hp-hours to move th e cars ser ves as a basis of 
comparirnn with electric service, the coal consumed by th e loco­
motiY e fo r whatever purpose being properly chargeable to the 
net work done by th e locom otive during th e period. 

Th e efficiency of an electrical sys tem, as an average un der vari­
abl e load, m ay reasonably be ass umed as follows: 

i\'t~:tor::::::: ::= =:: = =:: := =-_:: = =::: =: :: : = =:: :: : : = ==:: ::: ===::: 
90% Efficiency 
92% •• 

High P otenti a l transmission ________ __ ________ ___ __ _______ __ __ __ _ _ 
1'ra n5, formers __________ _________________________________________ _ 98% 

9i'% 
Co nve rters. _________________ ..... 4--- ..... _____ .... ___________________ _ 92~~ Third rail. ________ ______ __ ___ _______________________________ ____ _ 95% 
Motors, including control. ____ _______________ __ _________________ ·- 75% " 51,;~~% 

This perce ntage of effecti ve horse-power output o f motors to 
ihp of engin e will va ry som ewhat, dependin g on th e load faetor. 
A:, ,t ll even fi gure we will assume an effic iency of 50 per cent. 

Coal co nsumpti on per ihp-hour from actual r ecords of elec­
tric power stations is in so me cases less than 2 lbs., th e aver­
age being about 2½ lbs. At the latter figure th e coal per effective 
hp-hour output of elec tric motors would be 5 lbs. Assumin g th e 
h ead-end ai r r esistance as 10 per cent, and as the electriea l equip­
ment would increase the weight of the cars about 20 per cent, the 
ac tual comparison of coal consumption would be approxim ately 
in th e r atio of 6.6 fo r elecfric and 15.6 for steam. 

Assum ing that coal for a powe r stati on can be purchased for 80 
per cent of th e cost per ton of that used in th e locomotives and 
that the cos t of coal for electrical power is about one-thi rd of th e 
tota l cost, including ma intenance and interes t on investment, it 
is probable that the ac tual gross cost of electrical power would 
clo sely approximate the coal consumption of a steam locom oti ve 
in thi s class of se rvice , the maintenance of the electrical equi p­
ment and attendance required being, however, comiderably in 
favor of the electric power. 

We wish to ex press our thanks to E. C. Schmidt, professor o f 
rail way and mechani cal engineering, University of Illinois, fo r 
hi s abl e managem ent of the dynamometcr car, assisted by J . F. 
Snodgrass and R. W . Lohmann; also to A. H. Armstron g and 
E. F. Gould. o f the General E lec tric Company, for their careful 
supervis ion and ca lculation s of the electric test. 

----►•••---

A Serious Accident in Massachusetts 

A head-on colli sion be t ween two h eavily loaded cars on the 
Hudson Division of th e Marlboro Stree t Ra ilway, Jun e 28. re­
sulted in the death of th e motorman of one of th e cars and in­
juri es to th irty-five pas sengers, several o f them bei ng se ri ously 
injured. T he acci d ent t ook place about two r.1 iles from Marlboro, 
and th e cars came together with such force that th ey were almost 
co mpletely demolished. Both ears were going fast and came in 
sight o f each oth er as they were ro un din g a curve a t th e foot of 
a h eavy grade. T h e motorm en were un able to r everse in ti me to 
prevent a coll ision . Severa l passengers jumped from the ea r s 
before the colli sio n occurred. 



JULY S, 1902. ] STREET RAILWAY JOURNAL. 51 

Plotting Speed-Time Curves * 

BY C. 0 . MAILLOU X 

PART I. 
T he most prac ti cal way at present known o f studyin g and 

«nalyzing electric rai lway problems is by means o f curves de pict­
ina the relation between the various fact ors o r quautities which 
influe nce t he condit ions or effect the results, and showin g how 
these fa cto rs and quanti t ies vary with respect to each other o r 
wi th re ~pect to th e time, th e spee d, the electri c energy or som e 
other determinin g fe ature or circumstance of the case. 

T he precise determination of m ost of the impo rtant fac to rs en­
t ering into the probl em in any spe cific case, fo r instance th e 
electric power input , energy consumpti on, capac ity and characte r ­
istics of motor equipment, stati on equ ipment required, heatin g of 
motors, line losses , etc., for a g ive n el ectri c rail way se rvice in­
volves the g eneral problem of not only determining what actually 
doe s take place, but also of predetermining what may, should and 
must take place at eve ry successive interva l of the t_o tal time con­
sumed in an averag e run betwee n two successive s tati ons o r stop­
ping poin t s, or, what is still better , at every in stant of time dur­
ing the entire tr ip with each kind of car or train to be used fo r and 
in the service. 

Th e speed-time curve is the key to the so lution of th is ge neral 
probl em. It is th e important connecting link wher eby the re­
lationship between th e various facto rs and quantiti es is estab­
li shed and verified. It constitutes, in most cases, an impo rtant 
and essent ial-one may say indi spensable-prelimin ary step in 
the study and solut ion of new and co mplex electric rail road prob­
lems, for the reason t hat many of th e fa ctors invo lved can be de­
te rmined with precision only by it s assistance and could scarcely 
be determined at all without it. 

The use of a curve substantially equiva lent t o a speed-tim e 
curve was suggested in connecti on with cert ain problems of st ea m 
locom otive propulsion as earl y as 1890 in Godwin 's R ailroa d E n­
g in eers' Field Book. This suggesti on was commented upon 
favorably in an article published in the R ailroad Gaze tte at the 
time (Vol. XXII. , 1890, pp. 731 -732). It does no t appear , how­
ever, that much if any practical use was made of thi s idea in sub­
sequent discussions of railway problems. It is only within _the 
last five or six years, and enti rely owin g to the effo rts of electn cal 
en o-ineers t o substitute rational for empir ical m eth ods in electric 
railroad· en gineering, t hat the speed-tiJ11e curve has been thought 
of seriously or used practically in connection with electri c rai l­
road probl ems. T he idea of thus using the speed-tim e curv e 
seems to have suggested itself to and to have been utili zed by 
several individuals independently at about the sa m e time. It was 
used in J anuary, 1898, by S. T. Dodd and the writer , wh o coll ab­
orated in the preparation of certain estimates, ch art s, data, et c., 
fo rmin g pa rt of a report on an elect r ical equipm ent fo r the Man­
hattan E levated Railroan, of New York. The importance and 
the value of the curve were not genera lly understood or appre­
ciated by electric ra ilway engineers, however , unt il A. H . Arm ­
stron g read his able and int ere stin g paper on so me phases of 
r2pid transit probl ems at the Omaha meeting of th e In stitute in 
June, 1898. In that paper the uti li ty of th e spee d-time curve in 
the study of r ailway pr oblems was demonstrated by ]\fr. Arm­
strong in a brilliant and convin cing mann er, and th e curve ha s 
~ince becom e recognized as a very useful means of analysis in 
dea lin g with such problems. 

Speed-time curves have been used in two different ways: F ir st, 
as a m ethod of approximation or g eneralization fo r the det er­
mination of rul es and data pertaining to and useful in abstract 
or general cases ; second, as a meth od of precision fo r the exa ct 
determination of rul es and data in individual or cor: crete cases, 
and also as a criterion or t est of thei r fit ness for and appli cability 
to such cases. 

T he process of pl ott in g th ese curves is much less diffi cult and 
t edious in th e firs t case than in th e second. The r eason is that in 
genera lizing or in dealin g with abstract ca se s the nse of certain 
hypotheses or assumptions capabl e of simplifying methods is 
admi ssible, whereas in dealing with an individual case all hypoth­
eses o r assumptions not stri ctly consistent with the actual facts 
of the case should be eliminated in o rder that th e m ethod may 
kad to correct and reliable results. 

As might be expected, the speed-time curve is influenced and 
complicated by certain featu re s and condition s chara cteristic of 
each individual case, which ought to be taken into account in 
order to attain accurate, r eliable results . When properly plotted 
so as to r epresent truly all the factors which influ ence it the curve 

* Read before the Ameriean Institute of Eleetrical Engineers, Great Barring­
ton, Mass., Jun e l!l, 1902. (Th e second part of thi s paper is b ein g revised b y 
the auth or, and will appear in an ear ly issu e.) 

becomes a va luabl e instru me nt of prec1s1on by means of which 
the practical resul ts to be anti cipated in the particular case under 
consideratio n may be analyze d, checked, criticised and corrected 
with accuracy and confidence. T hese factors include the con­
stituents o r components of that complex resultant called "train 
res istance," also t he track g radient s, track curvat ures, train inl'rtia 
(linear and rotational) , capacity and gearin 15 of motors, current 
limit, voltag e, etc. In dealing with a ge neral case, however, the 
engin eer may g rea tly simpli fy the task of assorting these influ­
encing fac tors and of assig nin g the proper va lue to each hy 
makin g assumption s rega rding some of th em. T he usual process 
of simplifica tion is t o m ake one o r all of the following assump­
tions : That the line is absolutely level and tangent (straight); 
that the train res istance is constant at all spec-ds, and that all nm s 
be t wee n stoppin g points are of the same leng th. It is needless to 
say that th ese id ea li zed co nd itions are never all rea lized conjointly 
in any practi ca l case. Co nsequently the more the conditions of 
the actu al case depart fro m these idealized conditions the le ss 
reliance should be place d upon conclusions and data obtained by 
methods involving these assumption s. I t is unfortunate ly not al­
ways easy to determin e the point at which the simplified method 
should no longe r be trusted in dealing with a practical case. The 
assumptions made usually lead to incorrect instantaneous speed 
va lu es at certain poin ts of the acce leration curve, and these errors 
tend to vitiate the subsidiary curves de ri ved from th e speed­
curves, such as, fo r instance, th e energy input cur ve, whose o rdi­
nate values depend upon the speed values. T hese errors in the 
energy input curve and in the energy consumption calculated 
therefro m are likely to affect the motor equipment and the gen­
eratin g station equipment provided fo r a g iven service, si nce the 
calculations and conclusions regarding them are based upon these 
subsi diary curves. A relatively small di screpancy between the 
idealized and the actual conditions m ay lead to radi cally different 
co nclusions and result s in th ese respects, thereby influencing 
g reatl y the tot al cost of equi pment and react ing se riously upon 
the capital investm ent a nd the fi xed charges involve d in the 
project. Such cases have actually happened. 

The "second way," or the use of the speed-time curve as a 
"me thod of precision" in concrete practi ca l cases, whil e a trifle 
more troublesome, will , in the majo rity of cases, undoubtedly 
yrove m ore sat isfactory and less expensive in the end. The t ruth 
is, that th e practicin g engineer is ve ry seldom called upon to deal 
with abstract or ge neral cases. It might be said tha t every indi­
" idual case becomes a specifi c concrete case very soon after the 
rngineer begins the process of analyzing and studyi ng it. 

The obj ect of this paper is t o fac ilitat e the use of the speed-ti me 
curve as a m ethod of precision by contributing certain notes of 
theoretical and practi cal observations bearing upon its analysis 
or the study of its characteristics and upon its synthesis or the 
principl es involved in pl otting it. 

Technica l Dcfin itions.-Th e generic te rm "speed-tim e curves," 
as used in thi s papl r, is un derstood to denote any curve showi ng 
the velocity of a car or t ra in at success ive intervais of tim e. Figs. 
1, 2 and 3 show three different k inds of speed-tim e curves. In 
plott ing these curves the hor izontal di stances, or absciss~, are 
generally used to represent tim e value s ( in seconds), and the ver­
t ica l di stances (o rdinates) are used t o represent speeds (usually 
measured in mil es per hour in this country and in kilomet ers yer 
hour wherever th e m etric system is used. ) 

The curve in each case not only shows the speed attained at any 
g iven interval of time, but it also shows th e variations in speed 
occurring at va rious intervals of time. Th e slope of t he curve at 
,;ny tim e point is an indication and a measure of the t ime rate of 
chan ge of speed at the correspondin g instant of time; and it shows 
whether the speed is constant o r in creasing or decreasing. 

A h ori zontal speed line indicates constant or un ifo rm speed. 
An upward slope in the speed line indica t es increasing speed, or 
acce leration ; a downward slope indicate s de creasing speed, or 
retardation. These characteristics serve to dis t in guish the d iffer­
ent kinds of spee d-time curves. 

The t erm acceleration curve is usually restricted to curves or 
portions of curves in which the speed is increas ing, or , at least , 
r em aining constant or nearly constant. Such curves correspond 
to th e portion s of time during which power is bein g applied to 
the train so as to increase the speed or to keep it constant 
(Fi g. 1). 

The retardation curves are of two kinds, corresponding to dif­
fe re nt rates of retardation. 

The term coasting curve or d riftin g curve is used to designa te 
speed-time curves, o r portions thereof, corresponding to intervals 
of time when th e car o r train is m oving by its own momentum 
only and when the rate of retardation is relatively small (Fig. 2). 

The term braking curve is applied to speed-time curves, o r por­
t ions thereof, correspondin g to intervals of time when th e speed 
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is be ing purposely reduced by means o f b rakes and wh en the de­
cline or decreas e in veloc ity is r elatively r apid ( Fig . . ,). 

The t e r m r un curve is often used to denote a speed-tim e curve , 
~h a wing all th e cha nges in th e speed of a ca r o r t rain from the 
time it st ar ts unt il it stops at th e nex t station o r stopping point 
(Fig. 4). 

T he fi rs t portio n of every run curve, or t h e port ion durin g 
which th e tr ai n is gai nin g spee d. is an acceler ation curve. Th e 
1 un curve usually , but not always, contains a por tio n which is a 
coas ting or dri ftin g cu rve, and it also g enerally contains a port ion 
whi ch is a braking curve. 
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T he terms veloc ity and speed a re u sed as synonymous terms 
in thi s paper. 

Analytical Definitions. - A certain knowledge of the physieal na­
t ure and math ematical propert ies of th e vario us t ime-functi on 
curves mentioned in th e previous section is essential for th e 
proper , intelli gent use of these curves a nd is presumed t o be 
po ssessed by those wh o make pr ac t ical use of th em . The precise 
defi nition s of th ese various curves and the analysis of th eir p ro p­
erti es invo lve the analyti cal st udy of m otion , more especially 
r ectilinea r m otion. F or th e conven ience and benefit o f those who 
may wish to refresh th eir m emori es, or who may wish to go more 
deeply into th e subj ect (no general tr eatm ent o f th e subject hav­
ing as yet been publi shed) , a b ri ef summari zed a nalytical study of 
tim e-function curves, mor e especially the d ista nce-tim e and speed -
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FIG. 2.-DRIFTING OR COASTING C URVE 

tim e curv es, is g iven separately at th e end of thi s paper m A p­
pendix A. 

T h e der ivatio n o f th e fundam ental fo rmuhe relatin g t o t ra in 
ac celeratio n co nst it uti n g the ext ension of thi s analy tical study is 
g iven in A ppendix B. 

Appendix C and A ppendix D con tain th e derivati on o f ce rtain 
fo rmul ;e which a r e of use and convenienee in plotting the run 
ctirves . These fo rnml;e a r e not generally known. * 

!.-ANALYSI S O F TRAIN MO TI ON. 

The mo tion of a car or train under ac tual or assum ed £enice 
condition s const it utes an aggregation of differ ent form s or phases 
of motion. 

* TLt:se Jppen dixes ,vill b e publi sh ecl in an early i,,sw;;.-[ Eo s. ] 

The run-eurve , which g raph ically depiets th e t rai n m o tion, is, 
th erefore, a r esultant eurve. The analvsis of the m otion involves 
the separa te determ inatio n and segregation of the elementary or 
fundamental forms o f motion whieh constitutes th e compo nents 
o f which the r esultant motion is made up. 

A g lance at a run-curve shows th ree dist inct eh aracteri sti c k inds 
o f lines which correspond to di st inctive phases or kinds of m o-
1io n , n amely, th e m otions charact eri sti c of accelerati on , eoasting 
o r driftin g and braking, r espectively. 
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flG. 3.-BRAKING CURVES 

In F ig . 4 the curve O b d is a run curve o f th e simplest charae­
ter. The fir st port ion (A) is a simple acceleration curve. The 
second portion ( B) is a drift ing or coast in g cune and the fina l 
port ion ( C) is a braking curve. T he acceleration por t ion (A) is the 
same as th e corr esponding portion of the acceler ation eu rve in 
F ig. I , fro m which it was taken. The ve rti cal dotted li ne (a-b) 
indi cates th e point at whi ch th e acce leration line was cut off. In 
like manner , the dri fting por tion o f the run curve in Fig. 4 
-was tak en fro m Fi g. 2 b etween the poin ts corresponding to the 
same letter s (b-d). T he vertical dotted lines ( a-b, c-d) indicat e 
the points at wh ich thi s line was cut off. T he braking portion 
( C) of the curve in F ig. 4 was calculated. 

T h is particula r run cu rve corresponds to a case in which t he power 
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FIG. 4.- RUN CURVE 

is applied to the car only once, or during the ea r ly portion o f the run . 
In actual practice, howeve r , it is oft en fo und n ecessary to a llow, or 
purposely t o cause, the speed t o diminish and subsequ e11tly t o 
cau se it to increase again at int ermediate points of the run. In 
such case the run curve will show notches or humps ( Fig . 5) . T hese 
no tch es o r humps ar e a lm ost a lways due to the occurr ence 
of track curves h aving a relati,·e ly high degree of curvature at 
poin ts intermedia te between stopping poin ts. T hese cur ves impose a 
limit o n the speed which it is safe to maintai n a t such points of 
th e line. When such curves oc cur at o r near t he stat ions they 
have less influence on th e form of the r un cu rve, because the 
speeds ar e lower, owing t o th e start ing and stoppin g o f trains. 
In such cases th ey do not cau se humps or no tches in the run 
curve. al though th ey do affect th e "angle" of th e a eceleration 
0 1 of th e retardation (braking) curve. The notch or hump in the 
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run curve indicates the fact that acceleration again takes place 
aft er the speed has been reduced to the proper or desired limit. 
This acceleration is followed by drifting and braking, and, in some 
cases, the run curve may contain several such notches, each of 
which, as will be r eadily understood, corresponds to what might 
be called an "acceleration cycle." 

Acceleration.-Each acce leration cycle of a service run corre­
sponds to the time during which energy from some source is ap­
plied to th e car or train so as to cause the speed t o increase. 

(The physical and mathematical cha racteristics of acceleration 
are discussed summarily in Appendix A and in Appendix B.) 

The en ergy imparted to a train during an acceleration cycle is 
absorbed and disposed of by the train in two ways : First, a por t ion 
of it is immediately converted into heat, which represents the 
c.nergy required and expe nded in overco ming the various fric­
tional r esistances making up what is ca lled "train r esistance;" 
second, a portion is stored as m echan ical energy in the ''mass" 
of the train. This storage energy is the ene-gy required either 
(a) to produce acceleration, in which case it is stored as kinetic 
energy, or (b) to lift the train on an up-grade; in the latter case 
it is stored as potential en ergy. The t wo forms of stored energy 
often occur simultaneously. vVhen acce leratin g on a down-grade 
the stored energy at any instant wo uld evidently be equal to the 
difference between these two kinds of energy at that instant. 

The energy concerned in acce leration may be classified under 
three ge neral h eads, namely: 

I. The energy required for overcoming the actual mechanical 
resistance t o the m otion of the car. This energy is immediately 
di ssipated as h eat. 

2. The en ergy required to overcome grades. This energy is 
st ored as potential energy. 

3. The en ergy required to overcome the inertia of the car and 
g ive it mom entum. This energy is stored as kinetic en ergy. 

The third form of energy, namely, kinetic energy, is the only 
fo rm usually 'r ecognized as being concerned in producin g and en­
terin g into acce lerati on. It can be shown , h owever, that in any 
case in which acceleration occurs all other forces than that of 
kinetic energy may also be estimated in terms of an acceleration 
which may be termed "equivalent" acce leration. This h as bee~ 
done in Appendix B in equations (24) to (29), by means of which 
an important theorem is deduced, to the effect that the total 
acceleration in a moving mass is the algebraical sum of the in­
dividual accelerations correspondin g to each of the forces actin g 
to produce or prevent the motion of the body. This theorem is 
doubtless well known in kinematics, although it applicat ion to the 
speed-time curve -appears to be new. It is one of those principles 
which, though not at fir st readi ly apparent, and somewhat difficu lt 
to work out, proves to be r ea lly very simple to understand and 
to apply. According to this theorem, the second form of energy, or 
the energy r equired to overcome grades, may be estimated in terms 
of equivalent acceleration. It is known , as a matter of fact, that the 
potential en ergy, or energy of position, in a car which is on a down­
grade can produce the same acceleration that could be produced by 
an equivalent tractive effort in pounds per ton applied to the car in 
any other way. Conversely, the motion of the car in the contrary 
direction would produce a contrary effect, o r a reduction of accel­
eration, which could be expressed in terms of equivalent loss of 
acceleration. 

Energy of the first kind cannot , strictly speaking, be said to 
be capable of producing an acceleration. It may, nevertheless, 
be expressed in terms of equivalent accelerat ion , since, as in the 
case of a car going up-grade, it may be considered as equivalent 
to a force occasioning a loss of acce leration. 

In the same manner , and by analo gy, we might consider the 
ki~etic energy absorbed in pure acceleration as an energy re­
qmred to overcome an apparent increase in the train resistance 
due to the in ertia of the train, and in lik e mann er the energy re­
quired to overcome grades might be also ascribed to an ap­
parent increase in th e train resistance. From this standpoint the 
three forms of energy may be considered as having the same 
kinemetical character. The energy corresponding to an actual 
resistance represents energy n ecessarily lost , or which is not re­
coverable, while the energy correspondin g to a spurious resist­
ance (analogous to reactance in electro-kinetics ) represents en­
ergy which is not primarily or n ecessarily lost , but which is really 
stored and which is r ecoverable wholly in theory and partially in 
practice. The former is analogous to th e electrical energy dis­
sipated by an ohmic resistance, and the latt er to the wattless en­
ergy absorbed provisio~ally by a reactance, the analogy being so 
o bvious as to require no furth er explanation. 
. An acce leration curve is , as pointed out in Appendix A, a speed­

time curve, or velocity curve, having a positive differentia l co­
efficient. This differential coefficient , as shown in Appendix B, 
in equation (28) is equal to the algebraical sum of the differentia l 

coefficients corresponding t o the various forces co ncerned and 
active in producin g the acceleration. 

Using the lett er "k," with suitable affixes, to designate the in­
dividual coefficients corresponding to the individual forces con­
cerned in each case, and using th e letter A' to designate the re­
sultant acceleration, we have, from equations (28) and (29) in 
Appendix B, 

d.!!_ = k ± k ' ± k ' ±etc.= A' 
dt 

(/) 

Some of these individual coeffic ients may be positive, while 
oth ers may be negative, but the algebraical sum, according to the 
above definition of an acceleration curve, must be a positive 
number. 

When weights (W) are expressed in tons of 2000 lbs., and when 
p = the equivalen t gross tractive effort or pull corresponding to each 
of the individual forces concerned in th e r esultant motion, we 
have, by analogy to equation (2ra) in Appendix B, 

k = 1lf = .01098 ( tJ/) (//) 

and, reconstructing equation (/) accordingly, we have 

A' = .01098 (-&,) ± .oro98 ( t) ± .01098 ( {~ ± etc., ) 

of which the simplest form is 

(
p p' p" p"' ) 

A'= .01098---;- W IV ± 1V ± W ± TV± etc. ) (Ill) 

The factor .oro98---;- I,,V is sometimes written 1 ---;- 91. 1 W. 
vVhen each term "p" is taken in pounds per ton the term "W" 

disappears, and we then have 

( 
p p· P" p' " )-

A'= .01098 TV ± w ± IV t___ u, -t etc. (JV) 

We must now determine the number and character of the force 
factors (p), by refer ence to which the r esultant acceleration is to 
be expressed. 

The f_orce of the equivalent acceleration correspo nding to train 
resistance could be expressed by a single symbol but it is more 
conve?ient to express it by means of two separa~e symbols, one 
of wh1s:h (f) shall correspond to and shall include all the factors 
of train resistance except the increase of resistance due to curva­
~ure, ~hich latter may advantageously be considered separately, 
111 which case its equivalent force may be expressed by the 
sy mbol c. The force corresponding to grades may be expressed 
by the symbol G. The force corresponding to kinetic energy may 
be expressed by the symbol /. In this case, however the effect 
is complicated by the fact that in a moving train ther~ is inertia 
of two kinds, namely, linear in ertia, or the inertia due to the en­
tire mass of the car moving in a straight line, and rotational in­
ertia, or the inertia due to the rotating parts of wheels a-ears and 
motors. It is possible, however, to express the rotati~n°al inertia 
in terms of lin ear in ertia. This fact was alluded to in the paper 
read before this Institute by N. vV. Storer, in which it is stated 
that the rotational inertia has the same effect in increasino- the 
total inertia as if the mass of the car were increased by a c:rtain 
percentage. This percentage varies in different cases, but Mr. 
Storer recommends that it be taken at about ro per cent. We 
may therefore use the same ierm to designate the effect of linear 
inertia or rotational in ertia, if this term includes the proper cor­
rection for rotational inertia. It is just as simple, and it may be 
sometimes convenient to use a separate symbol i for the rotational 
inertia. 

These several symbols express the forces which react upon and 
modify the prop elling force applied to the car. The forces in each 
case are understood to be m easured in pounds of pull per ton of 
train weight, this being th e basis assumed in the fundamental 
equat ion (2ra) in Appendix B. The propelling force of the mo­
to r may be expressed in terms of an equivalent gross tractive 
effort (P), also measured in pounds per ton. In the ca se of a 
se ries electric motor , thi s gross tractive effort depends upon the 
amount of current passing through the motor and also upon the 
gearing ratio of the motor. The amount of current itse lf passing 
through the motor is, as is well known, a function of speed, con­
sequently the gross tractive effort of the motor is it self a function 
of the soeed of the car. 

Tabulating these symbols, we have 
H'= vVeight of car or train (in tons of 2000 lbs.). 
T = The total or gross traction (due to the curren t) per motor. 
P = T--;- TV = Gross traction in pounds per ton. 
f = Force exprnded in overcoming the friction of all kinds (in­

cluding axle friction, air and wind r esistance, etc., but 
not including curve resistance) in pounds per ton. 
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c = Th e force expended in overcoming the additional resistance 
due to track curvature. 

G = The equivalent traction due to grades. (This factor will 
h ave + sign on down grades and - s ign on up grades.) 

I = Th e force expended in overcoming linear inertia. 
i = The forc e expended in overcoming rotational inertia. 

f> = Resultant fo rce expended in acceleration. (== I + i.) 
The factor s f , c, G, I , i are all expressed in pounds per ton of 

t rain weight. 
From this it is seen that we-have to consider a total of six (6) 

te rms of the type p. 
The term f express ing train friction varies, as is well known, 

as a fun ction of the train speed, same as the gross traction. 
The t erm c varies with the degree of curvature. This term only 

occurs in those portions of acceleration curves which correspond 
to points on the run at which there are track curves. It is usual 
to assume this r esistance as equivalent to from 0.7 lb. to 0.9 lb. 
per t on per degree o f curvature. Thus, a ssuming a coefficient of 
o.8, a track curvature of 5 <l egs. would increase the train resistance 
by an a m ount equal to four pounds per t on. 

The t er m G depends upon the percentage of grade and is con­
stant fo r each percentage. F or example, a grade of l per cent , 
which m eans a ri se o f 1 ft. per roo, would be equi valent to lifting 
the train weight ( W) one-hundredth of the distance or lifting 
one-hundredth of the weight the entire distance. Each ton of 
2000 pounds would therefo re occasion an apparent increase in 
train r esista nce equivalent t o twenty pounds per ton. 

From the above it is seen that the value o f G in any particular 
ca se will be 

G = 2 0 q, 
in which q expresses the percentage of g rade. 

The t erms I and i t ogether represent , as will be understood 
fro m the preceding discussion, the n et fo rce, or the force which 
is expended in accelerati on. 

\ Ve m ay r et ain the t erm p to express t his net force, so that 

p = f +i. 
If we substitute the abov e terms for the terms p', p", etc., in 

equat ion ( IT ' ) we have. 
A' = .or098 (P - f - c ± C) = .01098 p. ( V) 

The signs of f and c will always b e minus. 
T he sign of G will be + when the ca r is on a down grade, an d it 

will b e - wh en the car is on an up-grade. 
W e thu s see from equation (V) that the differ ential coeffici ent 

of an accelera tion curve may be simplified in expression until it 
is equi va lent to th e a lg ebra ica l sum of va rious fac to rs r epresent ­
ing real or spurious t rain resistance s, multiplied by a constant. 
T h e algeb raical sum r eferred lo is nothin g m ore than the net 
pull , sin ce, if we equate the la st t wo ter ms of the equati on, the 
coefficient .01098 disappears and we have simply 

/> = p - f - C ± G ( V I ) 
Each term, t aken separately wi th th e co ns tan t, indicates the 

equivalent acceleration correspon din g to sa id te rm ex pressed in 
miles per h our per second. T hus, in th e case o f th e g ross traction 
(P) the quantity .01098 P would m ean the accelerati on in mil es 
per hour per second , which would be obtained if it we re n ot for 
the modi fy ing factor s f, c and G. 

Ri:tardatio11.-In th e second portion of each cycle of tra in m o­
tion there is a stage of motion duri ng which the ca r moves with­
out extraneous power being empl oyed, it b eing impelled by the 
ki netic energy previously stored in it during acceleration. The 
car is then said to be " d ri ftin g" or " coasting." The coasting o r 
drifting motion would cont inu e, with the speed in the meantime 
gradually diminishing unti l th e k ineti c energy stored in the car 
or t rain h as been entirely dissipated in over com ing the train re­
sistances, wh en it will stop. When the rate of di ssipation of the 
ki neti c ener gy is purposely incr eased by fri ction shoes bearing 
against the car wh eels the r etardation is m or e rapid and the car 
is then said to be " braking." A braking curve is, therefor e, a 
ret ardation curve showing a high ra te of retarda tion . 

A r etardati on curve m ay be defin ed as a velocity curve having 
a negative differential coefficient. (See Appendix A, last para­
g raph.) 

In a coasting curve the coefficient is relatively small ; m a 
braking curve it is high. 

T he same equations whi ch apply to acceleration will apply to 
r etardation. In this case, however , since power is n o longer be­
ing applied to the car, the quantity P will be zero , and will con­
sequently di sappear from the equation. The only terms remain­
ing will be f, c and G, so that the equation will n ow become. 

- A'= .01098 ( - f- c ± G:) = .01098 p (VII) 
If there happen to be no curves or grades the equation will be 

simply 

-·A'= - .01098 f = - .01098 p 
wh ence we have 

-f=-P 

(VIII) 

or the force (p) due to the kinetic energy is exactly equal to the 
force r equired to overcome the train resistance (f). The minus 
sig n indicates that the accel eration is negative or that its rate is a 
decreasing one. The energy-producing acceleration comes, of 
course, from the kinetic energy stored in the car. The rate of 
decrease of the speed will be exactly such as to produce the force 
P ( = f) and n o more. This is in accordance with equation (22) 
in Appendix B. It seems strange until we stop to consider the 
two following circumstances: First, that the only way in which 
the energy of the car can be dissipated when brakiug does not 
occur is by means of the friction due to train resistance· second 
if the speed variation could in any way !)ecome gre;ter tha1~ 
that which corresponds to and develops a force equal to that of 
the train resistance (in accordance with equation 22) there would 
be a surplus of force , and this surplus could only be expended in 
producing acceleration or in the reacceleration of the car. It is 
evident, therefore, that the rate of retardation of the car must of 
necessity be exactly such as, and can be no more than can and will 
suffice to cause the kinetic en ergy stored in the car to be dissipated 
a t precisely the r a te r equired to overcome the train resistance and 
also the effect of track curve resistances and of up-grades, if there 
be any. It is worth while to note that the case would be different 
if the car were running on a down grade, for, in this case, G is not 
equal to zero, but ha s a posi-ti ve value, and, con sequently, represents 
a fo rce which is, of itself, capable of producing acceleration. Under 
these circumstan ces, we should, therefore, expect, and we find in 
pract ice, that a higher r a te of acceleration is produced. 

When braking the car there is, as already stated, an additional 
r etarding for ce. This r etarding for ce, which may be designated 
by the symbol B, enter s in the fundamental equation with the 
negative sig n, so that we have 

- A ' = - .01098 ( - B - f- c ± G) (IX) 
In practice it is usual to speak of a braking force of so many 

pounds per ton. For high-speed work the value generally taken 
is B = 150. As pointed out in section II, in di scuss ing the sub­
ject o f plotting braking curves, it is usual, for the purpose of 
simplification, to assume that thi s figure (150) al so represents and 
includes the-values off and c, so that the equation, a s used in prac­
ti ce, would generally be simplified to the following form : 

-A' = - .01098 ( 150 + G ) = r.647 + (.01098 G) (X) 
In the coastin g curve, a s well as in the braking curve, the effect 

of a down grade, which makes the sign of G a plus sio-n will be 
evidently to decrease the rate of retardation, while th~ ~ffect of 
a11 up-grade, making the sign of G minus, will be to increasc the 
rate of r etardation. 

The equati on shows that the slope of the braking curve will 
depend n ot only upon the value of the braking friction (B) but 
a lso upon the train resist ance, also the track curva ture and per­
centage of g rade, if any. 

The t erm B is generally assumed constant and independent of 
the speed. This is not exac tly true, however. The trne braking 
curve (y , A , B, C in Fi g. 3) is, like the drifting curve, more or 
less convex to the axis of x. The straight line (y, a, b, c) indicates 
the ( constant) rate or r etardation that would be required to bring 
the ca r to stop within the same di stance. It will be seen that , 
with a constant rate o f r etardation, the car would come to a stop 
a little sooner than is actually the case in practice. The data 
available from actual test s are still so meager, and the analysis 
of them is so incomplete, that engineers are still obliged to assume 
a um stan t r a te 0f r etardation in dea ling with the braking curve.. 
T his po int is aga in referred to in section II. 

In the fo regoing equation s indi vidual acceleration coefficients 
which go to mak e up the r esultant coeffici ent s are shown by mean s 
of various terms indicating a forc e or pull in pounds per ton 
multiplied by a constant. This has been done out of deferenc~ 
t o the established practice among engineers of estimating the 
accelerating force in pounds per ton. The writer believes that a 
more satisfactory way would be to estimate acceleration in miles 
per hour per second, using equations of type shown in equation 
(I) rather than those of the types shown in equation (JV). The ad­
vantage of equation (I) is the fact that it gives the resultant ac­
celeration in terms of the individual accelerations expressed in 
miles per hour per second. Translat ed into words, this equation 
means that the total or re sultant acceleration is obtained by taking 
the difference between all the positive acceleration co-efficients and 
the negative acceleration co-efficients. The transition from one 
type to the other has been cl early indicated, and it is not necessary, 
therefore, to repeat the equations in the modified form. In plotting 
the curves by the method which will now be described the values 
used are those obtained by equations corresponding to equations 
(V), (VII) and (IX), but patterned after equation (I). 
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Interesting- T urbirte Work 

A merican engineers will find nrnch to interes t and instruct them 
in the development of th e water turbine 'in E urope 'and its numer­
ous applications under widely varying conditi ons. The work of 
Escher, Wyss & Co., o f Zurich, in this lin e is particularly inter­
esting. Some idea of the extent of th.is concern' s experience may 
be gaii1ed from the sta tement th at up to the firs t of the presen t 
year it had built and installed upward of 3200 turbin es, aggre­
gatin g 372,303 hp. This work, of course, has not b een · coh fi11 ed t o 
any particular locality , but exte'ncls over the entire contin ent of 
E urope, a11d exampl es are, to .be fo und wh ere,ver water· p ower is 
utili zed. Som e· of th e more notabl e in stallation s are 'those at 
Bell,egrad~. Frallce, compri sing two turbin es of 1500 hp each ; 
Kandenverk , Switze rland, six turbines of 1400 hp each ; Glommen, 
l'fon vay , 0 11 e h1rbine of 3000 hp; I sanvcrke, Munich , Bavaria, two 
turbines of 1006 hp each, a nd St. lVIaurice, Switzerland, five tur ­
bin e:=; of 1000 hp each. 

Th e turbines built fo r medium fa ll s are in most cases of the 
Francis type and have, acco rding to the prevailing circumstances, 
one, two o r more runn ers, o r turbine wheels, arranged on the 
same shaft. O ne of the most int erestin g exampl es is the power 
plant of the Societe Lyonnai se des Forces Motices du Rhone a t 
Lyons, France, which has been suppli ed with doubl e turbin es. 
These mach ines were de sig ned to produce 1500 hp each under a 
head of IO 111 (32 Sr ft.) and 1350 hp each under a h ead of 8 111 

(26.24 ft.) when operati ng at a speed of r20 r. p. m. 
The design of thi s turbin e a nd the general fea tu res of the in­

stallation may be readily understood by an examinat ion of t h e 
accompanying plan. Th e turbine proper is situated in a flum e of 
plate, which is cl osed at th e upp er and lower ends by means of 
split cast-iron covers. From the two turbine wh eels the water 
flows into a common discharge dom e, or draft ch est , and thence 
through a draft tube, or suction pipe, which is constructed partly 
of plate and partly of concrete, into the tail-race. The verti cal 
pressure on th e sh aft caused by the rotating parts of the turbine 
and dynamo as well as by the pressure of the water is partly pro­
vided for by a hydraulic balancing apparatus and partly by a pivot 
situated below the turbine. The regulation is effected by turnin g 
the adjustable guid e-floats, which may b e operated by means of a 
gearing from an auxiliary motor that works with oi l pressure. 

The m otor is r egulated by th e governor through a r egulator valve 
and is supplied with a differenti al pi ston. The small surface of the 
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co i'1i cal forbin es with three rows of buckets each and three exciter 
turbines o f 250 hp each. A photographic reproduction of one of 
these doubl e turbine s of th e Francis type is pre se nted h erewith 
and also a view of the starting apparatus. 

Fo r insta llati ons a t hi gh falls a special type of hi gh-pres~urc 

STARTING ENGINE FOR TURBINE INSTALLATIONS 

turbines with spoon-shap ed buckets h as been designed. This type 
is illustrated in the cut on page 56. The discharge from the 
usual rectangular nozzle is regulat ed by a tongue which is placed 
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DETAILS OF TURBINE INSTALLATION AT LYONS, FRANCE 

piston is under continuous pressure and th e larger pi ston surfac e 
is controlled by the governor through the regulating va lve. The 
installation a t Lyons, which has just been complet ed, consists of 
eight of these double turbines of 1500 hp each , eight 1250-hp 

and accurately fitt ed inside the cast-iron casing of the turbine. 
This tongue forms one arm of an angular lever, the other arm 
being connected with th e pi ston of the auxi liary motor. The 
pressure of the water has a·lways th e t endency to ope n th e tongue, 
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but it is prevented from doing so by the power produced by the 
water pressure on the lower part of the piston of the auxiliary 
motor . If, however, the water is guided by the regulating valve 
into the upper and larger sur face of the differential piston the 
tongue is opened, but it is shut again when the upper surface of 
the piston is shut off from the pressure water and connected with 
the discharge room. 

As a rule, these high-pressure turbines are provided with special 
pressure-regulating apparatus which is intended to avoid danger­
ous varia tions of pressure in the pipe line. These equipments 
permit the water, when it is cut off suddenly by the regulation on 
sudden changes of load, to flow out without a moment's delay 
through a side opening, which afterwards shuts automatically by 
means of 2.n oil cataract. The tests which were made with this 
apparatus in several installations have shown that, even by a total 
discharg e, th e maximum variation of pressure did not exceed 2½ 
per cent, though there is no fly-wh eel or air vessel connected with 
the apparatus. ----♦------

Interurban Lines Projected in Scotland 

R epo rt s about the pro moti on of a mono-rail line between Edin­
burgh and Glasgow have been revived; but so far as the inYesting 
public is concerned it will probably prefe r to await the result of 

cheap and rapid traction on the improvement of tl:e condition 
of the poor, and it is interesting to note, says the Dispatch, 
"that additional confirmation of the beneficial effect of these rail­
ways is given in the article to which we have referred. Whatever 
agreement is come to regarding our E dinburgh tramways, it is 
earnestly to be hoped that nothing will be done that might have 
the effect in future years of checking the introduction of such 
suburban lines as those which are working a great revolution 
among American cities and improving the condition of the work­
ers in a marvelous way." 

Discussion of New York Central's Plan 

In discussing M r. Arnold's paper before the In stitute upon the 
plans of the New York Central for substituting electricity 
for steam in the terminal work, Frank J. Sprague, who 
has given the subj ect special attention and is familiar with 
the conditions that exist ther e to-day, said that he was 
glad to not e that the power requirem ents agreed very closely, 
considering th e changed condition s, wi th th e result of a 
si mila r invest igation made under h is direct ion three years ago. 
l\Ir, Arnold had Yery wisely con fined himself to the problem of 
t rain monments \\' ithin the limits of New York. For the specified 

HIG H PR ESSUR E TURBINE FOR HIGH FALLS 

the mono-rail ex perim ent between M anch ester and L iverpool. 
At presen t there are three lines of railway between the two chief 
cities of Scotland, and the construction of a fo urth does not se em 
very inv1tmg to investors. Commenting upon this proj ect, t he 
E dinburgh Dispatch says, however, that railway companies -and 
city autho rities cannot close their eyes to the signs of the times, 
and it calls attention to the progress of the electric railway in thi s 
country. As an example of the work that is being done here it 
cites the interurban service of Western Pennsylvania and repro­
duces some statistics from the STREET RAILWAY JoURNAL of May 
7 on the development in that region, with the comment that the 
value of such a great network of lines in developing the country 
cannot be exaggerated. At the conference of charity and kindred 
societies held in Edinburgh reference was made to the influence of 

sen -ice, the use of continuous current motors, to be operated at a 
moderate pressure, was the only safe recommendation. Mr. 
Arnold's paper had made special comparison of steam and electric 
operation in the matter of economy, with the result that no special 
advantage had been shown in favor of one or the other. Economy, 
however, was in this particular case the least important considera­
tion, and he did not doubt that Mr. Arnold believed with himself 
that while this comparison was a necessary thing to be presented, 
there was no question, not only as to the practical possibility of 
electric operation, but of its economy. Wisdom, and even impera­
tive need on the score of comfort and safety, required the change; 
and furthermore, the financial results would also entirely justify 
it. On account of the special nature of the problem, if the railway 
company should defer the adoption of electricity until some great 
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saving in car-mile operation was manifest, steam would continue 
to be the motive power of the tunnel. Safety, cleanliness and com­
fort, however, being assured, increased dividends would most as­
suredly result from increased traffic . 

The problem was a two-fold one-the replac ing of the steam loco­
tive on through trains and tne operation of the suburban service. 
The requirements were to be met in different ways. At present both 
train services were operated by steam locomotives. The through 
service must remain such, but the suburban could be readily 
changed. No less than ten or a dozen types and sizes of locomo­
tive were now in use, and at limited speeds. Train weights var ied 
from a hundred ana fifty to six or seven hundred tons. It would 
seem, therefore, that in so far as locomotive service was con cerned, 
it could best be performed by units of, say, 30 to 35 tons weight, and 
of 700 hp t o 800 hp, these unit s to be so equipped and controlled that 
one could be used for the lighter se rvice an d two operated as a 
single-unit for the heavier. 

T hi s condition made imperative what has already been well set-

I 

T he accompanying tables contain the data, in convenient form, 
that was presented and discussed by Mr. Arnold in his paper. At 
the time of publication the arrangement of thi s data had not been 
co mpleted. It is presented as an inset, in order that those who 
may desire to do so may bind it in the last volume with the orig­
inal paper, thus making a most complete r eco rd. 

•• 
Opposed to Running Cars on Sunday 

The promoters of electric railways have encountered a sturdy 
opponent in Aberdeen in the form of the United Free Presbytery. 
At a recent meeting the following resolution was unanimously 
adopted: 

"The Presbytery having learned with deep concern that a pro­
posal to run tramway cars on the Lord's Day is to be made in the 
Town Council of Aberdeen, resolve as fo llows: Whereas, this 
propo~al, if carried, would involve a complete reversal of the habit 

and custom of the city in the 
matter of Sunday traffic on 
the street, a serious increase 
of Sunday labor on the part 
of men employed by the city, 
whose opp0rtunities of rest 
are already very few, and a 
still more encouragem ent to 
th e increase of Sunday traf­
fi c in general ; and whereas 
this proposal has not arisen 
from any desire expressed by 
th e community for a Sunday 
service of cars, but is certain 
to awaken strong disapproval 
on conscientious grounds on 
the part of a large section of 
the citizens; therefore, the 
Presbytery, whi le expressing 
their own strong conviction 
that the proposal is uncalled 
for, and is fitted to do lasting 
injury to the institution of the 
Christian Sabbath and to the 
best interests o f the city, re­
spectfully appeal to the Town 
Council to withhold consent 
to the action proposed until 
the mind of the ci tizen s has 
been ascertained. " 

In the discussion that fol­
lowed the introduction of this 
r esolution the Rev. W. Mack­
intosh Mackay said that the 
movement would not be con­
fin ed to Sunday morning, but 
v,as bound to be projected 
into the afternoon, and espe~ 
cially in to the evening. There 
should. at least, be a plebis­
cite of the community on the 
question. 

DOUBLE TURBINES OF THE FRANCIS TYPE FOR LYONS. FRANCE 

Councillor Esslemont said 
h e did not regard it as a si n­
ful thing in itself that there 
should be means of locomo­
tion on the Sunday, but the as­
pect that appealed to him was 

tied-electrical in stead of hand operation of control equipments, 
and the grouping and simultan eous control of units; in short, the 
multiple-unit system of operation. For suburban service, indi­
vidual equipment of car s and like control of any required number 
was now beyond question. Another thing should be borne in mind, 
and that was that electrical equipment not only would insure greater 
safety of operation by clearing the tunnel of smoke and condensed 
steam, but the adoption of elect rical control would leave the en­
gineer free to devote himself to the sa fe piloting of hi s train, un­
trammelled by the distractions of other duti es. Mr. Sprague con­
cluded by saying that, so far as the possibilities of the case were 
concerned, he would not hes itate-and he felt sure that he voiced 
the conviction and readiness of others in the room-to undertake 
the feat of putting the heaviest train from Mott Haven to the Grand 
Central Station under electric power on schedule time within six 
months. Of course, such demon stration would be a special one, for 
considering the many civil engineering and railway problems in­
volved, from two to three years would be necessary to make a gen­
eral change. 

that sunday cars could not 
be run without causing Yery serious inconvenience and a very 
great injury. in his opinion, to the employees of the corporatio n. It 
might be said that they would get a day off during the week in lieu 
of the Sunday; but nothing could take the place of the Scottish 
Sabbath for the Scott ish working man. It was on that ground he 
intended to oppose the motion in the Town Council. There was a 
feeling, however, in the community in favor of the Sunday cars. 

Principal Salmond said it wo uld need a very strong argument 
to make out that there was any pressing reason, any necessity, 
for a change like this in the case of a city like Aberdeen. 

Mr. Donaldson sa id if this was a modified service of cars to suit 
people going to church, he did not see how they could object to it, 
wi thout obj ecting to carriages, for the car was simply the poor 
man's carriage. It those who could, by paying for it, obtain a c~b 
to church, he did not think they could object to the modified use of 
car s. It was also resolved to recommend ministers to call the 
attention of their congregations to the subject, and the public ques­
tions committee was empowered to approach other churches with 
a view to joint action. 
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New Cars for Philadelphia Suburbs 

Some handsome cars built by the J. G. Brill Company, of Phil­
ade lphia. h ave r ecent ly been put in commission on the lin es of 
the Ardmore & Llanerch Street Railw ay Company. They are 

from a single collision . The "United States" signal was conceived 
by some of tne most expert engineers of the Gamewell Fire Alarm 
Company, which is sufficient guarantee that the mechanical details 
of the apparatus are of exceptional merit. The system works auto­
matically, a small switch attached to the trolley wire operating the 

DOUBLE-TRUCK CAR FOR SUBURBAN SERVICE 

espe cially interesting e n account of their fin e appearance , struc­
tural stre n g th an d su itability t o the se rvice required of them . 
Th e heavy traffic between these fine r esidential suburbs requires 
an equipment m odern in every respect and conducive to every 
convenience and co mfort. The car s h ave sm okin g compartments 
seatin g tw elve passengers. T h e mai n com partme nt scats twenty­
cight. Th e doors and windows of the di viding bulkheads and 
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INTERIOR OF SUBURBAN CAR 

ends h ave drop sashes, which. together with the large windows 
and high a nd wide m onito r decks, make the cars exceedingly 
pleasant in warm weather. Th e leng th over th e bumpers is 4r ft. 
and the width at the belt line 8 ft. 4 ins. H eavy s ill-plates, an gle­
iron reinforced platform timbers and Brill pat ented angle-iron 
bumpers are parts cf the powerful construction . Th e interiors 
are Jone in n atural -fini shed white quartered oak, and the ceilings 
of th e same hi ghly finished and decorated. Th e cars nre equipped 
with Brill patented specialties, including sand-boxes, " D edenda" 
gongs, radial draw-bars and track scrapers. T h e trucks are the 
Brill patented No. 27, which have a remarkabl e record for 
strength , ease and safety at high speed. 

Automatic Block Signals 

The system of signals for electric railways which has been per­
fected by the United States Electric Signal Company, of West 
Newton, Mass., was first introduced in 1898, and since that time 
has been installed on a large number of roads. The importance of 
a safety device of this kind under the conditions obtaining on high­
speed interurban lin es cannot be overestimated, and the expense 
of in stallation of an absolutely sure block signal system is very 
small when compared with the probable damage claims resulting 

signal s. The signal boxes, which are attached to the poles, have 
subst antial cast-iron cases containing two colored windows, one 
r ed and on e green, and the light s behind these window s are con­
trolled by operating magnets. The system can be used on third rail 
ur surface-contact road s with a slight variation of the standard 
equipment furni shed for overhead con struction. 

Track and Trolley Wire Scrapers 

The accompanying illustrations show two ingenious devices which 
have r ecently been perfected by Fred. M. Root , o f Kalamazoo, 
Mich. The Root track scraper is an ingenious device for cleaning 
the track thoroughly of all dirt and obstruction s. The springs are 
made of oil-tempered steel, and the hand lever which is connected 
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TRACK SCRAPER FOR STREET CARS 

to the bell crank under the front platform enables the motorman 
to maintain any pressure on these springs that may be desired. The 
shoe of the second scraper, being just th e width of the rail head, 
is always on the track, and even should the rail be several inches 
below the pavement the surface is kept bright and clean under all 
condition s, in suring good elect rical contact of the wheels with the 
con sequent saving in power. The crank on the shaft to which the 
springs are at tached is connected to the bell crank under the plat­
form by a rod in the end of which are several holes to receive a set 
screw so that the apparatus can be perfectly adjusted to any car. 

The other device is intended for cleaning trolley wires of ice and 
snow in a much m ore efficient manner than the ordinary corru­
gated wheels sometimes employed. The cuts show the rollers or 
knurls held against the wire when in operation and also removed 
from the wire when their u se is not required. The conductor can 
control their position by means of the cord which runs down the 
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trolley pole. T he two side roll ers are held in position close to the 
trolley wire by means of springs on the side and yield readi ly to any 
diameter o f ice on the wires. H aving three corrugat ed wheels in 
the relati ve positions shown, the ice is thoroughly cracked up on 
three portions of the wire, on each side and underneath. In this 
way the wire is thorot1ghly clean ed before the t rolley wheel reaches 
it and the g roove of the latter makes good electr ical con tact. 

I -------1-----· 

SLEET ATTACHMENT FOR TROLLEY WH EELS 

By the t1 se of the two devices described above the manufacturers 
cl aim that a large amount of power can be saved through the win ter 
months, and with a power station equipment that is now hardly able 
to cope with the service a t bad season s of the year, roads may be 
run on schedule time without overtaxing the present faci lit ies. 
Both pieces of apparatus are made by the Root Track Scraper Com­
pany, of Kalamazoo, Mich. 

••• 
American Standard Feed- Water Heaters and Their 

Economical At't'angement 

Of the accompanying illustrations F igs. r and 2 give an idea of 
the constrnction of a copp er coil feed-water heater exten­
sively used in electric lighting an d street railway power stations, 
while Fig 3 shows a popular arrangement of primary and auxiliary 
feed-water heater s fo r all classes of con densing steam plants. The 
feed-water passes through a double coi l, such as is shown by Fig. 2, 

the st ream passing inside th e shell of the 
heater, around th e tubes, the internal area 
of the sh ell being several t imes that of the 
exhaust pipe, in o rder to obviate back 
pressure. T he coils are of seamless-drawn 
copper tubing, brought together into a 
co mmon inlet and outlet bv metal mani­
fo lds, to which th e co il pipes· are brazed. A 

FIGS. I AND 2. - DETAILS OF HEATER 

patented form of clamp-stay per mits of free expansion and con­
traction of the coil s, at the same time holding them securely in p lace. 
In order to permit the r enewal of packings without disturbing the 
pipe connections, an improved fittin g is used, the feed pipe being 
screwed directly into it and not ot1tside of it, so that the gland n ut 
holding the coil in position may be run back on to feed-water pipe, 
while the asbestos packing is r enewed. Each coil is tested to with­
stand 600 lbs. hydraulic pressure. The manufacturer s direct spe­
cial attention to the fact that the feed water comes in contact with 
no other metal than copper in passing through the hea ter, which 
takes up little room and has no removable or adjustable parts to get 
out of order. T he arrangement o f apparatus shown by Fig. 3 is 
one which obviates the use of a hot well, the feed water passing first 
through the horizontal primary heat er , in which it attain s a tem­
perature depending upon the vacuum in the exhaust pipe. W ith a 
26-in. vacuum in ordinary working the feed water should leave the 
primary heater at a temperature about 25 <legs. above that of the 
hot_well , say at 125 <l egs. F rom the primary heater the feed water 
passes to the vertical auxiliary heater, in to which is di scharged a t 

atmospheric pressure all the exhaust steam from the feed, con­
denser and other steam pumps, sma ll engines or any other a uxiliary 
apparatus, the temperature of the feed water being raised nearly to 
boiling point. With thi s arrangement of heaters it is not generally 
economical to use a conden ser driven from the engine shaft , be­
cause the exhaust steam from an independent condenser is usually 
reqt1ired in the auxiliary heater to insure economical r esults, bt1t in 
cases where the exhaust from the auxiliary machinery is more than 
sufficient to do the work, a part of such auxiliary apparatus may 
be exhausted into the primary heater, and thus work t1nder vacuum 
with increased economy. Where the avai lable amount of exhaust 

FIG. 3.-ARRANGEMENT OF FEED WATER HEATERS 

steam is insufficient, however, the required amount of steam may 
be seemed by "bleeding" the high-pressure exhaust of a compound 
engine or by taking steam direct from the boiler through a re­
ducing valve. As to the relative sizes of the !1eaters it is considered 
good practice to have them of equal capacity, the work to be done 
being usually about the same in each. The pr;mary heater is ar­
ranged to drip at the lower end, and the heaters are usually so 
by-passed as to permit either one to be used independently when 
necessary. As the primary heater itself acts as a partial con­
denser its use causes no impairment of the vacuum, while the fact 
that there are no threaded or expanded jcints in the tubing, all 
connections being made by lapping and brazing, is a safeguard 
against any leakage tnat would prove detrimental to the main­
tenance of the vacuum. The heaters described are manufactured 
by the Whitlock Coil Pipe Company, Hartford, Conn. 

♦----
An Efficient Ticket Destroyer 

A machine has been designed for making valueless used tick­
ets, transfers, etc., so as to leave no chance for fraud. It is known 
as the Patten ticket destroyer. It has freqt1ently been found 
that the old method of burning is very ineffectual, and it is evi­
dently doubtful policy to intrust a man with anything to destroy 
that may be of value t o him if saved. 

T his apparatus can be set up in the auditor's department and 
the tickets destroyed under his immediate supervision. After 
passing through the machine the cuttings can be sold for paper 
sto ck or otherwise disposed of without fear of their being fur­
ther presented for use. The construction of the apparatus is very 
simple, and, as it is stro ngly built, has large wearing surfaces, 
babbitted bearings, crucible steel cutters, etc., it is ve ry durable. 
It may be run by a 1-hp motor or by hand power. 

These machines are built by Paul B. Patten, of Salem, Mass., 
and are in practical operation on a number of street railways. 
Among the users may be mentioned the Boston & Northern 
Railroad, Old Colony Rai lway Company, Brockton Street Rail­
way Company, Waterbury (Conn.) Electric Company, Bridgeport 
Traction Company, Duffalo Railway Company, Cincinnati Trac­
tion Company, Fitchburg & Leominster Railway Company and 
Youngstown & Sharon Railway. 

•• 
T h e repo rt of tests made with fuel oil at the plant of the Dallas 

E lectric Light Company is attracting considerable attention 
among managers of power plants, although the data given out is 
incomplete, and consequently unsatisfactory. This test was made 
unde r a Babcock & Wilcox boi ler of 317 hp rating, based on 10 

square feet of heating surface on a run of eight hours. The evap­
orat ion of 212 degs. was said to be 13.77 lbs. of water to the 
pound of o il. At th e time the test was made oil was worth 59 
cents pe r barrel, delivered in Dallas, against $3. 15 per ton for coal. 
As compared with an eight-hour run of coal, while evaporating 
8.87 lbs. of wat er to the pound of coal, the actual saving was $3.66, 
wi thout figuring on the fir eman at $2 additional. This plant has 
since adopted the system used during the test, and the manage­
ment estimates that it is saving approximately $2,000 per month 
on fuel and $26 a day on firemen. 
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A Light Interurban Car 

The accompanying cut shows a light combination interurban car, 
which was part of an order recently completed by the John Stephen­
son Company, of Elizabeth, N. J. , for the Montroseville, Bellevue & 
N orwalk Traction Company, of Sandcsky, Ohio. The order com­
prised several differ ent styles. but that shown in the engraving is 
the one of greatest interest. The body is 28 ft. long over the end 
pan els and is divided into two compartments. One of these, about 
8 ft. in length, is used for :iaggage as well a s for smoking, and is 
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HAND SOME INTERBURBAN CAR 

provided with sliding doors on each side. The other compartment 
fo r passen ger s is about 20 ft. in leng th. T he car measures 37 ft. 
over the dashers, with a width at sill s of 8 ft. 4 in s. A straight side 
with the "Stephen son" double sheathing was adopted as making the 
best and most convenient method of con structing a car which r e­
quired a s liding door in the side. As a car with such an opening 
requires unusual strength, on account o f the side truss being in ­
terrupted, the sills ar e heavily plated with steel. As will be noticed 
in the eng raving the plat e is well secured by a double row of bolt s, 
closely spaced. In addit ion to thi s there is the u sual truss rod under 
each side sill, and two extra long itudinal sill s along the center. 

The vestibules are of the completely enclosed type wi th round 
ends, street car bonnets, three-dropped sash with metal stiles and 
channel-iron plat fo rm t imbers. The metal stiles h ave the advantage 
of making a minimum obstruction t o the view. T he channel-iron 
platform timbers, with their r ider s oi oak, make a very solid con­
struction, and being dropped bring the pla tfor m fl oor so near the 
head of the r ai l that only a single step is n ecessary. The buffer s 
are of the Stephen son spring type. They are of channel-iron, and 
are so cushioned by the springs that the fr aming is entirely relieved 
from the shock of the inevitable blows which the end of a car r e­
ceives in storing car s at night and at other times. T his construction 
materially increases the li fe of the car body. The bonnet is built 
with bows and raft er s of ben t ash, and as is desirabl e in a car of 
thi s type, the roof is unusually st iff and st rong, having nine 
stee l ra ft er s. T he projection of the upper deck, both on the s ides 
and at th e ends, is sufficien t to a fford the venti lator s ample pro­
tection against rain. The two compartments are divided by a par­
tition, fini shed in panel work. The swinging door has glass in its 
upper portion. 

The cars are mounted upon the No. 20 Stephenson truck. The 
use of this truck enables the body to be brought low, and, at the 
same time, there is ample room fo r the truck to swing clean of the 
timbers. T his is effected by the dropped end s of the truck frame 
and by the arrangement of its swinging bolster. The N o. 20 truck 
not only carries t he car body with great steadiness, making what is 
recognized as an easy riding car, but the amount of power needed 
for propulsion is remarkably small. This is due to the way in which 
the truck frame is carried by the double journal springs and to the 
soft swing motion. One important point is worth attention, viz.: 
that no matter how far the swing ueam moves from its normal 
position, even though the links may make a sharp angle with the 
vertical, n o part of the swing motion can ever strike the wheels. 
T he truck frames are of great strength owing to the stiff form given 
to the wheel pieces and the very effective manner in which the end 
pieces are secured to them. 

These cars are arranged for double trolley poles and are pro­
vitled with powerful motors, as they are intended to operate on a 
fast schedu;e. 

Automatic Signal for Block Systems and Car Spacing 

The American Electric Switch Company, Pittsburgh, Pa., is 
placing on the market an automatic signaling device to be used on 
both single track roads between turnouts and on double track roads. 
The time is approaching when the double track roads using high­
speed cars will r equlre a block system answering the same purpose 
as the block system on steam roads, as the cost of one bad rear end 
collision will equip an entire road with a block system. 

In thi s system there is always a light burning at e::!.ch turnout, 

WITH BAGGAGE COMPARTMENT 

incandescent lamp s being used, which are so arranged that the sun­
light will not strike them and confuse the motorman. All wiring 
is done with No. 12 B. & S. gage insulated iron wire o r cable, 
as desired. No trolley wire is cut or separate section required, and 
ther e is no trigger or any obstruction for the trolley wheel or pole 
to strike against r equired to operate the signal, the current being 
taken directly through trolley wheel so that the device will operate 
whether the motorman uses his power or not. The signal is 
operated by the trolley wheel making contact between the trolley 
wire and an independent circuit, and the car crew have nothing to 
do with setting them. 

For a sin gle track road with turnouts, diagrammatically sh'own 

--L ig-ht Ci1-cu it 

0 = White Light 

EB = Green Light 

• = R eel Ligh t 
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FIG. I .-SINGLE TRACK INSTALLATION 

I 

in Fig. I , the device works as follows: When a car crew desiring to 
leave the turnout runs out on the line, a white light signal being set, 
the tro lley wheel passing over a certain point makes contact with an 
independent circuit operating the signal, setting a r ed light on the 
far turnout No. 2, and a g reen light on the n ear turnout No. I. 

Thus the motorman, seeing a green light, knows that the s ignal is 
set at danger at the No. 2 turnout, causing any car proceeding in the 
opposite direction at No. 2 turnout to come to a dead stop. The 
car passing through the block and reaching No. 2 turnout the 
trolley wheel makes contact between the trolley wire and an inde­
pendent circuit , throws out the red light at No. 2 turnout, and the 
green light at No. I turnout, lightin g up a white light at No. 2 

turnout an d a white light a t No. I turnout. Thus a white light is 
set at each end of the block, and a car can now enter from either 
end with a clear track. 
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T his device wi ll allow any number of cars, going in the same 
direction, to enter the gauntlet as follows: The first car, seei ng a 
white light, throws up a red light at No. 2 turnout and a green 
at No. r turnout, and enters the block. T he crew of the next car 
fo llowing, coming to No. r turnout , and seeing a green light, the 
motorman knows there is a ca r going in the same direction in the 
hlock, and therefore can enter, but proceeds wi th car under control. 
Three, four and fiv e cars or more can run in the section likewise, 
and the white signa l will not be set at No. 2 turnout until the fifth 
or last car has left the block. T his is done automat ically. T he fir st 
car , passing over the point of trolley wi re at No. r turnout, the 
trolley wheel makes connec tion with the independent circuit, 
energizing a magnet at No. 2 turnout which ope rates a drum or 
disc, on which are segments, throwing the drum forward one 
space so that a brush rests on the red light segm ent , lighting a 
red light at No. 2 turnout and a g reen li ght at No. I turnout. 
The second car, going in t he sa m e direct ion, seeing a g reen 
light ·at No. r turnout, runs into the block, throw s the drum one 
space fart her ahead, making the wh ite segment two spaces from 
the bru sh. W hen th e fir st ca r passes out of the block it t hrows 
the brush, r evolving in the same direction as the drum but oper ­
ated by a separate magnet, ahead one space, lenving the light 
st ill set at danger. ·when number two or the last car passes out 
of the block it throws the brush again one space ahead on to 
the white lig ht segment, thus se tting safe ty signals at each end. 

On a double track system, shown in Fig. 2, as one car passes a 
g iven point , say B, it sets a red lig ht signal at B and a green li ght 
signal at the block behind A. As the car run s off block B on to 
block C, it wi ll extingui sh red light at B and green light at A, 
se tting red light at C, green light at Band white light at A . Thus 
any car following approaching block A, and seeing white light, can 
proceed at fu ll or schedule speed; coming to block B, where a 
g reen light is set , the crew of car knows that the leader is one block 
ahead. Approaching block C, where a red light is set , the car comes 
to a dead stop or proceeds s lowly with car under cont rol, as the 

- - - Trolley \\'ire 

<- Light Circui1 

;-Light CiI'C'Uit 

0 = Whit e Ligh t 

0 ~ Green Light 

II Reel Light 

An Ingenious Safety Device 

The apparatus illustrated herewith is intended for protectin g 
property from the injurious effect s which oft en result when the 
curren t from trolley wires escapes either by the falling of o ther 
wires across th e overhead system, the breaking away of the trol ­

ley wire o r other acci­
dents. Whe•· e the condi­
tion s arc such th at the 
acc ident produces a bad 
ground of the sys tem th e 
circuit -br eaker immediate­
ly goes out 111 the station ; 
but it o ft en happens that 
wires are so disarranged 
that they become dan­
g erous without actually 
groundin g the circuit , and 
until word can be se nt to 
the station o r some auxili­
ary cut -out box along the 
road th ere is some liabil ­
ity of injury to life and 
property. The device con­
sists of a cas t-iron box 
arranged to be fa st ened to 
the t roll ey pole and con-

AUTOMATIC GROUNDING DEVICE taining a spring switch. 
One side of thi s switch 

is connected to the trolley line and the o th er to g round, and 
unless held open the contact-maker will g round or earth the 
section of trolley wire which it controls. Th e contact-maker i~ 
held in an off positi on by a cord which passes over an insulated 
pulley and is fa stened to a knob which passes through a pane of 
g lass in the side of the box. In the event of accident , a ll that is 

required is to break this g lass, thus re­
leasing the cord , and the section is 
immediately grounded, th:-owing out 
the circuit-breaker at the station and 
making that part of the line dead, and 
therefore safe. On the front of the box 
is an inscription indicating what to do 
in case of wires falling, and it is of 
course possible for anyone to cut out 
the section in case of emergency. As 

FIG . 2 - SIGNALS ON DOUBLE-TRACK SYSTEM 

soon as the glass is broken the engi­
nee rs in the power station can tell im­
mediately by the circuit-breaker that 
opens which section of the line is in 
trouble and a r epair gang can be 
despatched rapidly to the desired point. 
·while the contact-maker in the ground­
ing d evice is allowed to make connec­
tion between earth and trolley wire, it 
wi ll be impossibl e for the attendant at 
the switchboard to replace the breaker, 
or not, so that r epairs can be made 

management of road desires. Any number of cars can enter a block 
,vithout disarranging &ignal s. It is eYident the device can al so be 
used as an efficient car spacer, allowing only one car in a block at the 
same time. 

•• 
AU Night on Trolley Cars 

As a re sult of the severe storm on June 28 a number of persons 
camped out on electric cars betwee n Bell eville and East St. Louis 
all nig ht. 

At about 7 o'c lock p. m., a great cottonwood tree which stood 
a sho rt di sta nce east of the Lake Bridge, between East St. Louis 
and the blu ffs, was bl ow n down across Rock R oad, carrying all 
the wires with it and cutting off the current. One ot the cars of 
the East St. Louis Suburban Railway was within a hundred 
yards of the tree when it fe ll. For three hours th e car, and all 
the others of the system, lay motionless on the track. The wind 
blew a t errific ga le. The car nea r the bridge rocked and swayed, 
and it seem ed every minute that it would be blown over . By the 
time the wind died down it had become very dark , and for an­
o ther two hours the people sat in the darkness. The car was then 
moved a sho rt di stance and stopped again. Ahead was th e giant 
co ttonwood tree across the track. Sunday morning had dawned 
before the tracks were cl eared and the cars could proceed. 

with perfect safety on the section. 
This apparatus is made by Heaton & Smith, Ltd., electrical 

engi neers , of Londo n, England, and has been used on a number 
of roads , the engin eers pronoun cing it very sati sfactory. It has 
been tried in St. Hdens and Oldham with equally good results, 
and at present there are many other towns in England considering 
its installation. The company has been experimenting with de ­
vices of this kind for considerable time and has tried many dif­
feren t arrangement s for obtainin g the best results, both auto­
matically and othe rwi se. The manufacturers claim that they have 
now succeeded in making a device whi ch not only will work well 
when first turn ed out of the factory, but which aft er left standing 
for years without being used would be just as g ood as on the day 
it left the workshop, and immediately th e g lass is broken will 
automatically render the section upon which the accident has 
occurred perfect ly safe. 

•• 
The R. D. Nuttall Company report unusual act1v1ty in th e 

trading of troll ey wheels, many roads availing themselves 
of the opportunity offered to replace old types or ,vorn-out trol ­
leys with the latest forms, the old trolleys bein g accepted in part 
paym ent on the new. The most notabl e case is that of the Cin­
cinnati Traction Company, which trad ed 700 of its old-form 
doubl e trolleys not lon g ago for 1400 of the sin gle type. Individ­
ual roads all over the country are taking adva ntage of the oppor­
tunity to re-equip their systems with more modern apparatus of 
this kind. 
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Siemens Multipolar Dynamos 

The generators shown in the accompanying illust ration have 
been made by Siemens Brothers & Company, Limited of Wool­
wich, England, for the Corporation of Oldham. Thes~ machine's 
are compound wound and are arranged to be driven by \Villans 

, . 

SIEMENS DYNAMOS COUPLED FOR TESTING 

central valve engines, running at a speed of 300 revolutions per 
minute. The capacity is 500 kw each. 

The field magn ets consist of a ring of special quality cast iron, 
made in two parts and strongly bolted together, carrying eight poles 
of laminated steel. The core of the armature consists of discs of 
annealed mild stee l accurately stamped and keyed to a cas t 
iron body. The core is slotted and the bars securely held in the 
slots by m eans of hornbeam strips. The strips can be readily 
withdrawn to allow a coil to be replaced in the event of injury. 

The commutator is built up of hard drawn copper segments, and 
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EFFICIENCY CURVES OF SIEMENS DYNAMOS 

is insulated throughout with mica. The brush gear is mounted on 
a cast-iron ring, which is fixed concentrically with the armature, 
and which can be rotated so that th e position of the brushes can 
be easi ly and simultaneously adjusted. The brush holders are neat 
and compact in desi gn and are fitted with adjustable springs. 

The two dynamos were erected for a Hopkinson test in Siemens 
Brothers & Company's t est house at Woolwich, and a copy of 
the curve showing the efficiencies at va rious loads is reproduced. 
The voltage at no load is 500 volts. and at full load 550 volts. 

•• 
New Publications 

How to Become a Competent Motorman. by Virgil B. Liver­
more and James Williams, 232 pages. Illustrated. Price 
$1.00. P ublished by th e Authors, 1902. 

T his book is a practical t reatise on the proper method of oper­
at ing an electric street car. The authors are both experienced, 
practical men in the handling of street railway apparatus, Mr. 

Livermore being chief instructor of the Brooklyn Rapid Transit 
Company and Mr. Williams shop foreman of the same company. 
They are, therefore, not only competent to give instructions as 
to th e bes t method of keeping a car in good condition, but are 
fa miliar with every ordmary defect that is likely to occur upon 
the road and with its temporary repair. The value of such 
knowl edge to the motorman can not be overestim ated, as the 
ability to r epair his own car is the greatest safegu:ird that he has 
against being late at the end of his run. The book contains a 
great number of diagrams of co ntro llers, etc. , showing cross­
connections that can be made to t emporarily cut out different 
portions of the equipment and prevent a car from bein g stalled. 
T his class of diagram is g iven very completely, but it is to be 
regretted that there has not been included in th e volume a few 
diagrams showing th e entire car equipment and conn ections, so 
that new men who are entirely ignorant of the elect rical detail s 
would obtain a more tangibl e idea of th e different parts de­
scribed t han can possibly be given in th e text. As, however , 
the book is primarily intended fo r men who are actually in con­
tact with the apparatus itself, this is not of very great importance. 
A catechism consisting of a se ries of questions and answers rela­
tive to the operat ion of elec tric cars is added, which will prove of 
great assistance to th e ambitious motorman in fi x ing the knowl­
edge obtain ed from th e previous pages, and much of the informa­
t ion given will be of considerabl e benefit to the average inspector. 
The authors have been assisted in the preparation of this manual 
by Messrs. Kane and Geiss, in structors of motormen for the, 
Metropolitan Street R ailway Company, of New York. who have 
furnish ed data upon the underground conduit system. The sub­
ject of multipl e unit control and storage battery operati"on is not 
touched upon. In other respects the exceptional facilities af­
forded by the equipm ents of the Brooklyn Rapid Transit Com­
pany, which from its consolidation of numerous individual lin es 
has upon its cars a most varied assortm ent o f controllers, motors, 
etc., has enabled the authors to speak authoritative ly , from per­
sonal experi ence, upon nearly every type of apparatus employed 
at the present day. 

The Electrical Catechism. Compil ed from the regular issues of 
"Power," 216 pages. Illustrated. Price $2.00. Published by 
Hill Publishing Company, New York. 1902. 

To a large majority of practical men, especially those who have 
not had the benefit of a college education, that class of books 
known as catechisms is of the greatest benefit. In "Th e Electrical 
Catechism," 533 plain answers are made to 533 practical ques­
tions about elec trical apparatus, and the reader is given , in clear 
and concise lang uage and in an ent ertainin g manner, a great 
deal of valuable information regarding th e const ruction of the 
apparatus and the requirements which should be expected of it. 
Only such branch es of electrical work as come within the range 
of the average central station engin eer a re treated, :.>nd the ma­
jority of the questions relate to what the author terms in the 
preface as the "heavier branches of electri cal engineerin g." Con­
siderable space is allott ed to the answerin g of quest ions devoted 
to strictly street railway subjects, such as car wiring, series mo­
tors, seri es-parallel controllers, the rotary converter, etc ., as well 
as to such matters of dynamos, m easuring instrum ents , alternat­
ing-current transmission, etc., which are as intimately conn ected 
with railway work as with lighting installations. The many illus­
trations consist mainly of diagrams and add greatly to the book's 
value. 

Manual of Electrical Undertakings and Directory of Officials for 
1901-1902. Compiled under the direction of Emil Garcke. 976 
pages. Price 12s. 6d. net: delivery 6d. P ublishin g offices, Mow-
bray H ouse, L ondon , Eng. . 
This is the sixth annu al volume of this manual. It contams data 

and general information upon British electrical undert~kin gs b?th 
of the municipalities and of private companies. The 111forn_1atwn 
is classified under fi ve sections, that pertaining to electric railways 
being in th e first department. List s of electric companies formed 
under the joint stock acts and of all electric undertakings belo~g­
ing to municipalities are published in this manual. In the sect10n 
devoted to "Progress of the Year" reference is made to the power_ 
bill s, including those of th e t ramway power supply .. th e London 
underground railways and similar enterpri ses. A hst has been 
added showing the electric tramways compl eted, under construc­
tion .and authorized, and particulars are given of all orders ~nd 
bill s promoted and adopted during_ th e la~t Parlia1;1entar)'. sess10n 
relatincr t o eleccric tramways and li ght railways. fhere 1s also a 
map sh

0

owing the present condition of th e electric railways in Lon­
don. The directory of officials, which is a very impot tant feature 
of this manual contains upward of 4000 names and addresses of 
chairm en, dire,ctors, managers, secretaries, engineers, solicitors, 
bankers and auditors of electrical properties. The work shows 
evidence of careful compilation and constant improvement. 
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NEWS OF THE WEEK 

Must Pay for Delays in Chicago 

The City Counci l has pa sse d an ordinance providing that in cases 
of street railway breakdown s causin g a delay of ten minutes or more 
the companies must issue to the passenge rs coupons good for a trip 
at any time in any clirecti n or return the fa res. The ordinance 
provides that the far es shall be returned where the delay occurs by 
rea son of any neglect of the company, or where "the delay is a t 
the company's fau lt." \Vhere the company could show that the 
delay was not clue to it s neglect or fa ult the fare need not be re­
turned. It would see m that the passenger wi ll have to prove that 
whatever happen s to make the delay was the fault o f the company 
in each case. 

A Cyclone in Indiana 

A m ost terri fic stor m swept over central Indian a at about 9 
a. m. June 25. Telephone, telegra ph a nd elec tric rai lway wire s 
were torn down along its trail, and at 12 111. communication with 
the storm-swept section was almost entirely cut off. Th e storm 
spent most of its force in the country 20 o r 30 mil es north eas t 
of Indianapolis, lyin g betwee n the Indianapolis & -Greenfield 
E lectric Railway on th e south and the Uni on Tracti on Com pany' s 
lines to Anderso n on the north. Maxwell , Clevela nd a nd P endl e­
to n su ffered most ~eve r ely. H ouses in all of these town s were 
blown down and from ten to e ight ee n p ersons are reported to 
have been killed. The Union Traction Company's sys t em be­
tween McCordsvi lle and Anderson was tied up for h ours. In many 
cases tre es were blown across th e tracks o f the elec tri c railways 
a nd many h ours elapsed before traffic was resumed on some of 
the lin es. 

New Low Fare Ordinance for Cleveland 

Mayor Tom L. Johmon , of Clevela nd, who is nothing if not 
persistent, says t hat. alt hough h e has met with a severe reversal 
in the recent Circuit Court deci sion declaring again st hi s 3-cent 
fare ordinances , h e is in no way dismayed and that no time wi ll be 
lost in preparing plan s for a n ew ordina nce. Th e deci sion that 
has just been handed down is a complete reversa l of that of Judge 
Strim ple in the Common Pleas Court . As previou sly sta ted, the 
case was commenc ed some time ago by \Villiam M. Raynolds as 
a taxpayer . The city and Mr. H oefge n, to wh om the fr a nchi se 
was g ranted . claimed that l\fr. Rayn olds was simply acting for 
the companies now operating in the city, and th e case was most 
bi tterly fought in both Common Pl eas and Circuit Courts. As 
soon as the case was brought a temporary inj unction was g ranted, 
but after Judge Strimple had heard it h e dis solved thi s injuncti on , 
g iving a verdict f~r the defendant. The plaintiff imm ediately ap­
pealed the case and ano th er temporary inj t1 nction was granted by 
Judge Caldwell. It was this injuncti on that has been made per­
petual. 

The Rhode Island Merger 
P ossession of the property of the Union Rai lroad. of Providence, 

the Pawtucket Street Rai lway and the Rhode I sland Suburban Rail ­
way Company was assumed by the Rhode I sland Company under a 
999-year lease on June 24. T he properties ta ken over are owned by 
the Un ited Traction & E lectric Company, the holders of whose 
$8,000,000 stock will recei\·e under the lease dividends at the rate of 
S per cent per annum. and in addition a di stribution of 25 per cent 
($2,000,000) in the stock of the Rhode Island Securit ies Company, 
whi ch wi ll shortly be organized, with a capitali zatiot'. consisting 
of $10.000.000 each of stock and bonds. to take O\'er the $2.000.000 

stock of the Rhode I sland Company, with it s lea se of the street rail ­
way properti es, and al so the proposed lease o f the gas a nd electric 
lighting properti es. T he $2.000.000 capital stock of the Rhode 
I sland Company was sub scribed by the U nited Gas l mprn\' ement 
Company of P hiladelphia. The officers and directo rs o f the Rhode 
I sland Comnany are: Marsden J . P erry, o f Provid en ce. president ; 
Samuel P. Colt. of Pr<Jv idence; Randall Morgan and vValton Clark, 
of Philaci elphia, vice-president s ; Lewi s Lilli e. sec reta ry-treasurer ; 
Nel~on W . A ld rich, Wi ll iam G. Roelker, J . Edward Stud ley. How­
arrl 0. Stt1g-es, Walter F. Angel l. Samuel M. Nicholson, of Provi­
cknce, and Thoma s Dolan, of Philadelphia. 

The Providence Strike 
There has bee n some cessation of viol<: nce at Providence and 

Pawtucket during th e last week, bt1t at tim es the outbreaks were 
renewed. Strikers armed with revolvers ambu~ltecl a car on 
the Pawtucket line. Th ey lay in wait behind bushes on either side 
o f East Ave nue, near Pidge S tree t , and as the last car was return­
ing to Providence opened fir e upon it. T here wa s but one passen­
o-er aboard but he and the crew narrowly esc aped bein g mur­
derecl. Tw;nty bull et ho les we re fo und in the woodwork of the 
ca r. On th e same cl ay, o n th e sho rt lin e, th e la t e ca rs we re 
driven out of se rvic e by men who stoned the crews, one of the 
co ndu cto rs bein g badly hurt. The militi a were withdrawn on 
Jun e 26. 

On June 25 the St1preme Cour t rendered an opinion that the ten­
hour law which was pa ssed at th e May session of the Legi slature 
was con stitutional, a nd that the U nited Trac tion Company can­
not lega lly compd its empl oyee s to work eleven consecuti ve 
hours for a clay. Th e o ri g in al demand of the stri kers was that 
not more than ten hours' work in e\'e ry twelve at 22½ cents 
per hour be r equired , and r ecogniti on of the urdon ro the 
extent of dictat ing who should be employed, but these demands 
have been r educed to 20 cents an hour, the strike rs upon return to 
work to have their old places, and that the repair shop hands ~hould 
have fifty-eight hours per week with six ty hours' pay and half­
holiday on Saturdays until Sept r. 

The United States Circuit Court has declined to issue an in­
j uncti on to restrain the \,Voonsoc ket Stree t Railway Company 
from obeyi ng th e Ten Hour Labor L aw and also restraining the 
A ttorn ey General from prosec uting the company if it fails to 
comply with the law. 

Thomas :Martin, of Chelsea, Mass., a large stockholder in the 
Woonsocket company, was th e petitioner, who argued that th e 
law, if compli ed with, would work injury to the int erests of the 
stockholders. Th e question will be t aken to th e Uni ted States 
Supreme Cou rt, whi ch will also be called upon to pass upon the 
constitutionality of the law. 

The Unit ed Traction Company raised the constitutional point 
whe n its m en, refusin g to accept reduced pay for reduced hours, 
struck. The company cont ends that the law is uncon stitutional 
because its terms abridge the rights of a citi zen to contract wi th 
a ra ilway corporation for employm ent. 

Overdoing a Boycott 
The Citizens Protective L eague has been organized by the busi­

ness mei1 of Terre Haute, Ind., for self protect ion , because of the 
inj ury done to th e busin ess o f the city through the boycotts growing 
out of the strike of the employees o f the T erre H aute Elec tric Com­
pany. The strike has long since been a thing of the past to the com­
pany, for it was practica lly ineffecti\'e from the fir st, and all of the 
men who engaged in it have either r eturn ed to work or have secured 
other place s. But the boycott. that was fir st declared aga in st the 
company by the Central Labor Union has been extended from time 
to time so that there are now brought under it s ban merchants, 
manufacturers, shopkeepers and even clergymen. \Vithout r egard 
for anybody or anyt hing the labor organizations have ca rried their 
high-handed practices to the point of overdoing. The STREET 
R AILWAY J OURNAL has a lrea dy told some of the curious r esul ts 
that fo llowed the declara tion of the strike. A s previously stated the 
boycotts were fir st decl ared aga in st the company. Next they were 
extended to person s pat roni zing the ca r s. They were soon ex­
t end ed to the business men and dry go ods sto res. mill s and fac ­
to ri es were one after another placed on th e boycott li st. It woul d 
be th ought now that no more boycotts co uld be declared, but 
there still was room fo r more. Clergymen and school teac hers 
n ex t were assai led, a nd th en a trave lin g sa lesm an \\'h o patronized 
the ca rs was preve nted from making a sa le. One man too k hi s 
children o ut of schoo l beca use one of them was seat ed next to 
the dau ghter of a m erchant again st whom a boycott had bee n 
declared. The teac her was requ es ted to cha nge the sca ts of the 
children, but th is sh e refused to do. A. hoycott was proposed 
again st th e schoo l, but it was voted down. A cie rgyman . wh o 
frank ly declared that th e conditio ns exi stin g- in Terre Haute were 
a disgrace to the city, and that the law should be enfo rce d, was 
threatened with bodil y h arm. ,111<1 a boycott· was d -.:clared <1gainst 
hi s church. 
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Disclose Your Identity 
T o the electric railway promoter, who, though seeking a fran­

chise from a council or other municipal body, persists, as some 
promoters do , fo r unknown reasons, in r efusing to disclose the 
identity of those whom he repre sents, there is a lesson in the 
action taken by the council o f one of the large cities in New York 
State To th e Tommy Dod, of vVhatvill e, who thus seeks his 
franchise, thi s tal e will bear repeatin g. A Mr. Blank, of New 
York, went to the city in qu estion, and ther e, stating that he had 
ample financial backing , made an earnest pl ea fo r a franchise. 
But this council challen ged the veracity of the st atement of Mr. 
Blank and ask ed him to di sclose hi s associat es in the enterprise 
and otherwise make his identity known. Mr. Blank, however, 

. thought that it sufficed to say that he had ampl e financial back­
ing. Thereupon the councilmen, the pr ess and the public raised 
their voices, and Mr. Blank was told that the franchis e g rant 
would be voted down if he did not comply with the demand. He 
refused to heed the warning and the g rant was voted down in 
council. In the comments of on e of the local papers on the in­
cident there are some thin gs of interest. A mong other thin gs 
are the following : 

The fr11 nchise has been a thing unknown and unknowable. Its quality 
first and last has been that of den se myster y. W heth e r " a st rike," aimed as 
a reputable form of blackmail again st the present company; whether specula­
tive , 5eeking merely to get control of valuable public privileges which might 
subse quently be sold out; or whether a project l1onest in in tention, but in­
capable and irresponsible fimmcially, ar e th ings which n o man has been able to 
find out. On th is grou nd solely th e enter pri se at ever y tu rn has met and has 
deser ved to meet a popular and an offi cial disapproval, auguring its certain 
defeat . Thi s public opposit ion , let it be clearly u nde r stood, is not opposition to 
any business-like and legit imate 11 nd needed street railway improvement within 
t he limits of t he citv. If it can be publicly sh own , as has been within 
t wenty-four hours gt;ardedly int imat ed , t hat the proj ect now back of this 
franchi se is n ot "a strike" nor " hold-up" nor speculation by irresponsible 
persons, but a legi timate en te r pr ise seeking to give to the city added street 
railway conveniences to th e full exten t that such conveniences are lacking; that 
capitai is available and wait ing for investment in th e extensions the franchis e 
covers; that th is waiting capi tal is home capital, a nd that home business men 
who ar e fi nanci ally as strong as any we have a re going to st and spon sor to the 
proj ect an d see it through- then ever y obj ection o f every sort th at has been 
r11i sed, and thus far justly raised, falls absolutely, and the enterprise straight­
way becomes one the general public o f the city will foster as earnestly as 
hitherto it has opposed. The franchise is a myster y wh ose meri ts ;>tnd purpose 
have been (]Ui te u nknowh even to the Mayor himself, an d the franchise permit­
t ing local street railway extension that home capital sh all pay for and home 
capitalists own and operate, are r adically different proposi tions. \Vith the 
one the city should do noth ing; with the other , it could hardly do too much. 

Electric Plant in Amsterdam 
The City Coun cil of A msterdam has voted a loan of $2.613,000 

and a second one of $1, 165,800 fo r building ;i. pl ant to furni sh 
elertricity for lighting and m otive power and for chan ging the 
street r ailway to electric t ract ion. The contract fo r the building 
of the plant has as yet n ot been made. The st eam en gin es , dyna­
mo s, and the in stallation wi ll be frrni shed by German and Dutch 
manufacturers. P art icul ars of the cabl es will be published on 
July I: bids to be delivered Septemb er I, 1902. 

Electric Opposition for New York Central 
In the denial of the appli cation of the N ew York Central R ail­

road fo r an injunction to rest rain the Buffalo & \Villiamsvillc 
El ectric Railway from extend in g its lines to R och ester th e mean s 
pursued by steam railway compan ies generally to throttl e elec­
tric competiti on are again brought to publ ic- no ti ce. Some time 
before the P an-American Exposition a company wa~ organized 
to build an electr ic railway between N iagara F a ll s, Buffalo and 
R ochester, the promoters plannin g to have the line completed in 
time to carry passen ger s to th e fair. When th e application of the 
new co mpany came before the railroad commi ssioners the1-J ew 
York Central represe ntatives were th er e with argument upon 
ar gument to convince the co mmi ss ion er s that publi c neressity 
did not r equire the construction of th e road. Hearing after hear­
ing was held, and the pmceedin gs dragged so that it was long 
aft er the ex position had closed befo r e a certificat e of necessity 
was granted to the electric railway company. At the hearing 
it was shown that the N ew York Central's service was not satis­
facto ry to the people along th e lin e, and that the territory through 
which its lines passed did not hav e the service that it required. 
The handwriting was there upon the wall , but the New York 
Central evidently did not care to interpret it. The new company 
went on per fe cting its plans, and finally, after much deliberation. 
awarded the contract for construction. The New York Central, 
however, as far as can be learned, made no efforts to improv e 
it s service, having confidence that the new road would not be 

bui lt. And this confidence, it would seem, was not misplaced, 
for so far construction work on the line has not been begun. 
But a road already in operation, and for the extension of whose 
lines no certificate of necess ity from the railroad commissioners 
is required, has stepped in and upset the calculations of the New 
York Central. Now the New York Central, it would seem, in 
the interval between the g rantin g of the application of the com­
pany to build between N iagara Falls, Buffalo and Rochester, and 
the announcement by the Buffalo & Williamsville Electric Rail­
way of it s intention to ext end its lines to Rochester, had time to 
meet the demands of its patrons, and, by improving its service, 
win them over. In thi s case there would have been little or no 
necessity fo r the extension of the Buffalo & Williamsville Rail­
way. But the New York Central did nothing. It heeded not the 
experience of the Boston & Albany R ailroad and other com­
panies, n ei ther did it profit by the experience of the New York, 
New Haven & Hartford Railro ad, whose policy of opposition has 
resulted in the projection of a third-rail system that will parallel 
it s lines for twenty-seven miles out of New York City and which 
will cut very materially into it s passenger receipts. 

----♦----PERSONAL MENTION 

MR. HENRY A. EVERETT, accompanied by his wife and 
daughter, is now at Yellowstone Park, Wyoming, enjoying a 
much-needed rest. 

MR. F. \V. KINMOUTH has resigned as purchasing agent 
and superintendent of the Glens Falls, Sandy Hill & Fort Edward 
Street Railroad Company, of Glens Falls, N. Y., t o become promi­
nently identified with th e N iagara, St. Catherines & Toronto 
Railway, of N iagara Falls, Ont. 

MR. B. E. MERWIN has been appointed general superintend­
ent of the Cincinnati & Eastern Electric Railway, of Cincinnati, 
Ohio, and will have charge of the operation of the road. Mr. 
l'vierwin was formerly g eneral superintendent of the L ake Street 
El evated Railroad, of Chicago, with which company he was con­
nected eight years. 

MR. C. N. DUFFY, who has occupied the position of auditor 
of the Chicago City Rai lway Company since Sept. I, 18g9, was 
elected secretary of the company on Jun e 20 to succeed Mr. F. R . 
Greene , resigned. Mr. Greene, who was identified with the com­
pany for a number of year s, has recently becom e president and 
general manager of the Chicago Street Car A dvertising Com­
pany, and will devo t e h is entire attent ion to that concern here; 
aft er. 

MR. JOH N DENHAM, of the Cape Government Railways, Cape 
T own, South Africa, who visited America last year and inspected 
many of the railway and lighting plants, recently read a paper on 
the subject of electrical engineering in Europe and America before 
the Cape Town Section of the In stitution of Electrical Engineers. 
:rvir. Denham was a guest of the American In stitute of Electrical 
Engineers during its Buffalo convention, and made a great number 
of friend s among American engineers. 

MR. F . B. ROCKWELL, recently appointed general manager 
of the Syracuse, Lakeside & Baldwinsville Railway, of Syracuse, 
N . Y. , although a young man, has had much experience in street 
railway work. l'vir. Rockwell aided in the construction of the 
electric railway that was bui lt at Scranton. Pa., in 1885. Prior to 
that time he had been engaged in the lighting of Scranton, 
Wilkesbarre and other P ennsylvania citie s. Mr. Rockwell con­
structed, among other electric railways, th e ').1iddletown & Goshen 
Railway, the Athens, Waverly & Sayre Railway, the Staten Island 
& Midland Railway and the Richmond Beach Railroad. He was 
general manager and presid ent of several of these roads, and re­
t ired from the last-named a few weeks ago. when it was bought 
by C. H. Schwab, of the United States Steel Corpora tion. 

MR. A. H. FORD, who for senral years has been gen­
eral manager of the New Orleans & Carrollton Railroad, 
Light & Power Company, of New Orleans. La., will shortly 
leave th e company and become confidential man in the broker­
age and private banking office of I sidore Newman Mr. Ford 
wi ll take the place of Mr. J. Newman , who will go to New York 
next win ter to open a New York branch offic e of the firm of 
Isidore Newman. Mr. J. Newman, eldest son of Isidore New­
ma·n, has been the head of the office under hi s father since the 
removal of Sidney March to New York. l'vir. Newman has also 
been president of the Carrollton Company since the Newman 
control reorganized the system. The sale of the Carrollton sys­
tem to the Pearson syndicate left Mr. Newman in position to 
carry out his desire to have his oldest son establish a branch 
office in the great fin ancial centre of the country. Mr. H. A. 
Davis, superintendent of equipment, is made acting manager of 
the railroad department of the company. 
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