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The Effect of Transfers on Earnings 
Just what the effec t the granting of increaseJ transfer pri vi

leges has on the earnings in any specific case is a lways a mat te r 

of much conj ecture, and it is doubtful if any company or in

dividual has ever a rri ved at a sati sfactory conclusion, as to 

what the effect is. Of course, it is known in a general way 

that a liberal sys tem of transfers tends to increase the number 

of passengers carried on any sys tem of street railways. It is 

further reasonable to suppose that it tends also to raise the 
percentage of operating expenses to gross receipts because of 

the longer di stance that passengers must be carried for 5 cents 

and because of the expenses incident to picking up and di s
charging a passenger two or three times instead of once. 

T here is further, the loss of revenue due to an abuse of the 

transfer privilege, wh ich must be fi gured into the final account. 

That the transfer privilege is abused in many cities there is no 

tion Company th row any light on the subj ect. So many thi ngs 

tend to modify the earnings of any stree t railway system from 
year to year , especially in such an unsettled state of affairs as 

now exists in Chicago, that it is practically impossible to 

analyze the earn ings and operating expenses in such a way as 
to determine just what effect universal transfers have had. In 
Chicago one of the elevated roads covering part of the same 

te rritory as the Chicago U nion Tract ion Company has ap
parently felt the effect of the universal transfers on the surface 

lines, as its gross receipts failed to show their na tural increase 

for a time a fter these transfers were fir st given. 
\Ve are inclined to think tha t the mat te r is not one which can 

be determined by minute analysis; it must rather be determined , 

if at all, by the general results. The gross receipts should be 

increased by universal transfers, unless there a re enough cases 

where passengers have been paying two fa res to cover a given 
distance, to more than counterbalance the increased r iding 

caused by the universal t ransfer s. The fi rst thing. therefore, 

is to determine the probable effect on the gross receipts of the 
change, taking into consjdcration, if poss ibl e, other roads simi

la rly situated which have not made such changes. T he gross 

receipts and the per cent of operating ex:penses to gross re

ceipts being the two items in which one mi ght expec t variation 

due to changes in transfer a rrangemen ts, the attention should 
be mainly confin e(! to determinin g what changes, in addition to 

th e transfe r changes. have been made whi ch would vary these 

percentages. After thi s is don e. some kind of a guess as to the 

effec t of the changes in t ransfer a rrangemen t can be made. Of 
course. th e point of th e whole matter is the effect on the net 

receipts. 

Opening Semi-Convertible Cars 
The g reat point that has always been urged in favor of the 

semi -convertible type of car is the ease with which it can be 

changed fro m a closed car to a nearly open car upon a few 

momen ts' notice. On roads where it has been introduced, how

ever , we thi nk a litt le more attention on the part of the com

pany to the condi tion of the wi ndows as they leave the car 

house woulrl be very beneficial to the service. Vv e mean by 

this that in wa rm summer weather a semi -convertible car 

should not be a llowed to leave the car house without having 

its windows npcnerl so as to make th e car as nea r an approach 

to an open car as is possible. T his fact is worth considering at 
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this time of the year, because while most semi-convertible cars 
are being run closed, some managers may be debating whether 
to adopt the semi-convertible type or to use double equipment. 

It is all very well to say that ~he passengers can raise and lower 
the windows as they please and that this matter should be left 
entirely to the passengers. The fact is that the majority of 
passengers will leave the windows as they find them unless the· 

weather is so extreme on e way or the other as to almost force 
them to open or close the windows. Some would probably 
argue that if passengers do not care enough about having the 
windows to open them themselves there is no need for the 

company to bother itself about the matter. But this reasoning 
is far from correct. In the first place, many passengers are not 
entirely familiar with the method of raising and lowering of 
street car windows, as they usually differ essentially from the 

steam coach and the house windows which they are accustomed 
to handle. Then, too, there may be a little disinclination on 
the part of a passenger to open a window for fear of causing 
discomfort to some one behind him. But most of a ll, we must 
insist that many passengers do not stop to consider why a 

car may seem close and uncomfortable, even though the close
ness may be due to the fact that the passengers themselves do 

not lower the windows. Consequently, if the company does not 
look after the windows in warm weather, the passenger is apt 
to get an impression that the cars are unpleasant without really 

knowing the reason why. 

Some companies have always stood out against the adoption 
of the semi-convertible car on the grounds that nothing can 

quite take the place of the regular open car for pleasure traffic. 
There is much in this argument, and it behooves companies 
operating semi-convertible cars to recognize this and make 
their cars as nearly open cars in summer as they can possibly 
be made. We have in mind several excellently operated sys~ 
cems where the windows of the semi-convertible cars are usually 
left just as the passengers place them from one day to another. 
T he result is that on some very warm and pleasant days when 
the cars should be fully open, cars wi ll be sent out from the 

car houses with half or two-thirds of the windows closed. They 
may continue in service fo r many hours before various passen
gers will take the trouble to open up tl;e windows to really make 

the car pleasant for summer riding. 

Another point to be remembered on semi-convertible cars 
having upper sashes whi ch can be raised or lowered is that 

these upper sashes are very seldom touched either by passen
gers or conductors. If these sashes were lowered, the effect 
would be practically that of an open car, but since they usually 
are not, they are practically of no use. What we have said so 
far about opening windows wide, of course, applies mainly to 
the warmest summer weather. On cool evenings and during 
the spring and autumn, there will be plenty of times when 
many of the passengers will want the windows closed, and it 
is the ease with which the semi-convertible car can be changed 
from closed to open that makes it so popular. It is this very, 
ease of change which has been responsible for the fact that the 
most is frequently not made of its possibilit ies as an open car. 
T he companies which are looking closely to the maintenance 
of the highest standard of service, and as much summer pleas
ure riding as possible, would do well to look into this detail of 
oper ation and see that conductors keep the windows of semi 
conver tible cars in a state as nearly as possible suited to the 
weather. It is, of course, impossible to suit the ideas of all the 
passengers all the time, but a good approximation can be made 
of suiting the ideas of most of the passengers most of the time. 

A:Few ... More Train Resistances 
Some day, when the lion and the lamb lie down together, 

when the mystery of Gilgal is solved and the author of the 
brutal assault on the late William Patterson is jailed, we shall 
expect to get a logical and rational general formula for train 
resistances. Meanwhile light on the subject is welcome and 

every attempt to co-ordinate experiments dealing with it is 
commendable. Mr. Davis' new formula:, which we are glad to 
present to our readers in the current issue, are the latest at

tempt to clear up some of the difficulties of the subject. They 
are in substance similar to the formula published by Mr. Davis 
more than two years ago, but tempered by some further ex
periments, and with the constants modified to suit various cases. 
T he advent of electric traction, with its heavy and fast running 
motor cars or short trains, has tended greatly to discredit the 
fo rmula: of the early days of railroading, already in disrepute 

from fai lure to meet high-speed work on modern roadbeds. 
A ll such formula: are empirical, but of late years a serious 

effort has been made to base them on correct principles and to 
give their various terms rational values. To begin with, any 
increasing relation of resistance to speed can be represented 

by a formula involving powers of V, and within more or less 
narrow limits by a formula involving only the first power. 

Most resistance formula: take the form A + BV + CV2 , and 
the trouble with them has come from the fact that the generally 
rather rough experiments over a somewhat limited range can 

De represented almost equally well by a small value of B and a 
large value of C, or the reverse. Either device for a short 
distance on the curve will run within ordinary experimental 

errors. The early attempts were in the direction of a large C, 
and so broke down at high speeds. An example of later prac

tice is Sinclair's formula, R = 2 + .24V, and Vauclain's, 
R = 3 + .166V. These give excellent results for trains at 
ordinary railway speeds on fair and extra good tracks, respec

tively, but are less successful for short trains or long single 
cars as used in electric railroading. 

Mr. Davis, for these modern cases, has used a smaller coeffi
cient of V to take account of the relatively smaller axle friction, 

and has added a term 111 V 2, like many other experimenters, to 
take account of the increasing influence of air resistance. But 
in such case there enters a perceptible but very uncertain fac
tor, depending on the added air resistance due to the length 

and character of the train, which leads to difficulties. Hence, 

at this point the formula: become empirical. In Mr. Davis' 
earlier work, he was led, probably, as we suggested at the time, 
by the unfortunate method of coasting, to a value of the co
efficient of V 2 , quite too large-.004, in fact. The various 

results obtained since then have led him to the value .003, 
which could be still further reduced to .0025 to advantage. In 
his formula D, this coefficient is increased, not, however, to 

indicate a. larger coefficient per se in heavier trains, but to 
compensate for variation in m of the factor [r + m ( n - I)], 
which can thus be retained as a constant. Of course, lateral 
and rear-end air resistances can be taken care of within mod
erate speed limits by changing either m or the coefficient of V 2 

proper. The nature of the air envelope of a train certainly 
varies with the speed, but whether with the first or a higher 
power seems to be uncertain. Probably the real relation is 
very complicated, quite likely involving both the speed and the 
absolute length of the train. In the present state of knowledge 
of the subject, such a correction must be frankly empirical. 
T he variation of the absolute term in Mr. Davis' several 

formula: is also an empirical change for which it is less easy 
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to find a rational explanation. None is needed, however, if the 

formula! actually fit the facts. Great caution must be exer
cised in extrapolating from any formula, and we are glad to 

see that Mr. Davis gives the limitations of each case rather 

carefully. This is very desirable, and perhaps it would have 

been well to set the speed limits even rather more closely. We 
are inclined to think that "B" and "C" will give results con
siderably too high near the upper limits of speed ascribed to 
them. 

This is not an uncommon fault in formula!, in which the co

efficient of V 2 is made to carry the burden of the unknown 

variables. I7ormula! in V are likely to err in the opposite direc
tion. For the sake of comparison we give the various results 
for train resistance as computed by the methods of Sinclair, 

Vauclain, Aspinall, Davis and Smith, the last named being 
promulgated at the last American Institute of Electrical Engi
neers' meeting in the excellent paper of Lyford and Smith. A 
five-car train is assumed, weighinr- 125 tons, and 

60 m.p.h. R is in pounds per ton of 2000 lbs.: 

R (Vauclain) ....................... . 
(Sinclair) ......................... . 

(Aspinall) ......................... , 
(Davis) B .......................... . 

( Smith) ........................... . 

running at 

13.0 

16.4 

16.0 

24.8 
20.2 

Of these, the first two, in V only, give low results, the last 

two, in V and V 2
, give large resistances, that of Davis' being 

much increased by his train factor. Aspinall's formula, in
volving V! only, gives a low result at this speed, but shows 
a rather sharp increase for higher speeds. The wide dis

crepancy between these results, making due allowance for dif
ferences in the character of the rolling stock assumed, shows 

clearly enough the need of further investigation. If Vauclain 

is correct, then a road equipped, by reference to Davis, would 
be overpowered by nearly roo per cent; if Davis is right, then 

a road equipped by the former data, the standatd, by the way, 

of the Baldwin Locomotive \Vorks, would be in a very bad way 
indeed. As Mr. Davis very properly intimates, the former 

mistake is less serious than the latter, but the range in results 

is altogether too large to be pleasant, especially as all fiv e of 
the form ul~ are based on recent experiments, and are sup

posed to represent the latest phases in the investigation of the 

subject. In looking over these and similar results, the points 

which need clearing up seem to be as follows: First, the coeffi
cient of V is very probably not a constant, as the speed varies. 

It is made up of resistances of rather miscellaneous character, 

which do not necessarily follow the same law of increase, and 
some of which may even decrease with the speed within cer

tain limits. The results of experimental nms at very high 
speeds show, first, that the track resistances are sometimes un
expectedly low, and also that a point can be reached, as in the 
earlier Zossen tests, at which they increase sharply owing to 

instability of the roadbed. This point of abnormal increase 

must occur at different speeds on various tracks, and probably 
also with variations in the rolling stock. Second, the coeffi

cient of V 2 may easily be taken too large, the Zossen values 
pointing to a figure not exceeding .0025 for trains with fairly 

smooth contour at the front. Third, the modification of the 

term in V 2 to take account of changes in the length of train is 
very uncertain indeed. In our judgment, the real variation 

probably involves both V and V 2
, which gives justification for 

the use as a convenience of fractional powers of V, as shown 

hy J3lood and Aspinall. Fourth, in our modern practice it is 

pretty clear that a distinction must be made between motor 
ca rs and trail cars, and between th e long trains of s team roads 

and the short trains or single cars of electric roads. There are 

some exceedingly good points about Mr. Davis' formula!, but 
we think they will give too high figures near their respective 

limits of speed, particularly for trains. His scheme of a series 

of formula! for different conditions appears desirable in the 
present state of our knowledge. \Vhether, however, these had 

better vary with respect to weight and speed of cars, or with 
respect to length of train, as in Aspinall's formula!, remains to 

be seen. The whole subject still needs clearing up. The ex

perimental data most to be desired are those which will sep
arate train resistance and air resistance at speeds above 50 

m.p.h., particularly for short trains. Most electric train data 

have been derived at considerably lower speed than this, and 
the Zossen results, invaluable for the purpose there in view, 

relate to single cars at speeds that give a greatly predominant 
importance to head air resistance. 

High-Tension Trolley Construction 
As indicated in the articles which have appeared in these 

columns during the past few months, the details of high-tension 

trolley construction for single-phase railways are being worked 

out by the two large manufacturing companies which are offer
ing the single-phase systems on the market, and the solutions 

of the problem by these two companies are very similar. Both 

involve the use of a catenary; that is, a wire or a cable from 

which the trolley wire is supported at more or less frequent 
intervals. The construction is so novel, as far as practice in 

this country is concerned, that it is doubtful whether one out 

of every ten electric railway men who first heard the term 

catenary knew what it meant when applied to overhead con
struction. N' evertheless, it seems rather remarkable now that 

it should not have been adopted before, as there are some very 
strong arguments in its favor. 

Possibly one of the arguments which is of most immediate 

practical bearing in favor of supporting the high-tension trol
ley wire from a catenary, is that the ordinary type of center

bearing high-tension insulator can be used to support the 
catenary, and there is therefore no need of designing any new 

high-ten sion trolley wire insulator, the performance of which 

in practical service must, of course. at this time be a matter of 

conjecture and experiment. Suspending the trolley wire from 
the catenary itself is such a fl exible arrangement that most of 
the shocks and blows of passing trolley wheels or tro lley bows 
are dissipated before they reach the insulator. 

Another argument, which is a strong one if high-tension 

trolley wires are to be run through the streets of the smaller 
towns through which an interurban railway passes, is that a 

trolley wire supported at frequent intervals from a heavy 

catenary is less liable to fall clown in the street than if the 
trolley wire is supported only at the poles. 

The principal essential differences in the types of high-ten
sion trolley wire construction with catenaries which have been 

experimented with so far are in the number of supports for the 

trolley wire and the position of the trolley wire. In the form 

called the tight catenary construction, both tro lley wire and 
catenary are drawn tight and there are frequent supports for 
the trolley wire. In another form of construction the catenary · 

is left looser, with a fewer number of supports for the trolley. 
The position of the trolley wire, whether over the center of the 
track or out on the side, will naturally depend on whether 

there is to be any hauling by steam locomotives over the same 

track. Placing the trolley wire in the center is certainly to be 

preferred, unless when locomotives are to pass over the track 
so frequently as to cause undue depreciation from smoke and 
steam. 
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THE SCIOTO VALLEY TRACTION COMPANY 

Another and important addition to the al ready extensive 
network of electrical interurban roads in Ohio was completed 
during the past summer, and is now in successful operation. 
This consists of the lines of the Scioto Valley Traction Com
pany which connect the city of Columbus with Lancaster to 
the southwest, and with Circleville to the south. An extension 
is also planned to connect Circleville wi th Chillicothe, further 
south. A special interest attaches to this system because it 1s 
the only line in Ohio which is operated by a third rail. 

The country through which the Scioto Valley Railway is 
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constructed is thickly settled with a population that is finan
cially able to avail itself of the opportunities afforded by a first
class interurban road. The population tributary to this new 
road averages about 1100 per mile of route, exclusive of Colum
bus, which has a population of 135,000. A large part of these 
people are in the habit of doing business in Columbus. 
Throughout the year there are theater parties and sightseers, 
and during certain seasons the State Fair, horse races, base
ball games and kindred attractions draw many people from the 
surrounding territory into the city of Columbus. 

Lancaster is the county seat of Fairfield County, and has a 
population of over 9000. It has large glass factories and shoe 
factories, with well-paid employees, who will naturally avail 

themselves of the improved facilities for visiting Columbus. 
There are extensive stone quarries in the vicinity, and the town 
owns its own natural gas wells. Near Lancaster is the Boys' 
State Industrial Home and the camp meeting and assembly 
grounds of the Methodist Episcopal Church, where many Co
lumbus people have erected summer cottages. 

The town of Circleville has over 7000 inhabitants, and is the 
county seat of Pickaway County. Its interests are largely man
ufacturing, and it operates several paper mills, flouring mills, 
canning factories and a carriage factory. 

T he electric line from the city limits of Columbus to that of 
Lancaster is about 26.3 miles in length, and practically paral-

DOUBLE-SPAN TRUSS BRIDGE OVER BIG WALNUT CREEK
NO RFOLK & WESTERN-SCI OTO VALLEY 

UN DERGRADE CROSSING-SCI OTO VALLEY AND NORFOLK & 
WESTERN RAILWAYS 

lels for this distance the route of the Hocking Valley Railroad, 
while between Columbus and Circleville, the electric road fol
lows the line of the Norfolk & Western Railroad. It is be
lieved that much of the large traffic, which has hitherto been 
enjoyed by these steam roads, will naturally come to the more 
convenient and accessible electric road. The speed is sub
stantially the same as that made by the steam roads, while the 
electric road has the advantage of entering the heart of the 
cities and affording much more frequent service. 

In the city of Columbus the cars start from the Interurban 
Station on the loop of the Columbus, London & Springfield 
Railway, passing to the city limits over the tracks of the Cen
tral Market Street Railway, a distance of about 4 miles. From 
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this point the road is double-t racked to Obetz 
Junction, a di stance of about 3 miles. From 
the Junction, one single-t rack line run s in a 
southeasterly direction to L ancaster , and an
other single-track line southward to Circle
vi lle. T he d istance from Obetz Junction to 
Lancaster is about 23 miles, and from Obetz 
Junction to Circleville about 20 miles. T he 
proj ected extension from Circleville to Chilli
cothe will acid about 20 miles to the route. 

Service is now es tabli shed from the city 
limi ts of Colum bus to Lancaster and to Circle
ville, and the trains make a schedule speed of 
24.5 miles an hour, in cluding intermedia te 
stops. It is also proposed to inaugurate a lim
ited service wi th few loca l stops, making a 
schedule speed of about 36 miles an hour. T he 
present round- t rip fare between te rminals over 
either branch is $r , which is conside rably less 
than the prevaili ng fare over the steam roads, 
previous to the inauguration of the electr ic 
service. Despatching is effected verb ally over 

OVERH EAD CROSSING WITH HOCKI NG VALLE Y RAILWAY- 1½ PER CENT 
GR AD E ON APPROACH ES 

A RRANGEM E NT OF THIRD RAIL AT SI DING 

O P ERAT I N G II EA DQ UA RT E RS OF CO MPANY AT ODET Z 
JUNCTION 

the company's private telephone wires, conductors being re
quired to record thei r inst ructions in writing and repeat back 
to the despatcher 's offi ce at Obetz Jun ction fo r confirmation. 
There a re two disti nct telephone circuits, both ca rri ed by the 
high-tension poles. T he despatchin g circuit connects the 
despatcher' s office a t Obetz J uncti on with each sub-s ta tion and 
with telephones located at each siding. l\'Icans arc provided 
fo r connecting the telephone circuit s with the public service 
of Columbus. 

R OADBED 

I t has been the policy of the company to spa re no reasonable 
expense in obta in ing a roadbed of the hi ghes t class , and the 
constructi on throughout has fo llowed steam road pract ice 
wherever possible. S teep g rades and sha rp curves have been 
eliminated wherever fea sible, and in some fe w cases this has 
necessitated large cuts and fi ll s. T hi s is true espec ially on the 
Lancaster line, where the country is more h illy than on the 
Circleville lin e .. 

T he ballastin g a long the road con sists of a liberal foundation 
of hi gh grade gravel for a depth of 8 in s. below th e bottom of 
th e. t ics and crowned up between the ti es T he roadbed is 
drained at in te rvals ny vitrified clay conduit s extendi ng under 
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road and g rade crossings, and by parallel side ditches extend
ing the full length of the line. 

All bridges are of substantial steel construction, resting on 
stone masonry abutments. To avoid the dangers and de lays of 
steam road grade crossings, the company has constructed two 
under-crossings at its intersections with the Norfolk & W est
ern Railroad, and one under and one over-crossing where it 
crosses the tracks of the Hocking Valley Railroad. 

The ties a re of oak and chestnut, 6 ins. x 8 ins. x 8 ft., spaced 

0 I 

Scale of In<:bes 

section of the third rail, connections between ends of the rail 
a re effected by means of lead-covered cable laid undergrnund 
in vitrified clay conduits, the cable being connected to the rail 
by Keys tone cable terminals. A t sub-stations the fe eders are 
connected to the third ra il by the same method as at crossings. 

ROLLI N G STO CK 

The company has eleven passengers cars and two baggage 
cars, which were suppli ed by the A merican Car & F oundry 
Company. The passenger cars measure 60 ft. over buffers, 
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2 ft. apar t. Every fifth tie is 10 ft. in length and supports the 
third ra il. 

The track rai ls are 33 ft. long and 70-lb. A. S. C. E . section. 
They are bonded with two Mayer & E nglund bonds, each of 
204,000 circ. mil s a t each join t, and the t rack is cross-bonded 
every 1000 ft. with stranded No. 0000 coJ)per bonds. 

THIRD-RAIL CONSTRUCTION 

T he road is third rail throughout with the exception of 3500 
ft. through Grovepor t and 7000 ft. th rough Circleville, where 
the t rack is located on the streets and necessitated the installa
t ion of a trolley wi re. The third rail is of special steel, and 

THIRD R,\IL, SHOWING INS U LATO R , JOINT AN D BO N DI NG-
SCIOTO VALLE Y TRACTION COMPANY 

weighs 100 lbs. to the yard, and is laid in length ., of 60 ft . I t 
is elevated 6 ins. above the track rails, and the distance from 
the gage line of track rail to center line of third rail is 28 ins. 
It is mounted upon special vitrified clay insulators, with mal
leable iron bases and clips. T he total cross-sectioµ of bonds 
at third-rail joints is equal to 1,500,000 circ. mils of copper. 

At highway crossings where it is necessary to leave out a 

Stree t Ry,Jo~rnal 

and are 8 ft . 6 ins. in width a t the eaves, and the extreme 
h eight for clearance from top of rail with trolley pulled down 
is 14 ft. 41/z ins. When fully loaded and equipped, they weigh 
about 47 tons. T he cars contain a smoking compartment and 
toilet room. The smoker wi ll seat six teen passengers, the total 
seating capacity being seventy-two. The cars are finished in 

l~ 
_L_J__J Street Ily J ournal 

PO LE ASSEMBLY 

oak and are furnished with rattan seats. The seats are of the 
Hale & Kilburn style No. 99-B. The trucks are of the Brill 
27-E-2 type, upon which are mounted four GE 66 motors rated 
at 125-hp each. The motors are controlled by the type M 
multiple-unit sy2tem, which permits the operation of two or 
more cars in a train. Each car is provided with four third-rail 
shoes of the Potter type, and two trolley poles. 
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The cars are equipped with combined straight and automatic 
air brakes, supplied by the Westinghouse Traction Brake Com
pany. The heaters were supplied by the Consolidated Car 

and Hookers on the Lancaster Division, and at Ashville on 
the Circleville Division. 

The poles are set fifty-two to the mile, and are of well sea-

GROUND CONNECTION OF TRACK RAIL AT POWER HOUSE 

Heating Company. Each car is fitted with whistle, gong, an 
unusual number of incandescent lights, and fire extinguishers. 

The baggage cars measure 44 ft. 3 ins. over buffers, 8 ft. 
4 ins. over the eaves, and the extreme height for clearance 

HIGH-TENSION LINE AND ROAD CROSSING 

from top of rail with trolley pulled down is 13 ft. 7 ins. The 
electrical equipment is identical with that of the passenger 
cars. 

TRANSMISSION SYSTEM 

Power is generated in a central station, located at Reeses, 
near Obetz Junction, and is transmitted at 27,000 volts, three
phase, 25-cycle to sub-stations located at Canal Winchester, 

saned chestnut, 40 ft. long, except where the high-tension line 
crosses the steam railroad and telephone lines, or in passing 
through towns, where poles 50 ft. and even 60 ft. in length have 
been installed. The cross-arms are of yellow pine. This con-

STANDARD PASSENGER COACH 

TRUCK AND TIIIRD-RAIL SHOE 

struction will accommodate two three-phase transmission lines, 
although at present only one is installed. 

The high-tension conductor is of seven-strand aluminum, and 
the three cables, forming an equilateral triangle with 30-in. 
sides, are not transposed. The section of each conductor is 
106,000 circ. mils, equivalent to 66,ooo circ. mils of copper. 
The insulators are of brown porcelain, type "Locke No. 307," 
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and are mounted on locust pins, supplied by the Ohio Brass 
Company. 

POWER STATIO N 

T he mai n power stat ion is located a t Reeses, near the j unc-

INTERI UR OF Il AGGAGE CA R 

tion of the two divis ions. In the arrangement of the machinery 
an a ttempt has been made to ca rry out the " unit system" as far 
as advisable. T hi s has been departed from in the case of the 

its coal a t one side of the building and the generation and 
delivery of power take place ac ross the station, while the 
longitud inal elements act in the nature of an equalizing 
sys tem. 

T he general arrangement of the machinery may be briefly 
described as fo llows : 

T he four units a re cliviclecl into two groups. Between these 
groups there is a space occupi ed in the boiler room by a coal 
supply pocket and the chimney; in the engine room, on the 
main fl oor, by the exciter sets; and the rotary converters and 
t ransformers fo rming one of the sub-stations of the system; 

~ ~fti;l,J.~.c~ -t--~ ,;, 
' --- ~--'?'.":c- . ......,~~ 

EXPRESS AND BAGGA GE CA R 

and in the basement by the boi ler feed-pumps and heaters, the 
condensing pumps and the oil filters and pumps. 

T he building is of reel bri ck and steel construction, with stone 
t rimmings, and measures 186 ft. x 112 ft. The founda
t ions a re of concrete and the fl oors of concrete-steel 
construct ion. T he monitor roof is of ta r and gravel 
laid on porous book t ile, and the main roo f of Ludowici 
t ile. A partit ion wall divides the build ing longitudinally 
into boiler room and engine room, 46 ft. and 64 ft. in 
width, respectively. A gallery, upon which is lo:::a tecl 
the switchboard and the offi ces, extends the entire 
length of the engine room on the side opposite the divi
sion wall. U nder the gallery, on the main fl oor , a re 
the t ran sfo rmers and oil switches, and beneath, in the 
basement, is the bus-bar compartment. 

BOILERS AND STACK 

T he boilers -are of the water-tube type, built by the 
Franklin Boiler \ Vorks Company, and rated a t 450-hp 
each. Each boiler has two drums, 48 ins. in di ameter x 
22 ft. 1 ¼ ins. long, and there a re 138 tubes, 3;/2 in s. in 
diameter x 18 ft. in length fo r each drum. T he heating 
surface is 4884 sq. ft. T hey are designed fo r a working 
pressure of 200 lbs. per square inch, and a re being 
opera ted at 160 lbs. 

BO ILE R ROO M, SHOWI NG F UEL-HAN DLI NG OU TFIT AND STOKE RS 

T hey are equipped with Roney mechanical stokers, 
each having 90 sq. f t. of grate surface. The stokers 
a re driven by a 5-hp Westinghouse engine of the single

acting, double-cylinder enclosed· type. T he stack, built by 
the A lphons Custodis Chimney Construction Company, is 

chimney, one only having been provided, also in the condensing 
apparatus, where the advantages of a central plant were recog
ni zed by the installation of 
a single apparatus to serve 
two uni ts. 

Each main uni t consists of 
a battery of two boilers and 
an engine-generator set, two 
of which are now in opera
tion. The building has suffi 
cient capacity for four of 
these units without fu r ther 
extension. 

In such a sys tem a well
defi ned plan can be follmvecl 
whereby each unit receives SIDE VIEW OF STAN DARD PASSENGER CAR 
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200 ft. in height and 10 ft. internal diameter at the top . 
It has an octagonal base of red brick to a height of 4 ft. 
over the tops of the flue openings, surmounted by a radi al 
brick column of circular sect ion. Connection to the boilers is 
made by an overhead sheet-steel flue. There is one main 
damper at the flu e opening into the stack, and individual 
dampers at each bo iler. 

COAL AND ASH-HANDLI NG MACH I NER Y 

In selecting an apparatus for the handling of coal and ashes 
at this plant, a radical departure has been made from . the 
method usually employed in a loeality where a large percentage 

wi th a 5-hp motor for traversing it on the runway. The ap
pa ratus is controlled by an operator from a cab on the trolley. 
A 25-hp motor operates the crusher, and the traveling hopper 
is prov ided with a 2-hp motor controlled from th e boiler room 

floor. 
The capaeity of the unloading plant is 20 tons per hour ; of 

the storage pocket, 1000 tons, and of the supply pocket, 60 tons, 
sufficient to carry the plant over night. 

Ashes are removed in hand cars from the hoppers in the base
ment located under the boiler grates, clumped into a pit, and 
loaded by the grab bucket on cars for removal. Photograph s 

GENERA L I NTERI O R VI E W OF ENGINE ROOJ\I FROJ\I CRANE 

of the coal supply is deli vered in gondola cars ra ther than in 
those of the bottom cl umping type. T he arrangement may be 
briefly ~escribed as fo llows: 

Cars are set into the position indica ted on the drawing on 
page 983, and, if of the dumping type, are emptied into the 
poeket unde r the track. Gondolas a re unloaded with a g rab 
bucket suspended from a trolley, traveling on an elevated run
way. T he eoal can be delivered either to a storage pocket out
~ide or to a supply pocket inside the building. O ver the supply 
pocket a se reen in the shape of an inverted pyramid receives 
the eoal from the bucket, passing the small sizes and deli vering 
the lumps to a crusher th rough an opening at its apex. A trav
eli ng hopper runn ing in front of the boilers receives the eoal 
from the supply pocket and deli vers it to the stokers. 

The grab lmeket is of 1,½ tons eapaeity, and is suspended by 
a steel cable fro m its hold and hoist mechani sm on the trolley. 
A 20-hp moto r operates the bucket, and the t rolley is equipped 

and details of some of the interesti ng featur es a re shown. The 
apparatus was insta lled by the Jeffrey Manufacturing Company. 

FEED-WATER AND PUMPS 

T he water for the stat ion is taken from Big \Valnut Creek, 
and is brought through a 36-in. pipe into a well in the engine 
room basement. T he entrance to the well is provided with 
sc reens and a cut-off valve, the river end of the pipe being 
protected by a crib work of ti mber and concrete. A n analys is 
of the water of the creek showed its unfitness fo r use for 
bo iler -feeding purposes, and a purifying plant was provided. 
T his was installed by the New York Continental J ewell Filtra
tion Company. T he water is rai sed from the well by a steam
driven duplex pump, furni shed by the Dea n Brothers Steam 
P ump \ Vorks, and delivered to a tank, where it is treated with 
chemicals and allowed to se ttle. It then passes through a sand 
fi lter, after whieh it is stored in a " clear well." Two motor
dri ven triplex pumps, one being in rese rve, furni shed by the 
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Goulds Manufacturing Company, delivers the water from the 
clear well to the boilers through a Wainwright heater. 

A rrangement has also been made whereby the steam pump 
may be used for th is service in case of emergency, by-passing 

EXTERIOR O F P O WER STATION 

the water from the well a round the filters, directly to the 
boi lers. It also serves as a fi re pump and for general utility 
purposes. 

ENGINES AND CON DENSERS 

The main engines a re ra ted at 1500 hp. T hey are of the 
horizontal, cross-compound, condensi ng type, built by the 
Hoovens, Owens, Ren tschler Company. The cylinders a re 26 

ins. and 52 ins. in diameter, with 48-in. stroke. The speed is 

94 i'. p. 111• 

The Siegrist oiling system, by which the oil is delivered to 
the engines under pressure, is employed for lubricating. After 

use it is returned by gravity 
to a filter and pumped back 
to the engines. 

The condensing apparatus 
was furnished by the Alber
ger Condenser Company. It 
consists of one barometric 
condenser serving two engine 
units, and of duplicate sets 
of water and dry vacuum 
pumps. 

PUMPS 

T h e condensing w a t e r 
pumps are of the centrifugal 
type, each having a capacity 
of about 3000 gals. per min
ute at 300 r. p. m. Each is 
direct connected to a simple, 
non - condensing, horizontal 
Harri sburg engine. These 
are fitted with throttling 
valve governors to act as a 
safety speed limiting device, 
but the actual speed of the 
engine, and hence the quan
tity of water delivered to the 
condense rs, is controlled by 
a balanced Foster valve in 
the steam line, operated by 
a water regulator in the pump 
delivery. 

The dry vacuum pumps 
are of the horizontal, double-acting, fly-wheel type, with 
8-in. x 16-in. steam and rn-in. x 16-in. a ir cylinders. In 
addition to their usual fun ction of r emoving entrained air 
from the condenser, these pumps are cross-connected to 
the suction pipes of the cen trifugal pumps. This serves 
to prime the latter, when necessary, as the suction lift 
varies considerably, being about 18 ft. under usual conditions, 

OIL SW ITCHES IN SOLID CONCRETE COM PARTMENTS MAI N STATIO N, SHOWING SWITCHBOARD IN GALLERY 
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but diminishing to a few feet during spring freshets. A safety 
or relief valve protects the system by opening the main engine 

RUNWAY FOR GRAB-BUCKET AND TROLLEY OVER 
STORAGE POCKET 

STRAIN TOWER AT POWER STATION 

exhaust to the atmos
phere in case of trouble 
with the condensing ap
paratus. 

PIPING 

There are several fea
tures in the design of 
the piping system which 
are believed to be novel, 
notably in the steam 
piping, .where the de
parture from the usual 
practice has given ex
cellent results. The ar
rangement may be brief
ly described as follows: 

VERTICAL STEAM HEADER IN POWER STATION 

by gravity. From the drum the steam· passes through a 
long radius bend to the engine throttle. Each unit is pro
vided with a drum, and pipes connect them in series. Be
tween the fir st and second units this pipe acts as a pressure 
equalizer and a means through which one engine may be fur
nished steam from the boilers of another. Between the second 
and third, iii addition to these functions, the pipe passes through 
the division wall into the engine room, forming a header for 
the purpose of furnishing steam for the auxiliaries. The ex
citer units take steam from this header, and a loop from it to 
the basement serves the pumping machinery. 

The feed-water is delivered to the boilers through two mains 
carried along the division wall back of the boilers. From 
each main a lead is taken to one boiler of each battery. These 

The steam is taken 
from the two boilers 
fo1 ming a battery, 
through 1 on g radius 
sweeps, to a vertical 
drum placed on the 
division wall back of 
the boilers. This drum 
acts as a separator, and 
is placed at sufficient 
height to return all con
densation to the boiler 

370-KW OIL-COOLED TRANSFORMERS IN MAIN 
POWER STATION 

LIGHTNING ARRESTERS WITH DISCONNECTI NG 
SWITCHES AND TELLTALE DEVICES 
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leads are connected, forming a loop. The mains are also cross
connected at the end, thus allowing any boiler to be fed from 
either main. Both mains are supplied from a ring in the pump 
room which the boiler feed-pumps supply. 

Flanges for high-pressure work are of rolled s'.:eel for all sizes 
above 8 ins., and the joints are of the Van Stone type. Pipe 
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Section A-A. 

SE C1' IONS OF SIDE E L E VATIO N OF VERTICAL HEADER 

of 8-in. and smaller have screwed joints and cast-iron flanges . 
All fittings are of the extra heavy pattern for high, and stand
ard for low-pressure work. The piping was installed by M. W. 
Kellogg & Company; the high-pressure valves were furni shed 
by Eaton, Cole & Burnham, and those for low-pressure by the 
Chapman Valve Company. 

GENERATO RS 

There are two main generators and three exciters, built by 
the Bullock E lectric Manufactu ring Company. The main gen-

METHOD OF MAKING CONCRETE CELLS FOR OIL SWITCHES 

erators are of the engine-driven type, with rotating fields. They 
are rated at 1000-kw each, have thirty-two poles and run at 
94 r.p.m., giving a frequency of 25 cycles per second. They 
generate three-phase alternating-current at 375 volts. 

The exciters are of the engine-driven type, with rotating 
armature, and are rated at 100 kw, 125 volts, 250 r.p.m. One 
exciter is used for exciting the fields of the main generators, 
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it being of sufficient capacity to handle all four generators; one 
is used for the auxiliary load, consisting of lighting,_ motor
driven machinery, etc., while the third is held as 
reserve. In addition, the station contains two 
400-kw rotary converters, with space for a third. 

From each generator the current is carried 
directly to a bank of three 370-kw transformers. 
These are of the oil-cooled type, built by the Wag
ner Electric Manufacturing Company. These 
transformers step up from 375 volts to 27,000 
volts. 

SWITCHBOARD 

The switchboard was furnished and installed 
by the General Electric Company, and- is of black 
enameled slate, 7 ft. 6 ins. high, 40 ft. 4 ins. long. 
It consists of twenty-four panels, and is of the 
usual standard construction, containing no radical 
departures. The indicating and recording instru
ments are connected through current and potential 
transformers, and no high-tension lines are con
nected to the switchboard. 

mounted, is a dial synchronizer. A large synchronizer, having 
an 18-in. dial, is mounted below the crane gi rder, in front of the 

At the south end of the board, mounted on a 
swinging bracket, is a 750-volt illuminated dial 
voltmeter, while at the other end, similarly 

LIGHTNING ARRESTERS, OIL SWITCHES AND 150-KW TRANS-

GE NERAL INTERIOR VIEW, SHOWING EXCITER SETS 

400-KW BULLOCK ROTARY IN MAIN STATION 

FORMERS IN SUB-STATION 

board, being visible from all parts of the engine room. Indi
cating wattmeters a re mounted on the gage boards of the 
engines. All the high-tension current in the power house is 

ASHEVILLE SUB-STATION 

INT ERIOR ASHEVILLE SUB-STATIO N 
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controlled by Form-H motor-operated oi l switches, built by the 
General E lectri c Company. The switch cells are of concrete, 
with walls 4 ins. thick. In addit ion to the oil switches, discon
necting knife switches are used between the oil switches an~ 
bus-bars, and between the bus-.bars and outgoing lines. 

T he high-tension lightning arresters are of the 27,000-volt 
General Electric Company type. T hey are located on the wall 
just back of the switchboard and under the opening through 
which the high-tension feeders leave the building. 

From the generators the current is conveyed by asbestos
covered cable, supported on racks beneath the eng ine room 
fl oor, direct to the 370-kw transformers, and thence by No. oo 
bare copper cable through the oi l and knife switches to the 
main bus-bars. These, three in number, are contained in a 
bri ck and concrete compartment located in the bus-bar cham
ber. T his compartment is made up of three separate ducts, one 
above the other, separated by concrete slabs, so that a ll possi
bility of short-circuit between phases is eliminated. 

The bus-bars are divided into sections by knife switches, thus 
a llowing any section to be cut out without interfering with the 
operation of the plant. 

From the bus-bars the circuit passes through oil and knife 
switches, either to the 150-kw step-do_wn transformers and 
thence to the rotaries in the main power station, or to the sub
stations, the lines passing up the east wall through enclosed 
brick ducts and out through openings in the wall near the roof. 
These openings are protected by feeder hoods, built of Alberene 
stone, with concrete roofs. A ll in strument and auxi liary wir
ing is run in pipe conduit buried in the floor. 

SU B-STATIO NS 

There are four sub-stations, one of which is located in the 
power house. The power house sub-station contains two 400-kw 
rotary conv erters, with provi sion for a third. T he remaining 
three sub-s ta tions at present contain one 400-kw rotary con
ve rter, with provision fo r a second. The three sub-station 
bui ldings are substantially alike, being built of red brick, with 
stone trimmin gs, and with roofs of Ludowici ti le laid on angle 
purlins, supported by steel trusses which rest on the front and 
rea r walls of the building. The foundation s and floors are of 
concrete. E ach building is 54 ft. x 3 l ft. 6 ins., and 33 ft. high 
from the fl oo rs to the bridge of th e roof. Along the rea r wall 
is a gallery, giving access to the lightning arre sters. Under 
thi s gallery are placed the oil switches. In front of these stand 
three 150-kw step-down transformers 

The sub-s tations a re designed for two incoming and two out
going high-tension t ransmission lines, only one of which is at 
present installed. 

In the sub-stati on in the power house, the oil switches are 
elec tri cally opera ted and controlled from the main switchboard, 
whereas in the other sub-stations they are operated by hand. 
The switching is clone on the high-tension side of the trans
formers. 

OFFICERS AND E NGINEERS 

T he officers of th e Scioto V alley Traction Company are : 
President and general manager, F. A. Davis; treasurer, E. R. 
Sharp ; general superintendent, L. C. Bradley. 

The power plant, transmission lines, third rail and cars were 
designed by \V. E. Baker & Company, consulting engineers, 
New York, and the installation was under their supervision. 
Thi s paper is indebted to them for the engineering facts con
tained in thi s article. The civil engi neering was in charge of 
A. \V. Jones, of Columbus, Ohio. --· ___ ........... ___ _ 

The \Vestern Massachusetts Street Railway Company has 
asked fo r the approval by the Railroad Commission of locations 
in the towns of \li/ estfielcl, Chester, Huntington, Becket and Lee. 
The company proposes to build a line 33 miles in length, ex
tending from \Vestfield to Lee, form ing the connecting link be
tween the Springfield Street Rai lway on the east and the Berk
shire Street Railway on the west. 

THE LEEDS, WAKEFIELD AND WEST RIDING TRAMWAYS 

A n extensive elec tri c system, owned by the Wakefield & Dis
trict Light Railways Company of E ngland, has been recently 
put in operation. A lthough there is a considerable mileage at 
the moment in operation, the scheme is only part ially completed, 
and when the remaining sections and links are finished the 
system wi ll embrace wide districts around Leeds and vVake
field, including Horbury, Ossett, Normanton, Castleford, Pon
tefract, Lofthouse and Rothwell. Eventually it wi ll involve the 
operation of some 75 miles of single track, linking together, by 
a frequent service, some of the most populous districts in th e 
West Riding of Yorkshire. A trunk line runs from Wake
field to T hwaite Gate, and there joins the Leeds Corporat ion 
Tramways System. Bearing in mind the recent and important 
discussions on the subj ec t of joint running powers, it is inter
es ting to note that it ha~ been possible for the company to ar
rive at an arrangement with the Leeds Corporation under 
which cars can be run to the center of Leeds. Such an under
standing must result in the greatest convenience, and should 
materially acid to the efficiency of the D istrict Company's sys
tem and prove to be a useful feeder to the Corporation tram
ways. The tota l mileage constructed up to date is roughly 32,½ 
miles of single track. 

The contract for the who le of the work was given to the 

VIEW IN DGLL RING, WAKEFIELD 

firm of Dick, Kerr & Company, Limited, the consulting engi
neer for the scheme being B. D. V. Cooper. 

Such a system obviously calls for high-tension transmission, 
as it would be, of course, impossible to work all the routes em
braced in the extended sch eme from one central station. The 
main station is situated at Belle I sle, Wakefield, where alter
nating current is generated at high pressure and transformed 
at sub-stat ions to direct current of 500 volts. One sub-station 
is in use in \Vakefield, about r mile from the power station, 
where three 200-kw rotary converters have been erected; an
other in Rothwell , with two 200-kw rotaries, and there will 
eventually be another at Castleford, which is about IO miles 
from the power station, and ultimately a fourth at Ossett. 

T he total length of tramways now in operation is approxi
mately 25 miles of single track, laid to standard gage. The 
usual British tramway construction has been employed on about 
9 miles of single track. The roadway has been excavated to a 
uniform depth of 12,½ in s. below the upper surface of the rails, 
to receive an 8-in. bed of concrete to carry the paving for a 
width of 8 ft. fo r single track and 17 ft. for double track. The 
roadway between the rails, and for an average space of 18 ins. 
on either side, both for single and double track, is paved with 
granite sets 5 ins. deep and 4 ins. wide. In the remaining 
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portion, some 16 miles, the roadway between the rails is filled 
in with screened macadam. The rails are of the girder type, 
weighing 94 lbs. per yard, and are laid in 45-ft. lengths, with a 
proportion of shorter lengths to allow for closures. The rails 
are generally in accordance with standard tramway practice, 
6,½ ins. deep, with a groove of l .1/s ins.; they are secured with 
six-holed arngle-plates, 24 ins. in length, and are double bonded 
with No. 0000 Neptune copper pin bonds. 

The construction of the overhead lines is for the most part 
carried out on the side-pole system with bracket arms, with 
flexible suspensions. The poles, which 'have an over-all length 
of 31 ft. and are made up in three sections of lap-welded mild 
steel, are erected about 40 yards apart on the straight, and 
closer in.curves, in holes of a depth of 6 ft., and surrounded by 
from 6 ins. to 9 ins. of concrete. In towns and residental dis
tricts, the brackets are fitted with wrought-iron .scroll work of 
a neat design. The trolley wires are of hard-drawn copper 
wire No. oo S. \V. G., having a diameter of .348 in., weighing 
1935 lbs. per mile, and with a breaking strain equal to 24 tons 
per square inch. At certain points over the d. c. feeders, feeder 
switch pillars of the D. K. standard pattern are erected; each of 
these contain a white marble panel on which is mounted two 
400-amp. Q. B. switches, these being connected through V. I. R. 
cables direct on to the trolley wire. At all other points the 
mains are looped into the pole section bases, described below. 

At every .½ mile along the route, small cast-iron boxes are 
fitted to the poles, each containing four 150-amp. "no arc" 
switch fuses. These boxes serve the purpose of dividing the 
trolley wire into half sections and cross connecting for the 
parallel running. The cable taken from these connecting boxes 
from the poles has the same section of copper as the trolley 
wire, and is insulated with vulcanized rubber. 

Three car sheds have been con.structed, the principal depot 

' I . 

TWO ALTERNATING SETS 

being situated at \Vakefield, which has six tracks, and is 
capable of accommodating thirty-five cars; the other two car 
sheds have been built at Rothwell and Castleford. 

The rolling stock eventually will consist of fifty-five electric 
motor cars, of the double-deck single-t ruck reversed staircase 
type, with a seating capacity of twenty-two inside and thirty
four outside. They were built by the Electric Railway & Car
riage Works, Limited, of Preston. The floor frames are made 
entirely of oak and pitch pine, and are designed to combine the 
greatest strength and stiffness and 111:nimum weight. Special 
care has been taken in designing the cars to insure the inter-

changeability of all the most important parts entering into the 
construction of the rolling stock ; the length of car bodies over 
the platform is 26 ft., and they are about 6 ft. wide. Openings 

. are arranged in the flooring over the motors to afford con
venient access to the armature brushes and to all bearings re-

ST ANDA RD CAR 

quiring frequent inspection and oiling. The platforms are car
ried on four steel angles, the bearers being extended without 
interfering with the clearance of the trucks. The main floor 
is laid with ¼-in. tongued and grooved boards 4 ins. wide, with 
st rips of deal 2 ins. x r ,½ ins. fixed longitudinally. To prevent 
the car from sagging, each side frame of the car is trussed by 

a ¾-in tension rod attached to the bottom 
sills. The side and end frames are of pitch 
pine and ash, and with white and corner pil-
lars. The side frames each contain three 
large windows, with narrow pivoted ones 
above for ventilation. The roof frame is 
made of ash, the horizontal members being 
all in one piece without splices. The cars are 
fitted with life guards of the trigger pattern. 

Each car is wired for fifteen incandescent 
lamps, which are nm in series of fiv e off the 
main circuit, the wires being run inside the 
walls of the car behind the ventilators, thus 
being effici ently protected and put completely 
out of sight and reach. Two 16-cp lamps are 
fitted as headlights, with reflectors. The cars 
are mounted on Brill trucks of 21-E type, 
suitably built to support the car bodies and to 
receive the motors and gearing. Two cross 
bars are provided to carry the motor at their 
centers, and they are cushioned on the side 
bar with draw and recoil springs. The axles 
are 3¾ ins. in diameter, and are made of 
Siemens-Martin steel, capable of standing a 
tensile strain of 60,000 lbs. The wheels are 

of chilled iron and are 30 ins. in diameter. Each car is fitted 
with a complete Dick-Kerr standard equipment, consisting of 
two standard 25a traction motors. The controllers are of th e 
D. B. I. form C type, with metallic shield blow-out. 

The power station is situated at Belle I sle, \Vakefield. The 
steam plant consists of four Lancashire boilers, ,vith the usual 
accessories, including " Lord" furnaces , hand-fired mechani cal 
stokers, a Green's fuel economizer, a water sto rage tank with 
a capacity of 20 ,000 gals. of water, and two feed-pumps capable 
of delivering 24,000 lbs. of water per hour against a pressure 
of 150 lb~. The feed-water is drawn from the River Calder 



STREET RAILWAY JOURNAL. [VOL. XXIV. N 0. 23. 

and town supply, the water for condensing purposes being 
wholly taken from the River Calder. 

The power is supplied by three high-speed triple-expansion 
condensing engines of the well-known Howden type, manu-

SIDE-BRACKET CONSTRUCTION 

factured by James Howden & Company, of Glasgow. These 
engi nes work at a steam pressure of 150 lbs., and at their stand
ard speed of 375 r.p.m. are remarkably quiet-running. Each 
engine is directly connected to a Dick-Kerr alternator, which 
generates three-phase current at 6300 volts 25 cycles, each set 
being provi ded with direct-driven exc ite r. T hey are "star" 
connected, have an output of 400 kw continuously, and are de
signed to give an overload of 25 per cent for one hour with a 
moderate rise of temperature. A ll three machines are de
signed to run in parallel with each other, means being pro
vided for raising their voltage up to 6600 to compensate for 
loss in the mains when running at a constant speed. The rotor 

MAIN CAR HOUSE 

spider is made of high quality cast iron, the hub being provided 
with flange for bolting to engine fly-wheel, and is pressed on 
to the shaft by hydraulic pressure and key seated. 

The pole-pieces are made of laminated steel and are held to
gether between two cast-steel end plates. The upp_er part is 
T-shaped for holding the field coils in position; the lower part 

of the pole-pieces is dovetailed for fixing on the rim of the 
rotor, where it is held in position by means of keys. The re
moval of the field coils is effected by sliding the pole-piece from 
the dovetailed groove parallel to the shaft, without disturbing-

- I 

CENTER-POLE CONSTRUCTION 

any other part of the machine. The design and shape of the 
pole-pieces give a distribution of lines of forces in the air gap 
to produce an approximately sinusoidal shaped wave of electro
motive force . The exciter is mounted on the extension of the 
alte rnator shaft. The stator frame is built in two halves, 
bolted together by means of finished bolts. 

The coi ls are former wound, and are embedded in rectangu
lar slots, being held in position by wooden wedges, and are 
easily and qui ckly replaced; they are protected outside the lam
inations by means of a cast-iron shield, cast in sections, bolted 
to the frame, and easily removable. This shield is of a per
forated design, and does not in any way interfere with the ven
tilation. The switchboard was built by Dick, Kerr & Company, 
and consists of seven enameled slate panels, each supported in
dependently on an iron frame. The board consists of three 
generator panels, one power panel and three H. T. feeder 
panels. 

The sub-stations are fed from the main station by duplicate 
three-core H. T . lead-covered cables. At the Wakefield sub
station there are three standard Dick-Kerr 200-kw compound
wound rotary converters, running at 750 r.p.m., generating 
direct current at 500-550 volts. Each rotary has its comple
ment of single-phase, oil-cooled, step-down transform.ers. The 
rotaries are capable of dealing with an overload of 25 per cent 
for one hour. The Rothwell sub-station is similar to the one 
at Wakefield, but is equipped with two rotaries, with the neces
sary transformers and switch gear. 

••• 
The run made W ednesday, Nov. 16, by H.A. Everett's private 

car, "Josephine," over the Lake Shore Electric, probably beats 
the world's record for long distance runs on electric railways. 
The car was coming back from Detroit, whither it was sent 
Tuesday with a party of railroad officials, and the actual run
ning time between the Boody House, Toledo, and the Hollen
den, Cleveland, was three hours and nine minutes. From this 
should be deducted twenty-three minutes time consumed in -
getting out of Toledo and forty-five minutes in getting into 
Cleveland, making the actual running time between the limits 
of the two cities only two hours and one minute for III¼ miles. 
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TEST OF 500-KW CURTIS TURBINE SET AT CORK 

In view of the great attention being given by engineers to 
the performance of steam turbines, some particulars of a series 
of tests carried out on a 500-kw d. c. Curtis steam turbine set 
at the Cork Electric Tramway & Lighting Company's station, 
and which was supplied by the British Thomson-Houston Com
pany, Limited, of Rugby, may be of interest. 

These tests were conducted by Charles H. Merz, the con
sulting engineer to the company, through whose courtesy the 
results have been obtained for publication. The object of the 
tests was to ascertain the steam consumption at varying loads, 

Lbs. 
25 

30 I 
20 " I 

"' r oF. 
0 
::t: 20 

170 28 ..!. 

I 160 
d I 
"'· ~ 150 ~ 27 
0 

I fv [2 
~ HO e 

I j 130 t 26 ~1 5 I i: 120 .... a 
4s ~ 110 

0 

I ~ 25 g 
~ 100 "B en 
'o 90 ,5 2! ... I I 0 

i so oo 10 

~ 70 ¼3 
.0 

I I ..:i 

A 
ro l fs I 50 22 
40 
30 21 

100 00 200 0 300 ~~ !00 500~ 
~ 

L~ ,,, 
~~ 

Output in Kilowatts 

and by commencing to fill the wa ter tank, and three minutes 
after the start ammeter and voltmeter r eadings were taken. 
Six minutes after the fir st wattmeter r eading, a second watt
meter reading was taken and the condensed steam wa s weighed. 
Six minutes after the first ammeter and voltmeter readings, 
second readings of these instruments were taken, and so on . 
Hence all readings were taken every s ix minutes, the ammeter 
and voltmeter readings midway between the wa ttmeter and 
condensed steam records. 

A general summary of the results of the tests is given by the 
log-sheet herewith. Two steam consumption curves are also 
given, showing respectively the curve actually obtained, and 
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¼ 1½ hrs. 234 224.5 549 128.5 I l 23. 25 191. 75 184.9 208.26 196 4,879 I 24•9 28.8 156 51 I 1,835 
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I 
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and for this purpose fi ve tes ts were made at one-quarter load, 
one-half load, three-quarter load, full load and 25 per cent over
load, respecti ve ly. T he tes ts we re generally of one and one
hal f hours dura tion, a lthough the last tes t at 25 per cent over
load was slightly under one hour. Great care was taken in 
each case that before th e tes t was commenced .all conditions of 
load, etc., should be absolutely steady. 

The weight of condensed steam was measured by a tank and 
weighbridge, which was tes ted before and aft er th e test and 
found to be accurate. V acuum gages were connected to the 
low-pressure chamber of the turbin e and to the body of the 
condenser. These gages were in agreement. Under conditions 
of full load, however , the vacuum registered in the turbine ex
haust chamber was 2 ins. lowe r than that registered in the con
dense r, showing that the pipe connection from the turbine to 
the condenser was not sufficiently large. The barometric pres
sure throughout the tes t was 30.16 in s. 

The output of the machine was measured by two ammeters, 
a standard vol tmeter and a r ecord in g wattmeter. The figures 
entered on the log-sheet a ttached a re th e mean figure s of all 
r~adings at each load, readings being taken eyery six minutes. 
The readings given are th e correc ted rearlings after each in
strument had been carefull y r ecalibra ted again st a standard in 
the Newcastl e- upon -T yne Elec tric Supply Company's test 
hou se. 

The tests we re started by taking a rea<ling o f the wa ttmeter 

that made out with correction to 28.66-in. vacuum and 115-deg. 
superheat. 

The vacuum and superheat curves used in making the cor
rections were those published in "Engirteering" on Feb. 5, 1904. 

--+♦----

NEW ORLEANS POWER HOUSE CONTRACTS 

Some interesting contracts were awarded last week for struc
tural material, equipment, etc., for the new power house of the 
N ew Orleans Railways Company. Sanderson & Porte r, of 
New York Ci ty, ~re the consulting enginee rs fo r th e company, 
and the work of constructing and equipping the new stat ion, 
which was desc ribed in the STREET RAILWAY J ouRNAL, A ug. 6, 
will be done by the same firm as general cont ractor s. 

The A merica n B ridge Company, branch of the Oni tecl States 
S teel Co rporati on, has been a llotted th e con tract for the stee l 
to be used in the constru cti on of the plant. U pward of rn ,ooo 
tons of ma teri al w ill be employecl. \Vhil e the ultimate ca
pacity of th e pl ant will be 60,000 hp, the equipm ent orders so 
fa r let are fo r about 7 000 hp only. 

The General Elec tric Company will build three turbo-alter
nators of 1500 kw each. The Dabcock & \Vi lcox Company 
will manu fac ture eight boiler s o f 900 hp capac ity each , or 7200 

hp in all , and th e Murrh y S toker Company, of Chi cago. has 
taken th e stokn co11trac t. 
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THE WELLINGTON, N. Z., TRAMWAYS 

W ellington, the Empire City of New Zealand, has made great 
strides during the past five years and now has a population of 
about 55,000. Its splendid harbor facilities give it the privilege 
of being the larges t shipping port in New Zealand, with docks 
and other appliances that rank with the best in every respect. 
About twenty-two years ago \i\Tellington was the happy pos
sessor of a small steam tramway system. This was superseded 
by horse cars, which from about 1886 have been operated suc
cessfully up to the present time. The horse system was first 
owned and managed by the late Dr. Grace. The cars were 
supplied by th e John Stephenson Company, of the United 
States, and it is worth noting that some of them are still giving 
good service in the outlying di stricts where they are now 
running. 

In 1893 Messrs. Hall & Greenfield obtained a seven-year lease 
from Dr. Grace, and on its expiration the tramways were pur
chased by the Wellington City Council, the event being cele
brated by giving free transportation to the public for one day, 
The Council effected many improvements and, as far as horse 
car service goes, little was left to be des ired. Wellington is a 
growing, progressive city, however , and the capacity of the 
service was found to be inadequate for the requirements of the 
r)Ubli c, so to keep pace with the times th e citizens desired the • 
installation of an electr ic railway system. About two years ago 
construction bids were called for and the contract finally 
awarded to McCartney, McElroy & Company. 

During the track const ruct ion period the interes ting culvert 

FIG. 2.-POWER HOUSE UNDER CONSTRUCTION 

work shown in the first four illust rations was carried out. They 
show the method adopted for lowering the crown of the culvert, 
which runs the full length of Kent Terrace, carrying storm 
water from A delaide Road and Basin Reserve to the sea. When 
the new track was laid it was decided to wood pave the full 
width of Kent Terrace. Bringing the road to its proper level, 
left the arched top exposed about 6 ins. To overcome this diffi
culty and still retain the capacity ofthe culvert, a flat top was 
decided upon. The arch was taken off, the sides built up a little 

with concrete, and 41¼-lb. old rails were cut to the desired 
length, placed across and connected with old fish-plates, while 
running down the center underneath, full length rails were 
placed to give extra strength. The space between the rails was 
then filled in with concrete. The work was carried out very 
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FIG, !.-SINGLE TRACK AT ORIENTAL BAY 

neatly, and it is likely that if measurements were taken they 
would show an increase in the carrying capacity of the culvert. 
Fig. 3 represents the open culvert, arch, the roadway in the 
center and the poles at the right with ornamental bases. The 
preparations for building up the sides and laying the top of the 
culvert are shown in Fig. 4. In Fig. 5 the rails are shown in 
position ready for the concrete. The appearance of the top of 
the culvert just after being filled in with concrete is repro
duced in Fig. 6. It will be noticed that the· top of the culvert 
stands higher than the concrete bed for blocks on either side. 
This allows for 5-in. blocks at the sides and 3 ins. on top of the 
culvert. This was done so as to give as much waterway as 
possible in the culvert. 

Grooved rails weighing 95 lbs. per yard are used, laid to 4-ft. 
gage. They are laid in a concrete bed covering the full width 
of the double track. All the city streets are being paved with 
concrete for their full width. In the outlying districts 4 ins. of 
tarred macadam is used for 18 ins. on each side of the tracks. 
Set..; are used as protection for rails; with a · top dressing of 
asphalt. Many sharp curves have been encountered, a notable 
one being on the Oriental Bay section. Around the Basin Re
serve Recreation Ground the line takes four very sharp turns 
in ,½ mile. These could have been avoided had the line been 
taken directly through the grounds, but the Council refused to 
permit it. The points and crossings are of manganese steel. 
Both side and center poles are used in the overhead construc
tion. The poles are of steel, embedded in concrete, and are 
fitted with ornamental caps and bases, which present a very 
neat appearance. 

The side of the hill has been hewn away where the car house 
star..ds and the material used in filling up the gulley at the 
northern end of the house. The bricks used in the construction 
of the car house were made on the spot by the contractor. The 
roof trusses, pillars and girders are of steel, and were designed 
to offer no obstruction to the interior lighting of the building. 
The total capacity of the car house is fifty cars, and of the pit 
room alone twenty-four cars. At the southe:-n end are located 



DECEMBER 3, 1904.] STREET RAILWAY JOURNAL. 99 1 

-, :-; 
' ... 

~- '"-. 

.L 
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FIG. 7.-TRACK CONSTRUCTION AT ORIENTAL BAY 

FH--:. 4.- LAYING THE TOP OF THE KENT TERRACE CULVERT 

FIG. 6. - KENT TERRACE CULVERT AFTER CONCRETING 

FIG, 8, - IIORSE CAR SHEDS, \VITTI OFFICES AT LEFT 
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the repair shop, store room, electrical room and armature brak
ing pit. A traversing table is situated in the southern end of 
the building, running the full width. 

The cars, thirty-six in number, were built by the Manchester 
Car Construction Company, of England. They embrace twelve 
double-deck, twelve combination and twelve closed cars. The 
double-deck cars will seat fifty-six passengers, and are fitted 
with No. 21-E Brill trucks, C 18-B GE controllers, GE 57 

FIG. 9. - A SHARP CURVE AT ORIEN T .\L DAY 

motors, ratchet brake handles, illuminated destination signs 
overhead, and colored lights. Eureka maximum traction trucks 
are used for the combination cars. E lectric conductor's bells 
are in use. Fares are paid according to the zone ticket system. 
A splendid telephone system has been installed, with a pillar 
box every ,½ mile. · 

The power house is large enough for the present, but every 
provision has been made in the construction for extensions. 
The plant was supplied by an English company. 

The first portion of the system, known as the "express route," 

FIG. 10.-VIEW OF NEW CAR HOUSE UNDER CONSTRUCTION 

is now completed, cars running between Newtown and Royal 
Oak corner. All the plans were drawn up by the Wellington 
Council's staff of engineers and carried out under their super
vision. When completed the system will be one of which the 
citizens of Wellington may well be proud. 

OWL CARS IN MILWAUKEE 

General Manager John I. Beggs, of the Milwaukee Electric 
Railway & Light Company, Milwaukee, Wis., has announced 
that, in compliance with the city ordinance recently passed by 
the Council, owl cars will be run at one-hour intervals on all 
the main lines of the street railway system. 

/ 

PROBLEMS OF HEAVY ELECTRIC TRACTION* 

BY 0. S. LYFORD, JR., AND W. N. SMITH 

The Long Island Railroad system has at present two passen
ger terminals in the city of New York, one at Atlantic Avenue 
and Flatbush A venue in the Borough of Brooklyn and one at 
the Thirty-Fourth Street Ferry in Long Island City, Borough 
of Queens. \Vhen the great tunnels of the Pennsylvania, New 
York and Long Island Railroad Company are completed there 
will be a third terminal for the Long Island Railroad passenger 
traffic in the Borough of Manhattan. From the present ter
minals there branches out an extensive system of through and 
suburban lines, over which is maintained a train service, both 
express and local, reaching all parts of the Island. In addition 
to the suburban service into these terminals, there is an inter
change of traffic with the Brooklyn Rapid Transit Company at 
two points, and a connection is to be established between the 
subway system of the Long Island Railroad and the extension 
of the Rapid Transit Subway now being constructed between 
Brooklyn and the south end of Manhattan. The accompanying 
map shows the location of the western lines of the Long Island 
Railroad and the new connections which are to be made. 

Extensive plans for the electrification of the suburban ser
vice of this road have been under consideration for some years. 
These plans provide for the immediate adoption of electric 
traction on the lines emanating from Flatbush Avenue and for 
a progressive extension of electric traction over all of the 
strictly suburban routes, as rapidly as the conditions shall jus
tify. On some of these routes the traffic is of a purely suburban 
nature. On other sections the important traffic is an excursion 
movement to and from New York's great playgrounds at the 
beaches. For the convenience of the suburban residents, a fre
quent service in comparatively short trains is to be provided, 
but for the excursion service comparatively long trains are 
necessary. As a result, the number of· cars per train in this 
system will vary from one to eight or possibly ten. The initial 
service, limited to a maximum of six cars per train, results in 
fifty-two types of runs, varying in number of cars per train 
and distance between stops. On some sections the lines are 
fairly free from grades and curves, but on others the grades 
and curves are heavier than would be supposed from a general 
knowledge of the contour of Long Island. Some main points 
may be decided in this way: 

(a) The number of cars per train varies from one to six, as 
stated. Eight or ten-car trains may be desirable at times. Such 
variations in train length cannot be provided for economically 
with electrical locomotives. Motor cars must, therefore, be 
used, and for all except trains of one or two cars, more than 
one motor car per train is necessary. The multiple-unit sys
tem of motor car operation is, therefore, best suited to this 
service. 

(b) The greatest flexibility for make.,.up of trains is obtained 
by making all cars motor cars. 

( c) On the other hand, the first cost of equipment and the 
cost of maintenance and inspection is least if the motor selected 
is of the largest size practicable, and the number of equipments 
required is thus made a minimum. 

( d) For a miscellaneous service of the character contem
plated, all trains, both local and express, should preferably be 
provided with equipment having the same speed characteristics, 
so that all motor cars are available for all classes of ser-vice. 
(Trains may operate as exprtss . in one direction and as local 
in the other.) 

( e) For express runs of this suburban service, averaging 
not over 5 miles between stops, a moderately high speed, say 
50 to 55 miles per hour, is found by experience in steam prac-

*Abstract of a paper presented at meeting of American Institute of Elec
trical Engineers, New York, Nov. 25, 1904. 
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tice to be most suitable. For these runs, therefore, it is essen
tial that the electric trains shall be able to approximate these 
speeds. 

( f) Future development of the service, such as increase in 
number of stops and decrease in running time, will mean 
heavier work for the motors. Therefore, reasonable reserve 
must be provided in the equipment, and consideration must be 
given to equipment which will make possible a 
convenient increase in number of motors per 
tram. 

SIZE OF :MOTORS 

T he la rgest motor in general use for motor car 
trains is of 200 hp nominal rating, two of these 
being about the limit of motor capacity that can 
be placed on a track with 33-in. or 36-in. wheels 
and a reasonably short wheel base. On the basis 
of condit ion ( c). this should be the motor adopted, 
prm·ided the train combinations can be effected 
satisfactorily with motors of this size. Condition 
( f) is also complied with by selecting the larges t 
motor practicable, as the number of motors per 
tra in in the initial service will th en be a 
1111111 mum. 

GEAR RATIO 

ferent that this in itself does not signify that the same motors 
are suitable for the Long I sland Railroad conditions where the 
distance between stops for most of the local runs is g reater 
than that of the express run s of the subway, and the express 
nms a re longer in proportion. ]\fore or less of the usual cal
culating must, therefore , be clone to reach a decision as to 
whether the characteri stics of the standard motor of thi s size 

To meet condition ( e), a gear ratio must be 
selected which permits the operation of trains at 
high speeds without damage to the equipment. 
On the other hand, the best starting conditions 
and least heating effect are obtained with high 
gear ratio. The gear ratio should, therefore, be 
as high as practicable and st ill permit of the max
imum train speeds necessary for the express 

11-IE T E RRI T ORY T O BE SERVED BY THE ELECTRIFIED DIVISION OF 
THE LONG ISLAND RAILROAD 

schedules. Provision must also be made for extra speeds which 
may occur on down grades. From observation of the existing 
service it was concluded th at it is safe to assume 60 miles per 
hour as a maximum. 

TRAIN WEIGHTS 

The motor cars of the service are to be new steel cars, similar 
to those adopted fo r the Rapid Transit Subway. For the de
termination of motor characteristics, tra iler cars were assumed 

I CURVE-SHEET 1 

I 

CuRVE SH~l!T 1. 
COWPARATIV I! TRAIN PERP-ORM AN C~S C OM PUTE D W I TH D I PPRRl!NT R I!.· 

SIS TAN' CR F O RMULAS. 

2-car train; weight 70.6 tons , 2 Westinghouse No. 86 motors; 19:63 gear , 
36-m . wheel; Tun 1.67 m iles, level; 540 volts. 

Time Seconds, Per_cent S~eed Watt-hrs • 

Formula. Total Poweron p[~~con p~ ;1hJ: kw-hr, 1:J.}t" 
-----------------
Davis , .. , . 210 187 89 28.6 7.51 63 .6 
- - - ---- - - ----- ---
Smith. , 210 65 28.6 5 .76 4R. 8 

Bald wm 
Locomotive 
Works. 210 28.6 4 .66 395 

to have the same size and weight of bodies. 
sumed were as follow s : 

The weights as-

Motor Car 
Seated load ..... .. ... . ... . 81,000 lbs. 
Standing load ............ 88,ooo lbs. 

Trailer 
60,400 lbs. 
66,ooo lbs. 

T hese assumed weights are in p-;;ctical agree ment with the 
actual weights of the subway equipment. 

T he 200-hp motor was found to ,he the proper size for the 
serv ice of the subway; but the sc hedule conditions are so dif-

a re suitable fo r this service or whether a smaller size could be 
used to advantage. 

In Volume 19 of the transact ions of the American Institute 
of Electrical Engineers and in the technical press of the last 
two or three yea rs, th ere are a number of interesting papers 
giving th eoreti cal and prac tical informat ion regarding electric 
motors for railway service. Of these papers, that of Messrs. 
A rnold and Potter on "Accelera tion Tests" gives some very in-

\ 

\ 

teres ting result s of actual records of speed-time tes ts 
of steam and electric train s of different weights, 
illustrated by diagrams whi ch adm it of close com
pari son between theoretical and practical results. 
The scholarly and somewhat bewildering papers by 
Mr. Mailloux and by Dr. Hutchinson are of interest 
as representing the ac~derni c side of some of the 
problems involved; and l\fr. Gotshall contributes 
some very interesting illustrations of theoretical 
speed- time curves derived for a specific case. 

I. I'LOTTED A N D T EST RUNS C(l j\IPA RE D 

T he power required to overcome inerti a and grav
ity may be calculated with exactness. Train res ist
ance, however, made up of head res istance, mechan
ical friction and skin friction, may Le es timated 
only by empiri ca l formulce, based on practical 
tests. Such formula: have been derived and pub
li shed by various enginee rs. O win g to differ
ences in character of equipment and roadbed, 
nature of the train se rvice, design of ca r bodies 

and trucks, methods of test, etc., th ere a re materi al differences 
in the conclusions reach ed. For ordinary elec tri c car se rvice 
on urban and suburban lines , wh ere the number of stops is fre 
quent and the maximum speed is low, the tra in resistance is 
relatively unimportant a s compared with the effec t of inert ia 
and grades, but as the speed increases the train res istance be
comes a more importan t matter. The lack o f agreement of 
these fo rmuhc when applied to the condition s o f th e Long 
I sland Railroad are illustrated in curve sh eet 1 of the Davis and 
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the Baldwin L ocomotive Works' form ul~ are extremes ; they 
therefore afford a suffici ent illustra ti on of the divergence of 
authoriti es on th is subj ect. T hese fo rmul~ are expressed as 
fo llows: 

V 
Baldwin Locomotive ·works, R = 3 + -

6. 
.004 A F 2 

W. J. Davis, R = 4 + 0.13 F +---- [I + o.I (n - r) ] 
T 

R = Train res istance in lb. per ton of 2000 lbs. 
F = Veloci ty in miles per hour. 
A = Cross sectional area of car in sq. ft. 
T = vVeight of train in tons of 2000 lbs. 
n = Number of cars per train. 

The form ula marked "Smi th" is one suggested by one of the 
authors, and has been fo und to g ive resul ts close to actual prac
tice, as will be explained in the fo llowing paragraphs. T hi s 
formula has the fo llowing express ion : 

A 
R = 3 + 1.67 V + 0.0025 - V2

• 

T 

T he speed-time curves on th is sheet are derived for a two-car 
train with cars of weight and dimensions simi la r to those of the 
Rapid T ransit Ra ilway in Manhattan. T he length of run is an 
average for the total Long I sland suburban service. I t wi ll be 
noted tha t the power consumption ( watt-hours per ton-mile) 
varies from 39.5 to 63.6, the figure according to Davis' fo rmula 
being 61 per cent grea ter t han the Baldwin fi gure. Moreover, 
if the conditi ons were such that the average speed of 28.6 miles 
an hour between stations had to be maintained, the speed-time 
curve of Davis would be impract icable becau se of no a llowance 
in coasting to prov ide fo r possibl e delays, etc. T here fo re, 
whereas the Bald win fo rmula indica tes a satisfactory equipment 
working with very low powe r consumption, the Davis formula 
fo r the same equipment shows r ela ti vely a very hi gh power 
consumption and an impracticable equ ipment. T he necess ity 
of careful investigation of thi s matte r in connection with our 
problem is appa rent. 

APPLI CATIO1'. OF FO R MUL AS 

T h e essential points w hich we wish to determi ne a re the 
schedule speeds whi ch can be obta ined with g iven equipments, 
the power tha t wi ll be required to obtain these speeds, and the 
heating effect on the motors. The value of tra in r esistance is 
best determined at fu ll speed, or while coasting; but except in 
the case of long runs, most of the power is consumed in accel
erating. By comparing actual test runs w ith plotted runs from 
star t to stop, we get some check on the tra in r esistance fo rmul~, 
but, what is of niore immedia te importance, we get a verifica
tion of th e accuracy of a ll the elements entering into our cal
culations. 

To effect a comparison of theo retical r esults with actual tests, 
some special tests were made on the Grand Rapids , Grand 
Haven & Muskegon R ailway, and on the D etroit, Ypsilanti , 
A nn A rbor & Jackson Railway in Mich igan. T hese tests. were 
necessa r ily confin ed to trains of one car each. T he tests re
ported by Messrs. A rnold and Potter , made at Schenectady, 

T AB L E I. 

AVER AGE S P EED AND WAT T-H OURS PER TO N MILE 
Comparison of T h eoret ical R esults wit h Actual T ests 

G. R. G. H. & M. RY. 
(Schedule speed the sam e.) 

2 No. 50-C Motor s. \\' eight of train 29.5 ton s. 

Davis Smith T es t 

Test No. Watt-Hrs. I W at t-Hrs. Watt-H rs . Miles per Ton Miles per T on Miles per T on per H our Mile per H our Mile per H our Mile 

I ..... .. . 27.9 98. 27.9 79- 2 27-9 88 2 
2 ...... . .. 32.7 99- 2 32.7 Sr.6 32.7 Sr. 
3 . ........ 30.4 85.7 30. 4 75. o 30.4 86.2 
4 . ........ 30.4 II 5 .1 30.6 II I.5 30.6 IIO. 

D. Y. A. A. & J. RY . . 
(Schedule speed the same.) 

4 No. 76 M otor s. Weight of train 32 ton s. 

Davis Smi th T est 

T est No. Watt-Hrs. Watt-Hrs, I Watt-Hrs. Miles per T on Miles per T on Miles per Ton per Hour Mile per H our Mi le per Hour Mile 

5 . . ..•• • •. 28.3 99. 28.3 94. 28.3 99. 
6 ..... . . - . 3r.5 102. 3r.5 96. 3r.5 rns. 
7 .... . .... 33.4 95. 33.4 89. 33.4 97. 

A RNOLD & POTTER TESTS 
(Power cut o ff a t same d istance from st art. Schedule speed not the sam e.) 

8 GE-No. 55 Motor s. 

Davis Smith T est 
Weight _-----,---- _____________ _ 

T e, t No. Train 
T ons 

8 . ..... 228.5 

9 · 1 20 1.5 rn::: ::. 175.5 
II... . . . r48.5 

l\l i! es Watt-Hr.-. l\Iiles I\Va tt- !-l rs. l\Iiles Watt- Hrs. 
per H our P~Jeon per H our PMJ: n per Hour PMJ; n 

--- --- ------1- -- ---

26.6 87. 27.6 72. 27. l 79 4 
27. 7 98.5 28 4 84. 5 28.4 82. 
29. 2 102. 30.9 84. 29.9 86.9 
29.6 III. 30. 6 89. 5 30.6 93•4 

we re on trai ns of g rea ter lengths. To supplement the single
car data of trains of identical composition and equipment, 
theoret ical runs were plotted for compari son with some of 
these Schenectady tes ts. T he various compari sons made are 
summarized in T able r , which, th erefore, shows the comparison 
of theo retical and actual r esults for tra ins of from one to eight 
ca rs per tra in. 

O n the Grand R apids, Grand H aven & M uskegon road the 
equipment consists of two 150-hp motors mounted on a heavy 
Baldwin t ruck with Gibbs suspension. The unequipped truck 
is a lso of the Baldwin m ake, and th e entire equipment is 9f the 
highest standa rd. On the Detroit, Y psilanti , A nn A rbor & 
Jackson road the equipment consists of four 75-hp motors 
moun ted on rather light trucks. 

For compari son with these ac tua l r esults, theoretical runs 
were plotted in which the length of run was made the same, 
the average speed was made the same where possible, and th e 
average ra te of braking was assumed to be the same as in the 
actual exper iments. T he curves we re corrected for pressure 
and grade so as to con fo rm as closely as possible to th e con
ditions prevailing during the test . 

T he acceleration curve from the D avis fo rmula conforms 
more closely to the tests fo r the D etroit, Y psilanti , A nn A rbor 
& J ackson car , but fo r th e Grand R apids, Grand H aven & Mus
kegon car and fo r the A rnold and P otte r tra ins, it fall s below 
the actual curve, in some cases to such an extent th at the theo
retical schedul e speed is below the actual, even with coasting 
eliminated. T he Smith formula g ives accelerations pract ically 
coincident w ith the Grand R apids, Grand Haven & Muskegon 
tests, and somewhat higher than the ac tual fo r the other tests, 
the difference in any case not being sufficient to be misleading 
in the r esult s as to sch edule speed. T his difference may easily 
be accounted fo r by diffe rence in pressure or inaccuracies in 
observation of instruments. In th e case of the D etroit, Ypsi
lanti , A nn A rbor & Jackson car , the type of trucks and the 
drops in pressure may, either of th <:;m. have caused the reduced 
acceleration . In the case of the A rnold and P otter tests, the 
most decisive point in the comparison is th e fact that, under 
the prescribed condition of cutting off power at the same dis
tance from the start and making th e same length of runs in 
the same time, to follow the Davis formula would not only 
necessitate the elimination of coasting, but would require brak
in g at a practically impossible rate. In other words, if the 
Davis fo rmula be correct, th e trains could not have made the 
runs in the time that they actually did make. The conclusion, 
therefore , is that the Smith formula most nearly represents the 
actual train resistance for all of these tests. 
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It was found that, with reference to power required, 
the actual results appear to fall between the results ob
tained with either of the two formul;:e. The calculations based 
on the Smith formula are closer to the ac tual results in most 
cases. For the Grand Rapids, Grand Haven & Muskegon car, 
where the acceleration curves agree, the watt-hours per ton
mile are also very close, and in the Arnold and Potter tests, 
even with a reduced schedule speed, the watt-hours per ton
mile are considerably greater for the Davis formula than for 
the observed tests. The conclusion reached is that the Smith 
formula affords a better basis for calculating the average speeds, 
and is sufficiently close for the determination of power re
quired. 

TEST OF EQUII'.MENT SIMILAR TO TIIAT PROPOSED FOR TI-IE 
LONG ISLAND RAILROAD 

Through the courtesy of the Interborough Rapid Transit 
Company and Westinghouse E lectric & Manufacturing Com
pany, it is possible to present the record of a special test which 
has a direct bearing on this subject, because the type of motor 
equipment used in the test is the same electrically as that rec
ommended for the Long Island Railroad project. The length 
of the test run was too short to permit the cars to reach maxi
mum speed; as the value of train rec;istance is. best determined 
at maximum speed, this test cannot by itself be considered an 
absolute check on calculated cu_rves. The conclusions derived 
from this test are as follows: 

(a) The motor control did not permit of the rapid applica
tion of power assumed in the calculations, time being lost in 
going from series to parallel. This, however, did not affect the 
results adversely. 

(b) At the maximum speed when current was on, namely, 
26 to 28 miles per hour, the theoretical curve shows practically 
the same energy consumption as the test. This indicates that 
the train resistance was practically as calculated. For corre
sponding speed on the motor curve, the power required accord
ing to theory is in both cases slightly higher than the power 
required according to test; this indicates that the Smith formula 
gives a train resistance which is slightly higher than the actual 
resistance for this equipment. The Davis formula, giving 
higher values than Smith would give, results still further from 
the actual conditions. 

( c) The calculations f6r energy consumption and square 
root of mean square current gi,,e i-~sults slightly higher than 
the test. 

( d) The theoretical methods, therefore, give values which 
are slightly on the safe side for short runs. 

( e) The. tests do not afford direct evidence of the accuracy 
of the theoretical methods when applied to longer runs with 
h:gher speeds, but the indications are that for such runs the 
theoretical values wi ll also be on the safe side and close enough 
for a ll practical purposes. 

II. USE OF TYPICAL RUN CURVES 

As previously stated, the proposed electrical schedule for 
the Long Island Railroad provides for a large number of com
binations of weights of trains and lengths of run. It is obvious 
that a tremendous amount of time would be consumed if an at
tempt were made to plot each of these runs and to make the de
terminations of schedule speed, power consumption and heating 
effect for the various types and sizes nf motors which might 
he used. To avoid this expenditure of time it was necessary 
to adopt certain approximate methods, and one method which 
was used after verification hy a practical comparison is what 
may he callefl the "Typical Run Curve." 

Disreganling grades and curves, a single run for a distance 
equal to the average length between stops wi ll represent the 
conditions pertaining to a through run ; by plotting re sults for 
such average runs of different lengths, curves are obtained 
which wi ll give exact results for the actual conditions assumed 
al1ll approximate results for the varying distances between 

stops and on a succession of light grades and curves. Curve 
sheet 2 illustrates the character of the curves obtained in this 
way. 

The principal question involved as to the propriety of such a 
typical run curve is whether the result so obtained (hy con
sidering the track straight and level and the distance between 
a ll stops the same) will agree closely enough with the average 
of results obtained from plotting the time-speed curves of an 
entire round trip, taking the grades and curves into account 
and placing the stops exactly. It would seem reasonable that 
the effects of grades in one direction should balance those in 
the opposite direction when calculating the general results of a 
run plotted for a round trip when the time of a single run is 
not greater than one hour, as in this case. If the results of 
train runs plotted complete be compared with typical run curve 
results, and if this comparison is generally favo rable under 
varying conditions of grade and length of run, it is safe to as-

OI STAl'.:CE IN MILES 

CURVE SHEET 2.- GENERAL PERFORMANCE CURVE 

Three-car train for Long I sland Railroad; l wo 44-ton motor cars; one 33-
ton trailer car; total weight, 121 tons; four No. 86 Westinghouse motors; 
23 :59 gear ratio; 3G-in wheel; 540 volts; 1.5 miles per hour per second brak
ing; no coasting. 

sume that typical run curves can be used in place of plotted 
runs for purposes of general estimate and comparison of "differ
ent types of equipment when operated under similar conditions. 
Comparisons, therefore, were made for a given equipment by 
making plotted runs in opposite directions over the same grades 
on certain routes of the Long Island Railroad, both on the 
comparatively level runs of the l\fanhattan Beach and Rocb 
away Beach divisions and on the more hilly runs from Long 
Island City to Port Washington. 

These runs were calculated for the purpose of comparing the 
determination of square root of mean square current. It is 
possible to make similar comparisons for kw-hours per car
mile and watt-hours per ton-mi le, but it is safe to assume that 
a _check made on the comparative determinations for square 
root of mean square current will indicate the correctness of 
the assumptions for the determination of the other require
ments. 

In general, it will be noted that the differences between typi
cal run results and the plotted runs , even in the case of the 
North Side division, on which conditions of grade are most 
severe, do not exceed 5 per cent for the squa re root of mean 
square current and about 4 per cent for speed. This would 
seem to be sufficiently close for practical purposes in making 
estimates for given equipment operated over runs of varying 
lengths where grades are so comparatively light, as in the case 
of the Long I sland Railroad. 

A verification of the accuracy of this method for power de
terminations in se rvic e on an interurban road of the normal 
amount of curvature in a comparatively level country is ob
tain ed by plotting an average run for th e Grand Rapids , Grand 
Haven & Muskegon road. Curve sheet 3 shows a run plotted 
for the same distance, time, initial acceleration and percentage 
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of time coasting ancl braking as ave raged on a round trip ser
vice run of a single car of the Grand Rapids, Grand Haven & 
l\Iuskegon Railway outside of terminal cities. The tabulated 
data on this sheet shows that the watt-hours per ton-mile were 
within 6 per cent of the same value for the theoretical average 
as for the observed average of an actual test. 

The foregoing examples demonstrate that fo r preliminary 
determinations of motor characterist ics, reasonably close re
sults a re obtained by this method, except possibly where very 
unusual conditions exist. No claim is made that the method is 
new; in fact, it is quite generally used. T he data given simply 
show that under ordinary circumstances it is reasonable to 
use thi s short method and thus di spense with a vast amount of 
tedious calculat ing. 

III. SCHEDULE SPEED REQUIREMENTS AND LIJ\11TATIONS 

The operating conclitions of a large steam railroad introduce 
li mitations whi ch cut down the poss ibl e speed of the motive 
power equipment. l\Iany of these are conditions over which 
the engine man ha s no control and whi ch do not relate to the 
nature of the equ ipment ; that is, curves, road crossi ngs, j unc
tion points, yard limitat:ons, meeting points on singl e- track 
lines, time to handl e baggage and express matter, etc. T here 
are del~y s at stations and delays during runs, some of which 
occur regula rly, but many of which a re inte1 mittent. Because 
of the compli cated servi ce, these de lays a re greater on the 
suburban lines of a steam road than usually occur in inter
urban or elevated electric service. It is, therefore, evident that 
in the elect rica l operation of such suburban service the loading 
of the motors wi ll differ materially from the loading in an ideal 
run which migh t be made with the conditions removed . 

Afte r conside ring various methods of providing for these 
cond itions, it was decided to make a series of tests of the 
present steam equipment to determine the speed-time character
istics of the steam trains and the degree to which these char
acteristics are affected by the local conditions. To thi s end a 
test car was equipped with a speed-recording device and runs 
were made over various routes with th is car attached to regular 
trains. Complete records were obtained of the movement of 
each train throughout a round trip, and observat ions made of 
local condi tions whi ch aff~ct speed. T hese records were care
fully analyzed and the results tabulated. In some instances 
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CURVE SHEET 3.-AVERAGE PERFORMANCE IN SERVI CE OF 
GRAND RAPIDS, GRAND HAVEN & MUSKEGON RAILWAY CAR 

Two \ Vestinghouse 50 C. motors ; 20 :51 gear r atio; 0.55 miles per hour per 
second initial acceleration; 525 volts; 140 amps. per motor starting current; 
weight , 29.5 tons ; average grade, level. 

Distance, miles .•..••...................... 
Time, seconds ............•................ 
Schedule speed miles per hour ........... . 
Kilowatt-hours ............................ . 
\Vatt-hour per ton-mile .................. . 
Root mean square current, amp~res ..... . 

Smith formula. 

Results 
Theoretical Observed Average 

G. R., G. H. & M. Ry. 
1.54 1.54 

188 188 
29.5 29.5 
3.84 3.65 

84.5 80.3 
95.6 

in other cases they were not advised that a test was in progress. 
In summarizing these test runs, comparisons were made be

tween the average speed between stops as ac tually attained 
and the possible average speed if best acceleration had been 

made for each run. The character of record obtained is illus- · 
trated in Tables 2 ar.d 3. It was found that the ratio of the 
actual speed to the possible speed without local limitations is 
from 7r per cent to 91.3 per cent. Even when the engineers 
were requested to do their best, they were able in only one or 
two instances to exceed 90 per cent of the speed which ap-
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CURVE SHEET 4 

Time-Speed Curve of Three-Car Steam Train.-(A) From best locomotive 
performance r educed to level. \Veight of train, in cluding locomotive No. 59, 
171.9 tons, disregard in g light live load. Weight of locom otive, including 
tender, 88.5 tons. \\' eight on drivers, 37.5 ton s. 

Time-Speed Curve of Five-Car Steam Train.-(B) From best loco motive 
performance reduced to level. \ Veight of train , includ ing locomotive No. 
64, 232.6 to.ns, disregarding li ght live load. 

Time-Speed Curve of Three-Car Steam Trai n.- (C) From actual run made 
on a level. \\ ' eight of train, including locomotive No. 72, 175.1 tons, disre
gardin g li ght live load. 

Time-Speed Curve of Five-Car Steam Train.-(D) From actual run m ade on 
a level. \V eight of train, including locomotive No. 64, 232.6 tons, disregard
ing light li ve load. 

pcared from the test to be possible. On run s 335 and 346 of the 
\Vhitestone division, in which locomotive No. 59 made the best 
single record, the average speed for the run was also nearest 
to the maximum limit. 

From these records were selected the best four single accel-

TABLE 2 

LONG ISLAND RAILROAD 
Long I sland City to Valley Stream via Far Rockaway. Eastbound 

Length of Run, 22.97 miles 

Train Nu mber 1287 1803 I 1321 I A., ra" 
--- ------

Locomotive number. ....... . .... 

1 

72 34 
Locomotive weight. . . . . . . . . . . . . 179,000 154,500 
Number of cars .. . ...... ....... .. 3 6 5 4 
Total weight of train (tons ) ...... 175. r_ 186.55 

58·:~~ I Schedule time of run ............ 56:00 55:oo 56:00 
Actual time of run .... .... . . .... 52:30 74:20 59:00 6:i :oo 
Schedule number of stops ....... 9 IO 12 IO 
Actual number of stops .. .. IO II 12 II 
Maximum acceleration ........... .6 .7 .65 .65 
Grade on which made ........... -1.00 -0.08 -0.08 -0.38 
Maximum retardation .......... . I.b 1.8 r.9 r. 76 
Grade on which made .......... Level Level Level Level 
Average acceleration ............ .47 .46 .35 .426 
Average retardation ........ . . ... 1.04 1.06 1.22 I.II 
Maximum speed ................ 56.5 :2 5. 50 53. 
Average length of run ........... 2.08 r.91 r.77 1.92 
Average time of run ............. 4:03 4:48 4:1,:> 4:20 
Average maximum speed .... . ... 39.9 34.8 33.5 36. ( 
Length of longest run ....... . , .. 7.77 
Time of longest run.. . . . . . . . . . .. I I :20 
Average time of stops...... . .... 0:49 1 :55 0:25 0:63 
Average speed between stops .... , 30.8 23·9 25.5 26.5 
Possible average speed from curve 34.5 33.7 32.7 33.8 
Ratio aver. to possible aver. speed 89.4 <}<, 7r. % 76. % 78.5% 

erations. Curve sheet 4 shows the speed-time characteristics 
of these accelerations. Curve D illustrates the general char
acter of record made by the instrument in these tests. This 
run, having been made on a level, conforms exactly with the 
recora obtained. Curves A, B and C were obtained on grades, 
and the actual record has been corrected to illustrate the per
formance of these trains when reduced to a level. In each case 
the average acceleration over the run was less than the charac
teristic shows, but these curves illustrate the maximum that 
the steam equipment was able to do. The composition of trains 
and their estimated weights are indicated on the curve sheet. 
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T he live load on these runs was so light that it was disregarded. 
On curve sheet 5 will be found two curves (E and F) of actual 
run s on grades, compared with run A of the curve sheet 4. 
According to curve E, a five-car train on a down grade was ac
celerated at a rate fa r below the best performance, and even 
the three-car tra in with locomotive N o. 35 ( curve F) was not 

T ABLE 3 
LO N G ISLAND RAILRO AD 

Whi testone Division. W estbound 
L en g th of Run, 11.75 mil es 

. 
Train t-; umber 316 

Locomotive number. .... .. . .. . . 59 
Locomotive weight. ....... .. ... . 177,000 
Number of cars .. .. ....... • • • • • • · 1 

Weight of train (tons ) ........... 
Schedule time of run . .......... 
Actual time of run . .. .......... 
Schedule number of stops ....... 
Actual number of stops .... . .. 
Maximum accelerrtion ... 
Grade on which made ...... . .. 
Maximum retardation ........... 
Grade on which made . . . . ... . 
Average acceleration . ......... . 
Average reta rdation . ........... . 
Maximum speed. . .. ... . ...... . 
Average length of run . .......... . 
Average time of run . .... . ..... . . 
Average maximum speed ....... . 
I ,eneth longest run . . . . . ...... . 
Time longest run .. .. . ......... . 
Average time at stops ........... ·1 
Average speed between stops ... . 
Possible average speed from curve 
Ratio actual to possible av. speedl 

3 
171.9 
28:00 
28 :34 
7 
7 

.9 
- 0.65 

1.8 
1.07 
.44 

1. 43 
52 
1.47 
3:08 

41 

0:29 
28.1 
30.8 
91.3% 

I 

360 

---

35 
154,500 

3 
162.85 
28:00 
27:34 
7 
7 
.95 

--6.65 
2. 0 
o.6 9 

.35 
1.5 

50 
1.47 
3: 14 

38.3 

0:15 
2 7-3 
30.8 
88.6% 

318 Average 

- -- ---

20 .... 
139,500 .... 

5 I 4 
217.85 184.2 
31:00 29:00 
35:,5 I 30:27 
7 7 
7 7 
.5 .78 

-o.75 - o.68 
1.9 1.9 
1.28 I 01 
.29 .36 

1.2 1.38 
44.5 48 8 

I 47 1.47 
3:55 3:26 

33.5 37.6 
1:63 
3:47 
o:33 0:26 

22.5 25 9 
30 8 30.8 
73 % 84.2% 

accelerated on a down grade wi th a rate any better than the 
best single performance on a level. 

I t will be noted that the curve A was made by a locomotive 
whose weight was 51.5 per cent of the total weight of train. 
T he official? of the rai lroad were of the opinion that service 
equivalent to that which could be per fo rmed by thi s locomotive, 
No. 59, with only three cars, would be sufficient fo r the elec-

a train with standing load in the cars, should be able to make 
the same average speed between stops as thi s particular steam 
equipment. 

T aking curve A as a basis, determinations were made of what 
may be termed the "speed limit" for steam trains. This is a 
curve ind icating the average speed in miles per hour between 
stops with th e rate of accelerati on corresponding to curve A, 
without coasting; and with a braking rate of 1.5 miles per hour 
per second. On curve sheet 6 there wi ll be found a character
istic speed-time curve of thi s .:, team tra in making runs of from 
1 mile to 3 miles. From thi s curve the speed-limit curve N o. 7 
was plotted. Table No. 4 shows how th is speed-limit of steam 
tra ins compares with the average speed between stops required 
to make various typ ical runs of the proposed suburban service. 
I t will be noted that the average speed of the schedule runs is 
from 71.2 per cent to 92 per cent of the speed limi t, with about 
80 per cent as a mean fi gure. 

SC H EDULE CONDITIONS OF PROI'OSED ELECTRIC SERVICE 

Obviously, to make the same time, the speed characteristics 
of the elect ric equipment selected for this service must be such 
tha t th e schedule can be maintained with similar speed reserve, 
unless the limi t ing condit ions are removed. Some of these con
ditions a re being removed and others probably will be. Eli m
ination of grade crossings a t roads and junct ion po ints, hand
ling of baggage and express matter by special t rains, improve
ment of yard fac ilities, etc .. will make it possible to operate 
train s at speeds close r to the limi t of the equi pment. On the 
other hand, as the popula tion along the road increases, the ten
dency will be to increase th e number of stops with as little in
crease as possible in the running ti me; therefore, it was de
cided not to make any materi al allowance for improved condi
tions in the initi al service. T he probabili ty of such improve
ment , however, sugges ts another precauti on to be taken in the 
selec ti on of equipment-namely, the provision of a sui tab le re
serve in capac ity of motors to carry the greater loads which 
will result fro m runnin g at speeds closer to the limi t. 

On curve sheet No. 6 are t ime-speed curves of a th ree-car 

TAB LE 4 

DATA FO R SUBUR BAN R UNS. L ONG I SLAND R AILR OAD 
Omitting R uns \ Vh ere -Number o f S tops I s S am e as Herein , bu t Time at Stops Is Less 

IT'";" Sh~• 

Inter- A B. C. Ratio T ime of Ratio of Limit Av. 
Distance T ime Schedule mediate T ime ou t Average A verage Average Li mit Av. A. Speed Elec- A 

Run Miles. Minutes Speed En- No.of for Stops Leng th of R un Speed Ll e- Speed Rest 1T t ric Train -
Stops Run Mil es tween Stops Steam Train C 

t ire R un pe r Trip Minutes 
\,I il es pr. H r . \lilespr. H r Steam 23:59 Electric 

Gear R atio 
-- - ----

I Long Island City ____ -- · _____ 
1s:is 

41.5 26.3 7 4.5 I 2.27 4.62 29 5 :311.0 81.9 35.5 83 :l 
Port Washing ton ____________ 43.0 25.4 8 5.0 I 2.02 

I 
4 22 28 7 34.0 84.4 34 0 84 5 

------- - - -
L"ng Islan d City ________ __ __ ---- -·-- --- - ---- -- -- ---- ---- ---- ---- ---- I ooj W hitestone Landing ______ __ 11.75 31 0 22.8 "T 3.05 1. 47 

I 
3.44 25.6 30.8 83.2 31.8 

---- --- - ---- ---
---- 39.25 24.9 5 2.5 2 72 6.12 26.7 37.5 71.2 36.5 73.2 
---- 39.0 25.1 6 2.75 2. 33 5.1 8 27.0 36.0 75 0 

I 
35.5 76.1 

---- 4u.0 24.4 7 3.5 2 04 4.57 26.8 34 0 78.8 34 0 78.8 
Long Island City __________ __ · --- 41.0 23.8 8 4.25 1.81 4.08 26 fj 33.fl 78.8 33.5 ,9,5 
Rockaway Park ________ _____ 16.3 43 0 :.!'2 8 10 4.0 1.48 3.55 25.0 30.8 Rt 2 I 31.8 78.7 

---- I 4'3 .75 22 3 11 4.5 1.36 3.27 25.0 31 1.0· 83.3 31.0 80.7 
---· 47.0 20.8 14 5.5 1.09 2.76 23.7 27.0 88.0 

I 

29.0 81.8 
-- - - --

lonll' I sland City ____ ___ ___ ---- ---- ---- ---- ---- t.9i ---- ---- --· --- - ---- ----
Valley Stream ---· -- -· ____ __ 22.97 59.5 23.1 11 7.5 4.33 26.4 33.7 78.4 33.7 7'8.3 

I 
---- ---- ------

---- 37.0 26.1 3 3.0 4.03 8.5 28.5 41.0 69.5 39 0 73 0 
Long Island City ____________ ---- 38.0 25.4 4 2.5 3.22 7.1 I 27.2 3!1.11 ti!l.8 37.5 72.6 
Manhattan Beach ___________ 16.1 40 .0 24.2 5 3.75 2,ti8 5.87 27.4 37.5 7:~.2 I 36 5 75.0 

---- 44.0 22.0 11 6,5 1.34 3. 12 25.8 20.8 86.5 31.3 82.5 
---- - - - - -- ---- ----

-765_ 1 __ 34-.0- 7G-:;----- 3Q.5 24.5 7 ,1.0 1.(18 4.56 211.0 34 0 
---- 44.75 21.5 

I 
11 5.0 1.32 3.31 2.'3.9 29.5 81.2 31.0 I 77 2 

Fla tbush _____ ----------·--· ---- 45.5 20.9 12 5.75 1.22 3.06 23.9 28,5 sto :io.o 79.6 
Rockaway Park _____ __ ______ 15.88 47.0 20.2 15 6.5 0.90 :l 53 2;J.5 26.5 S8.6 28.5 82.5 

--- - 48.0 19.8 16 6.75 0 93 2.43 23.0 2fl .0 88 5 18.0 82.2 
- - - ---- -------- ---- --Flatbush ____________________ 

i(i3a 
19.0 30.4 1 1 0 

J amaica----····---·-------- 23.0 25.1 5 3 0 

Flat bush····-- -- __ __ --·----· -- -- oiiis ii2:4 I 
-- -- il:o· Vall ey S tream . ___ _ . --- _ --·-- 22.55 13 

tric equipmen t. T he best performance of this locomotive was, 
therefore, taken as the criterion by whi ch to work in determin
ing the proper characterist ics for the elect ric equipment. The 
condition laid down was that the electri cal equipment, operating 

4.81 9.0 3:l.0 42 5 75.3 40.0 80.0 
]. 61 3.33 29.0 31.5 92.l 32.5 8!!.2 

--
i:i3i ---- iii;:i ---- ---- ---- ----

8.68 31 8 82.0 32.0 82.4 

electric train with two motor cars and one trailer, with stand
ing load in the cars, whi ch curves may be compared with the 
corresponding curve of the steam trai n on the same curve sheet. 
It will be noted tha t the electric equipment with the lower gear 
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ratio has a ma'ximum speed on straight level track of approxi
mately 45 miles per hour, and with th e· higher gear ratio, 39 
miles per hour; whereas the limit of the steam tra in on the level 
is 52 miles per hour. Fo r a run of r mile or less between stops, 
however, the electric train with either gear ratio makes better 
time than the steam train. For a r.5-mile run the electri c train 
with higher gear ratio fa lls behind the steam train, and at 

CUF.VE-SHEET 5 

O 20 40 60 80 100 120 140 1 GO 180 200 220 2{0 2o0 2EO 300 320 340 
~ECO N!JS 

CURVE SHEET 5 

Time-S peed Curve of Three- Car Steam Train.-(A) T aken fr om curve sheet 
No. 13. 

T im e-Speed Curve of Five-Car St eam Tra in.-(E ) F rom Colleg e Point t o 
Vvhiteston e, m ad e b y fi ve-car st eam tra in. Weigh t, includin g locom otive N o. 
18, 276, 1 t on s, di sr egardin g sm all li ve load. A ccelera tion made on averag e 
grad e of - 0. 78 per cent. 

Time- Speed Curve of Three-Car Steam Train.- (F) From Whitestone to 
Coll ege P oint, m ad e by three-car st eam train. \1/ e ight , including lo~omotive 
No. 35, 162.85 t on s, di sregarding small live load. Acceleration made on aver
age g rad e of - 0. 74 per cent. 

slightly over 2 miles the electric t ra in with the lower gear ratio 
fa lls behind. 

The comparative speeds of these train s are sti ll better illus
trated on the speed-limit curves of curve sheet No . 7. The gen
eral average length of rtlll between stops for the suburban ser
vice is about r ¼ miles. It is evident from the speed-limit 
curves on curve sheet 16 that a three-ca r electric t ra in wi th 
two motor cars and gear ratio 23 :59 wi ll average slightly better 
as to speed than th e three-car steam train, but that the same 
equipment with high er gear ratio fa lls considerably below the 
speed limit of the steam train. From thi s exhibit it is obvious 
that schedule requirements indicate that no gear ratio lower 
than 23 :59 should be adopted. 

It is al so evident from these speed-limit curves that if 23 :59 
is the lowest gear ratio practicable as determined by the limita
tions, the three-car train unit wi ll have to be made up of two 
motor cars and one trai ler, in order that the requi site speeds 

SECONDS 

CURVE SHEET 6 

Tim e-Speed Cur ve o f S team T ra in.- Curve A of sheet N o. 4. 
Time-Speed Curves of Proposed El ectri c Train s.- Best poss ible performance 

on level grade. \\" eight of train , 121 t on s, without stan d in g load. (All three
ca r tra in s. ) 

may be reached. T he weight per motor for this equipment 1s 
30.3 tons, whi ch on thi s basis of speed requirements is obviously 
close to the limit. To determine what equipment wi ll be neces
sary for a two-car train, the speed-limit curves of curve sheet 
8 have been prepared. In this case the two-car train is made up 
of one motor car and one trailer. I t w ill be noted that such an 
electric train, with standing load, falls below the speed limit of 
the steam train a t slightly over I mile between stops. As re
gards speed requirements, therefore, the two-car train with 
motor car and trai ler has not sufficient motor capacity, and ex
cept in cases where speed limitations are slight, two-car trains 
wi ll have to be made up of two motor car in order to make the 

schedule. On this curve sheet, No. 8, the corresponding curve 
for train with seated load has been plotted to indicate the dif
fe rence in schedule speed possible during the ligh t traffic hours 
of the day, as compared with th e hour of heavy load morning 
and evening. It wi ll be noted that in the case of heavy equip
ment of this character, the changes in weight of live load do 
not materia lly affect the speed characteristics of the q u1pment. 

Attention was called to th e column of Table 4, which shows 
the ratio between .the average speed of steam train bdween 
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MILES BET WEEN STOPS 

CURVE SHEET 7 

S peed -Limit Curves for Three-Car Trains.-Showing best p ossib le speed 
bet ween stops o ver various lengths of run, without coasting. Steam train 
based o n curve A for acceleration. Electri c train with standing load weighs 
121 ton s. 

stops on difft:re:nt run s according to schedule, and the speed 
limit possible with the best steam train in each case. A nother 
column of thi s table gives the ratio of average speed to the 
speed limi t of the three-ca r elect ric train for the same runs. I t 
wi ll be no ted that the reserve speed in the electrical equipment 
corresponds closely with the reserve in the st -=am equipment 
throughout the li st. It, therefore, seems evident that th is three
ca r train uni t fulfil s the requirements laid down as to speed, 
and can be depended upon to make the required schedule with 
standing load in the ca rs, allowing for all the delays contem
plated in the present sched ule for steam equipmen t. 

I t is obv ious th<1:.t trains made up into combinations of motor 
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Spe~d-Limit Curve for l\I o tor Car an d Trailer. - Compared with steam train. 
Elect r- ic train wei ghs 70.6 t on s, seated load. E lectric train weighs 77 tons, 
standing load. St eam train based on curve A fo r acceleration. 

cars and tra ilers th at give less weight per motor wi ll be ab le to 
make bet te r speeds than indicated for thi s three-ca r tra in. 
Furthermore, as the number of ca rs per t rain increases, the 
relative effect of head resistance dec reases. For these longer 
trains it is, therefore, possible that a greater proporti on of 
trailer cars may be used in some instances without redu cing 
the speed limit to such an extent as to prevent the train from 
making schedule time. 

It is not the purpose of this paper to fo llow out a ll the tech
nical processes by which fimil conclusions were deduced as to 
~ize and char acteri stics of motor equipments for the project 
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referred to. Sufficient illustrations have been given to show : 
First, that a study of the operating eonditions of even a com

plex project quickly narrows the selection of motors down to 
one or two sizes, and that these conditions also largely deter
mine the speed characteristics of the equipment; secondly, theo
retical methods are now developed to a point of sufficient ac
curacy to be considered reliable fo r purposes of selecting equip
ment; thirdly, short methods may be used with discrimination, 
at least for preliminary determinations. 

\Vith reference to the use of short methods, a remark may 
be made in c.dosing regarding the advantage to be gai ned by 
deriving a set of general form ul~, applicable to all sizes of 
motors. On fir st consideration, such a problem as herein de
scribed makes such data seem almost indispensable. \Vhen we 
find that only one or two sizes of motor need be cons idered, 
hovievcr, the advantage of so general a method becomes less 
apparent. On the other hand, with a little ingenuity, graphical 
or mechanical methods may be devised for plotting character
istic curves, which make it possible to determin e the values of 
speed, current, etc., throughout a complete run with surprising 
rapidity. At the present state of development, therefore, it ap
pears that the most satisfactory results may be obta ined by 
employing the characteristics of a specific equipment rather 
than by spending time in deriving a set of hypothetical charac
teristics in which many variables are neglected. 

DISCUSSION 

The discussion was opened by L. B. Stillwell, who said that 
the paper was one of especial importance in view of the fact 
that electric railway engineers were now leavi ng the field of 

"tramway service for the broader one of heavy traction, about 
which so little is known. The train curves for the Manhattan 
Railway, given in the paper, but not reproduced in the accom
panying abstract, did not represent the final Manhattan Rail
way equipment, as at that time the rheostats had not been prop
erly adjusted. In taking up this problem on the Manhattan 
E levated Railway, 13 lbs. per ton was assumed as train resist
ance; it was found that under 25 miles an hour the formula 
gave values too low for trains having half.or all axles equipped 
with motors. The resistance given by several formul~ was 
12 lbs. to 13 lbs. per ton for speeds of about 45 miles an ho~1r. 
These tests suggested that it is possible to obtain an approxi
mate curve without elaborate formul~. at least for preliminary 
work. Oi:e of the other points brought out by Mr. Stillwell 
was that the adhesion of all of the wheels of a truck is never 
exactly the sa me, owing to the unequal di st ribut ion of the 
weight of th e motors on the ,vheels. 

Following Mr. Stillwell, C. 0. Mailloux took up the discus
sion, and sa id that he was very pleased to note the close agree
ment of the theoretical curves with those obtained in practice. 
J-Je did not agree with the authors of the paper that th e maki ng 
up of theoretical speed-time curves involved unnecessary and 
tedious labor, as their own results showed that the for mulce, 
provided their terms were properly changed to meet the pre
vailing conditions, were suffici ently close for practical pur
poses. He was pleased to find that hi s formu la, as given on 
page r 57 of Gotshall's "Electric Railway Economics," based 
on the experiments of Prof. Goss, h ad proved so close to re
sults found by actual tests. Mr. Mailloux concluded his talk 
by referring to the extensive use of theoretical formu l~ which 
he had noted during his recent trip to Europe. 

Ward Leonard then took the floor and sa id that he deemed 
the occasion an appropriate one for discussing " heaviest elec
tric traction." H e harl founrl that on an average, the steam 
trunk lines of th e United States nsed about 125 hp per mile of 
line-that is, taking the total number of locomotive horse
power a1Jd dividing by the number of mile s of line, would give 
that figure. However, in the case of the Pennsylvania Rail 
road, this was as high as 5_so hp , and on the Pittsburg & Lake 
Erie and the Bessemer & Lake Erie, which carried a heavy 
freight service, he es timated that 1000 hp would represent the 

power per mile of line. Discussing the question of first cost of 
steam and electric locomotives, he saw no reason why, when 
the manufacture of electric locomotives had been standardized, 
they should not be cheaper than stea·m locomotives. The mod
ern steam locomotive with tender costs a bout S cents per pound, 
but since the only useful weight is that upon the drivers the 
cost really figures out to 9 cents per pound of the weight on the 
drivers. He believed that wherever more than 250 hp is rc 
fluircd per mil e, the electric locomoti ve can replace the steam 
locomotive with a very decided economy. The cost of equip
ping a steam railway of that character complete with the neces
sary centra l station, transmission system and the locomotives, 
would not be far from about 15 per cent added to the existing 
capital investment, and the very great increase in starting 
torque and power upon grades and the reduction in the cost of 
fuel and maintenance would more than compensate for the ad
Jitional outlay. In the most modern types of freight locomo
tives, the cost of maintenance per mile has been found to be 
as much as the cost of fu el per mile. This, he admitted, was a 
most sta r tling statement, but h e had found that $3,500 per 'an
num represents the cost of each of these items on the so-called 
2-10-2 type locomotive of the Santa Fe. He believed that elec
tric locomotives of the \Yard Leonard type-that is, using a 
motor-generator set on the train-would prove especially suit
ab le for heavy freight work. It should be remembered, he said, 
that a steam locomotive is not capable of the great momentary 
overloads which can be secu red with electric apparatus, there
fore the latter should prove of great advantage wherever there 
are heavy grades. Again, when a long train of cars is turning a 
curve with a steam locomotive, most of the adhesion is at one 
end of the train, whereas with electric locomotives a number 
could be placed throughout the train and operated by multiple
unit control, thereby securing a more effective adhesion and 
taking the curves with greater ease. Mr. Leonard then gave a 
formula for calculating the power applied at the draw-bar, 
namely, multiply the mile s per hour at which the train is mov
ing by the pull in pounds at the draw-bar; doubling the product 
will give the number of watts. \Vith regard to fuel economy, 
he said that it must be remembered that for every $100 which 
the railway company expend s the fuel cost amounts to only $7 
or $8, and the total cost of everything which can be added up 
for power, including shops, will not be greater than 20 per eent 
of the total. Given, a road where there is a heavy freight 
traffic, it will be evident that if twic e the horse-power can be 
appli ed to a given length of lin e, double the receipts will be 
obtained from the same track. ancl if this can be done with an 
additional cost of, say, only 20 per cent, it is certainly a good 
business proposition. 

A. H. Armstrong, upon taking the floor, criticised the 
method s adopted by the authors in making their curve sheets, 
especially in their use of the mean square root of mean square 
current. Cary T. Hutchinson followed Mr. Armstrong with a 
few remarks upon the fairly close resemblance between the 
theoretica l ancl actual curves. Prof. \V. S. Franklin, in dis
cussi ng theoretical speed-time curves, said that an ultimate 
formula was impossible, owing to the great number of variable s, 
but that a comprehensive study of train friction at different 
speeds should make it possible to keep these variables within 
certain limits. 

W. N. Smith, who collaborated . with 0. S. Lyford, Jr.. in 
the preparation of this paper, then took occasion to reply to 
some of the critici sms which hacl been made. \Vith reference 
to Mr. Armstrong's remarks, he said that they had found the 
use of the square root of mean square current suf-ficiently close 
for a ll practical purposes, that they were obliged to look at the 
problem from a consulting engin eer's standpoint, and therefore 
could not g·o into the sa me detai l that a designer would. \ Vith 
reference to the discrepancies between some of th e forn1uhe, 
these were due more or less to the fact that they had heen 
copied or retraced several times from other sheets. 
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TRAIN RESISTANCE 

BY W. J. DA VIS, JR. 

In determining the motor capacity and possible schedule 
sr:eeds of a car or train of cars, the investigator is confronted 
with the lack of reliable data on tra in resistance at high speeds 
as appli ed to the type of cars in common use on electrically 
operated railways. Results obtained from tests on the rolling 
stock of steam railways unfortunately cannot be generally ap
plied to elec tric traction work. Not only are the electric cars 
lighter and trains shorter, but the prevalent use of a rounded 
or \Vedge-shaped vestibule in high-speed work considerably 
modifies the head or wind res istance. Many of the investiga
tions made on steam ra ilways have been ca rried through by 
means of a dynamometer car coupl ed to the engine and measur
ing the draw-bar pull of the train fo llowing. T he results given, 
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therefore, do not, as a rule, include the head wind res istance 
of the locomotive, and where an attempt is made to obtain such 
head resistance by indicatc,r cards, the results are not applicable 
to electric traction on account of the differer:ce in the shape of 
the steam locomotive and the electric car. F inally, the resist
ance of a single car is very different from that of a train of 
cars such as used in most of the published tests. 

The fir st comprehensive tests to dete rmine the resistance of 
electri c cars at hi gh speeds and the effec t on the resistance of 
varying the number of cars in a train were made by the writer 
in March, 1900, on a section of the B11ffalo & Lockport Rail '
way. The coasting method was used in making the tests and 
the resistance for each set of conditions obtai ned from speed
time and speed-distance coasting curves as furnished by auto
matic recording instruments. Numerous repetitions of each 
test were made so as to obtain accurate average results. Since 
the publication of these tests and the formul~ de rived from 
them in the STREET RAILWAY JouRNAL of May 3, 1902, isolated 

tests have also been taken from time to time with electric cars 
operated under a wide range in conditions, and the resistance 
at various speeds obtained by ammeter and voltmeter readings. 
The constants so obtained form the basis of the data and curves 
given in this article. 

DEFINITION 

Train resistance proper may be defined as the net tractive 
effort delivered at the driving wheels at con stant speed on tan
gent level track, and comprises, therefore, the sum of all the 
fo rces opposing the motion of the train, exclusive of the inter
nal losses of the motor or engine. In the case of an electrically 
propelled car, the internal losses of the motors consist of 
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(I) I2R and frictional losses on commutator. 
( 2) I2 R losses in windings of armature and field. 
(3) Armature iron losses. 
(4) Gear and motor bearing frictional losses. 
As these losses are primarily dependent upon motor design 
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and capacity, it is the practice to properly include them in the 
ch arac teri stic curves of the motor, which curves show the net 
tractive effort delivered at the periphery of the wheels for any 
speed and power input. The investigator is therefore chiefly 
concerned wi th the losses due to the motion of the train, the 
principal components of which are journal friction, rolling fric
tion and air resistance. These items vary considerably with 
varying conditions, such as general design of trucks, shape of 
car body and condition of roadbed. Moreover, there are other 
unusual conditions, such as side wind pressure producing flange 
friction, increase in rail losses due to insufficiently balanced-or 
badly constructed roadbed, improperly lubricated _;ournals, etc., 
which cannot properly be included in determining average re
sults, so that at best the predetermination of train resistance is 
in the nature of an approximation. 

JOURNAL Fl<ICTION 

The laws governing the friction of journal bearings have 
been made the subject of careful and scientifically accurate in-
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vestigations by various engineers, and may now be considered 
well establi shed. T he fi rst discovery of the true laws of fr ic
t ion was made by Prof. R. H. T hurston in 1876. T he publica
tion of these experiments was fo llowed by exhaustive and elab
orate inves tigations car ried out by Beauchamp Tower, accord
ing to a method devi sed by him and publi shed in the " London 
E ngineering" of November, 1883. T hese investigations show 
that th e coeffi cient of fri ction increases with the speed and de
creases with the pressure on the bearings. Applying thi s law 
to railway rolling stock, it will appear that for a given speed 
lhe j ournal fri ction per ton of a ligh t or empty car wi ll be 
greater than that of a heavy or loaded one. F urthermore, for 
a coach of gi ven design and weight, the bearing friction wi ll 
increase as the velocity increases, and may approximately be 
expressed as a stra ight line function th ereo f. 

It has also been fo und that the fri ction of bearings depends 
in a greater degree upon the lubr ication than upon inherent 
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characteristics of the metals themselves. In other words, the 
laws of j ournal fri ction fo llow those of liquids rather than of 
solids. T his is illu strated by the high effi ciency of oil compared 
with g rease as a lubr icant, and by the use on some roads of one 
ki nd of grease during summer and another kind during winter. 

J ournal fr iction may be expressed by an equation of the form 
f = b + c'V. . 

R OL LING F RI CTION 

Rolling fr iction is understood to include losses in trucks and 
springs clu e to oscillation of the car body, and between the 
wheel and rail due to roughness o f the tra ck or lack o f ri gidity 
in the roadbed. T hese items are direc tly proportional to the 
ve locity, and on a heavily constru cted and well ballasted road 
w ill a t modera te speeds usually be fo und to be considerably less 
than the fri ction between j ournals and bea ri ngs. T he laws 
governing the roll ing fri cti on have not Leen definitely deter
mined, owing to diffi culties encountered when attempting to 
segregate thi s quantity from bearing fri ction and head r es ist-

ance. Theoreti cally, the tractive effort required to overcome 
rolling friction is propor tional to the velocity, and may be 
written f = c" V. 

AIR R ESISTAN CE 

vVe now come to the consideration of atmospheric res istance. 
This includes head or wind pressu re resistance, stern or suct ion 
resistance, both of whi ch a re proport ional to the cross section of 
the train, and a ir resistance on the sides of th e train which is 
proport ional to the leng th. According to Prof. Goss, the head 
res istance is about 6.5 ti mes the stern re sistance. E x periments 
made on the Buffa lo & L ockpor t Rail way showed that the side 
resistance of a single car was equi valent to about one-tenth of · 
the h ead ancl stern resistance. In prac ti cal work the head and 
stern res istances may be grouped toge ther and taken as a fun c
tion of the effecti ve cross section. The side res istance may 
also be included as a frac tional part of the head and stern re
sistances. 
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A uthoriti es do not agree tha t th e laws of atmospher ic resist
ance have been as ye t definitely determined. T ests on proj ec
ti les at high veloc ities made by H err Krupp at N eppen , Ger
many, show great va ri ati on in fun ct ional values, the retarding 
force bein g proportional to the square of the ve locity up to 
790 ft. per second, to the cube from 790 ft . to 1370 f t. per sec
ond, ancl to the square again fo r higher ve lociti es. At the 
velociti es preva lent in ra ilway work , tests made by Prof. Lang
ley, Prof. Goss, H err Reichel, the wr ite r and others show the 
relation p = d V 2

• 

\Vhere p pressure in pound s per square foot. 
v = veloci ty in 111.p.h . 
cl = a constant. 

T he only disagreement in the results obtai ned has been in 
the value fo und for the coeffi cient cl, which fo r flat su r faces has 
been given by va1' ious authori ties as .003 , .oo._i and .005. In the 

. series of tests at Buffa lo, referred to above, a coeffi ci cnt of .oo._i 
was fo und fo r a w ind sh ield mounted 0 11 th e front of the loco-
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motive and havi ng an area of 50 sq. ft. This agrees closely 
with most of the data available. The standard type of high
speed electric car, however, is built with vestibule ends, which 
present a more or less sloping surface to the wind. It is known 
that the shape of the surface normal to the wi nd will g reatly in
fluence the wind pressure coefficient. In Herr Reichel's tests 
made at Berlin in 1901 , a ro-ft. arm having a flat board at
tached to the end, with the sur face at right angles to the direc
tion of motion, was revolved at va rious speeds. An oblong 
body with ends parabolic in shape was then substituted for the 
flat board, and the tests repeated. The flat surface showed ap
proximately p = .004V2

, and the paraboli c surface p = .001V 2 , 

whi le experiments with rotating a rms have always shown 
p x V 2

• The accuracy of the coeffi cient thus obtained is open 
to question, espec ially where the tes ts a re made with short arms 
or at high velocities. Prof. Kernot's investigations ( "Engi-
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nccri ng Record," 1894) show the pressure upon an octago nal 
prism to be 60 per cent ; upon a cylinder, 50 per cent, and upon 
a sphere, 36 per cent of that on a fl at surface of equal proj ected 
a rea. This would give comparative coeffi cients of 

. 0040 for fl at surface. 

.0024 for octagonal prism. 
.0020 for cylinder. 
.0014 for sphere. 
N umerous isolated records of car and train resistance at 

speeds approaching 60 m.p.h. have shown the coefficient of 
wind pressure fo r head, ste rn and side resistance in actual prac
tice to vary between .0025 and .0035, depending upon the type 
of car. 

If A represents the cross section of car in square feet, T the 
weight in tons, V the velocity in miles per hour, we have for 

dAV 2 

wind resistance in pounds per ton f = ---T--

TOTAL RESISTANCE 

l\fost of the formul~ proposed by variou s authorities are of a 
strictly empirical form and can only be applied with accuracy 
to cases in which the conditions agree closely w ith those exist
ing during the tests from whi ch the formul~ were derived. 
Moreover, these conditions are often so incompletely stated as 
to render the formu l~ practically of no value to the general in
vest igator. Again, if the investigator were to depend solely 
upon empirical formul~, an unwieldy number would be re
quired to properly cover a ll se rvice conditions, such as cross 
section, shape and we ight of car, number of cars forming the 
train, condition of roadbed, maximum speed, etc. It is there
fore de sirab le to have a fo rmula of such characteristics that 
change from one set of requirements to another totally different 
se t may be made with a fai r degree of accuracy by a simple 
change in the constants. Such a formula would have a separate 
term, with a single variable fo r each component of the resist
ance. As our present knowl edge of train friction will not per
mit so complete a segregation, the nearest approach thereto 
would take th e following form, combining the journal, rolling 
fri ct ion and a ir resistance above described: 

c1v2 
R = b + cV + T [A1 + m (A2 + A 3 + A-1 + etc.)] 

\ \'here R friction in pounds per ton. 
V = velocity in miles per hour. 
T = weight of t rain in tons of 2000 lbs. 
A

1
, A

2
, etc., = cross section of cars in square feet, 

including trucks and motors. 
c combined journal and rolling friction coeffi-

cient. 
d w ind pressure coefficient. 
m coefficient showing proportional sect ion of 

trai ling car considered as affecting total 
windage. 

If all cars a re of equal cross section, the fo rmula becomes 
dAV 2 

R = b + cV +- T -- [1 + m (n - 1)] 

\;\!here n = number of ca rs in train, including leading mo
tor car. 

The above fo rmula was proposed by the writer in 1900, in a 
description of a seri es of tests taken on the Buffalo & L ock
port Rai lway, in which a max imum speed of 60 m.p.h. was 
reached. Based upon these tes ts and other data available, the 
fo llowing values are offered for the various coefficients: 

b 3.5 for heavy loaded frei ght ca rs. 
4 for standard passenger coaches or large electric 111-

terurban cars. 
5 to 6 for light ele::t ric cars w:th g rease lubrication. 

c o. 1 r for heavy track construction. 
o. 13 for medium track construction. 

cl 0.0035 fo r open platfo rm cars . 
0.0024 to 0.0030 fo r vest ibuled elec tric cars. 

111 = 0.10. 
The cross section of the car includes the space bounded by 

the wheels between the top of rails and body . 
T he coefficien t of wind friction "d" is by all odds the most 

important one in the formula, and it should be accurately de
termined for a ll distinctive end shapes. In very high-speed work 
where the maximum running velocity exceeds 60 m.p.h. and 
comparatively light trains are used, the wind resistance not only 
seriously affects the motor capacity, but necessitates heavy ad
ditional outlay for power plant and distribution system, not to 
mention the effect upon the •coal pile. It is therefore of the 
greates t importance to keep the wind res istance down as much 
as possible, and thi;; may be secured by the use of sloping ends 
which will cut through the ai r much in the same manner as a 
ship cuts through tl{e water. Future experiments should be 
conducted with reference to determining the comparative value ,. 
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of various end shapes, consideration also being given to the 
practicability of the design as applied to mounting of draw
heads, proper housing of control apparatus, and to its efficient 
handling by the operator. Published results of the Zossen 
tests show a coefficient of .0022, based on effective cross sec
tion for pointed wedge, and .0024 for truncated wedge-shaped 
ends. 

All data obtained by the writer on cars of the interu~ban 
electric type show that "d" lies between .0024 and .0030, and 
the latter value is r ecommended for ordinary practical use, as 
it insures the equipment having sufficient capacity to meet the 
requirements of the service. 

For convenience in general reference, curves based on d = 
.003 have been constructed to meet various conditions as 
follows: 

( A) For light open platform street cars, 8 ton s to 20 tons; . . 
maxunum speed, 30 m.p.h. ; cross section, 85 sq. ft. 

o.3v2 
R = 6 + o.IIV + ---- [r + o.r (n - r)], see Fig. r. 

T 
( B) For standard interurban electric cars, 25 tons to 40 

tons ; maximum speed, 60 m.p.h.; cross section, IO0 sq. ft. 
o3V2 

R = 5 + o.r3V + - · - [I+ o.r (n - r)J , see Figs. 2 
T 

and 3. 
( C) For heavy interurban electric cars, or steam passenger 

coaches, 40 tons to 50 tons; maximum speed, 75 m.p.h.; cross 
section, r IO sq. ft. 

o.33V2 
R = 4 + o.r3V + --[r + o.r (n - r)J, see Fig. 4. 

T 
( D) For heavy freight trains, cars weighing 45 tons loaded; 

maximum speed, 35 m.p.h. ; average cross section, IIO sq. ft. 
o.385V 2 

R=3.5 + 0.r3V+ - - - [r + 0.1 (n-1)], see Fig. 5. 
T 

••• 
ANNUAL CONVENTION OF THE ASSOCIATION OF TRAM

WAY AND LIGHT RAILWAY OFFICIALS 

This is one of .the three national street railway associations 
of Great Britain, the other two being the Municipal Tramways 
Association, whose last convention was held at Liverpool on . 
Sept. 27-28, and was reported . in the STREET RAILW A y JOURNAL 
for Oct. 29, and the Tramways and Light Railways Associa
tion, which holds monthly meetings in London. 

The Association of T~amway and Light Railway Officials 
has been in existence for about five years, and held its annual 
meeting at Newcas tle on Nov. 2 and 3. In his address, the 
president of the association, H . England, general manager of 
the ·Wakefield & District Tramway, referred to the advisability 
of consolidating with the other two associations so as to form 
one rep resentative body, which he thought would be much more 
effective and would receive more official recognition than three 
individual associations. H e referred to the suggestion made 
by Mr. Bellamy at the Liverpool convention of the Municipal 
Tramways Association in regard to the transportation of ex
press and freight by electric railways. H e also referred to the 
importance of the different companies uniting upon a standard 
gage, and to the desirability of a standard form of account. 

The papers presented included one on car wheels, by A. N. 
Banister, of the Norwich Tramway Company, which is pub
lished in the following columns. Another paper was presented 
on methods of checking conductors, by F. Cot.tts, of the Ayr 
Tramways. Mr. Coutts stated that the British system of uni
formed inspectors as spotters was not satisfactory, and recom
mended detectives in plain clothes. He believed that arrange
ments might be made with insurance agents, collectors and 
other individuals, whose employment compels theni to travel 
frequently, by which for a small annual payment of $50 or so, 

reports could be secured. A second and perhap3 a better plan, 
in his opinion, would be the establishment of a trained detective 
staff by the different companies, which would periodically visit 
all the tramways in the country. 

In a paper on "Average Speed and Speed Allowance," sub
mitted by A. R. Fearnley, of Sheffield, a table was given of the 
speeds permitted by the Board of Trade. Up to the early part 
of 1903, the maximum speed allowed appears to have been in 
a few cases IO miles an hour, but in the majority of cases only 
8 miles an hour. Reports from different -cities show that there 
are now a number of companies with a maximum speed of ro 
to 12 miles an hour, and three as high as 15 miles an hour. 

The fourth paper was presented on "Automatic Regenerative 
Control," by J. S. Raworth . This system consists of using a 
compound-wound motor instead of a straight series motor. 
The shunt windings are employed under normal conditions of 
running for all variations in speed regulation, acceleration and 
braking. By varying the fi eld excitation, the speed is ei ther 
increased or decreased. When the speed required is less than 
that which can be secured with a maximum field, the speed of 
the car is controlled by a res istance in the armature circuit. T he 
series winding can be used to assist the shunt fi eld under cer
tain conditions, but is usually employed only in cases of emer
gency, such as when descending a grade if the trolley comes 
off the wire; in this case, the series fi eld is brought in opera
tion and the car is braked by this means. Tests have been made 
with this controller in several cities, and considerable economy 
is claimed from its use, especially on lines having grades. 

CAR WHEELS * 

BY A. N. BANISTER 

The life of the wheels and also of the rails is very largely 
dependent on the conditi.on in which th e permanent way is 
maintained. The topographical conditions of the system are 
also very important factors, and it is very frequently the case 
that wheels which give good results on one system will prove 
quite unsuitable for another. Until comparatively recently, 
the only possible wheel was the chilled cast iron. During the 
last few years, however, they have been run very close, and in 
many cases surpassed by steel-tired wheels, ei ther with cast
steel or forged-iron centers. A few years ago, steel wheels 
cost from £20 to £22 ( $IOo to $rro) per set, whereas better 
wheels can now be purchased at from £14 to £I6 ($70 to $80) 
per set, and, at the same time, there has been a reduction in the 
price of cast-iron wheels, but not to a proportionate extent. 
These latter can now be bought at 28 shillings ($7). 

With cast-iron wheels probably th e most frequent cause of 
trouble is chipping of flanges, especially on a track which is 
uneven, incorrectly gaged, or has a narrow groove, or where 
the switches and crossings are not in good order. Flat spots 
is another trouble which is frequently experienced with chilled 
wheels. This, however, can be almost entirely eliminated by 
careful training and discipline of the motormen. 

With steel tires the flanges do not chip, flat s are almost un
known, and the cars run smoother and quieter, with, it is 
claimed by the makers, less wear on the rail s. This latter point 
is, however, by no means establi shed. On the other hand, trou
ble is often experienced through the flange s of steel tires wear
ing completely off, in which case the cost of re-turning must 
be added to the price; there is also a reduction in life owing to 
the amount turned off to produce new flanges. Another dis
advantage of steel wheels is their varying size through their 
lifetime and consequent variation in the height of the car body 
from the rai ls, which introduces compli cations in th e track 

• Abstract of paper read at a m eetin g of the Association of Tramway and 
Light Railway Officials at Wakefield, Nov. 2. 
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brakes and life-guards, both of which have to be so arranged 
as to be adjustable to suit the varying height of the car; this 
variation in height amounts from r¾ ins. to 2 ins. through the 
wear of the tires. There are, therefore, many fac tors whi ch 
require consideration before deciding on the relative meri:,:; of 
steel and ch illed-iron wheels. 

I have here the records of two experimenta l sets of steel
tired wheels, bought July, 1902. T hese have cast-steel centers, 
and were bought on a basis of r shill ing 8 pence (40 cents) 
per rooo miles run; to this figure must be added for a set of 
four wheels the cost of 

Boring out and pressing on ................. . 
Turning down tires when worn out. . . ..... . 
Taking out of car and replacing ............. . 

£ s. d. 
II o½ 

I 6 
II 2½ 

$ 
265 

36 
2.69 

Total . . . . . . . . . . . . . . . . .............. I 3 9 5.70 
Less scrap value, 3s. per set of four.. . . . . . . . 3 o 72 

Total per set . . . . . . . . . . . ..... . I O 9 498 

The mileage obtained was 47,oco. Hence the cost per rooo 
miles per wheel for above work was r shilling 4 pence (32 
cents ), making the total cost per wheel, per rooo miles, 2r...1-
pence ( 42.8 cents). 

Cast-iron wheels at that date cc•st 30 sh illings ($7.20), and 
ran q,ooo miles. A llowing for val ue of scrap, this works out 
at 24 pence ( 48 cents) per r ooo miles per wheel. Add to this, 
cost of boring, etc., 4 pence (8 cents), gives a total cost per 
rooo miles of 28 pence ( 56 cents), or 6.6 pence ( 13.2 cents) 
more than with steel whee ls. In addition to thi s, we have th e 
cast-steel centers, and allowi ng IO per cen t per annum depre
ciation, th ese are worth 32 shillin gs ( $7.68) per wheel. 

vVith rega rd to maintenance, great care should be taken to 
have a ll wheels pressed on to their axles to th e sa me gage. Our 
practice, in No rwich, is ,1/s in. narrower than the track gage, 
giving 1-16-in clearance to each wheel. They should be 
pressed on at a steady pressure up to from 30 tons tp 35 tons, 
and th is pressure should increase steadily from zero to the 
total amount; that is, each inch of travel should require an 
equal increase of pressure. If the pressure is unequal, it indi
cates a bad fit , and there is clanger of the wheel corning loose 
on the axle in service. They should also be carefully watched 
to prevent variation in size between the two wheels on one 
axle. Our wheels are calipered once a fortnight, and if the 
variation in diameter amounts to r-16 in., the wheels arc 
ground to size. At the same time the depth of the flanges is 
noted, and, if necessary, they are ground to the origi nal depth , 
for if allowed to get too deep, th ey are liable to chip. 

F lats are ground out immediately they are reported, and 
our practice is to puni sh any motorman who makes two flat s in 
six months for which he can give no sat isfactory explanation; 
he is also punished if he neglects to report a flat as soon as it 
is made. By this means we have reduced our trouble from two 
or three flats a week to about one a month or less. The time 
required for grinding all four wheels of one car averages two 
and one-half hours. This includes the time taken in moving 
the car from the running shed to the grinding machine and 
back 'again to the shed, ready for service. We find that car
borundum wheels are best and cheapest in the end, though the 
first cost is more than twice as much as ordinary emery wheels. 
To insure wheels having equal wear on loop lines, cars should 
be occasionally turned. If there are no diagonal braces, the 
trucks are liable to get out of square; they should therefore be 
tested occasionally on that account. 

The setting of the wheel brakes a14d the action of the brake 
gear should be carefully attended to, to see that the brakes do 
not grind away the wheel flanges. To remove any trouble 
from this source, we have recently had the pattern of our brake 
blocks altered, to do away with the lip on the flange side. By 
so doing, the weight and consequent cost of the brake blocks is 

considerably decreased, and any danger of wear on the flange 
of the wheels removed without, so far as I can see, any dis
advantage. 

The average mileage of chilled wheels obtained on the Nor
wich tramways from date of opening, July 30, 1900, to June 30, 
1903, was 14,000; from July 30, 1900, to June 30, 1904, 15,000; 
and Jast year, June 30, 1903, to June 30, 1904, 19,000. This im
proved result I attr ibute entirely to extra care and attention to 
the wheels and rail s. Nearly all our wheels having come from 
the same makers, it can hardly be attributed to improvement 
in quality; further, with thi s improvement comes also a reduc
tion in price from 30 shilli;1gs to 28 shillings 

*• 
A GLIMPSE OF THE DURBAN, NATAL, TRAMWAYS 

A lthough so far from the mother country, the transplanted 
Anglo-Saxon in Na ta!, Africa, does not lack many of the con
veniences enj oyed by his Northern brethren, especially double
deck electr ic cars, as exemplified in the modern overhead trolley 
system operated by the municipality of Durban, the flourishing 

STANDARD DOUBLE-DECK CAR USED ON THE DURBAN 
:MUNICIPAL TRAi\I\VAYS 

capital of Natal. T he accompanyi ng illustration shows one of 
the standard single-truck cars, the lower part of which is fur
nished with rattan cross seats and the upper part with wooden 
ones. Among the notable features of the car equipment are 
the low windows, side ventilators, folding platform gates, 
Providence fender, elect ric bell for notifying the motorman, 
and awn ings for the middle windows of t_he enclosed part of 
the car, in addit ion to the usual ones for the upper deck. The 
type of tubular iron side poles used may be observed at the left. 

Beginning at the right, the gentlemen standing in front of 
the car are: E. C. Hawkins, cashier of the Durban Municipal 
Tramways; E. H. Corlett , traffic .superintendent, and F. W. 
Chaisty, secretary. ~• 

During the twenty-nine days of its operation of the New 
York subway, the Interborough Rapid Transit Company has 
carried 5,838,235 passengers who have paid fare, in addition to 
a small number who traveled on passes and the larger number 
of policemen and firemen who travel free. The daily average 
of traffic, not counting the Lenox A venue branch, which opened 
only a few days ago, was 201 ,318, showing daily average re
ceipts of $10,065 90. Figures concerning the origin of traffic 
show that 428,318 took the cars at Fourteenth Street and 476,-
670 at the Grand Central station. Brooklyn Bridge station had, 
of course, the largest number of ticket purchasers, one-fifth, 
or 1,185,863. 
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MEETING OF THE OHIO INTERURBAN RAILWAY 
ASSOCIATION 

The fourth meeting of the Ohio Interurban Rai lway Associa
t.ion, held at the Boody House, Nov. 17, was by far the best at
tended and perhaps the most interesting meeting the association 
has yet held. T he efforts of the officers to interest those from 
outside of the State resu lted in the attendance at the meeting 
of representatives from one Pennsy lvania company, four Mich
igan companies, four Indiana companies and one Kentucky 
company, besides representatives of about thirty Ohio roads. 
The membership of the assoc iation now numbers 160. 

In opening the meeting, President Harrie P. Clegg, of the 
association, said he wished to impress upon every one that the 
assoc iation was not a Dayton affair, nor even an Ohio affair, 
although the organization had its inception in Dayton and the 
majority of the officers were from that district, and he stated 
that at the next election the present officers would give way to 
men representing other di st ricts. He outlined some of the 
problems which had caused th e Dayton managers to get to
gether, such as the demand for interchangeable transportation, 
the operation of through limited cars from one road to , an
other, the checking of baggage· over other roads, the shipping 
of through freight, etc., and he impressed upon those present 
the importance of all the roads in the Central \Vest getting to
gether and co-operating in these and other matters. 

Secretary J. H. Merrill went over the work that had thus far 
been accomplished. He said that fifteen roads were now using 
the form of interchangeable transportation adopted by the asso
ciation and that reports from these roads indicated that the 
books were meeting with a large sale. He urged the roads that 
had not yet signed this agreement to take up the matter at once. 
Several other topics brought up for discussion at previous 
meetings were outlined, and l\fr. Merrill stated that on the mat
ter of supplying transportation to newspapers in return for ad
vertising, a standard form had been recommended and adopted 
by several of the roads. This contract is reproduced elsewhere. 
The matter of adopting a standard set of operating rules, he 
said, was one that should receive prompt attention. Several 
roads are now operating through service over the tracks of 
other roads, and nearly all lines are sending special cars over 
other roads. Some roads insist that where a foreign car enters 
their line, that they shall furnish not only a pilot but a con
ductor as well, owing to the rule requiring both the motorman 
and the conductor to participate in receiving the despatcher's 
orders. With uniform rules, the extra conductor, at least, could 
be dispensed with, and the conditions for operating through 
cars would be much improved. The set of operating rules 
adopted by several of the roads was recommended, and copies 
of these rules will be sent to all members, with the request that 
the rules be considered with a view to adopting them at the 
next meeting. 

F. J. J. Sloat, who at a previous meeting had been delegated 
to prepare suggestions for a standard form of interline ticket, 
stated that a great many of the roads were sell ing through 
tickets over other roads, and showed a number of samples of 
such tickets, some of them carrying a passenger over five or six 
roads, among them tickets from Zanesville to Cincinnati, from 
Columbus to Indianapolis, from Lima to Cincinnati, etc. Thus 
far a road desiring to sell over another road designed its own 
tickets and arranged to have the other roads honor them, but 
there has been no uniformity of ideas, and there are plenty of 
opportuniti es for mi stakes and crooked dealings. He said, in 
part: 

"My findin gs have been partly taken from steam road tickets. 
Here, for instance, is a dummy ticket gotten out by the Colum
bus, Newark & Zanesville. That ticket is a dummy of what 
you would use from Zanesv ille to Cincinnati over the Colum
bus, Newa rk & Zanesville; Columbus, Buckeye Lake & New-

ark; Columbus, London & Springfield; Dayton, Springfield & 
Urbana, and the Cincinnati, Dayton & Toledo. It is pos
sibly a little long, but by dividing it and slightly changing the 
contract, we could get up a ticket which would answer for 
every road in any State. The main points in connection with 
such a ticket ,vould be ( 1) a proper contract covering the 
use of the ticket so that the passenger would understand 
what are his rights as well as th e company; (2) taking care of 
baggage, which seems to be quite an essential feature nowa
days in the transporta tion of passengers. The auditing stub 
and the form itself should have a limit stub or mark. My iJea 
is that on the coupons arranged in this order, the ticket should 
have a limit, but for the cancellation to show that it is a limited 
ticket, ea~h road should be numbered. For instance, the Cin
cinnati, Dayton & Toledo, No. 1; Dayton & Toledo, No. 2, etc., 
and in addition to this, after each number, should be the coupon 
ticket number. For in stance, my road would be No. r-r; 
1-2; 1-3; and in the case of No. 2 it would be 2-r; 2- 2; 
2-3, etc., and when the No. r coupon is turned in by the pas
srnger you will know that it is the sixth coupon ticket from 
some ticket, and can easily find out what road it represents. 

"Class is another feature. You may desire to sell a standard 
ticket at less than the regular rate, or a second-class ticket. In 
that case the coupons should be punched seconcl -class, or fir st
class, and in that way you could use the standard form of 
ticket to cover almost anything you would want in this particu
lar line. I happen to know that great strides are being made in 
the manufacture of a machine to manufacture tickets within 
the machine; that is, you put in a roll and you can make any 
ticket you desire, and in addition to that form you would want 
this kind of a ticket in addition to the ticket over your own 
road. The machine, I presume, will be ready for the market 
within a very short time. It would be a very fine feature, and 
there is no doubt but that it would save money. The first 
tickets made embody three coupons, one for the conductor to 
take up, one for the passenger to retain, and a third retained 
within the machine, so that Yvhen the tickets come in they will 
a ll match, and you will have the complete transaction. Many 
of the roads, of course, put on relief conductors at certain in
tervals on the line, and now it is usual to mark the passenger 
by hat check or something of that kind, and there is very apt 
to be some dispute, but by these new tickets the passenger al
ways has his stub, and he can always show his coupon and the 
time the ticket is sold, and it looks to me to be a very good 
thing. 

"Now, as to the matter of form. This is a form of ticket I 
had manufactured from data for interline tickets. In the first 
place the ticket should be limited to thirty days from elate of 
sale. Other essentials for such a ticket are as fo llows: 

Each ticket should show rate, inserted to the left of where class 
is shown on right-hand edge of coupon. 

Selling company should have its initials printed in "destination 
space." 

Selling company should fill in initials of other roads, showing 
road or roads over which ticket is good. 

A state ment showi ng number of tickets sol d, etc., should be 
rendered by each company not later than th e ten th of th e month. 

Each company should furnish its own blank forms for making 
report of the sale of tickets, to be the same as now in use by the 
Cincinnati, Dayton & Toledo Traction Company. 

Settlement to be made monthly not later than fifteenth of fol
lowin g month. 

Selling company should stamp di stinctly on back of each coupon, 
date of sale, also sta ti on from which sold. 

Selling company's agent should define by punch marks on the 
right margin of each ticket the date of the expiration of the same. 

Tickets taken up in error by the conductor, after the expiration 
of the same, should be accepted by the settling company at full 
value. 

Through passenger rates effective at the date of this contract 
should become a part of thi s contract, subject to changes by 
givi ng ten days' written notice, accompanied by new passenger 
tariff. 
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The form of ticket to be agreed upon by the various roads 
entering into this contract. 

Tickets should be printed on safety paper. 
One general form of R. T. and S. T. full and half fare tickets 

should be used, the figure "½" to be shown on face of half-fare 
ticket in red. 

One general color should be used on all forms of tickets or in 
other words, all roads will use the same color for the san;e ciass 
of ticket, namely, R. T.-S. T.-R. T. H-F-S. T. H-F. 

Each road should have its distinguishing number printed on the 
face of each ticket and coupon, in large, plain type, and printed in 
red, to facilitate handling and auditing. . 

Unused portions of tickets to be redeem ed by selling road when 
presented by purchaser for ~hat purpose, and when tendered be
fo re the expiration of the thirty days. 

Selling road to charge each other road interested in the ticket 
with its proportion of this. Said redemption to comply with the 
laws covering such matters. 

Report s should be rolled and not fold ed, as this is more con
veni ent for binding. 

"The Cincinnati, Dayton & Toledo Company, in order to 
take care of thi s interline business, got out a simple fo rm whi ch 
is to be used in a loose leaf ledger. If we sold a ticket over th 1c 
Dayton & Toledo, at the end of the month I expect to put in 
the date the ticket was sold, stat ion to station, number of the 
ticket, which would designate it, and as the fir st half comes in 
we simply check it up. It is the intention to make up a standard 
form of reporting our tickets to the Dayton & Toledo, so that 
when the sheet comes in we take it and put it in the loose leaf 
ledger and give it a page number, say 6, and the Dayton & 
Toledo gives it a page number, say 7, consequently we now 
have a dozen different sheets for that month 's business, num
bering 6, 7, 8, 9, etc., that take care of that month's business. 
You wi ll notice under that operation we are not called upon to 
hire any extra help." 

Mr. S loat was appointed chairman of a commi ttee on inter
line tickets, and the committee was given power to act. 

T he question of checking baggage was brought up as going 
hand in hand with the sale of interline tickets. Owing to the 
lack of uniformity of ideas on this subj ect, Mr. S loat requested 
that it be left to another committee, with the result that Edward 
Spring was appointed chairman of a committee to form ulate 
standard rules for interline checking of trunks and baggage. 

T he subject announced for discussion at this meeting was 
"The Handling of Freight on Interurban Lines." A large 
number of forms adopted for handling freight were di splayed, 
including a very extensive exhibit loaned through the courtesy 
of the Street Rai lway Accountants' Assoc iation. T here were 
no prepared papers and the representatives of all the roads 
were asked to give their ideas and practices. It was developed 
ea rly in the discussion that there was a wide range of ideas as 
to the best methods to be pursued and the rates to be charged 
in handling this business. Some held that the only profitable 
plan was to do an express business and get express rates, while 
others favored the handling of freight rates in direct competi
tion with steam roads. Between these classes was another 
class which favored doing both freight and express, in short, 
doing business at any price so long as there was a margin of 
profit in it. Several speakers bemoaned the fact that the steam 
roads would not loan their cars to the electric lines, nor inter
change business with them, although there were several indica
tions that of late the steam roads were waiving this rule where 
it seemed to be to their advantage to do so. One radical 
speaker urged that the association attempt to force an inter
change of business through legislation, but this view found 
little support. In fact, there was a general tone throughout 
the meeting that it was folly for electric lines under present 
conditions to attempt to combine to fight the steam roads on the 
freight proposition. It was stated that some of the roads were 
attempting to handle freight at less than the cost of operation, 
and that even if they had the cars, the large majority of lines 
were in no physical condition to handle trains of freight cars. 

F. J. J. Sloat, of the Cincinnati, Dayton & Toledo, outlined 
the business of the Southern Ohio Express Company, which has 
been referred to in these columns on a number of occasions. 
The company now operates over the Cincinnati, Dayton & To
ledo, the Dayton & Troy, the Western Ohio, and the Spring
field, Troy & Piqua. On the Cincinnati, Dayton & Toledo, the 
rates vary from 25 cents to 35 cents per hundred for the 55 
miles, with additional rates beyond. Last year the business on 
all the roads aggregated about $74,000. The operating ex
penses, however, have averaged nea rly 90 per cent, due largely 
to the expense of making deliveries. By securing first-class 
terminal fac ilities in Ci ncinnati, something th ey have only re
cently accomplished, this can be reduced considerably, but the 
cartage will always remain an expensive item. Generally it is 
found that as soon as enough business is obta ined for one car, 
the results are satisfactory, but as soon as a little more busi
ness comes in and another car is required, the ope rating ex
penses are doubled, while the re:eipts are not, so that it is the 
handling of the business with the least possible number of cars 
that coun ts. The southern end of this road was fo rm erly an old 
steam road, and on thi s the company handles its own freight 
busi9ess, keep ing it sepa rate from the express business. I\fr. 
Sloat stated that the Southern Ohio Express Company was en
deavoring to make arrangements with other roads for handling 
their express business. By thi s plan four or five cars a day 
could run through to distant points, say from Cincinnati to 
Toledo, or from Columbus to Indianapolis. With the through 
runs there would be no necessity for changing cars at the enci 
of 30 or 40-mile stretches, the various companies could do away 
with the organizations they now maintain and the business 
would be increased, because it would be in the hands of per
sons who would make a specialty of it. Business could be se
cured in bulk because it could be sent to a large number of dif
ferent points without reshipping. The express company in its 
proposed contract would agree to pay the road a percentage on 
the mileage basis. If the express company sees fit, it will re
serve the right to install its own motor and trail cars, but it 
will agree to buy such car bodies as the railway company may 
own. Mr. S loat said that in the course of three or four years 
it would probably be necessary to run trains of two or three 
cars over the proposed routes, in which event the expenses 
would be still further reduced. He thought that at present 
rates and under present conditions, the roads had not been 
making money with straight freight, but under the plan pro
posed of routing through cars, the freight and express might 
be handled together to great advantage. Express would mean 
speedy shipment, with collection and delivery, while goods 
classed as freight would be shipped when most convenient 
within a reasonable time and with no delivery. For instance, 
a merchant buying a lot of shoes at Indianapolis might want 
some,of them right away. These would go forward on the first 
car at express rates, while the balance would be shipped later 
at a 7 or 8 cents a hundred rate. 

G. vV. Parker, general freight agent of the Detroit United 
Railways, said that when the consolidation of the Detroit prop
erties took place there were four companies doing an express 
business, each with different ideas. T he four roads were 
brought together, but despite the economies resultant from con
solidation, it was found that there was not enough express 
business in sight to carry on that business exclusively. The 
old-line express companies and the cheap water routes gave 
them strong competition, with the result that the railway com
panies have since devoted their energies principally along the 
line of package and light freight. Much of the business comes 
from the Cleveland, Detroit & Buffalo lake steamers. The com
pany has no wagon service, but has an agreement with a team
ing company, which makes its own charges. The company has 
a station which it shares with the Rapid Railway, the Detroit, 
Ypsilanti, Ann Arbor & Jackson, and the Detroit, Monroe & 
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Toledo. Expenses are divided on a tonnage basis. The com
pany is handicapped considerably by a city ordinance which 
allows it to operate only one freight car in two hours. The 
total freight business aggregates about $150,000 a year, and the 
operating expenses are about 60 per cent. On some of its divi
sions the company handles ireight in carload lots, but this is 
not brought into the city. Rates for this are competitive to the 
steam roads, and the company has an advantage in that goods 
are usually delivered the same day. Between Chesterfield and 
Marine City, the company operates freight trains by steam 
locomotive at night. The company has two locomotives and 
another coming, and owns a number of box cars. A train 
makes one round trip each night. Going up, the loaded cars 
a re dropped in the various towns. They are unloaded imme
diately and loaded again w ith any goods that are outbound. 

ADVERTISING CONTRACT. 

This contrac t made a nd entered into this_ _ day of_ 

by and between 

publishers of th~ ----------- --- _ newspaper, 

party of th e first part, and The Cmcmnati, Dayton & T oledo T raction Compa ny, a corporation 

under the laws of Ohio, party of the second part, 

WITNESSETH : That the saitl party 0f the first part in considerat ion of the covena nts 

and agreements hereinaft er to be done and performed by th e said pa rty of the second part. hereby 

a!(rees to publish in each issue of its said newspaper the tim e-card of t he said party of th e second 

part, or any other advertising matter in relation to the busmess of said party of the second part, or 

the business of The Southern O hio E xpress Company; said other ad vntising matter to occupy th e 

same SJ?aCe in eac h issue of the newspaper as said time-card; said ~pace not to be less than two 

inches by two inches an d to cover a period fro m Ja nuary 1, 190-1 , to Dece mber 31, 1904. 

Said party of the first part fur ther agrees in a ddi t ion to the above that it will a t th e option 

of said second party publish any other advertising matter such as not ices, etc. (exce pt legal notice5 ) 

which may become necesc;ary duri ng the period above me ntioned, provided tha t said insertion will 

not take more than t wo inches by two inches of space and the said notice not to be in serted more 

than 2+ t imes a year, or twice in each month or its equ ivalent , whether said notice be in reference 

to the business of t he _said The Cincin nati. Dayton & T oledo T ract ion Co mpany or The S c,_uthern 

Ohio Express Company. 

Said fi rst party 1also agrees to send to t he second party, _at its otfice at Hamilton, Ohio, a 

copypf ,ts daily issue, ( if a weekly paper send weekly issue). 

The said party of the second part hereby agrees in consid eration of t he covenants a bove 

stipulated, tha t it will issue to the said party of the fir,;;,t part, or to whom said party may elect. the 

fo llowing transportation good between the following stations to the value of ____ _ _ _ 

I N WITNESS W HEREO F the sa,d party of the first pa rt by 

its __________ _ 
a nd th e 

sa id party of the second part by ___ -------------- , ,ts 

General Manager, have hereunto caused t he corporate name of sa id parties to be signed hereto in 

triplicate th e day and year first above written. 

FORM OF N EWSPAPER ADV E RTISI N G CONTRA CT SUGGESTED 
FOR I NTE R URBA N ELECTRIC RAILWAYS 

Toward morning the train makes the return trip and picks up 
the cars. The company has connecti on with the Grand Trunk, 
and it interchanges cars. 

J. H. Huber, general freight agent of the Canton-Akron 
Railway Company, stated that his company did an exclusive 
expi:ess business. It has an arrangement with the Electric 
Package Company, of Cleveland, on goods going to or coming 
from the territory of that company, but it operates its own ex
press car. Goods leave Clevelana at 9 :15 p. m. and reach Can
ton by midnight, and are delivered the next morning. Rates 
a re based on a tariff, which is 15 per cent to 20 per cent less 
than the old-line express rates. 

Theodore Stebbins, of the Appleyard system, reported that 
his companies make two deliveries a day over 150 miles of 

r.oad. About 90 per cent of the business may be classed as 
freight business, although the bulk of this is the better class of 
freight. There is one town on the system that has no direct 
connection with a steam road, and to this point the company 
handles from nine to fifteen cars a month . The neighboring 
steam road gives them the business-that is, it delivers the cars 
to the electric road and it gets a IO-mile haul, for which it 
charges the consignee $7 to $12 per car as swit chi ng charges, 
the consignee assuming the demurrage charges where there 
are any. Their business comes largely from wholesale mer
chants. They believe that possibly they could increase their 
gross earnings somewhat by charging express rates and mak
ing deliveries, but they find that the delivering is the heavy end 
of the operating expense. It is figur ed that deliveries cost about 
60 per cent outside of the running of the car, but without the 
wagon delivery the expenses run about 30 per cent. They be
lieve that the greatest limitation to their ea rnings is the lack of 
adequate terminal faciliti es. 

W. B. Tarkington, general superintendent of the Detroit, 
Monroe & Toledo Shore Line, said his company handled freight 
exclusively. Formerly they made two trips a day, starting the 
car from Monroe, running it into Toledo for a load, repeating 
the operation the second trip, and then back to Monroe at night , 
making practically 85 miles for each load, for which they re
ceived the regular steam freight rate. Now they start the car 
out of Toledo and make one round trip to Detroi t. They take 
the better class of business and let it go at that. Expatiating 
on how impossible it was for an electric line to compete with 
a steam road on heavy freight, he sa id that he was recently 
offered a contract to handle a large quantity of brick from 
Monroe. The contractor was laying 60,000 brick every eight 
hours. He figured out that it would take thirty gondolas every 
day to fill the contract, and as he did not have the gondolas nor 
the power to handle them, he did not take the contract. 

G. S. Shinnick, of the Columbus, Buckeye Lake & Newark 
Traction Company, said that his company formerly did an ex
press business and charged 5 cents lower than th e old-line com
panies. Deliveries were made in Newark by a teamster to 
whom they paid 5. cents on each 25-cent package. This practice 
was discontinued , and lately they have handled freight both in 
carload lots and otherwise. On· carload stuff they charge $15 
per car from the outskirts of Columbus to Newa rk, 37 miles. 
On package freight their rate is 4 cents higher than steam 
rates for all classes. In connection with the Appleyard lines, 
they make through shipments to Springfield and Dayton, charg
ing 25 cents and 27 cents, respectively, for fir st-class goods. 
The competing steam road has a local car for Newark, but 
goods for this car have to be delivered at ni ght, whereas the 
electric line receives them in the morning and de livers before 
noon. He thought all road s in the di strict should get together 
on some kind of uniformity of prices so that one road could 
know in advance what it would cost to ship over another road. 
As it is now, they have different r ates, and before a figure can 
be quoted it is necessary to call up the various roads and secure 
their rates, which takes time and costs money. 

J. S. Young, of the Toledo, Bowling Green & Southern Trac
tion Company, said that his company had just started handling 
freight. The road passes through an oil country, and it is hand
ling a large amount of oil well supplies, tools, drills, etc. They 
get 20 cents for first-cla ss freight to Findlay, while the steam 
rate is 12 cents. They are handicapped through the fa ct that 
they cannot get into the center of Toledo, but despite thi s, the 
business amounts to about $40 per day. After the fir st of the 
year the company will have its own line into Toledo, and will 
then operate cars to the Toledo freight station. It will also do 
a carload business with standard freight cars, turnin_g th ese 
car s over to the Terminal Belt Railway ( steam ), with 
which it has an arrangement for switching cars at $3 each. 

F. J. J. Sloat, of the Cincinnati, Dayton & Toledo, said that 
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the old steam section of his road was a member of the per diem 
association and exchanged cars with steam roads, yet when 
his company wanted to transfer coal cars on the northern divi
sion of the road the steam roads decl ined for a long time to 
accommodate him. Coal is hauled on the old steam section a 
distance of 6 miles at 30 cents a ton. On account of the heavy 
grades on thi s division, the profits are small. · They make a 
charge of $r per day demurrage where cars are kept longer 
than forty-eight hours. 

F. J. Green, general manager of the Springfield, Troy & 
Piqua, sa id that he had lost a great amount of sleep trying to 
solve the frei ght problem on other roads with which he had 
been identified, and when he opened thi s new line, he turned the 
whole business, freight and express, ove r to the Southern Ohio 
Express Company. They are handling considerable carload 
businesc; and have pract ica lly a monopoly of the business at 
the towns they touch , as there are no steam roads. In two of 
the towns there have recently been erected saw mills, planing 
mills a nd g rai n elevators, and they expect thi s winter to ship 
grain to the seaboard. They wi ll ge t ca rs from th e connecting 
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steam road and will charge the consignor a shipping charge for 
the service. 

F. D. Carpenter, of the \Veste rn Ohio Rail way, said tha t hi s 
line, like the major ity of roads, had not been constructed with 
a view to handling carload freight. T he greate r number of 
roads were absolutely unfitted for such service. Curves would 
have to be stra ightened out and lines built around towns before 
they could hope to meet the steam roads on their own grounds. 
The business on hi s road is handled by the Southern Ohio Ex
press Company and the results are satisfactory. Goods are 
frequently shipped to Cincinnati, a di stance of qo mil es. 

vValter H. Abbott, of the Roberts-Abbott Company, Cleve
land engineers, sta ted that hi s company had frequent ly been 
called upon to report on propositions designed to take carload 
freight business, and that up to very recently they had discour
aged such attempts. He said that the present fo rm of electrical 
equipm ent for interurban roads of moderate lengths was not 
designed for hauling trains of freight cars. The majority of 
such stations have equiP.ment ranging from 600 hp to 1000 hp. 
and are designed for handling from five to fifteen passenger 
cars, but when a number of heavy freight cars are put on for a 
short interval the strain on the electrical equipment is such 
that it is likely to be ruined, while to install equipment to handle 
such loads at all times was almost prohibitive. He thought 
that the advent of the a. c. motor might help the situation 
somewhat , but he thought the better plan for handling such 
business was to install steam locomotives and use them at night 
if necessary. He r eferred to the Albany & Hudson Rai lway 
and the Cincinnati, Georgetown & P ortsmouth Rai lway, which 
employ this plan, the former earn ing $ 26,000 and the latter 
$ . .p ,ooo from freight alone, in addition to which these roads 
handle express in electric express cars. Referring to the Inter-

state Commerce reports, he said th at the earnings of the sm aller 
steam roads r anged from 2.3 to 5.4 cents per ton-mile, while 
some of the largest trunk lines handled carload freight at from 
I to 2 cents per ton-mile. The A lbany & Hudson with its 
steam equipment ea rned 8.3 cents per ton-mile. He said that 
the fu ture of elect r ica lly operated freight roads depended upon 
the straightening of curves, the reduction of grades and the 
building of private rights of way around towns. 

A manager from the southern pa rt of Ohio told of a proposi
tion made him by a steam road to handle 200 0 cars of freight a 
year to a poin t on his line not touched by a steam line. The 
haul was 4 mi les, and he was to rece ive 25 cents a ton fo r coal 
and building materia l and 50 cents a ton fo r mi scellaneous ma
terial. But he found that in order to handle it he would have 
to spend $ 15 ,000 in reducing a 5 per cent grade. H e wanted 
the business, but he could not afford to spend that amount. 
T he railroad was so anxious fo r the connecti on that it offered 
to pay part of cost of the g rading, also to pay him fo r return
ing empty cars, with the result tha t he has about decided to 
accept the proposition. 

\V. K. Morley, general manager of the Grand Rap ids, Grand 
Haven & Muskegon Rai lway, to ld of the freight business which 
his company carries on in connection with the lake steamers 
from Grand Haven to Chicago. They operate two through 
cars a nd two local cars each way dai ly. T he average rate on 
goods is 20 cents a hundred from Grand Rapids to Chicago, 
and they divide with the steamer company. Goods are shipped 
from Grand Rapids in the afternoon a nd delivered in Chicago 
next morning. The road has a maximum grade of I per cent, 
and their cars have a capacity of 20 tons. T he business is sa t
isfactory and is increasing. 

Edward C. Spring, of the Dayton, Covi ngton & Piqua Trac
tion Company, a warm advocate of the freight proposition, 
said that he was hauling freight in carload lots, and that while 
he appreciated that he was gett ing only a low price for it, yet 
he felt sa tisfi ed and would be glad to handle all th at was offered 
to him. He handles garden produce, grain, live stock, in fa ct , 
almost anything that will go into a car. As an example, he 
said, he r ecently sh ipped th ree cars of hogs into Dayton. It 
took him three and one-half hours fo r each trip and he re
ceived $10 per car, whi ch he considered good business. 

H. C. Lang, of the Mandelbaum syndicate, Cleveland, was 
asked to sum up the si tuation. He said that the ma jority of 
elect ric roads had invested more money per track-m ile than 
the steam roads. T hus far, comparatively speaking, they have 
attacked the steam roads on their least profitable side, that of 
handling passengers. Admitt ing for the sake of the argument, 
that the electric roads are not at present in posit ion to handle 
heavy freight , he said tha t ten years ago the in te rurbans were 
looked upon as a joke by the steam roads, yet to-day wherever 
the interurbans have been developed, they have not only taken 
from the steam roads a great portion of the short-haul passen
ger business, but they have built up a business of their own 
that did not exist ten years ago. T hen the interurban line was 
a cheaply constructed affa ir, built on the highway, laid out 
with no rega rd for grades and curves, and operated with cars 
that would not be fit for ci ty service to-day. Within the past 
three or four years remarkable changes have taken place. The 
highway road is out of date and lines have been built wh ich 
are equal to the best steam roads in nea rly every particular. 
But there are improvements still to be made, and it is not to be 
expected that the electric roads can jump into the freight busi
ness at the same point that th ey have reached in the passenger 
business. Obviously, thi s business must be built up a little at 
a t ime, as has been done with the other branch. And to accom
pli sh this the older roads and some of the newer ones will have 
to spend large sums in strengthening bridges, r educing grades, 
straightenin g curves and adding to power facilities. This work 
wi ll not only improve the possibilities for freight service, but 
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will a id the passenger business and make it possible to co
operate with other roads for long distance business. In the 
mean time, w hile these changes are going on, why not turn the 
freight and express side of the business over to a company like 
the Southern Ohio Express Company, of Cincinnati, or the 
Electric Package Company, of Cleveland, and let them devote 
their energies to developing it. These companies already have 
offices and wagons in the large centers, and with their organiza
tions they can build up the business at a much less expense 
than each individual company working by itself. It will only 
be a matter of a short time before the n etwo rk of lines is com
plete in this district, and by taking large contracts and routing 
to distant points, the business is bound to be developed much 
faster than under the scheme now being worked out by many 
of the roads. Two or three-car trains, operated through the 
larger cities at night if necessa ry, would mean decreased oper
ating expenses and increased profits for all concerned, and this 
development would go on until gradually the electric roads 
would be brought up to a physical condition that would enable 
them to meet the steam roads on equal terms for the heavy 
freight as well as the express business. 

The meeting adjourned at 4 :30 p. m., and no attempt was 
made to take steps toward standardizing the methods of hand
ling this business, as it was obvious that the range of ideas is 
still far too wide to attempt anything of the kind at this t ime. 

Immediately after th e meetin g, about thirty-five of the mem
bers took advantage of an invitation from the officers of the 
Detroit, l\!Ionroe & Toledo Short Line to inspect this magnifi
cent property, which has just been completed into Detroit, 
forming the connecting link in the systems of Ohio and Michi
gan. The party boarded a special car at the Toledo terminal 
station at 5 o'clock and reached Detroit at 8 o'c lock. General 
Superintendent Tarkington, who accompanied the party, li st
ened to many pleasing comments about his property, as the 
track, roadbed, overhead work and bridges on this line are un
questionably among the finest to be found on an interurban road 
in this country. At the Russell House the party was received 
by President Matthew Slush, of the company, and were enter
tained with a bountiful repast. Many of the party had planned 
to leave Toledo shortly after II o'clock, and not a few faces 
showed expressions of annoyance when up to a few minutes 
before 9 o'clock there were no indications of the party breaking 
up. Mr; Tarkington blandly assured them that h e would reach 
Toledo in ample time, and he was as good as his word. Evi
dently the motorman had instructions to show what the road 
could do, for he covered the 59 miles from center to center in 
considerably less than two hours. At the supper table, a meet
ing was called to order and Messrs. Slush and Tarkington were 
unanimously elected to membership in the Ohi o Interurban 
Railway Association. 

"\i\That do you do about carrying clogs?" was a question that 
was heard many times on the trip back from Detroit. The 
hunting season is on at present and many of th e roads are at a 
loss to know what to do with dirty, odoriferous canines, with
out which no hunter 's outfit is complete. Another subject 
gruesomely in line with hunting was, "What do you charge for 
carrying a corpse?" The beautiful new cars of the Short Line 
suggested st ill another subject, "Does it pay to carry advertis
ing cards in cars?" A compi lation of the answers to these 
questions makes interesting reading and demonstrates the wide 
diversity of ideas on these minor features of the business. 
Here are some of th em: 

Cincinnati, Dayton & Toledo Traction Company.-Dogs car
ried in huntin g season in th e smoking compartment only on pay
ment of full fare. At other tim es, permit is required and full fare 
collected. Corpse handl ed by Southern Ohio Express Company. 
Adv ertising sign s carried in cars. 

Dayton, Covington & Piqua Traction Company.- Dogs carried 
in smoker or baggage compartment any time and any di stanc e for 
rs cents. Corpse carried on ly in express car, on charge of $r. 
Advertising in cars. 

Columbus, Buckeye Lake & Newark Traction Company.-Full 
fare charged for dogs; carried only in smoker or baggage com
partment. Hunter must take his gun apart before entering car. 
Corpse charged for at $2.50 to $5, according to size; carried in 
baggage compartment. No adverti sing in interurban cars. 

\Vestern Ohio Railway.-Dogs carried free in smoker durin g 
huntin g season. Charge of 25 cents at other times. Corpse car
ried at regular adult fare in baggage compartment. Advertising 
cards in cars. 

Detroit, Monroe & Toledo Short Line.- Dogs carried at regu
lar passe nger fare up to 25 cents. Full fare for corpse. No ad
vertising in cars. 

Indianapolis & Eastern Railway.-Dogs carried at a minimum 
charge of 25 cents ; regular fare above that. Corpse carried in 
combination car at a minimum of 50 cents and double regular 
passenger fare. No adverti sing in cars. 

Dayton & Troy Electric Railway.- Dogs carried free in hunt
ing seaso n; other times 25 cents. Corpse carried only on special 
car. The company receives $276 for adverti sing cards in cars. 

Stark Electric Railway.- Charge of 25 cents for dogs at any 
time. Corpse carried for $2.50. Advertising cards in cars; com
pany receives $144 per year. 

Toledo, Bowling Green & Southern Traction Company.- Dogs 
charged 25 cents, carried in smoker or baggage. Double regular 
fare charged for corpse. Advertising cards in cars; company re
ceives $175 per year. 

Tol edo & Indiana Railway.- Dogs carried in regular cars only 
during hunting s~ason, on payment of 25 cents. Carried in ex-
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press cars at other times. Regular fa re for corpse in combination 
car. Advertising cards in cars; $160 per year. 

Maumee Valley Railway & Light Company.-Dogs carried free 
on permit secured from office and good for one month. 

Pittsburg, McKeesport & Connellsville Railway.-Dogs charged 
regular fare; carried only on front platform. 

Cleveland & Southwestern Traction Company.- Dogs carried 
in smoker on payment of 25 cents for any distance. 

New members who have recently joined the association are 
as follows: 

John A. \Vright , Cleveland Varnish Company. 
J. \V. Brown, Pittsburg, McKeesport & Connellsville. 
J. G. Kipp, Electric Railway Equipment Company. 
Robert Dittenhaver, Toledo & Indiana Railway Company. 
\V. H. Fledderjohann, Fort \Vayne & Springfield R ailway Com-

pany. 
H. E. Blemker, Cincinnati Metal Company. 
C. C. Collins, C., L. & S., D. , S. & U., C., G .. C. & S. W. 
G. S. Shinnick, Columbus, Buckeye Lake & Newark Traction 

Company. 
C. P. \Vright, Standard Brake Shoe Company. 
R. R. Str;_eblan, Lake Shore Electric Railway Company. 
C. 0. Scranton, Stark Elect ric Railway Company. 
H. A. Austin, American Brake Shoe & Foundry Company. 
R. S. Belknap, Penn sylvania Steel Company. 
D. H. Lavenberg, Toledo & Indiana Railway Company. 
S. P. Douglas, Lake Erie & Southern Traction Company. 
Matthew Slush, Detroit, JVIonroe & Toledo Short Line. 
W. B. Tarkington, Detroit. l\fonroe & Toledo Short Line. 
Ja s. 'vV. Selvage, Holland Palace Car Company. 
Haywood G. Brown, Dayton & Troy Electric Railway Co. 
John J. White, Dayton, Covington & Piqua Traction Company. 
T. B. Tarsney, Detroit, Flint & Saginaw Railway Company. 
Henry \V. Staats, Traction Mutual Insurance Company. 
J. A. Hanna, Peckham Manufacturing Company. 
R. 'vV. Palmer. General Electric Company. 
C. E. Pripr, Columbus, Urbana & W es tern Railway Company. 
'vValter G. Jayne, Columbus, Urbana & \Vestern Railway Co. 

Some interesting figures relative to freight and express busi-
ness on Ohio interurban roads have been compiled from re
ports of earnings filed with the Auditor of State for the vcar 
ending Apri l 30, 1904. Twenty-six roads reported carn.ings 
from freight o f $309,0 . .p. Nine road s reported, exclusive of 
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express business, of $191,356. Fourteen roads reported freight 
and express business combined of $75,011 . Three out of forty
eight roads reported that they did not handle either freight 
or express. The total for the forty-five Ohio roads engaged 
in some branch of this business was $575,408. 

A NOVEL PASSENGER. FREIGHT AND EXPRESS CAR FOR 
SHEBOYGAN. WIS. 

A car lately suppli ed to the Sheboygan (Wis. ) Light, Power 
& Railway Company by the American Car Company, of St. 
Loui s, is arranged to serve as a passenger car as well as for 
handling fre ight. It is used morning and night as a workmen's 
car from a factory di strict in the suburbs to the center of the 
city, passengers being carried at reduced fares. 

Sheboygan is situated on Lake Michigan, and does a large 
grain export business, besides having important manufactur-

MAIL, EXPRESS AND FREIGHT SERVICE CAR OF THE SHEBOY
GAN LIGHT, POWER & RAILWAY COMPANY 

ing interests, and bei ng the commercial center of a. consider
able di strict. 

The car is substanti ally constructed for carrying heavy 
frei ght, and includes in the bottom framing deep under trusses, 

INTERIOR OF SHEBOYGAN COMBINATION CAR 

and, in short, inside trusses centered over the bolsters. Sill 
plates 8 ins. x ¾ in. are on the outside of 4Yz -in. x 7¾-in. side 
sills, and the end sills are s¾ ins. x 7¼ ins. The thickness of 
the corner posts is 3¾ ins., and of the side posts, 2¾ ins.; from 
center to center of side posts, 29¾ ins.; length of the body, 
37 ft., and length over the vestibules, 45 ft. The platforms are 
4 ft. long; width over sills, including sill plates, 8 ft. 

The interior is finished in ash, with carline finished ceil
ings. The seats are arranged to fold up when not in use. 
The car is mounted on Brill 27-G trucks, and is equipped 
with a number of specialties of the same make, including 
platform and conductors' gongs, sand boxes and angle-iron 
bumpers. 

NEW EQUIPMENT FOR ERIE. PA. 

The G. C. Kuhlman Car Company has delivered recently 
eight cars like the one shown in the engraving to the Erie Elec
tric Motor Company, of Erie, Pa. The railway company has 
35 miles of lines and operates about one hundred cars. The 
Erie City Passenger Railway and the Erie, Reed Park & Lake
side Street Railway are controlled by this company. The city 
of Erie is in the northwestern part of Pennsylvania on Lake 
E rie, and is important as an iron manufacturing center and as 
a port of entry fo r shipping from various citi es on the Great 
Lakes. Besides being a railroad center, it is connected by elec
tric lines with all the towns in the vicinity. 

The new cars measure 20 ft. over the end panels, and 29 ft. 
5_i ns. over the vestibules. The w idth over the sills is 6 ft. 3 ins., 

SI NGLE-TRUCK CAR FOR ERIE, PA. 

and over the posts at the belt, 7 ft. 6 ins. The sweep of the 
posts is 7 ins. The side sill s are of long leaf yellow pine, 4¼ 
ins. x 7¾ ins. The end si lls of white oak ares¾ ins. x 7¾ ins. 
The sill plates, 7 ins. x ¾ in., are on the outside of the side 

· si lls. The thickness of the corner posts is 3¼ ins., and side 
posts, 2¼ ins. The interiors are fini shed in cherry, with bird's
eye maple ceilings. The windows are glazed with heavy beveled 

SEATING ARRANGEMENT OF ERIE CAR 

poli shed plate. The car illustrated is mounted on a Brill No. 
21-E truck, and among other specialties of the same manufac
ture with which the cars are furnished are folding gates, sand 
boxes, draw-bars, brake handles, angle-iron bumpers and plat
form gongs. 

President Hood, of the United Railways Company, of Balti
more, Md., states that within the past two years the company 
has expended over $1,000,000 in new cars and over $800,000 in 
track reconstruction. This, in addition to the extraordinary 
expenditures due to the February fire and the cost of new ma
chinery, has made the aggregate of expenditure for the United 
Railways about $2,950,000. Of this amount, $1,150,000 was 
expended on the Pratt Street power plant and other points. 
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GAS ENGINES IN THE WORKS OF THE POWER & 
MINING MACHINERY COMPANY 

T he growing interest manifested in gas engines warrants 
the publication of a description of an important installation of 
this type of machine with the producer apparatus in the works 
of the Power & Mining Machinery Company, of Cudahy, Wis. 
The plant consists of products of the company itself, namely: 
Loomis-Pettibone gas producers, furnishing a supply of gas for 
operating American Crossley gas engines. Cudahy is a station 
on the Chicago & Northwestern Railway, about 8 miles 
south of the busmess section of Milwaukee and 1/z mile 
from Lake Michigan. The Racine line of the Milwau
kee electric railway system passes within a block of the 
plant , giving half-hour service to the city during the 
day, and more frequently in the morning and evening. 

The power plant is located in an L-shaped brick 
bui lding in the extreme northwest corner of the com
pany's property. The extension on the south contains 
the Loomis-Pettibone gas producers, from which either 
producer or water gas can be generated; boilers, con
trolling mechani sm, etc. A portion of this gas is piped 
di rect to the engines in the generator room, and pipes 
a re also laid to the furnac es of the forge and boiler 
shops and to the test ing floor in the machine shop. Four 
producers, havin g a total capacity of 2000 hp, are pro
vided, and are cliviclecl into two generating sets. The 
producers oper ate in connection with one boiler and 
form a set. Each producer measures 9 ft. x 15 ft., and is 
connected near the base through a 30-in. valve provided 
with hydraulic control to the boiler operat ing with it. 
The boilers, which measure 5 ft. x 23 ft., are set vertically, and 
are designed much after the pattern of an ordinary fire-tube 
boiler, the hot gases from the producer passing through the 
tubes. Leading from each boiler are two gas mains, that for 
the producer gas being 24 ins., while the other for water gas 
is 20 ins. in diameter. The mains from each of the boilers lead 
to the bottom of one of the two wet scrubbers located in the 
corner room. A main leads from the top of the producer gas 

its way to the scrubbers, generates steam which is used for 
several purposes. In making water gas, it is introduced direct 
into the bottom of one of the producers. A limited quantity is 
also supplied above the fires of the producer when produced 
gas is being generated. A 2-in. steam pipe leads to the engine 
operating the exhauster. The boiler feed-pump working in 
connection with the feed-water heater, as well as the pump sup
plying pressure for the hydraulic valves, are also operated by 
steam. 

Water is lead through a 4-in. pipe to the top of the two 

THE CENTRAL BAY I N THE MACHINE SHOP 

scrubbers into which it is th rown in the form of a spray. After 
having fallen down over the layers of coke in the scrubber, it 
flows out of the bottom of the sc rubbers to the western end of 
the cooling basin, and after its temperature it reduced, it is 
again forced by an electrically-driven pump through the cir
cuit. A simila r pump, also motor-driven and placed near the 
scrubber pump, circulates water through the jackets of the 
engmes. A 6-in. di scharge from the pump runs the fu ll length 

of the engine room, taps 
leading to the water jackets 
of the engine bein g taken off 
at frequent intervals. T he 
di scharge pipe continues 
through the engine room 
and to the testing floor in 
the machine shop. T he re
turns from the jackets pass 
to the eastern encl of the 
cooling basin. T he two por
tions of the basin a re d ivided 
by a solid partition to pre
vent the mixing of the water 
of the two circulating sys
tems. 

GENERAL VIEW OF POWER PLANT, SHOWING COOLING TOWER AND GAS TANKS 
To start the plant when 

cold, the producers a re filled 

scrubber through the engine-driven exhauster . The discharge 
from the exhauster is 20 ins., and, according to the position of 
th e cont ro lling valv e, leads either to a purge stack exhausting 
into the atmosphere, or to the dry scrubber located outside the 
building. A hy-pass, whi ch may Le used as occasion may re
quire, is provided around this scrubber. A short length of 20-
in. main connects the dry scrubber to the producer gas holder , 
which is of 10,000 cu. ft. capacity. From the top of the water 
gas scrubber a 16-in. main goes direct to the water gas holder 
of the same capacity as that for producer gas. 

T he gas from the producers in passing through the boiler on 

with coal to a depth of about 
5 ft. This is lighted a t the top. The exhauster is then 
started, steam from the engine being obtained from the 
auxiliary boiler. T he down draft produced by the ex
hauster soon ignites the mass of coal. More fuel is then 
added until the bed is about 8 ft. thick. While the fire is get
ting under way, the gas being of an inferior quality, is allowed 
to pass off into the atmosphere through the purge stack previ
ously mentioned. After the fires have assumed the proper heat, 
the purge stack is closed, a limited quantity of steam is ad
mitted above the fires and th e prochiccr gas generated is ex
hausted into th e holder. If desired, producer gas may be made 
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continuously, but usually the requirements of the furnaces and 
forges are such tha t the generation of producer and wate r gases 
1s alternated at periods of from ten to twenty minutes. To 

1L _j 

the boi ler has been closed. T he pressure fo rces it up through 
the fi re of the producer, through a pipe connecting the two 
producers at the top, and down th rough the li ve coals of the 

1400-HP GAS ENG I NE FOR THE ELl\HRA WATER, LIGHT & RA I LWAY COMPANY 

make water gas, a few changes a re necessary. The charging 
.doors of the producers are screwed down tightly. Tbe. water 
gas scrubber is connected wi th the boiler and the connection 

uto• 

6'0rerflow from Scr11bbe.rs 

5'Refurn f"rom YJtrter Cooled 1-blve} 

1----- - .35'4~ ------

other producer. It then passes as gas th rough the boiler and 
scrubber to the gas holder. 

The steam soon cools the fires to a . point at which they do 

~~-'--------------

20'Miredfkrs 
{Tesffng Kovse.: 

P LA N VIEW OF GAS PRODUCER APPARATUS AND PIPING 

with the producer gas scrubber closed by the operation of 
hydraulic valves. The 3o~in. valve between the boi ler and the 
bottom of one of the producers is also closed. Steam is then 
admitted to the bottom of the producer, whose connection w ith 

not decompose the steam. The proper valves are then opened 
and closed, and producer gas is generated un til the fuel is 
brought to incandesce nce. W hen water gas is again ge nera ted, 
steam is introduced into the second producer, and its path 
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through the two producers is thereby reversed. This enables 
the raw steam to come in contact with the fire least cooled by 
the previous operation. As stated before, two producer sets 
a re installed. One is run until 
the ash or clinker in the pro-
ducer limits its capacity. The 
other set. is then fired, the 
scrubber connection to the old 
set being closed. By means of 
the cleaning doors at the grate 
level, the old producers are 
then empti ed· and cleaned, 
when they are again filled and 
are ready to be fired. About 
80 tons of bituminous coal can 
be consumed before cleaning 
is necessary. 

·~•,:' .... 

engine. The supply of water to the j acket of one of the cyl
inders is then shut off, the j acket being fiilecl with water , and 
another run is made. The engine is kept running un til the heat 

o' 4' 

. DDDD□□□ITJ□□ 

The engine room contains 
three 22-in. x 30-in. two-cylin
der American Crossley gas en
gines, each direct connected to 
a 150-kw, 250-volt, direct-cur
rent ge

0

nerator. A smaller en
gine of the same general de

- ... ~~.,,." .:~i..-. ... ~ . .. -.,<t-~ .. ~ .. ,:i' ~-!".;. ~ - c- . ,, ... , .1\ o ......... .. · • 

SIDE ELEVATIO N O F P R ODUCER GAS-E LECTRIC POWER STATIO N 

sign operates an air compressor supplying air to the surround
ing shops. Gas for the engines is supplied through a 20-in. 
main. The connection s are such that either all-water gas, all
producer gas or any desirable mixture of the two may be sup
plied to the engines. The arrangement of the pipes may be 
seen by reference to the plan. 

The American Crossley gas engines, manufactured by the 

i'.~ '.1t 
.} 

expands the piston so tha t it rubs on the cylinder walls. The 
pi ston is then removed and the spots where the rubbing has 
taken place arc scraped down. This process is repeated until 
the engine runs freely with water boiling in the cylinder j acket. 
The other pi ston s arc th en fitted in a similar manner. Next, 
the cams are given their final finish. When cut, an allowance 
of ¼ in. is left on these so that variations in keying them on 

the shaft may be correc ted. 
The correc tions necessary a re 
found ori ginally by studying 
indicator cards of the engin e. 
Afterward, it is sufficient to 
note the position of the pi s
ton. A ft er the corrections 
required a re fo und, the cams 
are fil ed down to proper 
shape while on the sha ft. . The 
fin a l tes ts a re made by sep
arate runs under one-qua rter , 
one-half and full load, each 
run being of two hours dura
tion. Occasional readings a re 
taken of the heat va lue of the 
gas, these being obtained by 
th e use of a Junker ca lori
meter. T hi s enables the ther
mal effi ciency to be computed. 

1400-HP GAS E NG I NE FOR THE ELMIRA WATER, LIGIIT & RAILWAY COM P AN Y 

In one of the views a fo ur
cylinder engine is shown on 
the test blocks. T hi s was 
built for the E lmira \ ,\/a ter, 
Light & Railway Company, 
of E lmira, N . Y ., and will be 
direct connected to the gen
erator. T he engine is rated 
a t q oo hp, and has a 36-in. 

company, are made wi th sin gle cylinders up to 150 hp. T wo
cylinder eng ines range in power from 180 hp to 645 hp, while 
those of four cylinders are rated at from 360 hp to 1400 hp and 
large r. 

A fter assembling, each engine is given a thorough test un<ler 
load. After the engin es have been assembled on the tes ting 
blocks, the bearings a re worn down by a run without load of 
from one to four clays duration, depending on the size of the 

stroke, the cylinder diameter 
being 32 ins. A fl y- wh eel 13 ft. in diameter is provided. A 
notable feature of the engine is the method of construct ing the 
~water j acket. T he inner meta l surrounding the combustion 
chamber is cas t sepa rate from the outer . Lugs a re cast on the 
outer and inner walls of the two shell s. T hese a re clrill ecl and 
tapped and binding stays inscr tccl , which ti e the shell s together. 
Thi s method o f const ructi on is used in order that cast ing 
strains, blow holes and oth er defects may be avoided. 
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E ach cylinder is fitted with a weighted fly-ball governor, 
which varies the mix ture in the cylinder according to the load 
carried. A sa fety gear pr events the• engine starting in the 
wrong direction. Ignition is accomplished by a double-ignition 
tube, arranged so one tube may be r enewed while the engine is 
operating. 

The ent ire oiling system drains to the crank pit. T he engine 
is built under a guarantee of speed variation not to exceed 2 

per cent from the mean. 
Another of the products of the plant is the 100-hp Crossley 

suction gas producer. The producer proper consists of a cylin
drical shell lined with fire brick and fitt ed with a revolving 
grate. The gas, aft er passing to the top of the producer, en te rs 
an evaporation, where heat is transferred from the gas to 
water-forming steam. which enters the bottom of the producer. 
A hydraulic box through which the gas next passes, prevents 
the gas backing up in to the produce r. It then flows through a 
coke scrubber, where it is cooled and cleaned, and then through 
one of sawdust, to remove any fine ash or other solid matter 
which may have been drawn throug;1 from the producer. 

---•♦----

SECURITY REGISTERS ON THE INTRAMURAL RAILWAY AT 
THE ST. LOUIS WORLDtS FAIR 

At the opening of the World's Fair in the early spring. the 

NEW CARS FOR LOUISVILLE 

T he St . Louis Car Company recently built three different 
types of cars for the Louisville Railway Company which are 
illustrated herewith. One of these is a standard double-truck 
city car, another is an interurban passenger car, and a third an 
interurban baggage and express car. 

The ci ty car has a 28-ft. body, is 8 ft. 3 ins. wide, and the 

STANDARD D OUBLE-TRU CK CAR FO R LOU ISVILLE 

length over all is 39 ft. 4 ins. T he seats are of the company's 
rever sible cross seat type, and number twenty, making the seat
ing capacity forty passenger s. The concave and convex panel 
construct ion has been retained in the const ruction of this car. 
T here are thr ee drop sash in each vestibule. T he cars are in
tended to run as single tenders, and have a longer platform on 

"--: ~~ 

- ~~--=-- -----;:•- ---L=--- *•,--,-~ 
I N T E R U RBAN PASSENGER CAR FOR THE LOUISVILLE RAILWAY COMPANY 

Security Register Company, of St. Loui s, Mo., was favored 
wi th an order from the Intramural Railway Company for fifty
fiv e fa re registers. T hese registers were of the company's 
numeral type, and have been in operation constantly since 
Opening Day, ringing up daily an average of 700,000 fares. 
A t the time the order was given, six extra registers were fur
ni shed, to be used as substitutes in emergency cases if any of 
those in da ily operation should ge t out of order. It is worthy 
of note that at the closing of the Fair, not a single one of the 
registers furni shed fo r emergency service had been taken out 
of the cases in which they were delivered. Every one of those 
installed on the intramural cars is as good to-day as when 
placed in the cars, and not a single part of the mechanism has 
been replaced during a summer of as severe service as can pos
sibly be g iven to a register. 

These registers were not manufactured especially, or in any 
sense picked out, fo r thi s particular service, but were sim
ply taken out of the common stock from which all orders are 
fill ed. T his excellent · showing is therefore all the more 
creditable, and is evidence of good mater ial and excellent 
workmanship. 

the rear than on the front. T here are vestibul e doors on one 
side of the platfo rm. Over the center window of each vestibule 
is an illuminated sign. T he car is mounted, as shown, on St. 
Louis N o. 47 trucks and is equipped with St. Louis sand boxes. 

INT ERUR BAN BAGGA GE AND EXPRESS CAR 

T he in terurban passenger car is slightly longer than the city 
car and of heavier construction. It has a 32-ft. Lady, is 8 ft. 
3 ins. wide, and is 43 ft. 4 ins. over all. It has the St. Louis 
steel channel bot tom, with the strength in the side sills and 
wi th pockets in the sides, into which windows are lowered, 
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making a semi-convertible car. The seating capacity is forty
four. The seats are high backed and reversible, are covered 
with rattan, and have head rolls at the back. The vestibules have 
three drop sash in the ends and folding doors on each side. 
There is an illuminated sign in each vestibule over the center 
window. These cars are also mounted on No. 47 trucks and 
are equipped with the company's arc headlights and sand boxes. 

NEW MANHA TT AN ELEVATED CARS 

Fifty new cars are now being equipped for service by the 
Interborough Rapid Transit Company, of New York, for its 
Manhattan elevated lines. The car presents no radical changes 
from the regular elevated cars of the company. It is intended 
for use as a trail c,ar. The length over all is 47 ft. I in. ; the 

ONE OF FIFTY NEW TRAIL CARS F O R THE ELEVA.TED DI \ 'ISICN C F THE INTERDOROUGH RAPID TRANSIT COMPANY 

The baggage and express car, interior and exterior views of 
which are shown, is 42 ft. over a ll and is without platforms. 
There are two doors on each side of the car, so th;i.t loading 
and unloading is facilitated, and it is not necessary to keep a 
passage clear the whole length of the car. There is also ample 
window space, the windows being protected from the inside by 
iron guards. At each end of th-e car is a partition rail of iron 

AN INTERIOR .'JEW OF TIIE BAGGAGE AND EXPRESS CAR 

pipe to protect the motorman from the baggage. The equip
ment of this car as regards trucks, sand boxes and headlights 
is the same as the interurban passenger car . 

•• 
At the height of the rush hour crush on the morning of Nov. 

29, traffic on the Brooklyn Bridge was tiecl up by an accident. 
The trouble occurred near the Brooklyn side, where a cable 
train broke down with a shattered axle. The stalled train 
caused the trains behind to be stopped, and in a few moments 
the tie-up was general on the entire cable service. 

width over all, 8 ft. 9¼ ins.; height from under side of sill to 
top of roof, 9 ft. 6 ins.; and seating capacity, forty-eight pas
sengers. There are four cross seats on each side of the aisle 
in the center of the car, with longitudinal seats at both ends 
of the car. Cars are of the double-side construction, with 
steel anti-telescoping device. Single sliding doors have been 
adopted. The lower window sash raises as in an ordinary 
steam coach, and the upper sash is stationary. The finish is 
mahogany. Van Dorn automatic couplers are used, as on the 
other cars of this elevated system. The trucks are known as 
Hedley No. 33 trailer trucks. Both cars and trucks were made 
by the St. Louis Car Company. ___ ................. --

SELF-LUBRICATING TROLLEY AXLE 

The self-lubricating trolley axle, which is made by Swazey 
& Smith (Inc.), Boston, l\Iass., is a combination of trolley 
axle, bushing and oil receptacle. Its use prevents the arcing 
and roughening that wear out bushings and cause the wheel to 
wobble and leave the wire. The apparatus is constructed to 

SELF-L U ilRTCATI N G 1ROLLEY AXLE 

furnish just enough oil so that none will leak on to the harp, 
pole, rope or other material on the top of the car. It lubri cates 
only when the wheel is revolving, friction drawing oil through 
the wooden plug as a lamp clraws oil thfough a wick. \Vhere 
this axle is user}. bushings are not required on new wheels, 
and they may also be removed from old ones. 
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The only machi ne work needed in changing the harp to use 
th is axle is to remove the axle from the harp and redrill the 
,½ -in. holes to ,½ in. , ·which wi ll serve to take the place of the 
ordinary axle and bushing. The manufacturers recommend the 
refi lling of the axle w ith oil as often as eve ry 5000-mile run. 

•• 
INTERESTING SEMI-CONVERTIBLE CARS FOR MONTREAL 

Several cars just completed by the J. G. B rill Company for 
the Montreal Street Railways have a number of especially in
teres ting featu res. The cars a re of the semi-convertible type, 
with the pockets in the side roofs for the wi ndow sashes. The 
line::, in Montreal are planned to have the cars run in one direc
tion ; therefore, the entrances a re at one side and the seating 
plan arranged accordingly. At the fo rward right hand co rner 

I NTERI O R OF THE MONTREAL SEi\l I -CON VERTIB L E CAR 

a double seat is placed longi tudinally, at the rea r end are longi
tudinal seats with a capacity of seven passengers each, and 
between a re transversely placed seats 35 ins. long, leavi ng the 
a isle 22 ins. wide, and the hand poles extend the full length of 
the car, with hand straps only over the longitudinal seats. A rm 
res ts are bracketed to the window sills at the sides of the trans-
ver3e sea ts. These are necessary because of the low 
sills, the height from top to floor be-

-, 

window 

being 15 ins. from the rail head and the outer edge of the lower 
step being within the width of the car. Platforms at either 
end are 5 ft. 4 ins. long, and that at the fo rward end has a rail
ing which is placed transversely to the platform and separates 
the space occupied by the motorman from the res:: of the plat
form, which may be used by standing · passengers. This vesti-

REA R PLATFORM O F MONTREAL SEMI-CONVERTIBLE CAR 

bule is furni shed wi th a door which fo lds against the vestibule 
posts. The windows of the vestibules at either end are ar
ranged to drop in pockets in the wainscoting. Sheet metal is 
attached to the outer sheathing of the vestibules and brought 
over the bumpers to prevent persons from standing on them. 
The interior of the ca rs is furnish ed in ash of natural color, and 
presents a bright and pleasing appearance. _- The roof is of an 

ing 24¾ ins. Semi-accelerator doors 
a re in the car ends, whi ch, being at 
the sides near the ent rances, fac ilitate 
the movement of passenge rs in and 
out, and is particularly applicable to 
the 'platform arrangement of these 
cars. T he rear platform, as illus
trated, is provided with a bronze pipe 
rai ling which starts at a point 18 ins. 
from the step line and 26 ins. from 
the car body, and is Lent around to 
join the car body 2 0 ins. from the 
ves tibule sheathing. This a rrange
ment g ives a large amount of stand

EXTERIOR VIEW OF MONTREAL STREET RAILW i\ Y'S NEW CAR 

ing space on the platform and prevents standing passen
gers from obstructing the passage way into the car. It 
also provides a convenient place for the conductor to 
stand on the platform-that is, between the door posts 
and the rai ling, where it is bent around. The spaces 
a re wide enough foI two passengers to enter or leave 
at the same time, and as the cars are mounted on pivotal 
trucks, which carry them too high fo r a single step which could 
be safely used in city service, double steps are u_sed, the lower 

odd construction, as will be seen in the illustrations, the inten
tion being to make it light and strong. As is well known, the 
steam car type of roof is more waterproof than the monitor 
type with transoms exposed to the weather, but the weight on 
long platforms is excessive, therefore the arrangement as 
shown was adopted, which, besides reducing the weight, gives 
a pleasing appearance. 

The cars are 28 ft. over the end panels, and 38 ft. 8 ins. over 
crown pieces; width over sills, 7 ft. 8,½ ins., and over posts at 
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uelt, 8 ft.; sweep of posts, r :)4 ins. The side sills are 4 ins. x 
7H ins., with 12-in x ¾-in. sill plates on the inside, to which 
the bases of the posts are attached. The end sills are s¼ ins. x 
6¼ ins. The thickness of the corners is 3¾ ins. x 3¼ ins. 
The car is furni shed with "Dumpit" sand boxes, " Dedenda" 
gongs, retriever conductors' bells, ratchet brake handles, radial 
draw-bars, angle-iron bumpers, etc. The weight of the car 
body is 15,310 lbs. 

THE MORSE SILENT CHAIN FOR MACHINERY DRIVING 

With the growth of importance o f the machine shop question 
in street railway repa ir shop practic e, the assoc iated problems 
of machin e tool selection and operation, as well as the other im
portant factors of management , etc., a re assuming places in 
th e mechanica l departments of electric railway systems which 
closely rival those to be met on steam roads and under factory 
operating condit ions. As has been the very general experience 
elsewhere, the question of the arrangement of tools and, sub
sequently, that of driving them, have been found among the 
most difficult. 

The driving of machine tools, and in fact of any class of ma
chin ery, is one of the most important factors bearing upon suc
cess ful operation. The plan of driving mac hines individually 
by electric motors has been shown in mode rn shop practice to 
be the most conducive toward increased production and effi
ciency of .operation, but the limitations of the belt and gearing 
methods of driving, forme rly avai lable and in use, did much to 
restrain the more general adoption of motor dri,:ing. The in
troduct ion of the silent chain drive ha s, however, created a 
new field for motor driving-the silent chain has a ll the ad
va ntages of flexibility and smoothness of drive that is inherent 

The construction of the Morse s ilent chain is clearly shown 
in an accompanying illustrat ion. As may be noted, the joint 
consists of two pi eces of ha rdened tool steel, so shaped and a r
ranged that, as th e joint works while passin g on and off the 
sprockets, one piece rocks or rolls on the other. T he two rock-

CON"STRUCTION OF 1IO RSE SI LENT CH AI N 

ing parts of the joint are fi xed in opposite ends of the links, and 
as th ere is only a pure rolling friction on hardened tool steel 
surfaces with ample con tac t a rea to withstand the pressure, 
the re is no tendency for th e joint to ,vear and cause the chain 
to lengthen. To prevent unrlue v ibrat ion under high speeds 
and the consequent wear, the rocker pins of the hi gh-speed 
silent-running chain are so shaped that the areas of contact 
surface <!- re great ly increased when the chain is drawn st ra ight 

between sprockets, in which positi ori a broad bear
ing is given. The two-part pin used in the Morse 
rocker joint permits of an unbroken contac t th e 
whole width of the chain, less the outside links, 
which result £- in nea rly_ doubling the length of the 
bearing surface over a chain w ith a single-pin joint. 

As the rocker j oint is subj ected only to rolling 
friction, it does not require lubricat ion, and the 
speed limit is therefore not fixed by the point at 
which the centrifugal force wi ll throw off the lubri
cant. A paste grease, sufficiently heavy so that it 
will not be thrown off at hi gh speeds, affords proper 
lubrication for the chain in its contact with the 
sprocket teeth and between the plates of the chain 
itself. As the pressure between the chain and the 
sprocket tee th is in verse ly proportion al to the num
ber of teeth in contact with the chain, and as this 
num ber is large, th e pressure is small , and· very little 
wear will take place. 

A TYPICAL A PPLl CATION OF TIIE MORSE CHA I N FOR DRIVING A LATHE 

The life of a silen t chain is inversely proportiona l 
to the number of teeth in the large sprocket, and 

in the belt drive, and to this is added the positiveness of dri ve 
which lJe longs to gear'ing. 

T he l\Iorse Chain Company, of Truman sburg, N. Y., ha s 
made a special study of the applicat ion of silent chain drivin g 
to severe and limiti ng condition s, which have given trouble 
with any other method of driving. As a result. of thorough and 
exhaustive investigat ion, it has perfected a cha in fo r ma
chin ery driving which is adaptable to any class of service what
eve r; it is. not affect ed by hi gh speed, very hot or dry atmos
phere, or moi sture, an<l wi ll run sa ti sfactorily with but little 
lubrication. I t is fo und in practice not to wear rapidly even 
,when subj ected to the most ,,eve re extremes of du st, dirt and 
grit imaginable. T he important feature is that its effi ciency in 
transmi ssion of power is very h igh, being by actual tes t from 
98 ¼ per ccn t to 99 per cent. 

s ince the lengthen ing of the Morse chain is very 
slight, it is possible to use very large sprockets and make 
large speed reductions. The relat ion of the size of the 
wh eel to the Ii fe of the chain ( this being the principal 
feature that makes it sil ent ) comes from the fac t that 
the chain climbs higher on the too th as it lengthens and does 
net become inoperative until the top of the tooth is reached. 
The height of the tooth for a given pit ch is practica ll y the same 
for all sized wheels, and it fo llows that in a unit leng·th of 
chain , equal to the circum fe rence of any wheel, the total length
ening that may take place befo re the top of the tooth is reached 
is th e circ um fere nce of a circle whose radius is the height of 
the tooth. The amount of st retc h, therefore, that can take 
place per link in thi s len gth of chain is in versely proportional 
to the number of trcth in the wheel, which equals the number 
of links in the cha in. It is for this reason that with a chain 
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having the less lengthening due to joint wear the greater the 
number of teeth that can be satisfactorily used in the large 
wheel, with a consequent larger speed ratio. 

The sprocket wheels are made of high-grade cast iron, accu
rately cut, and in use are found to show little or no wear. For 
excepti onally hard service or when there is little metal around 

TWO SILENT CHAINS DRI VING CONDENSI NG PUMPS 

the shaft, ha rdened steel sprockets are used. T o properly guide 
the chain, special guiding links are used, proj ecting below the 
balance of the chain into grooves turned in the sprockets. The 
holes in the opposite ends of the links are punched to conform 
in shape to and securely hold, in the large end of 
the link, the rocker pin, and in the small end th e 
seat pin, there be ing no motion between either part 
of the joint pin and link. T he outside links are bent 
laterally so that the large end comes under the small 
end of the adj oining hnk to permit of the proper en
gagement with both seat and rocker pin. The joint 
pins are made of the bes t grade of tool steel care
fully hardened, the shouldered ends of the seat pins 
being softened to permit of being riveted in the 
outside links, or in washer s in the larger pitches, to 
securely hold the chain together. 

\1/ith the increasing use of machine :ools in street 
railway shops, a study of thi s important branch 
of the subj ect will be profitable. Under such shop 
condi tions, where the ques ti on of motor driving is 
simplified by the presence of the 500-volt direct
current power circuit, the silent chain is particu
larly applicable for machine driving. Some inter
es ting applications of the chain may thus be here 
shown to advantage. 

The accompanying illustra tions show the appli
cation of the drive to a lathe, and two chain drives, 
operating from a motor-driven shaft to drive condensing pumps. 
These latter were introduced here to replace the gears fonnerly 
used, and which were abandoned on account of their noisy 
action ; the maximum pull on the chain is 10,000 lbs., which 
alternates to 300 lbs. negative pull a t each stroke, due to the 
intermittent action of the pumps, but over two years' service 
has shown no depreciation. 

••• 
With the dri ving of a couple of silver spikes on Nov. 21, 

P resident Mellen, of the New Haven Railroad, completed at 
Muddy River , IO miles north of New Haven, the last link m 
the chain of trolley lines between New York and Boston. 

RAILROAD INSPECTION CAR 

A new type of the Oldsmobile railroad inspection car, known 
as the model No. 2 tonneau car, is shown in the accompanying 
cut. This car is similar in general construction to the No. 1 
car, with the exception of having a tonneau added, which gives 

it a capacity of from six to eight persons. It is 
designed so that the tonneau can be removed and a 
platform added, which will carry the necessary men, 
tools and material for ordinary railroad repairwork. 
The No. 2 tonneau car is operated by a 7-hp gasoline 
motor, and has a speed of from 30 to 35 miles 
per hour, which is variable and under perfect con
trol. The engine and gearing are the same as used 
in the regular Oldsmobile runabout, and the motor 
is started by cranking the same while the car is 
standing, in the same manner as the ordinary 
automobile. 

The car is built for standard gage, has a 62-in. 
wheel base, oak sills, 20-in. pressed steel wheel, 
M. C. B. pattern, cold-rolled steel axles, Hyatt 
roller bearings and powerful brakes of the ex
p:rnding clutch type. These cars have ample ca
pacity for water and gasoline to run the car IOO 

miles or more, and the cost of operating is very 
slight, as a gallon of gasoline is sufficient to drive 
it from 20 to 25 miles. · 

One of these cars has run something over 3000 
miles on a large railroad where there are grades 
as high as 3 per cent, and has demonstrated its 
capacity for running at a satisfactory speed up 

these grades with a full load. From a full stop on a maxi
mum grade, the car quickly develops a speed of 20 miles per 
hour. In operating the car in backward motion it is geared 
to run at about one-half the forward speed. 

RAILROA D I N SPECTION CAR 

The Railway Appliances Company, of Chicago, 1s the sole 
selling agent for these cars in the United States. 

The Cincinnati, Georgetown & Portsmouth Railway Com
pany expects to complete its extension to Russellville by Christ
mas. The extension is 8 miles long and necessitated the erec
tion of three steel bridges from 260 ft. to 312 ft. long, and three 
very heavy fills. The Bethel & Felicity Railway Company has 
placed a contract for constructing a 6-mile road from Bethel 
to Felicity as a feeder for the Cincinnati, Georgetown & Ports
mouth Railway Company. 
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THE CHICAGO & MILWAUKEE ELECTRIC RAILWArS 
NEW CARS 

The accompanying illustration shows the new cars which 
the Jewett Car Company has recently shipped to the Chicago & 
Milwaukee E lectric Railway. These cars embody some new 
features in interurban car construction, among which are the 
steel platforms, the Edwards sash balance and the Edwards 
hap door for the platform. The total length of these cars is 
46 ft. 9 ins., while the body is 36 ft. long. The floor framing 
consists of channels and I-beams with wood fillers. The plat
form framing is made detachable from the body floor framing 
and is entireiy of steel. The vestibule has a folding partition, 
so as to form a separate space for the motorman, as shown in 
Fig. 1. Each car has a smoking room about 12 ft. long. 

The car throughout is fini shed in mahogany, inlaid with neat 
marqueterie. The ceiling is of the semi-Empire type, and is 
painted cream color, with gold decorations. The seats are of 
the Walkover type, with high roll-top backs, and are finished 
in rattan. They were manufactured by Hale & Kilburn. The 
gothics and decks are glazed with green opalescent glas~. All 
trimmings are of solid bronze. The curtains are of pantasote 
of the Forsyth type. The cars are lighted by incandescent 
lamps, so placed that they form arches across the ceiling. 

Four of the cars are mounted on Brill trucks and two on 
Curtis trucks. The motor equipment consists of four GE 76 

J 
./ 

65-hp motors, operated by the type M control system. The 
cars are heated by hot-water heaters and are equipped with 

FIG. 3.- SEATING ARRANGEMENT OF CHICAGO & MIJ.,WAUKEE 
ELECTRIC RAILWAY COMPANY'S NEW CARS 

hand brakes, as well as Christensen straight air brakes, made 
by the National Electric Company. The air brakes are ar

ranged so these cars can run in trains. Van 
Dorn draw-bars are used, and the cars are 
also equipped with the DeFrance pneumatic 
air sanders. 

Thomas W. Childs, a well-known electric 
railway promoter, will run for the office of 
mayor of Akron, Ohio, at the next election. 
Mr. Childs has been trying for a long time 
to secure an entrance to Akron for his pro
posed line to Massillon. He was granted a 
franchise, but it was repealed at the next 
meeting of the Council. He was backed by 
prominent business men, and at the recent 
election he succeeded in defeating three of 
the councilmen who had opposed his road. 
Now he hopes to become mayor and will 
have a traction plank in his platform. 

J J( ; 1.- PLAN UF VESTIBULE, WITH FOLDING PARTITION FOR~
MOTORMAN'S SPACE : . ._. ,,_·_ :~' Yi•,,:~::: 

The Mansfield (Ohio) Railway, Light & 
Power Company has leased quarters on Main 
Street which will be fitted up for the general 
offices of the company and for ticket office 
and waiting room for the two interurban 
lines entering the city. 

FIG. 2.- 0 N E OF THE NEW STEEL PLATFORM CARS FOR THE ( Ill< 1\ ( ; () & MJL\V A L, h.EE ELECTR I C RAILRUAD 
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A TROLLEY CONTROLLER 

A novel type of trolley retriever, or trolley controller, as it is 
termed by the manufacturers, has recently been placed on the 
market by the International Trolley Controller Company, of 
Buffalo. The device is the invention of P. D. Milloy, 
whose roller-bearing trolley base is in extensive use, and de

brakes are applied a red disk, which is connected pneumatically 
with the braking system, is interposed between the lamp and 
the lens. In this way the motorman of the following car can 
tell instantly whether the brakes on the car in front of him are 
being applied, and hence whether the distance between the two 
cars is being shortened. 

The International Trolley Controller Company has recently 
pends for its operation on 
compressed air. The con
troller, a section and side 
elevation of which are 
published in Fig. I, is 
mounted on top of the car 
at the base of the trolley 
pole, as shown in the sec
ond engraving. A small 
wire cable is attached to 
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the middle of the trolley 
pole and is carried around 
a pulley on the top of the 
car and then around a 6-
in. sheave at the end of 
the pneumatic piston at 
the end of the controller, FIG. 1.-SECTION AND PLAN OF TROLLEY CONTROLLER 

then around the drum at 
the base of the controller. The apparatus in its normal 
position is shown . in Fig. r. If, however, the pole should 
leave the wire, the drum revolves the fraction of a 
turn, opening the air cock shown in the section. This 
admits the full air pressure from the brake reservoir into 
the air cylinder, and the air piston, which carries at its outer 
extremity the 6-in. sheave, is pushed out a distance of 18 ins., 
taking up 3 ft. of the wire cable and drawing down the trolley 

FIG. 2.-CAR EQUIPPED WITH TROLLEY CONTROLLER 

pole a proportionately larger amount, say about 7 ft., depend
ing upon the point on the pole at which the wire cable i~ at
tached. The pole is returned to the wire by the conductor by 
means of the regular trolley cord. Pulling this down releases 
the tension on the drum, closing the air valve and exhausting 
the air in the cylinder. The operation is so simple that the 
conductor can replace the trolley on the wire without delay or 
stopping. The device not only acts as a retriever, as described, 
but it is found that the wire cable guides the trolley pole on 
curves, junctions, etc., and prevents its leaving the wire. It 
also steadies the trolley and prevents arcing between the wheel 
and wire when the car is running at high speed. 

Mr. Milloy has also recently invented a new type of rear-end 
signal lamp, which is also in use by the International Traction 
Company. This lamp normally burns white, but whe_n the 

opened an office at 26 Cortlandt Street, New Yark City, in 
charge of A. J. Wilson, formerly master mechanic of the 
Brooklyn Rapid Transit Company. In addition to trolley con
trollers, trolley bases and the signal lamp mentioned, the com
pany has made arrangements by which it is in a position to 
furnish electric railway supplies of all kinds, especially trolley 
poles, armature and axle bearings of all kinds, assembled com
mutators, armature coils, gear cases, both wooden and malleable 
iron, brush holders and controller parts. This company has 
also secured the agency for the Security register, and has re
cently placed on the market a trolley trough to be used over 
the trolley wire at railroad crossings, to catch the trolley wire 
and conduct the current to it in case it should leave the wire. 
The company has also secured the agency, and will place on the 
market a new type of electric railway truck with steel side 
frames, which is being manufactured under the Bettendorf • 
patents. 

INTERURBAN RAILWAY TO PROSECUTE PRACTICAL JOKERS 

Three youths of Grandview, Iowa, recently attempted a 
practical joke on the interurban line which came near having 
a serious ending. The boys made a dummy man out of old 
clothes, straw and excelsior and placed it on the interurban 
track at the bottom of the high hill south of Grandview Park. 
Car No. IOO was speeding down this hill when the motorman 
in charge saw the figure of a man on the track. He turned off 
the power and applied the ai r brakes, and the car came to a 
stop a short distance beyond where the figure was lying. The 
motorman rushed into the car saying he had run over a man. 
The conductor and others hurried out of the car and soon dis
covered that the car had run over a dummy. The joke came 
near having a serious ending, as it was a miracle that the car 
did not jump the track and roll over a steep embankment when 
the brakes were applied so suddenly. The interurban officials 
have had the boys arrested and intend to have them punished 
on the charge of placing obstructions on the track. 

This is the second time this offense has been committed with
in the past two months. The first time the dummy was dis
covered in time for the motorman to bring his car gradually to 
a stop, and there was no danger either for himself or passen
gers. But the last time the motorman actually believed he had 
run over a man, and suffered greatly from the shock, and the 
car came near leaving the track, which would have resulted in 
injuries to passengers and possibly death to some of them. 
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LONDON LETTER 
(From Our Regular Correspondent.) 

An account of the technical features of the eighth general meet
ii1g of the Association of Tramway & Light Railway Officials, held 
at ·wakefield on Nov. 2 and 3, is published elsewhere, and some 
particulars will be given here of the highly successful social 
side of the convention. The members were duly welcomed on the 
fi r st day of the meeting by the Mayor of Wakefield and the directors 
of the Wakefield & District Light Railway Company. The same 
evenino- members and friends were invited to a dinner by the direc
tors ot'the Wakefie ld & District Light Railway Company, the small 
banqueting hall of the Town Hall having been kindly placed at their 
disposal. On the second day the papers of Messrs. Coutts and 
Raworth were presented. In the afternoon the delegates and 
visitors were taken to see the electricity works of the corporation, 
and also the new power house of the Wakefield & District Light 
Railway. It had been specially arranged by President England to 
have the opening ceremony of the Wakefield & District Light Rail
way on that day, and a large gathering, not only of the delegates 
to th e convention, but of many of the Town Councillors and their 
friends belonging to the various local authorities through which the 
system runs, were present. The opening ceremony took place at 4.30 
at the power house, where elaborate refreshments were offered by 
the company. The whole of the work of the Wakefield & District 
Light Railways has been done by Messrs. Dick, Kerr & Company, of 
London, and a full description of th e system will be found in an
other column. It is a source of great satisfaction to be able to re
port that this system, which is operated by a company, has entered 
into a very amicable arrangement with the Leeds Corporation 
Tramway, by which cars belonging to the company will be able to 
nm into the center of Leeds, and the Corporation cars will be able 
to run over the company's system when required. All arrangements 
for this ·inter-communication of traffic between the company and 
the Corporation of Leeds are not yet completed, but, as was stated 
at the Association dinner the outline of the plan has been drafted 
out by Mr. J. B. Hamilton for the Leeds tramways, and Mr. H. 
England for the company's tramways, and has been practically 
agreed to. Thus we have one more example in England of a mu
nicipality and a company working together on a friendly basis which 
must result in mutual benefit. · 

What can reasonably be termed a record in electric railway oper
ation recently took place on that portion of the line of the North 
Eastern Railway, near Newcastle, which has been electrically 
equipped by the British Thomson-Houston Company, Ltd. Owing 
to the festivitie s occasioned by the visit of the Channel Squadron to 
Newcastle the passenger traffic on the electrified line was enor
mously increased, necessitating on the fir st day the continuous run
ning of eighty-six out of the possible eighty-nine available cars, and 
on the following day the full complement of cars ( eighty-nine be
tween the hours of S p. m. and II p. m.). Although the equipment wa
subj ected to exceedingly heavy and unusual demands, not a single 
breakdown or interruption to service was experienced. The suc
cessful operation of this line, one of the first and largest surface 
electric railways in the United Kingdom, and its ability to success
fully meet sudden and heavy demands certainly augurs well for the 
future of h eavy electric traction. 

Mr. J ohn Young, who recently resigned his position as general 
manager of the Glasgow Corporation Tramways to take up the po
sition of general assistant to the chairman of the Underground Elec
tric Railways Company, of London, and general manager of the 
Metropolitan District Railway Company, was recently entertained 
at dinner on the occasion of his leaving Glasgow. About 180 gen
tl emen were presen t, Sir John Ure Primrose, Lord Provost of 
Glasgow, occnpying th e chair. A large number of the gentlemen 
present consisted of those connected with the Corporation in vari
ous capacities and others well known for their interes t in ci vie work. 
The Lord Provost proposed the toast of "the guest of the evening, 
Mr. J ohn Young," and congratulated Mr. Young upon the apparent 
manner in which he h as received th e acknowledgment of the good 
will of his fellows, and also in that material signification of approval 
which should be the accompaniment of capable service. He did 
not wish to give the history of the tramways, but stated that in 
every aspect of the evolution of tramways th e dominating note of 
the man who was g iven an absolutely free hand, and an absolute 
personal control, had jnstifi ed the act of the Town Council in plac
ing Mr. Young in charge. He a lso stated that the president of the 
British Association of Electrical Engineers who had recently re
turned from seeing every tramway system in America and on the 
Continent h ad stated that in every detail as to equipment, cheap
ness of fares, and cleanliness of tramway systems, Glasgow was the 
finest in the world. The Lord Provost wound up his remarks by 
stating that th e citizens who had admired his work could con-

gratulate themselves on the parting evening in saying to him "God 
speed you, John Young." Mr. Young in replying stated that he had 
a very plesant memory of the kindness which_ had been_ extended _to 
him in Glasgow. He felt that it was a very high compliment to h1~ 
to be asked to o-o to London. As his department was no longer m 
'"' state of tran~ition but thoroughly organized and equipped, the 
uew field was a gre~t inducement to him, and he had accordingly 
accepted the work which would open up many new problems. A 
toast was then proposed to the h ealth of the new manager, Mr. 
J ames Dalrymple, who, in acknowledgement , stated that nobody 
knew better than he did what Mr. Young had done for the tramways 
department, and to what a high state of effici ency that department 
had been brought. 

A presentation to Mr. John Young took place in the o~ces in 
Renfield Street previous to his leaving for London. In askmg Mr. 
Youno· to accept th e crown Derby dinner and dessert services, with 
silver'"tray and rose bowls, which had been subscribed for by the 
employees of the department, Mr. James Dalrymple_ said t'.1at ~s 
lonn- as the cars ran in Glasgow they would be associated with his 
na~e. Mr. Young returned thanks for the presentation, and re
marked that he did not think anyone could have desired a better 
staff. He looked back upon his connection with them with the 
greatest pleasure, and h e was sure they would prove equally loya l 
to Mr. Dalrymple , his successor. 

The tramways department of the Glasgow Corporation h as now 
secured for it self a fitting home. For yea rs back the department 
has not had such convenient or suitable hea dquarters as was neces
sa ry, and some time ago it wa s determined to vacate the present 
premises while they were being altered and to occupy temporary 
premises. Accordingly the bnilding which had been occupied for 
years was given into th e hands of the builders who have now re
modelled the whole building into one of a much more imposing as
pect and of greatly increased convience. The old entrance, situated 
in Renfield Street has been closed, and the address of the depart
ment will now be 46 Bath Street, where a new entrance h as been 
bnilt. The extensive basement is occupied by stationary stores, 
while the ground floor is entirely devoted to the tramway depart
ment, telephone exchange and inquiry office. The general manager' s 
room, with the accounting staff and the pnrchasing and correspon
dence staffs, is situated on the first floor, while the cashier, pay 
clerk, etc., are on the second floor. The engineering staff oc
cupies the entire third floor, and the female staff occupies the fourth 
and a part of the fifth floor. · 

Hastings and District Electric Tramways Company, Limited, was 
registered Nov. 9. Capital, £500,000 in £5 shares (50,000 prefer
ence). Object, to adopt agreements (r) with M. S. Myers and C. 
Mendel, (2) with the Hastings Tramways Company, and (3) with 
Dick, Kerr & Company, Limited; to construct, purchase, lease o r 
otherwise acquire light or other railways and tramways in Hastings 
and Bexhill or elsewhere; to obtain any orders or Acts of Parlia
ment in connection with the same, and to carry on the business '.)f 
tramway and railway proprietors and workers, electricians, me
chanical engineers, contractors for public and other works, etc. 

Speaking recently at an election meeting, A lderman l\I'Cabe ( a 
member of the tramwavs committee) said in a very short time 
Manchester would soon· be making its own cars. It would h ave 
one of the best arranged and well equipped workshops in Eng
land for the purpose of repai ring and making cars, and he believed 
it would be the first municipal workshop of its kind in England. 
This would to some extent solve th e unemployed problem, he
cause it would be bringing into Manchester employment that was 
not there before. It will be remembered that Glasgow has had 
municipal car workshops for several years. 

The electric tram system, inaugurated by the Swindon Cor
poration, has been inspected by Colonel Von Donop, R. E., and 
C. L. Trotter, Electrical Adviser to the Board of Trade, and 
the formal opening has taken place. The overhead system has 
been adopted, and the route extends to 3½ miles. An additional 
route has been sanctioned, but not laid. T he total cost is esti
mated at present at £37,000. Only seven cars have been ob
tained; but thi s number is certain to be increased very shortly. 
The whole of the work on this system was carried out by J. G. 
·white. Company, of London. 

The Tramways Committee of the Birmingham City Council, at 
it s last meeting, formally app roved of the draft of the pro
posed Parliamentary bill embodying the committee's tramway 
scheme for the city. The draft was ordered to be printed for the 
information of the Council , and the committee also approved a 
short report explaining certain points. This report has now 
been issued, and it is stated that the draft bill will follow in a few 
days. The cost of the construction of the new tramways, includ
ing street widening, reconstruction of existing tramways, over
head electrical work, car sheds, rolling stock, etc., is estimated 
at £1,018,350. It is intended to apportion the cost of the street 
widenings between the public works and tramways committees 
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having regard to the extent to which such widenings are re
quired as street improvements or for tramway purposes. 

The Stockport Corporation has decided to recommend the 
Council to purchase the Stockport and Hazel Grove Tramways 
undertaking at a cost of £24,000. The negotiations between the 
company and the Corporation have extended over a long period, 
and the Corporation committee have at length accepted the com
pany's terms. It is estimated that in the event of purchase the 
Corporation will take over realiy;able assets to the amount of 
£5,000, and together with the purchase money and electrification 
the total cost to the Corporation of the route will be £72,000. 
On this sum a profit of £4,500 a year, or 6¼ per cent, will have 
to be made to pay interest and sinking fund. The company's 
lease had still seven years to run, and at the end of the period the 
Corporation could have acquired the lines compulsorily at a 
price fixed by arbitration. The purchase price of £24,000 is equal 
to 28s. per share. 

The Birmingham City Council has authorized the tramway 
committee to proceed with a Parliamentary bill for power to ex
tend and electrify the city tramways, the existing - portions of 
which have already been acquired. The cost of the scheme will 
be over a million sterling. One important suburb, Harborne, is 
left out of the' scheme in consequence of opposition by the in
habitants to the proposal. 

The proposal to construct tramway lines over the bridges and 
along the Embankment has now a better chance of becoming an 
established fact. The open hostility hitherto displayed on the sub
ject between the City Corporation and the London County Coun
cil is becoming less marked, and this is considered to herald an 
early decision to proceed with the scheme. When the question 
was earlier discussed, the County Council named as possible tram
way routes several streets in which it was impossible to place 
tram lines; but as far as the Embankment was concerned there 
ought not to be the slightest objection. If the proposal were 
heartily backed up by the Corporation and the County Council, 
the House of Commons would not be likely to stand out against :t 

A farewell dinner was recently given to F. D. Huntington, who 
returned to America some weeks ago. Mr. Huntington has been 
in London for some years in the construction department of the 
British Westinghouse Company, and has chiefly been known here 
as the resident engineer in charge of the erection of the N easden 
power house for the Metropolitan Railway Company's electrification 
scheme. Mr. Huntington's record here for a young man has been 
a brilliant one, and he had endeared himself to a large circle of 
friends and acquaintances who wished him God speed in his 
return to his native land. A. C. S. 

PARIS LETTER 
( From Our Regular Correspondent.) 

During the first ten days following the opening of line No. 3 of 
the Paris-Metropolitan Railway, a line, it will be remembered, 
adding 25 per cent to the length of lines already in service, the 
average daily number of passengers increased nearly 40 per cent. 
This result, although notabl e, is overshadowed by the results of 
the second period of ten days fo llowing the opening. From Nov. 
I to Nov. IO the ave rage number of passengers exceeded 418,000 
daily, with receipts amounting to f. 72,500. The lines thus far have 
carried over II,000,000 passengers more than during the same 
period of 1903. 

This paper has from time to time pointed out the very poor 
state of several of the tramway companies operating their lines, 
or a part of them, on the various surface-contact systems. The 
Est Parisien rolling stock is quite a disgrace to the city, the impe
cunious state of the operating company preventing urgent repairs 
being carried out to the cars. This month has just been declared 
bankrupt another of the " Lignes de Penetration," serving the 
southwest of Paris and environs, known as the Vanves-Malakoff 
and extensions. This line is operated largely on the Diatto con
tact system. 

The tramway situation in general in France is rather quiet, 
owing to the completion of most of the principal lines in the larger 
towns and cities. The smaller seaport towns are arranging for 
electric tramways, and also some of the mountain resorts, espe
cially those where water-power is available. Thus Treport-en
Mer, by no means a large town, has just approved plans for elec
tric traction, and in the Vosges Mountains, Epinal, a very sec
ondary place, has also been able to arrange for electric traction. 
There is, however , a very fair opening for interurban light rail
ways in France, and a field will be opened for the conversion of 
existing steam light railways, of which France has more than most 
European countries. 

In connection with the Gen eral E lectric omnibus, a description 
-of which appeared in the STREET RAILWAY JOURNAL for Oct. 29, 

it is of interest to note that the Krieger Automobile Company, 
well known for its accumulator cars, has had in regular produc
tion for some months a line of automobiles equipped with electric 
petrol combination. The company speaks highly of the results 
obtained, and claims a better efficiency for its machines than is 
given by the usual chain and geared transmission. 

Maisons Laffitte and St. Germain, two of the best-known sub
urbs of Paris, both within a few miles of the metropolis, have 
hitherto had no direct means of communication with each other. 
The Seine and Oise District Council has now approved a project 
for an interurban tramway between these two favorite resorts. 
The length will be about 8 miles. Maisons Laffitte is a well
known racing center. 

Uniting the Rhone Valley with the Swiss capital has been the 
subj ect of several projects which have been under consideration 
by the Swiss Government of late years. The engineers appointed 
to report on the schemes presented have finally proposed to the 
Swiss Government the Beyeler project for an electric railway be
tween Berne and Brig, as offering the most advantages. The line 
has a length of II6 km, and includes two tunnels of 6250 meters 
and 13,500 meters, respectively. Double track would be provided 
fo r , and the estimated cost is $16,000,000. The annual receipts 
are expected to yield $1,132,000, and the operation costs to absorb 
about half this sum, leaving an interest of 3 per cent to 3½ per 
cent on the capital expended. 

The Prussian government has had under tests for a year or two 
on the Berlin-Altona and other lines certain train lighting equip
ments. It has now adopted a system which gives entire satisfac
tion. The lighting group includes a 20-hp DeLaval turbine 
coupled to a series dynamo, mounted on the locomotive. This 
dynamo gives current during the time the train is running, and at 
the same time charges a battery of accumulators, which is capable 
of supplying current for three hours while the train is at rest. 
The pressure employed is 65 volts to 85 volts. Twenty-c. p. 
lamps are used in first-class cars, and 16-c. p. incandescen_t in sec
ond-class wagons. 

In Italy great activity is shown at present in obtaining and 
working concessions for harnessing various rivers and mountain 
streams. One of the most important has been commenced in the 
building of the great dam across the river Serchio at Barbellino. 
This dam (40 meters high) will retain I0,000,000 m3 of water, and 
from two falls of 300 meters and 500 meters some 16,000 hp will be 
obtained for distribution to various traction and industrial estab
lishments in the vicinity. 

---.+-' ---
EXHIBITION OF RAILWAY SUPPLIES IN WASHINGTON 

The announcement has already been made ii;i this paper of the 
International Electrical Congress which will be held in Washington 
next May, and a list of the papers relating to electric railway work 
which will be presented has been published. In connection with the 
Congress, it is proposed to hold an exhibition of American railway 
appliances in the interest of the extension of American trade to 
foreign markets. The site selected for the exhibition is north of the 
·washington Monument, and is IO acres in extent. An application 
has already been made to the War Department for the use of this 
ground. The exhibition will be held under the auspices of a com
mittee which has secured headquarters at 160 Broadway, New
y ork, and which is composed of the following persons: 

Chairman, George A. Post, New York; treasurer, Charles A. Moore, New 
York; secretary and director of Exhibits, J. Alexander Brown; H. P. Bope, 
vice-president Carnegie Steel Company; L. F. Braine, general manager Con
tinuous Rail Joint Company; A. E. Brown, vice-president Brown Hoisting 
.Machinery Company; J. A. Brill, vice-president, J. G. Brill Company; J. B. 
Brady, vice-president Standard Steel Car Company; 0. H. Cutler, president 
American Brake Shoe & Foundry Company; C. A. Coffin, president General 
Electric Company; F. H. Eaton, president American Car & Foundry Com
pany; H. Elliott, Jr., vice-president Elliott Frog & Switch Company; William 
Goldie, Sr., William Goldie, Jr., & Company; F. N. Hoffstot, president 
Pressed Steel Car Company; H. S. Hawley, president Railroad Supply Com
pany; A. B. Jenkins, Jenkins Bros.; Alba B. Johnson Baldwin Locomotive 
Works; B. F. Jones, Jones & Laughlin Steel Company; A. M. Kittredge, 
vice-president Barney & Smith Car Company; W. V. Kelly, president Sim
plex Railway Appliance Company; E. B. Leigh, vice-president Chicago Rail
way Equipment Company; William Lodge, president Lodge & Shipley Ma
chine Tool Company; Gen. Charles Miller, president Galena Signal Oil Com
pany; Charles A. Moore, Manning, Maxwell & Moore; Governor Franklin 
Murphy, president Murphy Varnish Company; D. C. Noble, president Pitts
burg Spring & Steel Company; Hon. H. Kirke Porter, H. K. Porter Com
pany; A. J. Pitkin, president American Locomotive Company; Alfred A. Pope, 
president National Malleable Castings Company; H. S. Paul, president Verona 
Tool Works; George A. Post, president Standard Coupler Company; C. W. 
Sherburne, president Star Brass Manufacturing Company; C. A. Starbuck, 
president New York Air Brake Company; W. W. Salmon, president General 

•Railway Signal Company; H. A. Sherwin, president Sherwin-Williams Com-
pany ; Albert Waycott, president Damascus Brake Beam Company; H. H. 
Westinghouse, vice-president Westinghouse Air Brake Company; W. W, 
Willits, vice-president Adams & Westlake Company. 
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THE CLEVELAND~ PAINESVILLE & ASHTABULA SETTLE
MENT 

A. B. Cleveland, of Unionville, Ohio, formerly general manager 
of the Cleveland, Painesville & Ashtabula Railway Company, takes 
exce1_>tions to certain statements made in these columns recently, 
relatmg to matters which lead up to his appointment as receiver 
for the company, and his later discharge from the receivership. 
The state_ments mentioned were not our opinions, but were a 
condensation of court documents and the opinions of others. The 
appointment of Mr. Cleveland as receiver was brought about by 
an application made by J. G. Mitchell, of Toledo, who claimed, 
among other things, that the company was insolvent. A representa
tive of the company informed us that a petition had been prepared 
asking to have the receivership vacated and entering a general de
nial of the charges made by Mr. Mitchell. He stated, further
more, that the trouble had been caused by certain differences ,)f 
policy between the company and Mr. Cleveland chiefly over the 
location of a new car house. 

Mr. Cleveland states that the location of the car house at Union
ville was the result of a unanimous vote of the directors; that he 
does not own any property adjoining the site of the proposed car 
house, and that the acceptance of him by the court indicated his 
eligibility to act as receiver. Mr. Cleveland claims that the entire 
controversy between Messrs. Mitchell and Cleveland and the officers 
of the company was settled by an agreement in which the latter 
contracted to purchase from Messrs. Mitchell and Cleveland certain 
stocks and bonds of the company owned by these gentlemen. 

••• 
EXTENSION TO MANILA TRACTION SYSTEM 

The Manila electric traction system is to be extended about 5 
miles in the suburbs of that Philippine city. J. G. White & Com
pany, who have the contract for the initial system-40 miles-now 
being hastened to completion, have ordered the T-rails for the con
struction of the additional line from the United States Steel Cor
poration. Six more Belgian cars have also been ordered from La 
Metallurgica, of Brussels, which secured the initial fifty, having 
secured the contract. These cars will be built of teak wood in 
order to withstand the ravages of the white ant, which insect is 
very much in evidence in the Philippines. 

NEW YORK MEETING AT NIAGARA FALLS IN SEPTEMBER 

At a special meeting of officers and members of the executive 
committee of the New York State Street Railway Association 
held in the Butterfield House, Utica, on Nov. 26, it was decided 
to hold the next convention of the association at Niagara Falls 
on the second Tuesday and Wednesday in September. The meet
ing was called by C. Loomis Allen, general manager of the Utica 
& Mohawk Valley Railway Company. The question of selecting 
the _place for the ne~t annual gathering was the only one definitely 
decided upon, but m connection with the meeting preliminary 
plans for the programme were discussed. At the last State con
vention, held in Utica, A. V. Colvin, of the Hudson Velley Rail
way Company, invited the association to meet in Glens Falls, and 
the matter was placed in the hands of the executive committee. 
Mr. Colvin was not present at the special meeting, and the invita
tion from Niagara Falls was accepted. President Allen states that 
another special meeting will be held in two or three months. 

Those pre~ent at the meeting were: President Allen, Secretary 
and Treasurer W. W. Cole, of Elmira; First Vice-President J. H. 
Pardee, of Canandaigua; E. G. Connette, general manager of the 
Syracuse Rapid Transit Company; R. E. Danforth, of the Roches
ter Company; E. F. Peck, of the Schenectady Railway Company, 
and B. B. Nostrand, Jr., of the Peekskill Railway & Lighting 
Company. 

••• 
IMPORTANT PLANS FOR ELEV A TED SERVICE IN NEW YORK 

- SUBWAY SCHEDULE 

Extensive plans for the improvement of the elevated railroad 
lin~s. i_n New York, especially on the east side, so that rapid transit 
f~c1hti~s for the Bronx may be an early possibility, are under con
s1de:at10n by_ the Inte:bo_rough ~ap!d Transit Company and by the 
R~p1_d Transit Comm1ss1on. W1thm the next fortnight the com
m1ss1on expects to make public a report prepared by one of its sub
committees, and the entire subject then will be thrashed out in 
public. 

Chief among the suggestions now receiving the attention of the 
company's officials and the commissionrrs is one for complete ex-

press train service over the Second and Third Avenue Elevated 
structures, so that expresses may be run from City Hall to the Har
lem River over the Second Avenue line without stop between 
Chatham Square and One Hundred and Twenty-Seventh Street. 
This, it is believed, would give an effective service for Bronx resi
dents, and would leave the Third Avenue express track clear for 
express business below the Harlem River. 

To carry out this plan it would be necessary to put in two new 
tracks on Second Avenue between the present local service tracks, 
making the Second Avenue line a four-track line from the Harlem 
River to Chatham Square. From Chatham Square, according to 
the plan, the local Second Avenue trains would be run to South 
Ferry as now, while the new express tracks would be run on a new 
structure to the City Hall and Brooklyn Bridge station of the Third 
Avenue line. To do this the present elevated structure in Park 
Row, from Chatham Square to the Bridge, would be turned into a 
double-decker affair; so that the express trains could be rushed 
right out from the City Hall station without any interference with 
the present traffic over the Third Avenue line. 

Then the expresses, by being run without stop to One Hundred 
and Twenty-Seventh or One Hundred and Twenty-Ninth Street, 
could be run as locals for the Bronx points as far north as P elham 
Avenue and Two Hundredth Street, the present terminal of the 
Third Avenue line, over the tracks of which all Second Avenue 
trains have to run beyond One Hundred and Twenty-Ninth Street. 

A new subway schedule which will nearly double the number of 
subway trains during rush hours is as follows: 

Between 
6.24 A. M. to 
7.06 A. M. to 
9.16 A. M. to 
9.28 A. M. to 

rn.oo A. M. to 
3.00 P. M. to 
3.24 P. M. to 
3.54 P. M. to 
6.04 P. M. to 
6.28 P. M. to 
6.42 P. M. to 
7.06 P. M. to 

EXPRESS TRAIN SCHEDULE 

Ninety-Sixth Street and Brooklyn Bridge 
7.06 A. M .................... Every 3 minutes 
9.16 A. M .................... Every 2½ minutes 
9.28 A. M .................... Every 3 minutes 

IO.oo A. M .................... Every 4 minutes 
3.00 P. M .................... Every S minutes 
3.24 P. M .................... Every 4 minutes 
3.54 P. M .................... Every•3 minutes 
6.04 P. M .............. -...... Every 2½ minutes 
6.28 P. M .................... Every 3 minutes 
6.42 P. M .................... Every 3½ minutes 
7.06 P. M .................... Every 4 minutes 

11.36 P. M .................... Every S minutes 
LOCAL TRAIN SCHEDULE 

Leave Ninety-Sixth Street, Southbound, Between 
12.00 M. N. to 5.00 A. M .................... Every 7½ minutes 
5.00 A. M. to 5.30 A. M .................... Every S minutes 
5.30 A. M. to 6.oo A. M .................... Every 4 minutes 
6.oo A. M. to 7.00 A. M .................... Every 3 minutes 
7.00 A. M. to 7.30 A. M .................... Every 2½ minutes 
7.30 A. M. to 8.30 A. M ................... . Every 2 minutes 
8.30 A. M. to 4.15 P. M .................... Every 2½ minutes 
4.15 P. M. to 5.15 P. M .................... Every 2 minutes 
5.15 P. M. to 8.oo P. M .................... Every 2½ minutes 
8.oo P. M. to 11.00 P M .................... Every 3 minutes 

11.00 P. M. to 11.40 P. M .................... Every 4 minutes 
J 1.40 P. M. to 12.00 M. N .................... Every S minutes 

N ote.-N orth of Ninety-sixth street express and local trains 
alternate, one-half to east division and the other half to the west 
division. 

E. P. Bryan, vice-president of the Interborough Rapid Transit, in 
answer to the charge of poor service on the elevated lines, has given 
out the following comparative statement as to the number of trains 
run and passengers carried during the first twelve days in Novem
ber, 1903. The increase in car mileage is due, not to the increase in 
number of trains, but to the fact that more cars have been added 
to the trains already running. 

The figures given below were taken at a time when many of the 
elevated patrons were using the subway because of its novelty. The 
statement, which is for the first twelve days of November, is as 
follows : 
Passengers carried, November, 1903 .......... ........ . 
Passengers carried, November, 1904 ...... ............ . 

Decrease in 1904 for first 12 working days ............ . 
CAR MILES RUN 

First 12 working days, November, 1903 ............... . 
First 12 working days, November, 1904 ............... . 

Additional car mileage run for the aforesaid 12 days 
in 1904, as compared with 1903, shows increase for 

I0,332,793 
I0,201,245 

2,093,793 
2,119,165 

1904 of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25,372 
The above shows that passengers per car mile carried during the 

first twelve workings days of November, 1903, equals 4.93 passen
gers per car mile , and for the same days during 190._i equals 4.81 
passengers per car mile. 
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ELECTRIC TRACTION FOR ROSARIO 

The construction of an extensive electric traction system in and 
around Rosario, one of the leading cities in the A rgentine Repub
lic, is mooted. At present there is no electric road in that part of 
the world, mule tramways being the principal method of transport. 
The chief mule systems, which in all are about 30 miles long, are 
operated by the City of Rosario Tramways, Rosario de Santa, of 
which J ose Gil is general manager, and the Tramway Rosario de! 
Norte; of which Manuel Gilveti is president. 

M. Henlizitka, representing the Cia A leniana Transatlantic <le 
E lectricidad, which generates the current for electrically lighting 
the city and its suburbs, has approached the municipal authorities 
regarding the matter of electric transit. Santiago Keenan is also 
negotiating for a seventy-year concession to build an d operate up
wards of 50 miles of road, and everything points, according to 
advices just to hand from South America, to the conversion of the 
existing mule lines and the construction of additional track before 
many months are past. 

THE WORCESTER & PROVIDENCE STREET RAILWAY 

Announcement is made by F. C. Hinds of some of the details 
of the proposed st reet railway between \Vorcest er, Mass., and 
Providence, R. I. The company has secured practically all the 
necessary locations in the l\ib ssaclrn setts towns through which it 
is to pass, and will soon ask for their approval by the Rail road 
Commission. The route selected is 36 miles in length and the 
running time will be less than two hours. The fare will be about 
50 cents. The present steam railroad fare between the two cities 
is $1 and the running time about an hour and a half. An agree
ment has been entered into with the Worcester Consolidated Street 
Railway Company for bringing the cars into Worcester over that 
company's lines, and a similar arrangement will probably be made 
with the Union T raction Company, of Providence. T he road will 
be of double-track boulevard construction, similar to the Boston & 
Worcester Street Railway, so that cars may be operated over it at 
high speed with safety. It will traverse much territory in which 
there is no present street railway accommodation. 

•• 
CHICAGO FREIGHT TUNNELS CHANGE HANDS 

The Chicago Subway Company was incorporated in New J er
sey Nov. 21, with a capitalization of $50,000,000, to take over im
mediately the property of the Illinois Tunnel Company, which 
owns the extension system of single-track freight tunnels under 
the business streets of Chicago. Pres ident Albert G. Wheeler, of 
the Illinois Tunnel Company, gave out the following statement : 

The tunnels finished under the str eets, to prove of great benefit to the 
community, must have the traffic diverted from the streets and transported 
through the tunnels. While no question was ever in any one's mind that 
thi s wou ld ultimately be accomplished, yet to have the community reap the 
benefit of the removal of such co,ngestion at once it became necessary that 
the parties controlling the steam railroads, with terminals in Chicago, should 
be interested in the tunnels, and immediately use them for the transfer of 
the freight from the railroad terminals to the basements of the business 
houses. 

To produce this result and get the tun.nels in full operation at the earliest 
date, the holders of two-thirds of the stock of the Illinois Tunnel Company 
sold their stock to a corporation called the Chicago Subway Company, thi s 
corporation being controlled by the owners of all the steam railroads that 
terminate in Chicago, and represented by E. H. Harrima,n and James Still
man, of the Nat ional City Bank of New York City, Kuhn, Loeb & \:ompany, 
through Jacob Schiff, and P. A. Valentine, of Chicago, the local representa
tive of the railroad interests. 

The operation of these tunnels, now under the control of the representa
tives of the rai lroad interests terminating in Chicago, will prove beneficial 
to all m erchants handlin g freight in and out of their bu ildings, a,nd to the 
general public in having the streets relieved of congestion. 'fhe broad scope 
of the development of these tunnels, through this representative railroad 
interest, cannot but help be a great commercial advantage to the future 
growth of the city. 

Thi s Chicago Subway Company has no connection with nor are any parties 
interested i,n it connected with the street railways of Chicago. 

The franchise of the tunnel company does not give it the 
right to carry passengers, so that this tunnel system is not a 
factor in the passenger transportation problem in Chicago. 

No regular freight delivery service has been inaugurated in 
th ese tunnels as yet, but daily about 2000 tons of dirt from new 
buildings under construction are being hauled to the lake front co 
fill in the new park. 

The company has purchased several electric mining locomotives 
of various types, and a number of ca rs of Bettendorf make, but 
apparently has been waiting for the consummation of the present 
deal before going ahead on a comprehensive scale with the equip
ment of the system. 

AN ASSOCIATION OF INDIANA INTERESTS 

A movement has been started among Indiana traction interests 
to organize an association or body that shall admit to membership 
all street and interurban companies whose officers think that con
certed action is advantageous. Meetings have already been held 
of those interested in launching the project, and there is evidence 
that the thing will be successfully organized. In general, the new 
organization will be fashioned after the Ohio Interurban Associa
tion. Besides the feature of that association which provides for 
interchange of traffic , the Indiana Association will probably be 
organized on lines similar to those governing the State association 
in New York. Regular meetings will probably be provided for at 
stated periods when there can be fr ee exchange of ideas. Pro
vision will also be made for settling any special questions of inter
est to the members at large at such time as they may come up. 
P. H. White, of the Indianapolis & Martinsville Company, is inter
ested. 

ANNUAL MEETING OF WESTINGHOUSE AGENTS 

Several years ago Frank H. Taylor, vice-president of the West
inghouse Electric & Manufacturing Company, in the able co-opera
t ive methods that have so characterized his work, instituted the 
annual meetings of the district office managers and the heads of 
the various works and departments of the company. The men 
come from all parts of the U nited States, where different sets of 
conditions prevail, and each g ives the result of his experience dur
ing the past year for the benefit of all. A careful analysis of the 
reports is made by the management, and these results play an im
portant part in the policy of the company and in the guidance of 
the further efforts of its· r ep resentatives. During the week end
ing Nov. 1,9 the district managers of the Westinghouse ~lec~ric & 
Manufacturing Company held thei r latest meeting of this kmd at 
the works at East Pittsburg and discussed plans and methods for 
the coming year. 

Those attending the convention were Calvert Townley, general 
agent, New York; G. P antaleoni, general Southwestern manager, 
St. Louis, Mo.; R. L. Warner, New England agent, Boston, Mass. ; 
E. W. T. Gray, New York ; D. E. Manson, Boston, Mass.; W . S. 
Heger, San Francisco, Cal. ; F. B. H . Paine, manager export office, 
New York; C. W. Underwood, Buffalo, N. Y.; C. F. Medbury, 
Detroit , Mich.; G. B. Dusinberre, Cleveland, Ohio; W . F. Fowler, 
Baltimore, Md.; C. A. Bragg, Philadelphia, Pa. ; M. P. Randolph, 
Seattle, ·wash.; S. J . Keese, Los Angeles, Cal.; P. N. Jones, Pitts
burg, Pa.; D. E. Webster, St. Louis, Mo.; T. P. Gaylord, Chicago, 
Ill.; L. M. Cargo, Salt Lake City, Utah; J. R. Gordon, Atlanta, 
Ga., and T . J. McGill, Minneapolis, Minn. On Wednesday even
ing the management gave a banquet to the visiting managers, at 
which all of the executive officers of the company were present. 

A feeling of optimism was evidenced throughout the convention 
regarding the business situation and the prospects of continued 
prosperity throughout the country. W. S. Heger, of San Fran
cisco, stated that the outlook on the Pacific Coast was never better, 
work being plentiful and money easy. "Mining projects in Cali
forn ia are flouris hing," he said, "and they appear to have plenty 
of money behind them. This insures large installations of Pitts
burg electrical machinery." L. M . Cargo, of Salt Lake City, said 
that the election of Roosevelt had given a decided impetus to 
mining development in Utah; Arizona, Nevada and New Mexico, 
capital, which prior to that had been timid, being induced to 
pour money liberally into dormant investments. J. R, Gordon, of 
Atlanta, Ga., said: ''The South will soon have the greatest boom of 
its history. For the past two years the cotton crop, the barometer 
of Southern prosperity, has been phenomenal. Business conditions 
reveal a greater stability and the increase of manufacturing in the 
South is ext raordinary. Abundant water-power easily available 
will prove an enormous boon and a producer of business for Pitts
burg." F. H. B. Paine, manager of the export department, said: 
"The outlook for foreign business has never been more promising 
for American manufacturers, because never before were Europeans 
more alive to the superiority of American manufacturing meth
ods." C. A. Bragg, of Philadelphia, said: "The outlook for gen
eral industrial activity, was never brighter. While there has been 
planty of capital during the past year, ' timidity over unsettled 
political conditions prevented its investment. Lack of confidence 
has disappeared and hopeful buoyancy is observable everywhere." 
E.W. T. Gray, of New York, said: "New York suffered severely 
the past year because of building strikes, but these have subsided 
and business 1-ias been good there for six months. It is a foregone 
conclusion that it will be even better, as cheap money is abundant, 
and there is no lack of financial support for any legitimate enter
prise." 
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TO BUILD ANOTHER PERUVIAN. ROAD 

Another electric traction system is to be built in Peru, and the 
entire equipment, etc., to be used in its construction will be pm
chased in the United StaJes. About three-quarters of a million 
dollars will be expended. 

The Ferrocarril Urbano de Lima, which operates about 20 miles 
of mule tramways, will convert its system into an electric _ line. 
Peruvian capital exclusively will be employed. The manager of 
the mule tramways is Senor Don Emilio Godoy. The line is to 
be laid with 60-lb. T and 70-lb. girder rails. Fifty cars will be 
ordered in the first instance. They will be open, eight and ten 
bench ones. The former will be equipped with double 25-hp. 
motors, while the others will have double equipment of 38-hp. 
each. 

Power to operate the new system will be derived from the hy
dra11lic plant of the Empresa Electrica de Santa Rosa, Limitada, 
located at Choosica, 35 miles distant from Lima. This plant fur
nishes energy to operate the Lima-Chorillos interurban road, as 
well as the Callao-Lima line, recently completed. General Elec
tric equipment is used entirely on these two traction systems. On 
the Callao-Lima road, ten Brill cars, semi-convertible, 40 ft . each, 
and four Stephenson ones are in operation. The motor equip
ments are double G. E. 57, of 50 hp. each. Six more Stephenson 
cars are now on the way. 

A sub-station of 1200 kw. capacity will be used for the projected 
Lima city road. When this system is completed it will be possible 
to travel by electric railway from Callao, the port of Lima, 
through Lima and on to the various watering places along the 
coast, a total distance of about 40 miles. 

NEW PUBLICATIONS 

Electric Lighting, Vol. I. The Generating Plant (sixth edition). 
By Francis B. Crocker. 482 pages. Illustrated. Published by 
D. Van Nostrand Company, New York. Price $3. 

The best comment on the value of this book is that it has passed 
through five editions since it appeared in 1896. The author, Prof. 
Crocker, of Columbia, has in the sixth edition, just issued, practi 
cally rewritten the book, bringing the various branches up to date. 

· Particular care has been exercised in eliminating the deadwood, 
consisting of antiquated illustrations and statements, which are too 
often left in revised editions of technical works. 

Between the Ocean and the Lakes. The Story of the Erie ; new 
edition. By Edward H. Mott. 550 pages. Illustrated. Pub
lished by John S. Collins, New York. Price $7. 

The history of any railroad is interesting, but that of the Erie 
is especially so, because of the wide reputation, both good and bad, 
of those who have been prominent in its management, and of the 
many dramatic events connected with its history. With perhaps 
no other'transportation system in the world has there been so much 
of tragedy and comedy blended, nor have so many leading lights in 
fina ncial. pol itical and railroad life been identified. During the past 
seventy-five years the road has had an exciting history, much of 
which has centered in Wall Street and Albany. These facts have 
been set forth by Mr. Mott in a most entertaining way, and no im
portant detail of any branch of history of the road has been neg
lected. The present edition contains a portrait of F . D. Underwood, 
the present president, and brings the history of the road down to 
date. It also contains an index, which the earlier editions did 
not have. 

PERSONAL MENTION 

MR. W. H. BROWN has been appointed master mechanic of 
the Auburn & Syracuse E lectric Railroad Company. 

MR. J W. MUMPER ha s resigned as superintendent of the 
Hanover Light Heat & Power Company and the Hanover & Mc
Sherrystown Street Railway Compa ny, of Hanover, Pa. 

DR LOUIS DUNCAN has become associated with the staff of 
the Allis-Chalmers Company as an expert in electrical patent 
work in connection with its electrical department. Dr. Duncan will 
continue to make hi s headquarters in New York. 

MR. N. B. RHOADS, superintendent of transportation of the 
Savannah Electric Company, was married to Miss Sarah Kath
erine Col lins, of Savannah, on Oct. 25 last. Both of th e contract
ing parties are well known in society, Mr. Rhoads previons to 

coming to Savannah was connected with the Richmond Traction 
Company, of Richmond, Va. 

MR. R. McADOO, formerly president and general manager of 
the Mexican Traction Company, a Pittsburg capitalized concern 
which acquired concessions for the construction of a network of 
electric lines in and around Mexico City, now part of the property 
of the Ferrocarril de! Distrito Federal, the Wernher-Beit system of 
which Mr. W. W. Wheatley is general manager, has been elected 
general manager of the Winnebago Traction Company, of Oshko,;h, 
Wis., to succeed Mr. Downs, resigned. 

MR. GEORGE R. SCRUGHAM has resigned as president and 
general manager of the Interurban Railway & Terminal Company, 
of Cincinnati, Ohio, and is succeeded by Mr. Charles H. Davis. 
Mr. Scrugham's retirement really marked a change in the control 
of the company. With him Mr. G. W. Mallon and Mr. Ellis G. 
Kincaid resigned from t·he board of directors. Mr. Scrugham was 
instrumental in organizing and carrying to successful completion 
the Cincinnati & Eastern Electric Railway, the Suburban Traction 
Company and the Interurban Terminal Company, which finally 
were merged as the Interurban Railway & Terminal Company. 

MR. WILLIAM ARTHUR HEYWOOD, general manager of 
the Pennsylvania Iron Works Company, is dead. Mr. Heywood 
was born in Bolton, England, and came to this country in 1855. 
He was at one time division engineer of the Philadelphia Traction 
Company, and when the Baltimore Traction Company decided to 
install the cable system, Mr. Heywood became the company's engi
neer. He resigned from th e Baltimore Company in 1893, and 
opened an office in Baltimore as a consulting engineer. Later Mr. 
Heywood returned to Philadelphia and associated himself with 
the Pennsylvania Iron Works Company, becoming its general man
ager. 

MR. S. B. McLANEGAN has been appointed superintendent of 
the Belt line, the Angeleno Heights line and the Temple Street 
lines of the Pacific Electric Rai lway Company, of Los Angeles, Cal. 
Formerlythese lines weremanaged by Superintendent F. Van Vran
ken, who, owing to the large expansion of the company's beach sys-

, tern. has been rel ieved of the city feeders. The last appointment realiy 
groups the Pacific Electric into three divisions-city division under 
Mr. McLanegan; southern division (including the beach lines and 
the lines to Whittier and Santa Ana) under Mr. Van Vranken; 
northern division (including the lines into the San Gabriel Valley 
and Pasadena) under Mr. J. B. Rowry. Speaking of the new ar
rangement, Mr. A. A. Joly, assistant to General Manager Schind
ler, says: "When the Pacific Electric Railway Company gained 
control of the Los Angeles Traction Company and the Los Angeles 
Interurban Railway Company was formed, the development of the 
beach lines was just beginning, but so extensive has been our 
progress in every direction during the past two years that reor
ganization was absolutely necessary. The maintenance of track 
of the Los Angeles Interurban Railway Company, formerly in 
charge of Superintendent McLanegan, has been transferred to Mr. 
M. Dozier, Jr., engineer of maintenance of way of the Pacific Elec
tric Railway Company. 

MR. A. Vv. McLIMONT has been appointed consulting engineer 
to W.R. Grace & Company, of New York, London, Lima, Valparaiso, 
etc., who represent the General Electric Company on the west 
coast of South America, where there is considerable important 
electric railway work pending. H e will make his headquarters at 
the New York offices of the Grace Company. Mr. McLimont is an 
old Thomson-Houston employee. His first work was the over
head construction of the West End Street Railways in Boston, 
Mass. H e next superintended the building of the overhead lines 
in Nash ville, Tenn., and afterwards supervised the overhead con
struction of the Prospect Park & Coney Island Railroad, in Brook
lyn. After completing this work he went West under the jurisdic
tion of the Chicago Thomson-Houston Company, and built a num
ber of important systems. In the early part of 1892 he became con
sulting engineer to the late Mr. R. T. McDonald in the building of 
the New Orleans street railway system In 1895 Mr. McLimont 
built a large part of the present Chicago North Shore Electric Rail
way system. and later in the same yea r was sen t to Dubuque, Ia .. 
for the General Electric Company, to rehabilitate and reconstruct 
the Dubuque Light & Traction Company's system. After complet
ing that work Mr. McLimont entered th e foreign field. In 19or 
he constructed the high-ten sion transmission line from Mechanics
ville to Albany, N. Y. He then left for Mexico. where he was en
gaged by the State government of Guanauato to reconstruct various 
power plants in that part of the republic. On completion of this 
work he was retained as consulting engineer for a proposed street 
railway in Monterey, Mexico. His last work was building the Lim ;:: 
& Chorillos Railway, which is a high-speed interurban railway oper
ating between the capita l of Pem ;rnd several of the sea coast towns. 
This system was described in the STREET RAILWAY JOURNAL, June~-
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TABLE OF OPERA TING ST A TISTICS 
Notlce.-These statistics will be carefully revised from month to month, upon information received from the companies direct, or from official sources. 

The table should be used In connection with our Financial Supplement ·• American Street Railway Investments," which contains the annual operating 
reports to the ends of the various financial years. Similar statistics in re'{ard to roads not reporting an, solicited by the editors. • Including taxes. 
t Deficit. 

COMPANY Period 

AKRON, O. I m. , Ott . '04 
Northern Ohlo Tr . & 1 " " '03 

LlgbtCo .............. 10 " '04 
10" '03 

A URORA, ILL. I m., Oct . '04 
a<;l g in , Aurora & Sou th- 1 " " :

04
o3 

e rn Tr. Co ............ . .. 4 " 
4 " ' 03 

1 m., Oct. '04 
BINGHAMTON, N, Y. 1 " •· '03 

Blngbatnton Ry, Co . .. 4 " '04 
4 " 'O:l 

78,013 
75,27t 

747,727 
741,574 

37,947 
37.011 

165,200 
17'2,0631 

19,4'.i l 
18,613 
94,248 
92,1~0 

4!.314 33,95K 2'..!,447 11,511 
42,83() 33,174 2'.l,467'1 J:!,707 

406,5"!2 341,205 226,125 115,080 
403,21)4 338,310 222,112 11 6,1 9!:l 

2'.!,040 
2'3,869 
B!i,928 
94,460 

11,5721 
10.586 
48,763 
44,584 

15 906 
14:14:.! 
79,278 
77,613 

9,333 
9,173 

37,173 
36,6901 

6,573 
4,ll70 

4'?,106 
40,!J-i3 

. 1 m., Oct. '04 3!i4,S11 194 034 lti0 ~~, 
BUFFALO, N. Y. I " " •0:1 33G,U78 198,711 138,267 

139,8511 
134,613 

20,926 
3,654 

255,499 
210,073 

( nternatio nal Tr. Co .. 4 ·• '04 1,579,3V6 767, 163 812 233 
4 " '03 1,535,2<.)4 791,G:l7 743:657 

556.7341 
5.33,584 

C tHCAGO, ILL. 
Anrora, Elgin & Chi-11 m., Oc t. '04 42,7'1:J 21,202 21,511 

cago R y . Co ........... 4 " " '04 201,570 97,330 104,239 

I m., Oc t. '04 
Chicago & Milwaukee 1 " • '03 

Elec. R. R. Co ........ 10 ·• " '04 
10" '03 

C I N CINNATI, O. 1 ~;• Oct. '04 
Cinc inna ti, D ayton & 1 " '03 

'l'oletlo Tr. Co ___ _____ 5 u •w 
5 " '03 

CL EVELAND, O. 1 m., Oct. '04 
Clevel and. Painesville I " " •oa 

& Eastern , R. R. Co. IO" '04 
10" '03 

1 l m .. Oct . '04 
Cleveland & Sou th west- , I " " '03 

e rn Traction Co ....... 10" '04 
10 •• '03 

I m., Oct. '04 
La k e Shore E lectri c Ry. 1 " 03 

Co ... . . ........ . ...... ... 10" '04 
10 •• '03 

COLUl"1 RUS, 0. 1 m.,Sept. '04 
Columbus, Uuckeye 1 " " '03 

Lak_. & Newark 'l'r. 9 •• '04 
Co ................... 9 '03 

55,625 17 .812 37,813 
43,307 10,746 32,561 

37!!.902 14a,556 236,:J!G 
237,94·1 77,GB:! 100,261 

47,9il 25,411 22,501 
46 6U7 24,246 22,421 

2-15:a4r, 1&1,,m 114,768 
251,321; 123,832 127,496 

19,758 11,844 
18,3a3 l 1,G9li 

191,91~ 114,002 
183,21!) 105,704 

7,\)15 
6,637 

77,946 
77,515 

44,171 24,150 20,022 
43 656 24,Bi5 18,782 

397:243 248,289 148,954 
373,88\J 219,614 154,275 

16,250 
15,931 
82,331 
80,221 

6,251 
6,490 

32,4.37 
47,274 

59.588 35,530 24 ,058 2!l,370 3,688 
55 33li 35,58!! 19,747 20,370 t 62:3 

550.760 368,300 182,460 203,708 t 21,248 
5.!3 ,:?JO 3.!6,727 196,52:i 200,004 t 3,480 

24,2'29 
20 258 

m:o3·l 
148,G32 

12,201 
10 6,30 
96, 131 
80,3\JB 

12,028 
9,627 

75,7'0:3 
68 ,261 

······r ------

1 m. , Oct. ·04 401,837 *237,085 164,752 

···••·1 
88,585 
85, ll!l 

7ti, ]6i 
tii,982 

61~.s4,1 
710,364 

DETROIT , l\UCH. I " " '1,3 387,340 *~34,2:J9 153 ,101 
Detroit United Ry .... 10" ·04 3,819,289 *23117\Jl 1,507,498 

10" '03 3,7:!0,9ti:3 *218171 7 1,5:39,2·16 
891,655 
828.882 

Im., Oct. '04 
DULUTH, l\l I N.N. I " " '11:1 

Duluth St. Ry. Co ..... 10" '04 
10" '03 

EATON, IND. 
ll[ uncle, Hartford & I rn. Oct. ·l4 

Pt. \Vayne Ry. Co .. . 10 .. ' t,4 

I m., " ct. ' 04 
FO RT WORTH, 'r t-:X. I ·· " '1,3 

Northern Texas T r,.c. 10" 04 
tion Co ................ JO IJ:l 

I 
I 

51,642 26,077 25,56.'\ 
53,632 29,010 24,G:/2 

513 5315 2i2.3ii 241,159 
518:893 286,05 1 232,842 

16,514 
15,!-38 

164,98 1 
154,923 

ll,051 
8.7ts4 

76 11r1 
77,!l l\J 

16.747 * 7.289 9,458 :,.ooo 4.458 
151,386 * 70,>,25 R0,56:! 44,000 36,56.! 

56,04i' 
47,569 

461,911 
382,8061 

••9 - -5 26,27.l 10, 116 16,156 
2{159 ~0,110 9,723 10,:387 

256,575 2Q5,:fi6 101.12-..! 104.2H 
205,6i7 1,i ,239 92,213 115 U:/6 

\ 1 

C OMPANY Period 

--------- -·1------ --- - -- --- ---

HANCOCK, MICH. 1 m., Sept. '04 
Hough.ton County St. \ :: " :iJ3 

R y. t;o ................ g.. ,~ 

1 m., Oct, '04 
LONDON, ONT. 1 " " '03 

London St. Ry. Co .... . 10" '04 
10" '03 

MILWAUKEE, WIS. 1 m., Oct. '04 
Mllwaukee El. Ry. & 1 " " '03 

Lt. Co.. . .. .. . .. ... ... 10 '' " 'll4 
IO'' '03 

1 m. , Oct. '04 
l\lilwaukee Lt., Ht. & I " " '03 

Tr. Co ·;·········· ····· l}i :: ;~ 

1 m., Oct. '04 
l\IINNEAPOl,IS, llllNN. I " " '03 

Twin City Ra1,i<l Tran- 10" '04 
sit Co .................. 10" '03 

MONTR l<~AL, QUE. 1 m. , Oct. '04 
Hoatreal St. tty. Co . .. 1 " ·• '03 

1 m., Sept, '04 
OLEA N, N. Y. I .. .. ·oa 

Ole an St. Ry ......... .. 3 " '04 
3 " 'U:J 

Im., Oct. '04 
P HILA DELPHLl , PA. 1 " '· '03 

Atnerlc an Rys. t- o . . .. 4 " '04 
14 " '03 

l m ., Oct. '04 
ROCHESTER, N. Y. 1 " " '03 

Rocheste r Ry. Co . .... 10 " " '04 
110.. '03 

SAN FRANCISCO, CAL. I 
Unite d Railroads of 1 m., Oct. '04 

San Francisco .. . . .. .. 1 " " '03 

I m., Sept. '04 
SAVANNAH, GA. I " " 'Oa 

Savannah Electric Co. 12 " " '04 
12" '03 

I m., Sept. '04 
SEATTLE, WASH. 11 " •· 'O:l 

Seattle Electric Co .... 12 " '04 
12" ·oa 

1 m .. Sept. 'Ol 
SYRACUSE. N. Y. I •. .. ·oa 

Syracu se R . T. Co ..... ! :: :;;: 

1 m., Sept. '04 
TEKRE HAUTE, IND. 1 " '· '0.3 

T e rre Haute Elec. Co. 112" " '04 
12" " '03 

18,451 9,498 
16,479 9 371'1 

192,079 131,530 
185,001 121,1!4 

I 
13,646 
13,77:? 

150,755 
146,2ti9 

B,7'80 
8 656 

102:618 
9t,412 

R.953 
7,103 

60,548 
63, l:S57 

4,866 
5,116 

43, 137 
53,877 

280,3861 130,197 150,189 
..!64,513 t:li ,890 126,623 

2,656,481! l,3t3,307 I.333,174 
2,509,950

1

1,266,371 l ,243,579 

3,388 
3.8'>2 

37,874 
35,097 

2,386 
2,289 

24,2!16 
'l"..!,161 

5,565 
3.251 

22,674 
28,760 

2,481 
2,R27 

23,841 
31,716 

78. 790 71,398 
73,949 52.tii4 

'71i6,i'34 li76,440 
723,504 5:l0,074 

:38,727 17.155 21,572 17,670 :3 ,902 
2,314 

36,404 
39,502 

35,313 1B,3a:3 16,980 14,666 
387,462 183,041 204,421 168,016 
356,780 177,885 l 7R,896 139,393 

368 057 170,2.3A 197,819 
348.646 1 161,451 187,195 

3,576,2W 1,680,4UG l,895,8231 
3-,369,489 1 560,338 1,809,151 

22'..!,276 121,637 100,639 
206,601 110,709 95,892 

9,~2 
9,050 

32,841 
27,890 

119,894 
l!G,763 
547,169 
538,995 

127,104 
lUB,426 

1,2:15,081 
1,055,212 

595,{45 
568,69v 

5,080 
3,81:S8 

16,157 
10,838 

4,412 
5,162 

16,685 
17,052 

70 3:.lO 56,784 
57,0 l!l 51,378 

67t<,972 5,,6,10!) 
538,488 516,725 

97,308 100.511 
78,444 108,751 

914,441 98 1,1182 
784,074 1,025,077 

18,947 Bl ,692 
18,922 76,970 

2,631 
2,414 
7,894 
7,356 

27,036 
25,933 

1,781 
2,748 
8,791 
9,696 

29,749 
25,445 

4G,B43 26,099 20,744 10 613 10,Ial 
45,60G 26,50,5 19,101 10,583 8.517 

535,579 303.742 2:Jl,837 125,678 106,159 
510,514 303,991 ~6,52:l 116,722 89,802 

196,295 134,16i' 62,1$ 25,771 36,357 
175.678 10;!2,~ 511,479 !::2,917 30,562 

2,206,785 1,582,92:' 683,859 281,894 401,965 
2,067,4 18 1,470,964 5!•6,454 287,976 308 479 

72,786 40 4;33 
72,0i9 39,966 

219,4116 121,.~0B 
212,59:1 11 7,459 

32,:l54 
32,113 
97,898 
95,134 

52,148 29,706 23,442 
41l,712 25,309 21,403 

420,642 2i7,19G 14il,44G 
34\l,824 2'..!2,14-3 120,681 

20,338 
20,3:ll 
60,i'9;/ 
60,883 

9,664 
8.52'..! 

86, 109 
60 955 

12,0IG 
11,784 
37,106 
34,251 

13 778 
12:881 
57,M7 
59,726 

l m., Oct. '04 150,196 *76,183 
t'OLKUO, O. 1 " " '03 142,651 *74,805 

74,013 41,251 32,762 
f;? 846 41.24!\ 26,fiOI 

Toh'"lo Rys. & Lt. Co . . 10" '04 1 440 144 *
0

68 ll '5 
10 " '03 1:368:580 *705:979 

YOUNGSTOWN. 0. 

67 1 809 41 ti,555 255,254 
6tn160l \ 408,096 254,505 

Youngsto ,.-n.Sha•on 1 m ., Oct. '114 30,109 *Zl GO! 15,508 
3i!l,208 ~229:935 149.27-l ··· ···1 Ry. & Lt. Co ...... .. . 10 ' " '01 --- ---




