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THE SYSTEM OF THE MILFORD, HOLLISTON & FRAMINGHAM 
• 

STREET RAILWAY COMPANY 

Probably the most remarkable street railway develop­
ment which is going on at the present time in New Eng­
land, if not in the country, is that of the roads around 
Milford, Mass. About a year and a half ago th e :i\f ilford, 
Holliston & Framingham Street Railway Company 
changed ownership, and E. \V. Goss was elected general 
manager of the system. During the time Mr. Goss has 

ton on ,the northwest and Hopkinton on the north. These, 
when completed, will more than double the mileage of 
the company's system as operated a year ago. The branch 
from Hopedale to Uxbridge is to be operated by a sepa­
rate company known as the Milford & Uxbridge Street 
Railway Company, but is controlled ]8r;:---th same financial 
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VIEWS IN LAKE MENDON PARK 

held this position he has very materially improved the 
road, and the system will shortly present one of the most 
thoroughly up-to-date representations of interurban elec­
tric railway engineering to be fou nd in the East. 

When the new management assumed control the road 
consisted of a single-track line from Hopedale to South 
Framingham, a distance of 14½ miles, and a branch from 
Milford to Medway, a di stance of about 7 miles. These 
lines cover the territory lying northeast of Milford. Hope­
dale, a distance of about 2 miles, but of considerable impor­
tance from a traffic standpoint, is a large manufacturing 
town, it being here that the works of the Draper Company 
are located. During the past year extensions have been made 
from Hopedale to Uxbridge on the southwest, North Graf-

present the branch to North Grafton, which is to be an 
electrification of an old steam road, is operated by steam , 
and th e branch to Uxbridge, which is all new construc­
tion, is nearing completion. The entire system , however, 
is expected to be opened and running by electri city within 
a month or so. 

POWER STATION 

The power station for th e entire system is located in 
Milford. It not only supplies current fo r the railway, but 
also for the lighting circuits of the town. The lighting 
business, however, is controlled by a separate company, 
the Milford Electric Light Company, ·which has charge of 
the distribution and sale of the current in both Milford and 
Hopedale,- the lighting company taking control at the 
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switchboard in the power station. The power station is 
being greatly enlarged to supply accommodation for the 
new generating machinery necessary to operate the lines 
after the extensions have been completed, but this work is 
hardly sufficiently advanced to obtain satisfactory photo­
g raphs of the plant. 

Th e present equipment consists of four Dillon return 

STRINGING FOUR CABLES AT ONCE 

tubular boilers made by D. M. Dillon, of South Boston, 
Mass., and one Stewart boiler of similar type. A ll the 
boilers are of 150-hp capacity. Space has been provided 
for four more boilers of the sam e type and capacity, but 
no more boiler power will be required at present. The 
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that any danger of the two departments being affected by 
each other is obviated. About 150 kw is supplied by the 
station for lighting, the street lighting of the town being 
done by both arc and incandescent lamps. The arc lamps, 
of which there are between fifty and sixty in number, are 
operated on a constant-current circuit, a constant-cnrrent 
26½-kw General Electric transformer being installed in 
the power station. The lamps are 75 volts each. 

A t present power for the railway work is furnished by 
two General E lectric six-pole 6~0-volt railway generators. 
These generators are of 225-kw and 325-kw capacity, re­
spectively, and both run at a speed of 100 r. p. m. They are 
direct coupled to simple engines made by the Slater Engine 
Company, \Varren, Mass., the smaller having an 18-in. x 
42-in. cylinder, and the larger a 22-in. x 48-in. cylinder. 
The engines are operated condensing, Warren condensers 
being used. In the extension which is being built will be 
erected a 600-kw vVestinghouse railway generator, direct 
connected to a Filer & Stowell cross-compound engine. 
The size of the engine will be 22-ins. and 42-in. x 42-in. 
stroke, and it will run at 100 r. p. 111. Warren vertical 
type condensers will be used with this engine. 

The power station receives water from a cistern on the 
edge of a pond near by for both condensing and boiler­
feeding purposes. The water as taken from the cistern 
contains more or less mud, and a special provision had to 
be made before it reached the boil ers for the· removal of 
this sediment. The Wainwright "even-flow" water-tube 
heaters were selected as being the most serviceable under 
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the conditions, and a special type was de­
signed having extra large, clean-cut open­
ings in the heads or covers at each end . 
The frequent cleaning of the heater, which 
is necessary under the circumstances, is 
made extremely easy by this means, and 
the corrugated tubes which are contained 
in the heaters have been shown to be kept 
clean by the comparative high velocity 
which is obtainable, the mud found in the 
water chambers at each end of the heater 
being all that was present. There are 
two \i\Tainwright heaters so far installed­
one of 500 hp and the other of 1200-hp 
capacity- but another of 800-hp capacity 
will be installed with the new engine. 
One is used as a primary heater, using 
steam from the engine, while the other 
makes use of steam from the auxiliaries 
and steam pumps. 

SUB-STATION 
\ South 
0~ MIiford \ 

There will be three sub-stations when 
the enlarged system is opened. Two of 
these will be installed on the new branches 
soon to be operated. One is to be a 
storage-battery sub-station situated at 
Lake Mendon Park, and the other a ro­
tary converter station at Grafton. The 
latter will contain a 150-kw Westinghouse 
rotary converter, which will be a counter-
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RAILWAY MAP OF MILFORD AND VICINITY 

lighting portion of the plant consists of two 200-hp McIn­
tosh & Seymour engines, belted to two 125-kw alternators 
made by the Stanley Electric Manufacturing Company, 
of Pittsfield, Mass. These generators run at 1000 r. p. m. 
and give a current at 2400 volts and 66 cycles per second. 
A separate switchboard is used for the lighting _circuits, 
and is placed at some distance from the railway board, so 

part of one to be installed at the power 
station in Milford. The rotary will be 

placed in the steam railroad station at Grafton. The storage­
battery plant at Lake M endon Park will have a capacity of 
240 amps. The cells used in this plant are chloride accu­
mulators constructed by the Electric Storage Battery Com­
pany, of Philadelphia, and they will be placed in a separate 
wooden building erected for the purpose. Another storage­
battery sub-station is in use at East Holliston, of the same 
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capacity. There are 216 cells of the same make as the 
others installed here, each cell containing thirteen plates. 
The cells, however, are large enough to receive nineteen 
plates each, which gives an opportunity for a considerable 
increase in the capacity of the battery. The North Grafton 
branch is to be operated by a high-tensfon 
transmission line between the l\Iilford power 
station and the Grafton sub-station . This 
transmission line consists of No. 4 B. & S. 
aluminum wire strung on the regular trolley 
poles. The tran smission is made by a three­
phase 10,000-volt circuit . Besides the high­
tension aluminum feeders , there is a 360,000-
circ. mil aluminum feeder for direct-current 
distribution. This aluminum feeder is equiva­
lent to a No. 0000 copper feeder, and with the 
aid of the Grafton sub-station will be amply 

. sufficient to supply the trolley wire of this 
branch with the required current. The con­
struction of this line was made under rather 
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the encl of the platforms W( re attached to the track to in­
crease the rigidity of the platforms. Upon a train passing 
it was only necessary to remove these g uy ropes and leave 
the track entirely free. T he accompanying cut shows three 
of the plat forms in service. 

TRACK CONSTRUCTION 

T he track from Milford to F ramingham, 
which is about 12½ miles in length, has been 
practically rebuilt since the new management 
took control of the road. T he construction on 
this line was not up to the requirements of the 

peculiar circumstances. The road, as stated, is 
an old steam road, and in order to prevent in­
terruption of steam traffic while building the 
overhead construction, the poles were erected 
befor e the bracket arms were attached. This 
left a pole iine on which the wires could be 
rapidly strung. The accompanying illustra­
tion shows a train of four cars and an eng ine 
which was used to string four wires at one 
time. In thi s way 24 miles of wire were 
put in position on a Sunday without interfer­
ing at all with the r egular steam traffic. 
After the four wires , which consisted of the 
conductor s of the three-phase circuit and the 
large aluminum feeder, had been put on the 
poles the brackets were attached. A novel 
form of platform was designed, which would 

NEW CONSTRUCTION BETWEEN HOPEDALE AND M l:NDON 

furnish the workmen a st rong support while placing the 
bracket in position, and yet was entirely out of the way of 
passing trains. These plat fo rms consisted of a plank about 
(i ft . long and I ft. wide, provided with wrought-iron braces 
or frames, and cut at one end to fit around the pole. When 
lifted to position at the top of the pole by means of ropes, a 
firm support was offered to the workmen. Guy ropes from 

high-speed service which is being operated, and consid­
erable work \\'as necessary at the curves and switches to 
bring it up to standard practice. The track on thi s line, 
as well as on the 2 mil es which run to I-1 opcdale, is 50-lb . 
T-rail. T hrough the center of the town of Milford tlwre is 
o ne-half mile of double track constrnctecl of 9-in., 90-lb . 
g irder-rail, paved with g rani te bl ocks. This is larg-cly new 
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construction, the old turnouts which were form erl y in use 
having been of insufficient capacity to provide fo r the 
traffic at this point. The new construction between H ope­
dale and Uxbridge is being made of 60-lb. A. S. C. E. 
section rail, and for about 1½ m iles where it runs on the 
company's own right of way it is rock ballasted and built 
aco rding to the most improved steam railroad practice. A 
rock-crushing plant is located on thi s li ne, an ill ustration 
of which is given . 

The old steam railroad construction is to be used on the 
Grafton branch , and consists of 50-lb. T-rail, which has 
been bonded with Chase-Shawmut bonds. I n U pton 3 
miles of new track are being laid for r eaching the various 
parts of the town. The track work here is of 60-lb . T-rail. 
T he M edway branch is laid with 56-lb . T- rail. 

A ll of the branches are of singl e track with turnouts at 
from 3 miles to 4 miles apart. T he overhead construc­
tion of the Mi lfo rd & Uxbridge line is to be doubl e trolley 
wire, and the old ones are expected to be changed over to 
the double wire in the near fu tu re. T his does away with 
all trou ble due to overhead switches at turnouts, and the 
extra trolley wire acts as an additional feeder , 
necessitating the use of no more copper. 

ROLLING STOCK 

Since the company necessarily expects to 
do a large pleasure business in connection with 
its park , a considerable number of open cars 
has been ordered. A mong the most recent to 
be received are five fift een-bench, double-truck 
cars made by J . l\I. J ones' Sons, of \ Vest Troy, 
N. Y . T hese cars are fitt ed with Demis trucks 

plates for the fu ll leng th of the car. T hese cars are owned 
l1y the Mi lfo rd & Uxbridge Company. T here are be-

INTERIOR OF STANDARD CLOSED CAR 

sides fift een open ten-bench cars, made by the Massa­
chusetts Car Company, equipped with sing le trucks, made 
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by the Peckham l\1anufactur:ng Company, 
which have been in service on the road for 
some time. T hese cars ar e to accommodate 
the general summer traffic. Five new cars 
have been ordered from the Osgood-Bradley 
Car vVorks , of \Vorcester , l\Iass. These cars 
are to be 40 ft . 4 ins. over all , and seat forty­
four passeng ers. T hey are equipped with 
cross seats made by the Heywood Brnthers & 
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CLOSED AND OPEN CARS 

and are vestibuled, the vestibules being provided with cur­
tains at the side and solid fronts with window sash . They 

ONE OF THE SNOW PLOWS 

have the dome or monitor type of roof running the full 
length of car and extending over the platform, as in steam 
rai lroad practice, and are strengthened with steel sill-

Wakefield Company, of vVakefield, Mass., 
and have double Bemis trucks. Besides these 

new cars, the road has in operation single-truck cars with 
both side and cross seats. T hese cars are of the standard 
type, with interior fini sh of mahogany, and have the seats 
upholstered in carpet. In all there are ten side-seat cars 
fitted with P eckham four-wheel trucks, and two cross-seat 
cars fitted with Bemis fou r-wheel trucks. Most of these 
cars wer e furnished by the American Car & Foundry Com­
pany from its Jackson & Sharp plant, which has also sup­
plied three double-truck closed cars. The latter are 38 
ft. over all, and are of the straight-sided type with cross 
seats, the illustrated car interior shown being made from a 
photograph of one. T hese cars are 8 ft. 4 ins. wide, and will 
comfortably carry, without overloading, fifty passengers. 
All of the closed cars are vestibuled with solid doors, the 
major ity of them being- fitted with the Agard sliding door. 

The company already owns five snowplows and has con­
tracted fo r two more. The fi ve that it now has consist of 
three fot1r-wheel, small-nose plows, made by Pollard & 
Grothe, one from the Taunton Locomotive Manufacturing 
Company. and a large double-truck Ruggles double-ro-
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tary plow made by the Peckham Manufacturing Com­
pany. This latter plow, which is illustrated herewith, was 
in service last winter, and gave excellent sati::-faction, the 
construction being such that the rotary fans cleau the snow 
very close to the track. 

All the large cars of the company are equipped with the 

has just been completed at the entrance. A spur of track 
enters the park, so that a number of cars may be held here 
without interfering with the main-line traffic. 

On the line of the Milford, Holliston & Framingham 
road, about I½ miles from its terminus at South Framing­
ham is another pleasure ground known as Waushakum 
Park. This one the street tailway company has nothing 
to do with as far as its operation is concerned, but it 

TWO OF THE BRIDGES 

Standard Traction Brake Company's air brakes with axle­
driven compressors. Where compressed air is available 
whistles are used. The registers are of the single type, 
and were made by the New Haven Car Register Company. 
The Wilson trolley catcher made by the Frank Ridlon 

affords for the people at that end of the line an oppor­
tunity for amusement. The two parks are some 16 miles 
apart , and it is not considered that one will draw attend­
ance from the other, on account of the distance. At neither 
is the sale of alcoholic beverages permitted, and the enter-

OFFICE OF THE COMPANY AND CAR HOUSES IN MILFORD 

Company and those made by the New Haven Car Register 
Company are both used. 

PARKS 

On the line of the Milford & Uxbridge Road the com­
pany has purchased a tract of woodland of about 15 acres, 
which it will fit up and use for a park known as Lake 
Mendon Park. A boathouse has been erected, and other 
buildings, such as pavilions and theater, will be built 
during the coming winter. It is proposed to have boats 
and launches on the lake, which contains about a hundred 
acres. The water in this lake is very clear, being feel by 
springs, with very little watershed, and is one of the most 
attractive places in this vicinity. Among the accompany­
ing illustrations a view is shown of a waiting station that 

tainmerns will be of the most refined character. No ad­
mission will be charged at the park controlled by the 
company, either to trolley riders or those who arrive in 
carriages. 

OPERATION 

The entire system is connected by a telephone circuit, 
which is placed about midway between the ground and the 
feeder circuit, both to obviate interference with the tele­
phone currents by the trolley circuit and to allow for con­
nection directly with the telephone wires, if it be advisable 
later to install a portable telephone system. At every turn­
out a permanent telephone is installed. 

The Milford & Uxbridge line is built to a very large 
extent on the company's own right of way. This was 
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necessitated at some points by the steep grades which 
occurred on the public roads, and which were somewhat 
reduced by choosing another route. The running time is 

STONE CRUSHING PLANT, MILFORD AND UXBRIDGE LINE 

thus not only g reatly dec reased, but the beauti es of the 
road itself considerably enhanced. The large amount of 
excavating and fillin g that has been necessary and the con­
struction of several handsome bridges has made this line 
very expensive to build, but the country which it will open 
up and th e at tractiveness, which is a result of the extra 
expenditure, will probably amply repay the engineers. 

The offi cers of the Milford , H olli ston & Framingham 
Street Railway Company are: J ohn T . Manson, president; 
Sidney Harwood, vice-president ; E. \V. Goss , treasurer 
and general manager, ancl l\L E. N ash, superintendent. 
The officers of the Milford & Uxbridge Street Railway 
Company are practically the same, with the exception of 

FIG. 2.-DROP HAMMER IN OPERATION 

the vice-president, whose position on the latter road is 
filled by Arthur R. T aft. 

The Track Construction Department of the Union 
T raction Company, Philadelphia 

There is probably no street railway company in the 
country which has a larger or more complete department 
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FIG. 1.-ELECTRICALL Y DRIVEN CAST WELDING CUPOLA 

devoted to track work construction and maintenance, or 
one which has developed a larger number of new types of 

track appliances, than the Union Traction 
Company, of Philadelphia. The track de­
partment is a branch of the engineering 
department of the company, and is in con-
trol of H. B. N ichols, engineer of main­
tenance of way, who is responsible in turn 
to 'vV. S. Twining-, chief engineer of the 
company. The yards of the company are 

~ located at Fifty-First Street and Haver­
ford Avenue, where the company has fa­
cilities for making and assembling special 

i work, all of which is designed in th~ rail­
way drafting room, and a large part of 
which is of original design, to meet the 
conditions encountered in Philadelphia. 
In addition, the company has a most com­
plete set of track apparatus and tools, 
which are described below. 

CAST-WELDED JOI N TS 

During the past two or th1ee years the 
Union Traction Company has cast-welded 
more than 5000 joints of old track, and 
about 2000 joints of new track. The joints 
so cast have stood very well under service; 
in fact , the method has been used to pro­
long materially the life of old track which 
was so worn that the ordinary angle-plates 
could not be installed upon it. The height 

of the rai ls so welded varies from 4½ ins. to 9 ins., but better 
results were found with the 9-in. rail than with a shallower 
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rail. Most of these joints have been cast 
by William Wharton, Jr., & Company. The 
company has , however, a sp ecial repair 
cupola, shown in Fig. 1 , mounted on an 
old car truck and operated by motors . The 
cupola was originally used on a wagon, but 
was transferred to the electri c truck about 
three years a_go for ease in transportation. 
The onl y obstacle in th e way of using a 
cupola operated over th e tracks of the 
company was th e clanger from the hot 
blast from the top of the cupola injuring 
the trolley wire, which necessaril y had to 
be right over it. This was avoided by sus­
pending a sheet of asbestos, 20 ins. wide 
and 10 ft. long, above th e cupola. This 
asbestos shield is carried on a k lme, and 
its height is made adjustab le, so fo at it can 
be lowered to allow the car to pass under a 
low bridge. The frame is coun terbalanced, 
so that it cc1n be raised and lowered easil y. 

The cupola has a di:uneter inside of 22 

ins ., and from 6000 to 7 000 lbs. of iron can be melt ed in it 
before blowing off. The air is supplied by a Sturtevant 
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FIG. 4.-CROSSING C LAMP 

blower run by a 5-hp motor. The cupola is hinged on the 
platform by a universal joint to keep it level, and the top of 

c-c 

FIG. 3.-DROP HAMMER 

car over it a few minutes after it has been cast. 
cupola holds about 1600 lbs. to 1800 lbs. of iron. 

T he 
The 

motor and blower are carried in th e 
middle of the platform, and receptacles 
on each side provide for th e coal , tools, 
fron , etc. , carried on th e car . 

It should be stated, however, that 
the company is not now cast-welding 
rail-joints, but is carrying on a series 
of extensive experiments with a "zinc 
joint," which was described in this 
paper for April , 1901 . 

PORTABLE DROP H AMMER 

Another special appliance designed 
in the shops of the company and illus­
trated in Figs. 2 and 3 is the portable 
drop hammer designed for breaking 

cas t-welded joints and pigs fo r the cupola. This is not 
electrically propelled, but is drawn by anoth er car from 

,S Lrect Ry.Jouronl 

FIG. 5.- PLAN AND SECTIONS OF CROSSING C LAMP 

1t is held steady by springs to the frame. No injury has 
been found to result to a cast-welded joint by ru nning the 

point to point as its se rvices are required. The winch is 
operated directly, however, by a G. E.-800 railway motor. 



STREET RAILWAY JOURNAL. [VoL. XVIII. No. 23. 

The drop hammer weighs 1500 lbs . and has a fall of 16 ft. 
It is found that this drop hammer will break 9-in. joints 

A-B 

ing joints in 4½-in rail, as the joint and rails will bend under 
the hammer, crushing into the ties. Cast-welded track of 
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FIG. 7. - PLAN AND SECTIONS OF LATEST FORM OF STEAM RAILROAD CROSSING 

without trouble, the hammer being dropped on the middle 
of the joint. Difficulty is experienced, however, in break-

this height is usually taken out by cutting the rail out 
every second joint. 
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60-FT. RAIL TRUCK 

For transporting 60-ft. rails from one point to another 
a novel collapsible truck is employed. This is designed to 
be drawn by horses , and is arranged similar to a fire truck, 
with a steering wheel connected to the rear axle. The 
frame connecting the· two ends of the truck consists of a 6-

FIG. 8.-PORTABLE RAIL PUNCH 

a large amount of special work for its own system. 
Chrome steel centers are largely used for the special work 
built. For the manufacture of all of this class of crossings 
the device illustrated in Figs. 4 and 5, and called a crossing 
clamp, is used. As shown in the plan, Fig. 5, the clamp is 
set for making a right-angle crossing, but the ends can be 

FIG 9.-HAND TRUCK FOR CARRYING PIECES OF SPECIAL WORK FIG. 10.-NIGHT LIGHT ST AND 

ir,. pipe into which a 4-½-in. pipe is slid. In this way the 
wagon, which can be shortened to a length of 36 ft. for 
storage, can be extended 54 ft. or more in length when in 
use. When of the required length the pipes are held rigidly 

'= 2 axle 

N oTE :- A ll Lul ts and ri vet s to Lt! ½1
'<lia rne ter, 

Drill ½"b-ol e ln f ifth "'.l1t!el a t "A." and provide 
a pin to fit in,-for lockrng for straigJ:lt traveL 

swung to one side or the other to make a crossing of any 
angle desired. After the rails required for making the 
crossing are cut to the proper length and shape desired, 
they are clamped in the proper position on this· device, 

· 4'-6 " 

~
1

- Standar<l -t l "~eds 
with ha_'f-z;~res, 

FIG. I !.-DETAILS OF PORTABLE RAIL PUNCH 

in place by pins passing through both pipes. The davits at 
each end are for raising and lowering rails from the track. 

TRACK GAGE 

One of the products of ti1e track shops is a track gage 
made of steel tubing and malleable iron ends. It weighs 
about 18 lbs., and, being entirely of metal, is not subject 
tc as much damage as a wooden track gage would be. 

SPECIAL WORK 

The Haverford A venue shops of the company turn out 

which is set in foundry sand, and the joints are then cast. 
The steel centers are, of course, set in after the joints of 
the crossing have been cast, and are held in place by zinc 
by a method patented by the engineers of the company. 
The diameter of the circle on which tl1e arms of the clamp­
ing device swings is 8 ft . 

STANDARD STEAM RAILROAD CROSSING 

Fig. 6 shows an old form and Fig. 7 the latest form of 
~tanclard steam railroad crossing built by the company, and 
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adopted by the Pennsylvania Railroad, Baltimor e & O hio 
and other steam rail roads crossing the tracks of the Union 
Traction Company. T he two are alike, except that in Fig. 

with a groove to take the flange of the street railway wheel. 
E ach of these crossings prov ides manganese steel service 
rai ls in one piece for the steam railroad service, while the 

I 

~. -:.,-, ·~-~:;;:._:_-. 
...f'- - ""' . . 

FIG. 13.-ROAD ROLLER AND TRUCK 

6 the street railway rai ls are bolted on to the steam rail road 
rails,. while in F ig. 7 they are all cast together. F ig. 6 
shows a standard right-angle crossing, while Fig. 7 shows 
an oblique crossing, but either can, of course, be made to 

~ ,.."' .~..:~, :j?~ - . 
_. ~~ -~- ...,;/,-.J:'__: .,.;}:__ --~ -~~, 

street car rai ls are of cast steel. In thi s connection it should 
be stated that most , if not all , of the special work and de­
vices made and employed in the shops of the U nion Trac­
tion Company are manufactured under patents granted to 

engineers of the company. 

P ORTA BLE RAI L PUNC H 

Figs. 8 and I I show a portable rail punch 
for punch ing holes in joint-plates, etc . 
This is carri ed on the arm of a hand-wheel 
car, which is coun terbalanced at the end to 
assist in raising the punch . T he punch 1s 
used principally on the streets. 

l{A IL TR UC K 

Fig. 9 illustrates a hand truck used for 
carrying short pieces of ra il or parts of 
special work from one point of th e grounds 
to another. As shown, th e rail is slipped 
in a chain loop hung from th e yoke of the 
truck, and is balanced by a brace set a 
short di stance ou t on the handle of the 
truck. T he chain has several !arge links, 
so that the loop can be made longer or 
shorter, accordi ng to the size of the piece 
of special work to be t ransported. 

NIGHT LIGHT STA NDS 

FIG. 12. -ELECTRICALLY DRIVEN PORTABLE EJV\ERY WHEEL 

The next engraving, Fig . IO, shows the 
very convenien t p iece of apparatus used to 
illumi nate the work at night on the streets . 

any angle. T he method employed in Fig . 7, of course, 
avoids the necessity of all fi tting of the steel and manga­
nese steel. Generally the two tracks are on a level, 
and the manganese steel rail for the steam railroads is cast 

A s will be seen, it consists of a portable stand carrying a 
bank of ten lamps, with fi shing-pole connection to the 
trolley wire. T he ground terminal is connected to the rails. 
When a car passes , the pol es are simply raised from the 
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trolley wire, without disturbing the position of the 
stand. 

RAIL GRI NDER 

F ig. 12 shows the portable rail grinder used for smooth­
ing down cast-welded joints when they were emplored . As 

FIG 14 - GREASE C HARI OT 

shown, it consists of a barrow on which is car r ierl an elec­
tric motor of 2 hp, connected by a Stow flexible shaft with 
an emery wheel, which is held down on the rail by the 
worker. 

ROAD ROLLER TRUC K 

As the terms of the company's franchise provide for 
considerable macadam paving, the company owns a I 5-ton 
road roller , and to assist in transporting it from one part 
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GREASE CI-IAl{lOTS 
This is the euphonious title applied to the vehicles 

adopted by the U nion Traction Company to do away with 
the individual curve greaser. It was not fo und fe asible 
to send the men out on foot with g rease pails, as they could 

FIG. 15 .-GREASE C HARIOT 

not carry very much with them and would take too long in 
going from one curve to another. It was also considered 

Tangents to nrcs of 
shortened spirals- as 
numbered. 

, Inter section points of t angents of 
90° spirals with centre CUI'Vt!S-as 

numbered 

Street Ry.Journal 

undesirable to send th em around 
on the cars, as this plan involved a 
clanger of rniling th e clo th es of the 
passengers. Each curve greaser 
has, therefore, been supplied with a 
littl e cart , illustrated in F igs. 14 and 
15, and of which there are about 
fift een employed on the sys-
tem. T hese wagons are large 
enough to hold two pails of grease, 
s2nd, salt , a switch iron and a 
broom, and the men go rapidly 
fro m one curve to another. All 
ctu-ves on the system are greased at 
least once a day, and some curves 
three or fo ur times a day. T he 
chariot is large enough to carry all 
th e material required during th e clay 
by each man . 

SPIRAL CURVES 

T he company is using in all of its 
curve construction spiral transition 
curves of different types, depending 
on the radius of the curve. The 
standard initial radii are roo, 2 00 or 
5 00 ft. , and tables and diagram s pre­
pared by the engineering depart-

FIG. 16.-TEMPLETS USED IN LAYI NG OUT SPIRAL TRANSITI ON CURVES 

ment fo r laying out arnl installing 
these curves were publish ed in the 
STREET R AILWAY J OURNAL fo r 
February, 1899. I t has been fo und 

of the city to another the ingenious truck ill ust rated in 
Fig. 13 has been devised. This truck is provided with an 
inclined plane, as shown, by which the road roller is run 
upon the truck, and it is then blocked in place. T he truck 
i!:: then hauled by means of a motor car. 

convenient, however , in the drafting room to employ three 
standard templets in laying out the standard spirals. T hese 
templets are made of celluloid, and are reproduced in Fig. 
16, which is just one-half the size of the templets used. 
The m ethod of \.1sing these templets is as fo llows: 
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W hen the location of the straight tracks and all sur­
veyed data where a curve is necessary are plotted, the 
templet is applied with its tangent side along the track 
li ne. It is then moved to and from the point of intersection 
of the track lines to determine the radius of the standard 
curve to be used, in order to clear curb intersections, man­
holes or other obstructions that may be on the ground. 
Vl hen the desi red radius is determined upon, the center of 
the curve is located by the "Ordinates of Centers" given 
in the tables of the company, which were published in this 
paper for February, 1899, and which are used in connec­
tion with these templets. From the located center lay off 
the abscissas, which are also given in the tables under 
"Abscissas of Centers," thus getting the P. T. of the spiral. 
Then by applying the templet with the P. T .'s coinciding, 
the spiral part is drawn up to the point of C. C. of the 
determined cu~ve ; at the same time two points are marked 
on the paper at each side of the tetnplet for the different 
radii of the spiral. The templet is then removed and the 
curve completed by drawing center curves by means of 
compasses, and the different radii of the spiral are drawn in 
by connecting the respective points already marked. The 
corresponding outside curve can be drawn in with the 
same templets by moving the P. T. of the templet ahead 
of the P. T. already determined until the gage at the C. C. 
is correct. 

T he spiral or cubic parabola curves, which are ideal for 
railway work, have been adopted by many progressive 
engineers as standard, but one of the reasons, if not the 
only reason, why they have not been universally adopted is 
the t rouble, time and annoyance in preparing accurate 
drawings and making the necessary calculations, and for 
those not used to higher mathematics such curves are diffi­
cult to determine. With the help of such templets and 
standard tables, spirals can be laid out accurately and cal­
culated with as much ease and rapidity as plain curves. 
The method employed at Philadelphia may go a long way 
to make spiral curves universal, at the same time may save 
a great deal of gray matter. 

PRIVATE TELEPHONE SYSTEM 

All of the offices, car homes and stations of the company 
are connected by a private telephone system, and telephones 
have also been located along the streets for the use of des­
patchers, inspectors, and for general railway purposes. 
T he company has its own central exchange, which is lo­
cated at the main car house of the company, at Eighth and 
Dauphin Streets, and the switchboard has 150 drops, repre­
senting that number of instruments in different parts of 
the ci ty. 

POWER ST A TI0N 

Owing to the large number of double-truck cars which 
have been placed in service recently, and most of which 
take the place of only one single-truck car each, the de­
mands for current on the power stat ions of the company 
have been steadily increasing during the past year. T he 
double-truck car has now been adopted as a standard on 
practically all the lines, and will replace the shorter cars 
as the latter wear out. A statement was published in the 
April issue of the STREET RAILWAY JOURNAL on the kilo­
watt output during 1900 of the seven different power sta­
tions of the company, and showed an aggregate output per 
month varying between 6,320,667 for September to 7,667,-
599 for December, 1901. This has increased during the 
past year, so that the output during October, 1901, was 
over 8,000,000 kw-hours. T his increase has required an 
increase in power-station capacity, which has been partly 
secured by the addition of a 1500-kw Westinghouse gen-

erator, direct connected to Wetherill engines, in the Thir­
teenth and Mt. Vernon Street station, and which will be 
further supplemented by an 800-kw Bullock generator in 
the station at Thirty-Second and Dauphin Streets. . 

At the time of the consolidation of the various com­
panies now comprising the system of the Union Traction 
Company there were ten power stations, of which two, 
shortly after the consolidation , were dismantled, and one 
was leased to the local electric light company. Of the re­
maining seven stations three were originally run non-con­
densing and three used mechanical draft. Natural draft 
and a cooling tower have been in stalled in the Thirty­
T hird and Market Street station, and a change to natural 
draft has been made in the Thirteenth and Mt. Vernon 
Street station. This leaves only one station, that at 920 
North Delaware Avenue, with mechanical draft , and three 
are still run non-condensing. 

•• 
A New Type of Rail Bond 

The tramway system of Geneva, Switzerland, which, it 
" ·ill be remembered, is under the management of Stephen 
D . F ield, the well-known American engineer and electric 
railway pioneer , has been using a type of soldered and 
protected rail-bond which has proved very satisfactory. 
Through the courtesy of Mr. F ield, a view of the method 
of attaching this rail-bond is presented herewith. 

The bond consists of a stranded U -shaped conductor, of 
fine copper wire, with plug terminals , and is designed to 

RAIL BOND USED IN GENEVA 

go under the angle-plate. The method of attaching the 
bond is as foll ows : The rail is bored, and the inside of 
the hole is thoroughly tinned. The bond-plug terminals 
are then inserted in the hole and an oxyhydrogen flame 
with a circular burner , something like an Argand gas 
burner , is then applied on the opposite side of the rail. 
T he plug in the end of the bond contains a hole which is 
filled with solder. This m elts out at the proper time 
through the agency of the heat, and completely fills the 
rail hole. The cost of the bond, complete and attached, is 
about 25 cents. Before the angle-plate is attached, the 
effectiveness of the soldering can be determined by push­
ing on the end of the terminal, and the integrity of the 
bond is thus assured. Although this method has been in 
use fo r considerable time, no defective bonds have been 
discovered. 

For the D emerbe rail , of which there is a considerable 
amount in Geneva, Mr. Field has devised a slightly dif­
ferent type of bond which has no plugs, but the terminals 
of the stranded cables are bound together by a flattened 
tube of perforated copper. This rail has a section some­
th ing like an inverted U. The ballast is packed in under 
the h ead, in this way supporting the rail. The bond is 
clamped to the rail-we~, and soldered on to it by the use of 
a gasoline torch. 
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The Milan-Monza Interurban Tramway 

BY GUIDO SEMENZA 

T he first interurban electric railway of considerable im­
portance put in operation in Italy was that connecting 
l\fonza and Milan, between which there is.a large traffic, 
owing to the industrial character of both cities. This road 

FIG. 1.-CONVERTER STATION AND MAIN DISTRIBUTING 
POINT FOR POWER ON LINE 

was formerly operated by horses, and had to compete for 
traffic with a steam trunk railroad and two steam tram-

with high trees on both sides, and for the rest of the dis­
tance on an ordinary country road. After entering the 
city of Monza it terminates at the gates of a splendid park, 
where was the favorite residence of the late King Hum-

FIG. 4.-VIEW ON LINE BETWEEN MILAN AND MONZA 

bert, and near which he was cruelly murdered. T his park 
is one of the principal summer resorts of the public, both of 

Monza and Milan. The track for 
al l of this part of the line is single, 
and consists of 53-lb. Vigno1e (T) 
rail. In gen<:ral , the profile is 
flat, except at the point shown in 
Fig. 4 , where the road crosses a 
bridge with 2 per cent grades at 
each side. The shortest radius 
curves are in Monza, the mini ­
mum radius being 54 ft. 

FIG. 2.-METHOD OF BRAZING RAIL BONDS 

The rail-bonding throughout 
is the same as that employed all 
over the Milan sy tern , that is, 
two copper wires brazed to the 
foot of the rail. This method, 
which has been used since 1897. 
has given very satisfactory re­
sults. In fact . cases of elec­
trolytic co rrosion in pipes are 
quite unknown in Milan, and the 
bonds are always found in perfect 

ways, and-so continued until the last day of the last cen­
tury. The road belo~1gs to the Milan Edison Company, 
which also owns and operates the 
principal electrical distribution 
systems in the two c1t1es men­
tioned, including lighting, power 
distribution and electric traction. 

condition. The brazing is done by making a coil at the end 
of the bond and using a hand blo\\"er. The process is well 

The line from Milan to Monza 
has a length of 10-} miles, incl ud­
ing 2 mil es of city track belonging 
to the local tramway system of Mi-
lan. The cars start from the very FIG. 3.-A BRAZED RAIL BOND AS USED IN MILAN 

heart of the latter city close to the famous Milan Cathed ral. illustrated in Fig. 2, and is of a section of the line between 
From this point to Loreto at the city limits the track is 'Iilan and Monza, while a joint completed is shown in Fig. 
double, and consists of a 93-lb. grooved rail of special pro- 3. The writer takes this opportunity of suggesting that 
file called the "Milano type," shown in Fig. 3. Leaving this method of brazing the bond terminals has many z.d­
this point the line runs for 5 miles on a beautiful avenue vantages over that of employing solder for making the 
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joint, as practiced by the Salt Lake Rapid Transit Com­
pany, and described in the STREET R AILWAY JouRNAL for 
March, 1901. At all events , he is glad to attest the fact 

r--

FIG . 5.-INTERIOR OF TOWER OF CONVERTER STATION 

t l:at an experience of nearly fou r years in Milan is quite 
favorable for the system of brazing. 

The overhead system is used. Two No. oo trolley wires 
are employed, supported fo r the greater part of the dis­
tance by iron bracket poles. T hese poles are composed 
with two U-shaped beams connected by a very light lattice 
work; the bracket is substantially made of an iron tube ,,vith 
some simple ornament. The overhead line insulators come 
from the General Electric Company, and do not need any 

FIG. 7-STORAGE BATTERY ROOM 

description. Besides the two trolley wires, a No. oo feeder 
extend s toward Monza for a distance of 2,l miles . 

The generating station is located at tl;e center of dis­
tribution , 2½ miles from Loreto. At this point the Paderno­
Milan electric transmission li:ie crosses the rai lway. This 
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line transmits to Milan the power of the rapids of the River 
Adela and is the principal source of energy for the plant of 

T he sub-station is provided wi th a tower, through which 
these eighteen wires pass. The interior of the higher floo r 

FIG. 8-INTERIOR OF MAIN lWTARY STATION 

the l\lilan Edison Company. Near the crossing a sub-sta­
tion was erected where the power derived from the line is 
transformed to direct current for railway use. The trans-

FIG. 9-CAR FOR WI NTER SERVICE ::;,:;;; 

mission line is composed of eighteen bare copper wires, No. 
oo, the current used being three-phase at 42 cycles, r 5,000 

volts. 

of this tower is represented in F ig. 5. On each of the side 
walls wires of the line are visible, while on the 
wall facing the reader is wiring necessary to tap current 

FIG. 10-SAME CAR WITH UPPER DECK FOR SUMMER 

from any of the wires of the line. This same room is used 
aiso as a section point of the transmission line, and this ex­
plains the number of section sw itches that can be seen on 
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the walls. From this room six wires descend into a room 
below where the transformers are placed. They are three 
in number and reduce the tension from r 5,000 volts to 330 
volts. The transformers are manufactured by Ganz & 
Company, of Buda-Pest, and are air cooled. 

Next to this room is the machine room, in which two 
200-kw rotary converters and two specially designed boost­
ers driven by asinchronous motors are installed. The ro­
tary converters were built by the General Electric Com­
pany, in Schenectady, N. Y., and the only special feature 
about them is that they work at a frequency of 42 cycles. 
This periodicity has not proved to be quite so satisfactory 
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FIG. I 1. - CROSS SECTION OF CAR 

so far as the railway is concerned as that of 25 cycles. A 
storage battery works in parallel with the rotaries. To ob­
tain good regulation a reactive coil was connected in series 
with the alternating side of the rotary. The combined 
effect of this reactive coil with the series winding of the 
rotary's field raises and lowers the continuous current volt­
age in correspondence with any decrease and increase of the 
load. 

The boosters have a double function: ( r) to boost up the 
voltage of the rotaries in order to charge the battery, and 
( 2) to act as boosters for the line feeder. They are, there­
fore, provided with a shunt and a series field; the first one 
to be used when charging the battery; the second for 
feeder service. 

A plan of the station is given in Fig. 6, and a view of the 
rotary-converter room is given in Fig. 8. 

The battery was supplied by the Cruto Company, of 

Turin. Its -capacity at a one-hour-discharge rate is 8oo 
amp.-hours. Space has been left, however, to increase the 
capacity up to 1200 amp.-hours. The number of elements 
is 280. The positive plate is of the Mayert type, the 
negative one of the Pescetto type. A view of the battery is 
given in Fig. 7. 

The standard motor car is vestibuled and mounted on 
double trucks. Fig. 9 shows the car with a single deck, as 
it will be used in winter, while in the summer season a sec­
ond deck is mounted on the roof, as shown in Fig. ro. The 
interior of the car is divided into two compartments for 
first and second-class, and there are nine,seats in the former 
and seventeen in the latter. The upper deck contains thirty­
two seats of the second-class. In all, the car can carry 
sixty-eight passengers, and, when crowded, up to seventy­
five. 

In the construction of the car body there are several 
points that differ from the general American practice, spe­
cially as regards the amount of iron used. The lower 
frame is composed of U-beams, as will be seen from Fig. 
r r. The most important parts of the structure are 
strengthened by iron. The interior of the cars is very 
elegantly trimmed with woodwork, and the seats are of red 
and green velvet. The bodies were built in the works of 
the Milan Edison Company. The trucks come from the 
Brill company, and are of the standard maximum traction 
type. The electrical equipment consists of two G. E.-57 
motors and type BA-23 standard controllers. Both motor 
and trail cars are provided with electric and hand brakes, 
and electric car heaters. The whole length of the car is 3r 
ft., and the weight of the empty car, with electrical equip­
ment, is I4 tons. The trailers are of the same type as the 
motor cars, and have a single deck in the winter and a 
double deck in the summer. They differ from the motor 
car only in having one entrance in the center, instead of two 
vestibule entrances at the extreme ends. 

----+-♦-----

Extensive Repair Shops at Kansas City 

\Vithin about a year the Metropolitan Street Railway 
Company in Kansas City will have one of the most con­
venient and efficient shops in the United States. The plans 
have been made and the buildings are in process of con­
struction. The original plans were sketched by James W. 
G. Becker, master mechanic of the company, and approved 
1Jy Vv. H. Holmes and C. F. Holmes, president and general 
manager, respectively. The total cost will be about $190,-
000. The company will be equipped to build one hundred 
cars at a time if it should decide to build its own cars. Be­
sides, it will be thoroughly equipped for all sorts of repair­
ing. 

The Metropolitan shops are being built on a tract of bnd 
containing IJ½ acres, and will be very conveniently located. 
On one side of the tract is the Independence electric line, 
over which cars may be taken to and away from the shops. 
On the south side of the ground are the tracks of the Chi­
cago, Milwaukee & St. Paul, the Atchison, Topeka & Santa 
Fe and the Kansas City belt railroads, which will con­
veniently carry all material and _freight to the shops. There 
will be numerous switches from the railroads and from the 
electric lines entering the shops, increasing the convenience 
of hauling freight and moving cars. 

The shops will be included in two large buildings-the 
paint shop and the construction shop. Besides these, there 
will be a car house. 

The paint shop is already nearing completion. It is a 
one-story brick building, 340 ft. long x 268 ft. wide, and 
the railroad tracks run along the south side of it. At one 
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end of the building is a subdividing wall, a fire wall, cutting 
off a strip 38 ft. wide, and extending the entire length of 
the building. This strip is divided into several smaller 
rooms, which are to be used for various purposes. The 
first of these is the blacksmith shop, 75 ft. x 38 ft. In 
this there will he a steam hammer and four blacksmith 
fires and several furnaces. The next room, another subdi­
vision of the long strip along the side of the paint shop, is 
the brass foundry. This is 50 ft. x 38 ft. in dimensions. 
It will have a sand floor, and will be complete in every par­
ticular. New apparatus will be bought for it- benches, 
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work, they will change their clothes again and go to their 
homes clean and refreshed. 

An oil and paint room, 20 ft. x 38 ft., adjoins the wash 
and clothes room. The walls of thi s room will be carried 
up higher than the walls surrounding it , like a low chim­
ney, for in this room will be stored the supply of oils and 
paints, and there would be danger of fire. The last of this 
row of rooms is the largest , being 140 ft. X 38 ft., and it 
will be used for painting the trimmings and smaller parts 
of the cars, such as sashes, linings and other parts. 

The main part of the building will be used, of course, 
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PLAN OF NEW REPAIR SHOPS OF THE METROPOLITAN STREET RAILWAY COMPANY AT KANSAS CITY 

flasks, furnace crucibles of different sizes and the other ap­
pliances that will be needed. 

N ext to the brass foundry will be the toilet rooms and 
bath rooms. This room will be 15 ft. x 38 ft. The men 
employed in the cramped shops of the Metropolitan Com­
pany now are obliged to go to their homes dirty after a 
day's work because there is not room in the building to pro­
vide the necessary toilet faci lities. In the new shops there 
will be tub and shower baths and every necessary and con­
venient thing fo r the bath rooms, for next to the toilet 
and bath room is the large wash and clothes room. In this 
there will be one hundred fireproof lockers, and wash­
bowls, so that from twelve to fifteen men can wash at once. 
As soon as the men reach the shops in the morning they 
will go to the clothes room, change their clothes for the 
overalls of the shops, and lock their other clothing in rheir 
lockers. At night , after wash ing off the grime of a day's 

for painting the cars, and they will stand in the building 
until dry. Sixteen tracks will enter the building and con­
nect with the Independence electric line, over which cars 
will be taken to and from the shops. 

This paint shop will be one-story high, with skylights 
over the main part of it, saw-tooth section roof, the wind­
ows facing south . The ceiling will be painted white for 
better light. Over the side rooms, the blacksmith shop, 
brass foundry, etc. , there will be monitor roofs. The build­
ing will be of mill construction, wooden columns, girders 
and joists. T his building will be completed first. 

Next to it will be the big construction shop, 246 ft. x 400 

ft. In the southeast corner of this large room, occupying 
a space of 144 ft. x 72 ft., will be the wood-shop machinery, 
including the apparatus for mill and bench work. A strip 
60 ft. wide at the north end of the building will be separated 
by a wall, and will be two stories high, while the main part 
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o f the construction shop will be one-story high. The two­
storv section will be used fo r a storeroom and for the offices 
of ti~ e master mechanic and t f1 e chief electrician and their 
assistants. T he offices will occupy the top fl oor. There 
will be a vault fo r record s and fo r drawings, etc. In the 
end of the storeroom will be a fireproof vault divided into 
two parts . In one part will be kept the electrica_l instru-

S to:i-:-
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Sacramento Notes 

The Sacramento Electric, Gas & Railway Company has 
a system so located geographically that it is possible to 
have the conductors turn in their collections every trip. 
A ll the lines in town terminate at the Southern Pacific 
Depot , at which point is al so the Southern Pacific Com-
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END ELEVATIONS OF MACHINE SHOP 

ments and testing apparatus, and in the other part the oils, 
varn ish and paint of the store stock . 

The main part of the construction shop will be used for 
the repairing and construction of cars. There will be. an 
electric department and machine shop, the former ex t t nd­
ing the entire leng th of the builuing on the west side, and 
the latter extending along the east side, while the construc­
tion vvi ll be carried on in the center of the shop. The tool 
room wi ll be in the machine shop. In the construction 
shop there will be fo ur traveling cranes of 20 tons each, 
three lengthwise of the building and one across, so that 
a load can be carried from any part of the shop to any other 
part on a traveling crane. There will al so be a crane in the 
storeroom running out on to a platform , so that the h,:avy 
material in the store stock can be handled easily and with 
despatch. There will be doors open ing into the storeroom 
from the shop fo r furth er convenience. \Vindows will 
open from the office do\\' n into the shop, so that the master 
mechanic can see all par ts of the shop without leaving his 
desk. 

The construction shops \\'i ll have steel L orimer columns, 
g irders and steel beams. The roof will be of mill construc­
tion. There will be numerous switches into the shop from 
the electric lin e which run s a longside, and switch facilities 
from the railroad tracks, so that new material can be taken 
at once on freight cars to the shops. 

P lans have al so been made fo r a large car house on thi s 
tract of 13½ acres. Thi s car house will be 600 ft. long and 
2 00 ft. wide, and have a capacity for storing about 300 

42- ft. ca rs. This will be built wheh the shops are com­
pleted. T here is also planned a dry kiln of late design near 
the main buildin gs , fo r the purpose of drying the lumber 
used in the repair and construction of cars. Besides this, 
there \\'ill be g round remaining to store heavy and bulky 
material, like ro ugh lumber , tics, rails, etc. 

The whole g round s will be surrounded by a high, solid 
board fence surmounted by barbed wire, with sliding gates 
for the admission of cars. 

T o fit up its shops, the l\ Ietropolitan Company will re­
quire a considerable quantity of new machinery. There 
will be an individual motor for the machine shop and wood 
shop , an ai r compressor and pipe plant complete. Com­
pressed air will be used for hoisting, for cleaning cars, for 
drilling and chipping in the 111a<;hi11e shop and for many 
other th ings , 

pany's main repa ir shop. As a great deal of the travel 
comes from the workmen employed in the shops, the ter­
minus for all of the cars at this point is desirable. The men 
are paid every night by the receiver at the common ter­
minus and sign a receipt for their wages. Twenty-one cars 
ar e run on ordinary schedule, which number is increased to 
thirty-six on holidays. The population of Sacramento is 
about 29,000, and it is well spread out. The company fur­
nishes family tickets, which are good for two rides a day 
for the use of each employee's family. This is done be­
cause by enabling the employee's wife or some other mem­
ber of his family to go to market in the central part of the 

SECTION OF ELECTRIC SAND DRYER 

city every clay it is possible for the employees to b'uy to 
much better advantage than if dependent upon the small 
stores located in the outskirts, and the company feels that 
it should help its employees to this extent. The company 
sell s twenty-two tickets for $1, and the tickets used are of 
aluminum, about the size of a nickel. Half-fare tickets for 
children under twelve are 0£ aluminum of hexagonal form. 
T he cars are equipped with what is known on the Pacific 
Coast as the Clark automatic fender, which was devised in 
Oakland. The amount of money paid out for damages 
an d accident claims is less than I per cent of the gross earn­
ings. The shops are well equipped with apparatus for 
handling wheels and armatures. The pits have sectioned 
track for removing wheels, and jacks for letting down 
armatures and wheels. 

As the company ~ets its power from a waterfall, it is 
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enabled to use an electric heater for drying sand. The 
principle of this heater will be made clear by a glance at 
the accompanying sketch. The sketch represents a cross 
section through a part of the heater. The tubes shown are 
electrically heated by having wire wound on them, and as 
the sand becomes dry it drops clown in the space between 
the tubes. Until it becomes dry it cannot drop through. 
The railway is but one department of the company, which 
operates also an electric light and power service. F. A. 
Ross is superintendent of the railway department . 

The Performance of Electric Railway Motors 

BY GEORGE T. HANCHETT 

After the preliminary survey has been made, the sched­
ule speed fixed, the weight of the cars evaluated, and the 
draw-bar pull on the variou s parts of the line computed, 
comes the selection of a raihvay motor to do the work. It 
is a grave error to compute the necessary horse-power and 
buy a motor rated to correspond, for railway motor ratings 
are made on an artificial basis for the purpose of relative 
comparison, and are a very insufficient guide to an intelli­
gent selection. Reference must be had to a reliable system 
of performance curves over the limits of load, and these 
curves are so useful ancl important that, even at the risk of 
beingelementary, the writer proposes to devote a few para­
graphs to the analysis of their general character before 
dwelling on their application. 

All the functions of a railway motor perfo rmance vary 
with the current load, and it is, th erefore, customary to 
plot them all on the same sheet , with amperes as the ab­
scissa, reserving the ordinate for the characteristic function 
to be displayed . These curves, in th e order of their im­
portance, are as follows: 

1.-The curve of horizontal effort or draw-bar pull. 
2.-The speed curve. 
3.-The temperature or time curves. 
4;-The horse-power input curve. 
5.-The effici ency curve. 
6.-The horse-power output curve. 
The horizontal effort is first, fo r the first requirement is 

that the motor pull the load. How fast it pulls it , makes 
the speed curve of next interest. Reference to the heat 
data must next be had to be sure that the motor will do 
the work without des troying it self, and having thus ob­
tained assurance that the motor will safely and satisfactor­
ily perform the work, the necessary energy to he expended 
is interesting, and the effici ency with which the motor em­
ploys it is to be considered, leaving the horse-power out­
put last of all, a quantity irrevocably fixed by the load and 
speed, and, therefore, not to be changed by motor selec­
tion. 

Taking these curves up in order, we have first that of 
horizontal effort, which is directly proportional to the 
torque of the motor, and can be converted thereto by 
simple multiplication by a constant dependent on the gear 
reduction and the wheel diameter. Therefore, the draw­
bar pull is directly proportional to the product of the cur­
rent , and th e strength of the fi eld , and its equat ion is H = 
f kc, where H is the horizontal effort , f the fi eld strength , 
c the armature current , and !? a constant dependent on the 
design of the motor and its conn ection to the car. If f was 
constant, th e draw-bar pull curve would be a straight line 
inclined to th e axes, but as f increases with the current, the 
curve is a more complex function, and exhibits a depar­
ture from a straight line, bowing downward from the axis 
of H. As the current increases, so also does f , but not 
proportionally, and at saturation f becomes approximately 

constant. Therefore, bevond the saturation current the H 
cu rve becomes a straigl1t line, and its widest departure 
therefrom is to be found near the origin where the increase 
of f with the increasing current is greatest. Fig. I displays 
a typical curve of horizontal effort , in which the features 
referred to can be clearly seen. The curve does not in­
tersect the origin, beca11Se near that point the speed be­
comes so high that all the torque developed is needed to 
overcome the motor friction. 

The curve of speed roughly approximates a hyperbola 
asymtotic to the speed axis. Therefore, a railway motor, 
or, indeed, any series motor, rapidly gains in speed as the 
load falls off. If the motor had no losses the speed at zero 
load would, according to the equation, be infinite and prac­
tically might reach a very dangerous figure. As a railway 
motor is never relieved of its mechanical load in service, 
only such parts of the speed curve as correspond to work­
ing load are of interest. 

Considering the typical curve also shown in Fig. 1, we 
find that as the current increases the speed diminishes. 
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FIG r .-CURVES OF SPEED AND TRACTIVE EFFORT 

This is due to two causes; first, the increasing field strengch 
to ,vhich the speed is inversely proportional, and, second, 
because of the increased armature drop, vvhich entails a re­
duction of back e. m. f., and, therefore, of speed, in order 
to permit the necessary current to flow. The armature drop 
factor is small, compared with the field factor, and hence 
the speed curve of a series motor is a roug-h kind of satura­
tion curve plotted in a peculiar way, the "knee" of the curve 
occurring at that point where it turns to approximate paral­
lelism with the current axis. From thi s it follows that the 
sooner thi s occurs, as th e current increases, the greater 
the reluctance of th e magnetic circuit, and other things 
being equal, the li ghter the motor. It is sometimes con­
venient to plot speed curves at different voltages which 
produces a family of approximate hyperbolae, the lower 
voltage curve including those of higher voltage. 

Temperature, or time curves, of railway motors are un­
fortunately not as satisfactory a performance guide, as they 
cannot be taken under condi tions which duplicate the vari­
able character of those of practice. They commonly ap­
pear, as shown in Fig. 2, as curves, concave ts> both axes 
and asymtotic to both. The horizontal axis is, as usual, 
represented in amperes, and the vertical axis in minutes, 
the points of the curve representing the time which must 
elapse before the motor reaches a given temperature, say 
75 <legs. centig rade above the atmosphere for any given 
value of rnrrent. It is customary to assume a starting 
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temperature, say 25 degs. centigrade, but it is obviously 
erroneous to assume that any constant value can be given 
to this quantity. Car tests are little better than stand tests, 
because of the difficulty of obtaining a representative aver­
age of the varying values of the functions to be measured. 

A family of" heat or time curves, as they are sometimes 
called, is obtained by plotting them with reference to dif­
ferent final temperatures . 

The efficiency curve does not start at the origin, but on 
the current axis, at the same point as does the curve of 
draw-bar pull, where the horse-power output shows an 
excess over the losses of the motor. It rapidly rises with 
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FIG 3.-TYPICAL EFFICIENCY CURVE 

the current, and quickly reaches a maximum value, after 
which it begins to droop. 

This curve is computed from the ratio of the ordinates of 
the horse-power output to the horse-power input curves. 
The location of maximum efficiency with reference to the 
load is important, for, other things being satisfactory, it is 
obvious that it is best to select .a motor whose efficiency 
shall be hi·ghest at the particular load at which it is to oper­
ate most of the time. The efficiency of a railway motor 
rarely exceeds 85 per cent, for the reason that it is neces­
sary to work th e materials at their maximum possible out­
put. A typical efficiency curve is shown in Fig. 3. 

The horse-power input can always be calculated from 
the current if the voltage be known, and is represented by 
a straight line inter.sectin_g the origin ~nd jn<;ljp~cj. to both 

axes, because with constant voltage the horse-power is 
directly proportional to the current. 

The curve of brake horse-power is best considered by 
plotting it on the same sheet with the curve, or straight 
line, of horse-power input. 

It exhibits a concavity upward toward the horse-power 
axis. The horse-power input being always greater than 
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FIG. 4.-HORSE-POWER INPUT AND OUTPUT 

the corresponding brake horse-power, it is plain that the 
line representing it must lie entirely above the latter curve. 
The horse-power distance between these two lines at any 
given ordinate represents the losses of the motor expressed 
in horse-power. Such a line is represented by B C. See 
Fig. 4. It will be noted that the losses diminish with the 
load until a certain point is reached, when they begin to 
increase. · It requires a little analysis of the losses to ac­
count for this increase of loss at light load. The copper 
loss, which is one of the principal losses of the motor, in­
creases as the square of the current. The hysteresis loss is 
proportional to the speed, and to the I .6 power of the field 
strength, and the loss due to eddy currents is proportional 
to the square of the speed. The friction losses increase 
with the speed in a rather indeterminate function. It will, 
therefore, be seen that at the light loads, where speed be­
gins to rise at very high figures, the losses which increase 
with the speed will begin to assert themselves, and in spite 
of the fact that the C R loss is diminished, the grand total 
im s increases. 

It will be remembered that the efficiency curve does not 
start at the origin, but at a current value, such that the 
horse-power output shows itself to be a measurable 
amount. It is plain that this must be so, for not until this is 
the fact can the numerator of the ratio of the input and 
output have other than a zero value. The rapid rise in 
efficiency curve corresponds to the rapid diminution of 
loss and increase of output as the motor comes down to 
working speed. Beyond this point the efficiency curve is 
roughly a horizontal line, and the horse-power input and 
output curves are approximately two straight lines, di­
verging uniformly. Corresponding with the droop of the 
efficiency curve the horse-power output curve begins to 
droop also, the loss increasing more rapidly than does the 
load, and if both curves were continued to the limit they 
would turn downward, striking the ampere axis at that 
~urrent value which would obtain if the motor were stalled 
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and full voltage applied. These extremes are beyond the 
working limits of the motor, and are of theoretical interest 
only. 

Although these various curves are exceedingly useful in 
selecting a motor, and, in fact, constitute the only data by 
which the selection can be intelligently made, it is unfortu­
nate that some curves are not truly representative of the 
performance of the motors to which they are attributed. 
Fortunately, however, it is possible to tesf a system of 
curves, and check them one upon each other, and in this 
way it can quickly be determined whether the results are 
those of test, and how to interpret them. These methods 
of checking the curves are interesting; first. intrinsically, 
and, second, because they serve to still further set forth 
the properties of the curves and their relation to each 
other. 

Let us consider first the curve of speed and that of draw­
bar pull, as shown in F ig. I. The speed is plotted with 
reference to current in miles per hour, and the draw-bar 
pull is plotted in pound:, , with reference to current also. It 
is plain that at any ordir,ate, such as A C 

ABX ACX 5280 
-------- = horse-power at draw-bar. 

It is, therefore, evident that if the speed and draw-bar 
curves are given, the horse-power input and efficiency can 
at once be computed as a check. The converse, however, 
is not true, because a point on the horse-power curve may 
be produced by an infinite number of pairs of values of 
speed and draw-bar pull, and therefore fails to definitely fix 
any two of them . 

From the losses governing the operation of direct cur- . 
rent series motors, it is plain that the draw-bar pull curve 
must slope most near the origin, and if a tangent of any 
point of its contour is not steeper than its predecessor, it 
is safe to assume a mistake somewhere. The horse-power 
output and input curves must not intersect anywhere, fo r 
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curve at the draw-bar can be computed and plotted, and ~ 
compared with th e hc rse-power output curve. If the 
horse-power curves thus produced coincide, it is plain that 

30 

20 10 
a check on all three curves is thus had. It is possible, 
however, that the horse-power curve thus found by com­
putation will appear considerably below the given curve. 
This may be due to the fact that the horse-power curve 
given is the brake hor se-power obtained at the motor 
pinion, whereas the horse-power curve thus computed 
should be the horse-power curve at the draw-bar. 

It is highly important that the draw-bar pull curve be 
genuine, and one from which practical computation can be 
made, and hence if it is found that the horse-power curve 
computed from the draw-bar pull and speed curves coin­
cides exactly with the horse-power curves as given, it is a 
fair infrrence to assume that one set was computed from 
the other. and it then becomes important to learn which 
way this computation was made. 

A common method of curve construction is to test the 
motor by the usual brake methods, and then by measuring 
the speed of the shaft, and duly multiplying it by the proper 
constants, obtain the speed in miles per hour, and in a 
similar way by measuring the torque with the brake and 
multiplying by proper constants, the draw-bar pull curve 
is constructed. 

It is plain that to make a fair test by this method, the 
motor should be fitt ed with its gears and car axle, the 
brake readings to be taken therefrom. 

In order to determine wheth er the gear losses have been 
taken into account in the draw-bar and speed curves, it is 
convenient to construct a horse-power output curve, and 
compare it with the input curve, which can be readily 
drawn as a straight lin e intersecting the origin, and a com­
puted point corresponding to any given load. Fig. 4 
shows two such curves, and it is plain that at an ordinate 
such as A C, the effici ency is equal to 

AB 

AC 
If an efficiency curve. constructed from points thus com­

puted, exceeds 85 per < ent, it is a fair inference that no ac­
count has been taken of any losses beyond the pinion, and 
that from 4 per cent to 6 per cent should be subtracted 
from either the draw-bar pull or the speed, in order to get 
a correct relation between the two. 
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FIG 5.-DETERMINATION OF COINCIDE-ff VALUES O F MOTOR 
C HARACTERISTICS 

should they do so at that point , the motor would show an 
efficiency of IOO per cenc, and if any portion of -the input 
line li es below the output curve, the effici ency appears 
greater than IOO per cent, which is manifestly absurd . If 
the efficiency curve is perfectly flat on the top, having no 
crest, the horse-power output curve must closely approach 
a straight line, uniformly diverging from the horse-power 
input curve. The more marked the crest in the efficiency 
curve the more concave the horse-power curve must be. 

There is, unfortunately, no good way of checking time 
curves. Even a repetition of the tests which they are sup­
posed to represent might not reproduce them, because of 
the difficulty of duplicating the conditions under which 
the original test was made. 

The application of a system of railway motor curves to 
a probl em of practical selection is the only proper way by 
which a railway motor should be chosen fo r a given serv­
ice. A survey of the line should definitely establish the 
grades. A n analysis of the traffic conditions should fix the 
weight of the cars and the desired speed, and with this 
data and the performance curves, the motor should be 
selected. 

The first steps are easy. Take the required draw-bar 
pull , as found at any point in the lint:, and divide by the 
number of motors per equipment. Draw an orJinate 
through the curves to correspond, as shown in Fig. 5, and 
the points of intersection with th e va rious curves give the 
speed, effici ency, horse-power output and input , respect­
ively, and with precision. A careful sc rut iny of the values 
so found, coupled with a knowledge of the desired condi­
tions, will quickly flet errnine whether a motor is sati sfactory 
in these respects. 

The heating of the motor is the problem, and the inter­
section of the ordinate with the heat curves gives a time 
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value which is true only under a certain condition. It is 
plain that this condition is only one of a hundred that 
m ight arise, and, moreover, a single temperature condition 
of the motor is of small interest to the chooser u nless it 
assists him in determining whether or no the motor will 
stand the service. 

In respect to heat properties it is convenient to compare 
a railway motor to a tank with a narrow slot in its vertical 
side, which comes into play in increasing measure as the 
water level rises . The water may be fed in at irregular in­
tervals, and variable amounts, but the discharge from the 
slot is a defini te function at the time, and the contained 
volume of water, and therefore of its level. Similarly in a 
railway motor , the heat is placed therein in irregular 
amounts and intervals, but is dissipated according to a de­
terminate law dependent on the time, and the contained 
amount of heat, and therefore on the temperature. 

It is plain that we must not feed heat to the motor or 
water to the tank so fast that the average input exceeds the 
maximum ability of either device to dispose of the same, or 
the motor will burn out, and the tank will overflow. It is 
fu rther ev ident that the permissible maximum momentary 
input is measured by the reserve capacity in heat or water 
of the respective devices, and becomes less as the tank fills 
or the motor warms up. It may also be added that the 
temperature of the motor does not instantly respond to a 
heat increment, ,vhile the \Nater level promptly adjusts it­
self to th e influx, but fo r the preservation of the analogy 
be it observed that it is impossible to add a measurable 
increment of heat to the motor instantaneously without 
disastrous practical results, and the influx being of neces­
sity gradual, gives the temperature more ti me to adjust it­
self. 

On these lines may be evolved an in teresting method of 
determining the heat performance of motors with better 
regard for the complex conditions which surrou nd them 
in practice. 

To this end it is necessary that the following quantities 
be .determined: 
C = the capacity of the motor fo r heat energy preferably 

expressed in kw-hours. 
T = the limiting temperature of the motor ,vhen it con­

tains C units of heat. 
L = the elapsed time at any part of the run. 
R = the radiating rate cf the motor at temperature T. and 

under the most adverse practical conditions. Pref­
erably expressed in watts. 

r = the radiating rate at any given time, also in watts. 
E = the total heat energy delivered during L, expressed in 

watt-hours. 
i = the losses of the motor at any given time, expressed in 

watts. 
Reference should be h_ad to a loss curve plotted with 

reference to the current load, and from it should be con­
structed a curve plotted with losses for ordinates, and time 
for abscissae, and representing the conditions throughout 
the length of the run. 

If any portion of the volume of this curve be integrated 
the result will represent E, the total heat delivered to the 
motor, and if this result be divided by the elapsed time L, 
the average rate of radiation will be had, which, of course, 
must never be greater than R on an extended run. This is 
sufficient for a simple level track problem. 

For strict accuracy the elapsed time L should be divided 
not into E, the total heat delivered to the motor, but into 
E + E1 - E,, the subscript E 's representing the heat in the 
motor on the street and at the finish of the run under con­
sideration. This difference E1 - E, may be positive or 
negative, and is always small compared with E if the run, 

as it should be, be chosen sufficiently long. Therefore, for 
the majority of calculations, the approx imation indicated 
above is amply sufficient. 

O n g rades and on other situations, however, heat is de­
livered to the motor at a much greater rate than R, and 
the thermal capacity, or heat inertia, of the motor, is de­
pended on to take up the surplus to be radiated when the 
conditions are more favorabl e. 

If this call comes at a time when the thermal capacity 
is taken up by previous exertion the motor will rise to 
dangerous temp erature. 

For the purpose of carr ying this matter further, it is as­
sumed that the rate of radiation and the temperature are 
both proportional to the heat units contained in the motor, 
both of which are true, if due regard is had to advisable 
practical modifica tions indicated beyond. 

Let us suppose that it is desired to determine whether or 
not the motor will heat excessively over a certain heavy 
grade, \\'h ich calls fo r a current so large that the losses 
conside rably exceed R . I t is plain if the reserve heat in­
ert ia of the motor is not overdrawn, the results will be sat­
isfacto ry. T his reserve comprises the difference between 
C and the heat contained in the motor when it begins the 
ascent, and which , therefore, must be determined. 

The average rate of radiat ion during the previous im­
mediate history of the motor may be obtained by dividing 
the integrated loss curve with respect to time by the 
elapsed time, and this is proportional to the heat in the 
motor at the beginning of the ascent, and may be so con­
yerted by mul tiplying by the proper constant, which is 

C E 
equal to-. Hence as - = r , then 

R L 
EC 

C - -- =-= the available reserve heat capacity. 
LR 

If the moto r run ti ll the limiting temperature is reached, 
it is evident that the average rate during this period is 

E 
R+-

L 

2 

and the addition per unit of time to the heat contained in 
the motor is 

E 
R+-­

L 

2 

which, divided into the reserve capacity, gives -
EC 

C--
L R 2 C (L R - E) 

-~----,or 
E 

R+­
L 

2 

R (2 i L-R L-E) 

which is the permissible time the motor will carry the load 
under the given conditions. 

The quantity C, must , of course, be determined for each 
motor experimentally by the maker. It could most ap­
proximately be done by enclosing the motor in a heat­
proof box, blocking the armature and sending current 
through the coils till the limiting temperature was reached. 
T he energy supplied, measured by a recording wattmeter, 
and duly corrected for radiation, would be the desired C. 
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After the process becomes duly refined it would probably 
be better to place a voltmeter across the terminals of the 
stalled motor, and apply a constant current till the poten­
tial difference reached a predetermined value. A more 
strictly accurate value can be had by running the motor in 
its heat-proof box, and absorbing the load by means out­
side the box, and computing the heat given ·to the motor 
by the time and the known losses, but it is probable that a 
modification of the first method could be devised, which 
would take empirical account of the iron losses, and which 
would be far more convenient. 

R, the rate of radiativn at the temperature T, can be ob­
tained by observing the watt input into a blocked motor 
after it has reached the desired stationary temperature. 
This test should be made on a moving car on a still, warm 
day. 

With these two quanti ties determined, the heat perform­
ance of the motor can be computed with a suf­
ficient knowledge of the line conditions, for E, 
i and L are obtained therefrom. 

It is, of course, not advisable to apply this 
method without due regard to the influence of 
practical conditions. It is easily possible for a 
load to be so severe that the coils of the motor 
would burn out long before the heat had a 
chance to distribute itself according to the fore­
going principles. 

Street Car Platforms 

BY W. E. PARTRIDGE 

T he simple open platform of the electric car is by no 
n,eans without variety. The first modification or addition 
which was made when the platform took the place of the 
omi1ibus step was the dasher. Its first piece of apparatus 
was the brake staff and handle. The simplest fo rm of 
platform for electric cars is quite complex as compared with 
that of the old horse car, with which it is supposed to be 
practically identical. As ai1 example of this we may glance 
a! Fig. 1, which shows the platform of a horse car formerly 
used on the Market Street line in Philadelphia and built 
nearly thirty years ago Ly the J. G. Brill Company. The 
ancient horse-car platform had no machinery or attach­
ments save the brake staff and handle and the chain for 

The situation can be controlled by modifying 
the valtie of C, as experience shall dictate, and it 
may be added that this, in strict accordance with 
the theory for the heat inertia capacity, is, in­
deed, reduced if the heat be so suddenly and 
concentratedly applied to certain parts of the 
motor that the remainder of the metal has no 
time to absorb its due share. The more rapidly 
the heat is applied the less C will become, and 
the value of C, as determined under different 
current strengths, will vary accordingly. From 
a series of experiments a curve can be con­
structed of C values, with reference to current , 
and in important calculations that value of C 
should be selected which corresponds to the 

FIG. r. -PLATFORM OF A HORSE CAR 
BUil T THIRTY YEARS AGO FOR 

THE MARKET STREET LIN E 

FIG. 2.-A SIMPLE OPEN PLATFORN\ 
OF 1901 

IN PHILADELPHIA 

square r oot of the means of the square of the currents 
about to be applied to the motor. A curve of C thus cal­
culated will be exceeding ly interesting, fo r it is a relative 
measure of the heat capacity of the motor, and, therefore, 
of its overload perfo rmance. 

It is evident that experimental development of this 
method of computation will disclose other important and 
advisable practical modifications of the determination of 
the constants and their application, either for the purpose 
of abridging the work or increasing the accuracy of the 
'result. 

It is believed by the writer that on the foregoing basis 
a system of heat computation can be evolved which will 
approach at least the simple and satisfactory methods now 
employed in determining and applying the other perform­
ance data of a railway motor. 

---♦---
The size of engines and generators creeps slowly up. 

The 8000-hp engines for the Manhattan E levated Railway 
power house in New York were the largest electric railway 
power house engines ever contracted for at the time they 
were ordered, and now before they are instal,led another 
contract is given by the Rapid Transit Subway Construc­
tion Company, of New York, for eight engines of 7500-hp. 
The contract is awarded to the Allis-Chalmers Company. 
The boiler contract was awarded to the Babcock & Wil­
cox Company, and is for forty-eight water-tube boilers of 
600 hp each. 

manipulating ·the coupling pin. In modern cars we find 
gates have been added on each side. There is a draw-bar, 
a buffer, rods to carry a headlight, hood supports, be­
sides the controller with its handles. The inevitable gong 
must not be forgotten, nor the sand box, which is very 
common and ought to be considered indispensable. 

The platform shown in F ig. 2 is by the American Car 
Company, of St. Louis. In many respects it is typical of 
the modern type of platform, but the gates are carried 
much hig'.her , so as to make the enclosure as secure as pos­
sible. The cars to which these platforms were applied 
went to the City of lV[exico. In both instances the gates 
were of the fo lding pattern, which is much liked because 
of the compact form which they take when not in use. 

Fig. 3 shows a platform built by the Jackson & Sharp 
Company, of VVilmington. The notable constructive fea­
ture is the great length of the platform timbers. This 
materially reduces the stress on the framing of the car, 
which is of great importance in four-wheel cars. The plat­
form is dropped sufficiently to bring the step within easy 
reach of the ground, but not enough to make it necessary 
tc• insert blocking beneath the end sill. Blocking down 
under the end sill makes the platform a source of weak­
ness when the thickness of the subsill is greater than 3 or 
4 ins. 

Fig. 4 is of a type of open-car platform which has almost 
become standard among car builders for center-aisle open 



812 STREET RAILWAY JOURNAL [VoL. XVIII. No. 23. 

cars. It has one great fault. There is no place, when the 
car is full, where a passenger can enter without disturbing 
those already seated. The usual excuse given for this con­
struction is that the turntables are too short to admit of the 
use of longer cars. Sometimes superintendents excuse 
themselves for ordering such cars on the grounds that car 
houses and storage tracks limit the length of their cars. 
In such cases it is an open question if it would not be better 
tc, omit the end seats, and in this way provide passengers 
with one point at which they may enter and leave the car 
without incommoding those who are seated. There is an 
argument made against thi s lengthening of the platform 
or providing a regular platform entrance. It is on the 
ground of quick loading and unloading. It is urged that 
for the highest speed the passenger should get on or off at 
the nearest opening. H e is not expected to wait until the 
platform reaches him on entering; neither is he expected 
tG walk down the aisle to the platform before leaving. 

Practically the car is built without a side sill. The side of 
the car is carried by a sill which is also the outer platform 
timber. This is possible because the whole floor frame of 
the car is of iron. In such cases the sills are usually 
I-beams extending from crown piece to crown piece. 
Often the whole structure is of iron, only the interior 
finish being of wood. The car is used as a trailer, and has 
the buffing apparatus usual on European roads. 

With the introduction of power upon street railways 
and the great increase in speed which came as a conse­
quence, many important changes in construction were in­
troduced. Larger cars were desirable, and strbnger con­
struction became imperative, at the same time a great in­
crease. in the comfort of the passenger became possible. 
The introduction of the vestibule on steam railroad trains, 
which became quite general about the time that electricity 
was introduced upon street railways, was soon followed 
by similar forms of construction on electric railways. Who 

FIG. 3 -PLATFOR M AND FENDER WITH 
SWING GATE 

FIG. 4.-AN OPEN CAR PLATFORM, 
STANDARD TYPE 

FIG. 5.-AN OPEN CAR PLATFORM, 
WIDE ENTRANCE 

Both of these actions tend to delay the car and make it 
slow. This argument may have some weight where it i;5 
difficult to make a large daily mileage and there is a heavy 
traffic. In general, it may be assumed that the comfort of 
the passenger is of greater importance than the small gain 
ir. speed. 

Fig. 5 shows an extra long platform on a center-aisle 
open car by the Brill works. Passengers occupying the 
end seats are not incommoded by passengers who enter or 
leave. Incidentally, there is a considerable gain in space 
for those who stand. In the special car illustrated the 
idea was carried to extremes, and no side entrances were 
provided. The guard-rails were stationary, and there were 
no steps or runningboards along the sides. 

In the matter of simplicity our European friends at 
times go a step further than we do in America, as is shown 
in Fig. 6. The platform is little more than what is indi­
cated by its name. Since the car is used as a trailer, it 
has ai r-brake hose connections, but nothirig else besides the 
very open rail. Steps with three ri sers would be considered 
somewhat unusual in this country. Since speed is not 
considered of great importance on most European street 
railways, the passenger can be allowed ample time to enter 
0 1 leave, and the steps become an undoubted convenience. 

There is one point of construction in this car which is 
of interest. Possibly it is of sufficient value to be worth 
careful attention of car builders and street railway men. 

first enclosed the street-car platform in such a way as to 
make a "vestibule" is not certain. The cabs of some of 
the early "dummies," used long before the days of either 
cable or electricity, were practically vestibules, and for 
this reason the idea can hardly be said to be new, yet the 
application appeared decidedly novel to the public. 

The vestibule is a platform enclosure, and is structurally 
a portion of the platform. Some designs make it a portion 
of the car body. They carry the end frame of the car for­
ward to the front of the vestibule, while others make the 
vestibule light and almost an independent structure. 

The question of the advisability of adopting the vestibule 
generally upon street cars has had a wide discussion. If 
vestibuled cars cost no more than those with plain open 
platforms, probably there would have never been any ques­
tioning in regard to the matter, but the vestibules cost 
money. It therefore becomes necessary to investigate 
their disadvantages and see if good objections cannot be 
found to their use. 

The standard objection to them is that men enclosed in 
them cannot see nor hear as well as if they were in the 
open, and that in 'case of snow or rain storms and during 
severe weather, when the windows are closed, hearing, as 
well as seeing, is impaired, and accidents are likely to fol­
low. It is certainly a good argument that in case of storm 
a man should be in full possession of his ~enses and out 
where he can hear and see everything that is going on; 
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but it is found, as a matter of fact, that men at work on 
the unenclosed end of an electric car have to protect them­
selves. During inclement weather they have to be very 
heavily "bundled up, " and it is a question whether, with 
heavy caps, mufflers and thick overcoats, the men can see 
or hear better than in a vestibule. Certainly the advantages 
of having a man comfortable and in full possession of his 
physical powers far outweigh the slight disadvantages of 
the enclosure. 

The passenger looks at the vestibule as an important 
contribution to his comfort. He regards a car with a 
vestibule as entirely up to date. The vestibule excludes 
drafts from the interior of the car , and makes riding more 
comfortable-riding in cold weather becomes pleasurable. 
A warm car in the winter time is an attraction to the short 
rider. H e is tempted to r ide a few blocks to get out of the 
cold wind. When the car is cold, the pedestrian argues 
that it will be better to keep warm by exercise for many 

by framing and glass is quite as bad as that of the vestibule. 
In addition to thi s, he has to protect head and body with 
quite as many coverings as if he had an open platform. 
Lastly, when a vestibule of this class is used in summer it 
sends a strong breeze through the car from back to front. 

These remarks in regard to vestibules and the protection 
of the motorman and conductor, of course, apply with 
g reatest force to the central and northern portions of the 
U nited States. In Canada and in the colder States of our 
own country little argument is needed in favor of a com­
plete enclosure for the street-car platform. The vestibule 
becomes then a necessity about which there can be little 
question. 

Taking up the question of vestibuled platforms, the 
simplest structures naturally come first . T his order wi ll 
be fo llowed fo r the sake of convenience, in spite of the fact 
that the more complex fo rms were the first which came 
into use on street rai lways. 

FIG. 6.-PLAIN FORM OF PLATFORM 
USED ABROAD 

FIG. 7.-PORTABLE V ESTIBULE USE D 
IN PHILADELPHIA 

FIG 8 -PORTABLE VESTIBUL E FOR 
BERLIN 

blocks rather than to sit still in a car. In such cases the 
company loses the profitable short rider. 

The enclosed vestibule makes a car easier to heat in 
winter, and is a direct advantage to the company. Many 
of our leading railway companies have become thoroughly 
convinced of the value of the vestibule, as well as of the de­
sirabi li ty of making the men comfortable. They have in 
some instances provided the vestibules with heaters. 

The question of cost appears to be the only one which 
has any weight in this connection. The more closely the 
subject is examined the plainer does this become. 

The open vestibule, or one having a front but no sides, 
has come largely into use. It is formed in a great variety 
of forms. Its advantage is in the fact that it is supposed 
to give the motorman some protection, and at the same 
time make it easy for him to hear. It is supposed to com­
ply with the State laws that require the motorman to be 
protected in winter weather. From the railway man 's 
standpoint they may be a good thing, because they cost less 
than a vestibule which makes a full enclosure by having 
doors on side, windows, etc. Practically they have every 
disadvantage that is urged against the vestibule as well as 
the most of those of the open platform. They protect the 
motorman's fac e from a head wind, but transfer the wind 
to the back of the neck. They afford no protection to the 
interior of the car, and none whatever to those who ride 
on the platform. The limitation of the motorman's sight 

In F ig. 7 we have the Brill portable vestibule, as ap­
plied to the cars of the Union Traction Company, of P hila­
delphia. Its leading features are a light frame sitting 
upon the dasher rail, and carrying in front three sash. At 
the sides the frame is connected to and supported by the 
hood supports. The bottom board of the frame projects 
so as to permit the brake handle to clear the sash. At the 
top there is a flexible weatherproof connection with the 
hood. The whole structure is light and easily handled by 
two persons. The sash in these vestibules may be arranged 
in a variety of ways. As shown, the whole of the central 
sash swing to one side. The glass at the side is divided 
by a bar in the center. The hood, dasher-hood supports, 
and in fact the whole platform arrangements, are not 
changed by the addition of the portable vestibule. It may 
be noted here that these platforms are largely carried by 
the side si lls. The outer platform timbers are reinforced 
by angle irons. This platform is also of interest as it 
shows a folding gate turned back against the body of the 
car. The side framing of thi s vestibule may be made 
much narrower than that shown in Fig. 7 and the pro­
jection reduced. In cases where the brake staff is brought 
well inside the dasher rail, little proj ection is needed to 
clear the brake handle. 

Fig. 8 shows a slightly modified form of the same vesti­
bule, with much less projection, as applied to a lot of cars 
which the Brill Company sent to Berlin a year or two ago. 
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T he sides are quite open , and the whole arrangement g ives 
but li ttle protection to the motorman. T he long plat fo rms 
have comparatively short steps. T he extra space at the 
sides was utilized in forming a ladder fo r reaching the 
roof. It is altogether a unique arrangement. 

Following the mechanical order , we next take up the 
stationary vestibule without p rotecting sides. One of these 
i:- shown in F ig. 9. T his was built by the St . Louis Car 
Company for the Chicago City Railway. T he short plat­
form t imbers are reinfo rced by metal. T he gates are made 
very high, but are not carried to the floor. T he arrange­
ment of the sash is such as to g ive the effect of very large 
g lass, while the individnal lights ar e small. T he vestibule 
arranged in this way is a wind brake. T he subdivision of 
the glass and the opening of a small sash opposite the 

rnotm rn an ·s fac e is a 
g ood idea . It gives a 
c 1 e a r vision when 
snow or rain accumu­
lates on the g lass, but 
does not expose the 
whole body to the 
wind. A favorite ar­
rangement of glass 
and sash is to divi de 
the upper half of the 
fro nt sash into three 
small sash ; th e cen­
tral one, which com es 
oppos ite 1he motor­
man 's fac e, is made to 
swing. Usually all of ' 
the sash are made to 
drop, so that the plat­
form may be practi­
cally open in warm 

FIG. 9 -VESTIBULE USED IN C HICAGO weather. D uring rain 
or snow, when there 

is troub le in keeping the glass clear, the small central win­
dow is opened, and the motorman has an u nobstructed 
view. U nder such conditions, with a completely- enclosed 
platform, a better view is obtained than is possible on the 
open platfo rm when the motorman 's h ead, including ears 
and face, is bundled as a protection against the weather. 

The common practice is to keep the sash closed in stormy 
weather , merely opening it for a moment, at intervals, to 
clear away the snow, etc. A movable arm or rubber work­
ing from the inside could easily be fitt ed to accomplish this . 
Occasionally the central opening is divided into five parts. 
T here is a small central sash which swings. T he larger 
part below the small sash drops in the usual way. 

In most of the enclosed platforms, whether of the port­
able vestibule or completely enclosed type , the brake staff 
has to be carried well inside the dasher in order to obtain 
space for the brake handle to swing clear. T his makes it 
necessary to use long brackets to support the staff bear­
ings. T he arrangement takes up much valuable room, and 
at the same time is annoyingly in the way of passengers. 
On the fron t platform it occupies quite as much space as 
two passengers, and on the rear nearly as much. T his 
may be avoided to advantage by the use of a vertical wheel 
with bevel gears , the type much used on steam roads. W hen 
the air brake is used for regulation stops there appears to 
be no valid object ion to the vertical wheel. 

----♦•----

The Toledo Railway & Light Company, of T oledo, O hio, 
is to use new transfers. Abuse of the present transfer , 
which has a liberal time allowance, is said to have caused 
the change. 

A New Automatic Wire Rejuvenator Used in Brooklyn 

T he great difference in the market value of new insulated 
wire and scrap results in a g reat expense to a ll street rail­
way companies. It has been practically impossible to re­
wind field coils a fter they have once been burned out, al­
though such rewinding at a much less price than must be 
paid fo r new wire would decrease enormously the expense 
item for copper in keeping up the equ ipment of rolling 
stock. Superintendent of E quipment E. Chamberlin, of 
the Brooklyn H eights R ailroad Company, realizing the 
possibility of obviating this outlay, has, in company with 
hi s general foreman, George C. M urray, invented and 
patented the device illustrated in the accompanying engrav­
ings. The obj ect of this ingenious piece of machinery is 
to transform an old burned-out field into a new coil of 
what is practically bright, new wire, carefully insulated 
and ready fo r r ewinding in a new field. T he apparatus 

NEW M AC HINE FOR CL EAKING AN D INSULATING OLD WIRE 

cleans, polishes , straightens and insulates , with a sing le 
or double covering of linen tape, either with or without 
liquid in sulation, and can, of course, be used for any fo rm 
of wire. T he machine has been running for some months 
i1~ the Fifty-Second Street repair shops of the company, 
and has g iven most excellent service, some remarkable 
resul ts in the way of speed having been obtained. One 
machine wi ll clean and insulate from 800 lbs. · to IO:::l0 
lbs. of No. 3 wire per day, which , if brought down to a 
cash bas is and referred to the relative cost of new field 
wire and scrap, corresponds to a saving to the company 
per day of $40 to $50 fo r one machine, after deducting a 
liberal amount fo r labor , power , new material, etc. vVhen 
working at normal speed, the wire is wound upon the spool 
at the rate of one foot per second. 

Before being placed on the gypsy stand, from which the 
wire is delivered to the machine, the field coil is firs t thor­
oughly roasted in an oven, the heat being just sufficient to 
char the insulation. This process not only thoroughly 
disintegrates the insulation and · renders its ready removal 
possible, but it partially anneals the wire, a result which 
it has been demonstrated is beneficial electrically to the new 
field. The coil, after having been roasted in the oven for 
about ten minutes, more or less, according to the temper­
ature obtained, is then removed and placed upon the gypsy 
stand at the end of the cleaning and insulating machine. 
A fter its end has been drawn through the cleaners, insu­
lating head, etc. , to be described below, the machine is 
started and the following sequence of operations takes place 
as it is uncoiled: H ard wooden blocks are placed on a 
frame between the insulating machine and the coil of wire. 
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These blocks are adjustable for wear, and are arranged so 
that just sufficient pressure is brought upon the wire. In 
passing between the blocks it is stripped of its charred 
insulation, thoroughly cleaned, and at the same time 
straightened. A fter leaving the frame containing the 
cleaning and straightening blocks, the wire passes through 
a pair of buffers which are attached to the hollow shaft of 
the insulating head. These buffers consist of several soft 
wire brushes, which give an additional polish to the cleaned 
wire. It then passes through the center of the insulating 
head and on to the binding drum, which serves to pull it 
through the apparatus. It ·is g iven four or five turns 
around the binding drum, and is then carried to the wind­
ing spool, upon which it is tightly coiled in the usual man­
ner. Before it reaches the winding spool an automatic 
shifting guide operated on a screw, which is not shown in 

M.ACHINE FOR CLEANING AND INSULATING OLD WIRE 

the illustrations, is used to lay it in even layers upon the 
spool. 

The face of the revolving insulated head contains one 
or two bobbins of linen tape, according to whether it 
is desired to wind with one or two layers of insulation. 
Where two layers are used, the tapes are wound in the 
same direction with lapped joints. The tape is carried 
from the spools over tension pins, by which its tension may 
be adjusted, and then over a hollow pin near the periphery 
and directly to the wire. The head is made hollow, and has 
a capacity of about one gallon. The hollow pins over 
which the tape passes before being wound on the wire 
connect with the interior of the head, and when the ma­
chine is in operation the centrifugal force of the revolving 
parts throws the liquid out through the hollow pins , in 
which are openings. These openings lie along the under 
side of the tape, and a thumb nut at the end of the pin ad­
justs their size so that any desired quantity of insulating 
material may be allowed to escape to the face of the tape. 
As the insulated wire goes over the binding drum, which 
i:. deeply grooved, the coils are pressed closely together 
and the insulation given a most satisfactory "set ." 

The size of the tape used in the Brooklyn shops is ¾ in. , 
which has been found to be the most sati sfactory for gen­
eral purposes. When the encl of a field coil is r eached, the 
beginning of the nex t one is soldered to it by a long diag­
onal joint, without binding wires, so that a coil of con­
tinuous wire is the result. T he machine illustrated has 
been in service for more th:m a year under the direct super­
vision of the inventors, who have thus had an opportunity 
to discover any improvements which were possible in the 

original design and perfect its deta il s while under operating 
conditions. A lthough as yet none of these cleaners are 
it: use outside of the Brooklyn shops, it is intended to place 
them on the market at an early date, now that their satis­
factory working is assured. 

•• 
CORRESPONDENCE 

Rail-Bonds on the B. & 0. Belt Line 

THE BALTIMORE & OHIO R AILROAD 
BALTIMORE, l\Id., Nov. 21, 1901. 

EDITORS STREET RAILWAY J OURNAL: 
I have noticed the article in your last monthly issue in 

regard to the behavior of copper bonds on the Baltimore 
& Ohio Belt Line, and would say that this was not an offi­
cial statement of the conditions and results secured. 

The squeezing out ·of the bond strands was um1uestion­
ably clue to the fact that the type of angle-bar used does 
not g ive sufficient clearance at the top, between the inside 
of the angle-bar and the web of the rail, fo r the introduc­
tion of the bond. This trouble is furth er aggravated by 
the wearing of the angle-bar, which allows its surfaces to 
approach nearer and nearer to the web of the rail, thus 
forcing the upper strands of the bonds out by mechanical 
action. I beli eve that if greater space should be left be­
tween the angle-plate and the web of the rail that this 
difficulty would be entirely avoided. 

The section of rail to vvhich these bonds have been ap­
plied is that used by the g reater number of steam railroads, 
the rail s and ang le-ba rs being the standard established by 
the American Society of Civil Engineers, 100-lb. section, 
and in the design of this no consideration has been given to 
the matter of combining with these sections the necessa ry 
room for application of bonds. 

Inasmuch as the growing tendency is to more and more 
use in common for electrical traction , either wholly or in 
part, the existing steam railroad tracks, it seems very 
proper that the necessary modifications, as above outlined, 
should be seriously considered, and as thi s is purely a me­
chanical modification of the angle-bar it can be easily over­
come. 

I do not consider the type of bond at fault, and, so far 
as I know, if this change is made the bond would be satis­
factory. 

I wish to commend the manufacturers of the bond for 
the promptness with which they are taking up this problem 
with a view to making such changes as are necessary to 
meet the existing conditions. 

\V. D. YouNG, Electrical E ng ineer. 

•• 
The Service Capacity of Railway Motors 

BROOKLYN, N. Y., Nov. 13, 1901. 
EDITORS STREET RAIL WAY J OURNAL: 

In your latest monthly issue (Nov. 2, 1901) I notice an 
editorial, entitled "The Service Capacity of Railway Mo­
tors ," ·in which yon comment on some recent papers deal­
mg with the subject. In this editorial appea rs the follow­
ing reference to Lundie's proposed method of rating mo­
tors: "He gave a rule which virtually means that a railway 
motor should be rated by the steady current it will carry 
at full pressure for an indefinit e period without exceeding 
the limiting temperature elevation ." 

By ref erring to Lnndie's orig inal a rticle in the Elec­
trical World and Engi11cer, Oct. 21, 1899; or either of his 
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subsequent papers, you will note that the method in ques­
tion is described by its author as follows ; 

"The power rating of an electric railway motor under 
actual conditions of operation on frequent intermittent load 
should be directly proportioned to the average current 
input, independently of variations in current, except as 
the current may be governed by the limitations of satis­
factory commutation.'' (See also STREET RAILWAY JouR­
NAL, October, 1900.) 

It is evident, of course, that such a condition as "steady 
current at full pressure for an indefinite period" is very 
different from "actual conditions of operation on frequent 
intermittent load," and this condition of a steady current 
for an indefinite period is not one to which railway motors 
are subjected, nor is it in any way indicated in Lundie's 
statement of his proposed method of rating motors, the av­
erage specified by Lundie being the "average current in­
put" "on frequent intermittent load." 

J . D. KEILEY. 
[It was our intention to give fulf credit, and no dis­

paragement, to Mr. Lundie in our editorial article referred 
to. We think that a little examination will show that there 
is no material difference between Mr. Lundie's definition 
of his rating as quoted by Mr. Keiley and the brief para­
phrase of that definition which we gave. Since "the aver­
age current input" to the motor "on frequent intermittent 
load" is the current which will bring the motor to its 
temperature when the motor is operated at its full rating, 
and this would correspond to the "steady current which it 
will carry for an indefinite period" in order to bring it to 
the same temperature elevation, the two statements are 
essential equivalents. It is here assumed, as was taken for 
granted by Mr. Lundie, that the energy wasted in the 
motor is proportional to the current input, and that the 
variation of the current input, within the working limits, 
had no appreciable effect upon the final temperature cleYa­
tion.-EDITORS.] 

--o----

Loop Terminals for Elevated Railways 

BosTON, Mass., Nov. 14, 1901. , 
EDITORS STREET RAILWAY JOURNAL: 

The loop terminal is the only practical method con­
veniently and rapidly to handle trains on short headway. 
This has been demonstrated clearly wherever tried, and 
particularly at the Brooklyn Bridge terminal of the Brook­
lyn Elevated Road. The necessary arrangments to 
handle two or three trains at same time were judiciously 
provided for on either track of this loop, which has two 
tracks. The terminals on Boston Elevated Road, how­
ever, are arranged to handle but one train at one time, 
using the same platform to discharge and receive pas­
sengers and making but one stop, which undoubtedly 
saves a little time and the expense due to an extra stop. 
But this is a small item compared to the importance of 
maintaining a regular interval between departure of trains, 
and this cannot be clone with such terminals unless every 
train nms almost absolutely on time. In case of delays 
(and delays will occur), when the delayed trains do arrive, 
it is out 0£ the question to try and equalize the interval 
properly without confusion and forcing trains to wait out­
side before they can pull into station and di~scharge pas­
sengers. 

Of course, in cases of lengthy delay this will occur at 
any terminal. But to overcome the ordinary short deten­
tions (which occur frequently every day) is quite an easy 
problem, and there is but one method, and that is to pro­
vide for standing time at one or both terminals. The 
length of time necessary is governed entirely by local con-

ditions, which contribute to or cause unavoidable delays oi 
three or four minutes to various trains, and by arranging 
for the necessary standing time you insure trains depa:rting 
on a regular interval, even though they arrive irregularly, . 
which practice proves they are almost sure to do, for 
numerous reasons. To do this it is necessary to have 
terminals so arranged as to permit a following train to 
arrive and discharge passengers while preceding train may 
still be waiting for time to start. 

The East New York Loop of the Brooklyn Elevated 
Railroad was undoubtedly constructed with the idea that 
necessary standing time would be provided for at both 
Bridge terminals, but on account of the trains being stored 
and taken out and placed in service at this point, its oper­
ation is sometimes attended with slight delays. 

No doubt the engineers of the New York Subway have 
taken into consideration the disadvantages of such ter­
minals, and will govern themselves accordingly. 

Another important feature for such service is the neces­
sity of a platform gate on cars, which will slide open and 
shut, similar to side doors, disappearing when open along 
the side of car, but designed to be operated by trainman 
between cars same as at present. The gate which is em­
ployed at present causes considerable delay and annoyance 
on crowded trains on account of being unable to operate 
it when platforms are crowded. M. B. LAMBERT. 

---•♦----

The Operation of Alternators in Parallel 

THE UNION LIGHT, HEAT & PowER Col\1PANY 
CovINGTON, Ky., Nov. 5, 1901.. 

EDITORS STREET RAILWAY JOURNAL: 
I was very much interested in your issue of November 

in the discussions of Messrs. Steinmetz, Emmett, Rice and 
others relative to the operation of the engine-type alter­
nators in parallel. It is a question which is being consid­
ered by more than one central station manager at the pres­
ent time: 

Lately we have made extensions which have necessitated 
the installing of two 400-kw and one 1000-kw, three-phase 
revolving-field alternators, and we have had considerable 
difficulty in getting the engine builders and generator build­
ers to meet on common ground relative to the operation of 
these units in multiple. The engines are of the cross-com­
pound condensing type. 

When the contracts were first up, the generator builder 
submitted the following paragraph, which he requested 
should be placed in the engine builders' contract: "The 
maximum angular displacement in one revolution of a 
point on the periphery of the engine fly-wheels should not 
exceed 7- 100 of an angular degree from the position of a 
reference point upon the periphery of a wheel revolving 
with absolute uniformity at the normal generator speed of 
I 50 r. p. m. This departure from the uniform rotation 
corresponds to an electrfcal phase displacement of 2½ <legs." 

N o,w, when this is all figured out in everyday parlance, 
we find that it means that there shall not be a variation of 
the two points of reference on the two fly-wheels of more 
than ½ in., whereas the peripheral speed is a mile a minute. 
Now, it is certain that no engine builder's specification at 
the present time covers this requirement, although it ap­
pears that it has been met by engine builders many times 
successfully. 

The engine builders' specifications require that the en­
gines shall regulate within 2 per cent, but as has been 
pointed out in the articles of your last issue, and as stated 
before, the two specifications do not bring the generator 
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and engine builders on to common ground, and meanwhile 
the customer is held up and hopes for the best . 

After considerable correspondence, the generator builder 
advised as follows: "The generators covered by this con­
tract will be so devised that they can be operated in paral­
lel as Y-connected generators , 60 cycle, 4500 volt, if the 
engines driving the generators are properly adjusted for 
parallel operation." O n submitting this paragraph to the 
engine builder, he replied: "vVe propose to build the cross­
compound units so that they will sati sfactorily operate 
properly designed and constructed alternating generators 
in parallel." · 

You will see the utter absurdity of all of the propositions, 
particularly the paragraph relative to the maximum angu­
lar displacement in one revolution of the engine fly-wheels, 
and it is a point which the eng ine builder does not cover in 
his specification, and I doubt very much whether by a me­
chanical means such a variation could be measured. In 
other words, an agitation in your journal could well be 
made to bring leading builders of steam and electrical ma­
chinery on to a common footing, so that the purchaser may 
be protected adequately in making his contracts. 

It is not often nowadays that we hear of any difficulty 
iE the parallel operation of engine-type alternators, and 
the difficulties of the surging of the current between paral­
lel-operated generators seems to be well in hand. 

E. DARROW, Chief Engineer. 

•• 
Brake Tests in Electric Interurban Service 

J. S. Hamlin, master m echanic of the U nion Traction 
Company, of Indiana, at Anderson , Ind., has made some 
very interesting tests on the distances required for service 
and emergency stops on the interurban cars of that ~om­
pany. While perhaps the figures given are somewhat 
better than one could expect always to realize in practice 
with the condition of brakes existing in everyday work, 
they, nevertheless, show what the possibilities are, and also 
demonstrate that better stops can be made with single in­
terurban motor cars on which brakes are carefully looked 
after than with trains of passenger or freight cars, such as 
are run on steam roads, and where the adjustment of 
braking apparatus cannot be made so carefull y as on inter­
urban electric cars. 

These tests were made on the Muncie division of the 
road on level track. The speed was recorded by a speed 
recorder of the Starrett type, and these results were also 
checked by timing the rate at which cars passed a given 
number of poles. The overhead line is equipped with 
poles set exactly roo ft. apart. Every fifth pole on the 
system is a numbered pole, painted black, with white m11n­
bers. When max imum speed is obtained the number of 
poles passed in a g iven length of time gives the rate of 
speed. The controller is then thrown off, and the appli­
cation of the air brakes made at the instant one of th e 
black poles is passed. The number of poles passed in mak­
ing the stop, plu s the fractional distance between the car 
and the last pole, g ives the distance in which the stop is 
made. This fra ctional distance is measured by tape line, 
measuring from the pole to the tip of the pilot of the car. 
This method was used as a check in each test to confirm 
the accuracy of the speed recorder. 

O n July 1 2 fo rty emergency !' tops were made from a 
speed of 58 miles per hour , all within a distance of from 
503 ft. to 522 ft. The cars are equipped with the Christen­
sen E ngineering Company's straig ht air brake, with 10-in. 
brake cylinders, storage reservo ir, 16 ins. x 48 ins., en­
g ineer 's valve, ½ in., and independent motor-driven com­
pressors. The Christensen system of levers is the one 

used on these cars. The cars weigh a little over 32 tons, 
without load. 

The rear trucks have no motors. The front trucks of 
each car are equipped with two Westinghouse, 50-C, 150-
h p motors, and to allow for the momentum of the motor 
armatures, a higher ratio of brake-shoe pressure is used 
on the front trucks than the rear. The brake-shoe pres­
sure in an emergency stop upon the rear trucks is 75 per 
cent of the weight upon the wheels of that truck, and the 
corresponding brake-shoe pressure on the front trucks is 
90 per cent of the weight on the wheels on that truck. 
The emergency stops are made with a piston travel of 5½ 
ins., reservoir pressure, 85 lbs., and train-line or brake­
cylinder pressure, 40 lbs. per sq. in. These stops were 
made without sliding wheels or using sand. 

A service stop made on the same date was made in 750 
ft. from a speed of 58 miles per hour. T he piston travel 
in this case was 5½ ins.; reservoir pressure, 85 lbs., and 
train-line air-brake cylinder pressure, 20 lbs. per sq. in. 

Mr. Hamlin has given special attention to the brake 
equipment of these cars, because of its g reat importance 
in high-speed interurban service of this kind, where stops 
must frequentl y be made in a short distance. In his opin­
ion the secret of effici ent air brake rigging, wh ich uses a 
minimum of air, is to have no slack in the pins or holes in 
the levers. If this is the case, the brakes are in effect from 
the instant the application of air is made, and it is possible 
to keep th e piston travel at a maximum of not more than 6 

BRAKE RIGGING USED ON CARS 

ins., whereas, should the pins and pin h oles become worn . 
the slack would be equal to probably 2 ins. more travel of 
the piston before the shoes becom e in contact with the 
wheels . Mr. Hamlin thinks that pins in levers and rods 
on air brake equipment of this size should not be small er 
than ¼ in. in diameter. In the sketch it will be noticed 
that there is a clip fastened to the car body, which holds the 
pull-rod running to each brake stationary, as far as the 
lateral movem ent is concerned, thus compelling the roller 
on the end of the pull-rod to roll on the truck quadrant. 
This avoids setting the brakes on curves, on account of the 
rollers sticking, and being carried with the quadrant when 
the truck is go ing around a curve. 

Mr. Hamlin's instructions to men in his employ regard­
ing braking apparatus are something on this order : That 
almost anyone, even a child, can start a car, but it re­
quires a cool and deliberate man at the eng inee r 's valve to 
stop the same car, and in order th at the master mechan ic's 
department may maintain the confidence which the motor-­
men have in the brake rigging, the department must at all 
times have the braking apparatus as near a standard be­
fore described as possible befo re the car leaves the shop . 
The labor of maintenance of the brake apparatus is low, as 
two men keep in repai r and adjust thirty-two of these large 
equipments. The material expense is confined to carbon 
brushes for the motor of the compressor. 
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We are able to pr esent elsewhere in this issue some fig­
ures which are of value to the large number of city and 
interurban railway companies contemplating the installa­
tion of a system of alternating-current distribution through 
sub-stations. These figures are on the actual C(!St of power 
production and distribution and efficiency of distribution 
on the system of the Union Traction Company of Indiana. 
These results are of even more general interest and appli­
cation than the data on the efficiency of the large alternat­
ing-current power house and distribution system of the 
Metropolitan Street Railway of New York in our Souvenir 
October issue of this year, because the Anderson plant is of 
a size which will be commonly used over the country by 
interurban electric roads in the future . T he figures from 
Anderson give exact data on a point which has heretofore 
been largely a matter of speculation-namely, the cost of 
the power delivered at the sub-station bus-bars of an inter­
urban system as compared to the cost of power at the gen­
erating station bus-bars. 

·while the figures given sh9w that the cost of distribu-

t1011 is a very large proportion of the total cost of power, 
as the cost of the energy at the bus-bar s at the power house 
is only about 57 per cent of the cost of the bus-bars at the 
sub-stat ions, it must be remembered that the possibilities 
are that were thi s power generated by a number of direct­
current plants the cost of the power at the bus-bars of 
those plants would be higher than it is now at the sub­
station bus-bars. Indeed, with the size of the units that 
would necessarily have to be employed, if a number of 
small direct-current stations had been built, and with the 
high cost of labor and incidental expenses at such stations 
it would be practically impossible to show any such econ­
omy as the present polyphase distribution shows. 

As the electric interurban line gradually approaches 
nearer and nearer in many of its characteri stics to a steam 
railroad it becomes a matter of speculation how far this 
tendency to adopt steam railroad practice will be followed 
by the electric interurban roads of the future, and how far 
they wi ll retain characteristics distinctly their own. That 
electric- interurban railway practice is g radually drawing 
away from street railway practice and closer to steam rail­
road methods is a matter of common knowledge. That the 
electric interurban line is not going to adopt stea111 railroad 
methods entirely is evident from the fact that the electric 
Enes were built to supply, and are supplying, a place not 
filled by the steam railroad service. To this its success is 
due. That the electric interurban line in its various forms 
i,; supplying a place hitherto unfilled has been demonstrated 
i11 too many ways and places to admit of argument. The 
existence of so many prosperous electric interurban lines 
paralleling steam railroads proves that clearly. It was 
argued at first that one n:ason electric interurban lines 
were successful was because they followed the highways, 
wher e they could pick up passengers near their homes and 
where the right of way and construction expenses were 
light. While that argument probably applies to many 
roads now in operation , what shall be said of such a road, 
fo r example, as that of the U nion Traction Company of 
Indiana, some notable features of which are reviewed else­
" here in this issue? H ere is a road which seems to be 
but a sample of what is being done at numerous other cen­
ters of population in the central States. The sample is an 
excellent one, to be sure, and will be studied with profit 
by the numerous engineers and managers engaged in pro­
moting a1i.d equipping similar lines . But it certainly can­
not attribute its marked success to running on the high­
way, for, save in the towns, it runs most of the distance 
on its own purchased right of way, graded and ballasted 
like the old-establi shed steam road which it parallels. Its 
cars stop, to be sure, at the country road crossings, at which 
the company has seen fit to establi sh platforms, but the 
traffic picked up in this way is small. The greater part of 
the traffic comes from the towns and cities along the way. 
O n such a road as thi s it is largely a matter of frequency 
and convenience of service which attracts passengers, com­
bined with the cleanliness of the electric cars in summer. 
On the system just spoken of the running time between 
cities is slightly more on the average than that of the 
steam railroad trains, solely because of the necessity of slow 
speed on the city terminals of the electric lines, but this 
slight difference is compensated for by the inconvenience 
of going to the steam railroad depots . 
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The existence of such electric interurban systems as this 
raises the question whether existing steam roads could not, 
if they would, supply the character of service that some of 
the recent most costly interurban lines furnish in many 
of the locations where such interurban lines have been or 
are being built. The answer to thi s is one that may well be_ 
sought after by steam rai lroads now operating in all the 
populous centers of thi s country. That it has heretofore 
been answered in the negative by the majority of steam 
railroads which have faced prospective competition of 
electric interurban lines is shown by the rarity of the in­
stances in which electric service has been put on steam 
roads. , But electric interurban service is sure to be given 
by some company in every well populated district, and it 
is mainly a question whether the steam railroad companies 
want to equip for this kind of business or whether they 
prefer to let some new company give the new service. 

In connection with the subj ect of the rating and perform­
ance of railway motors, which was di scussed last month by 
Mr. Storer, an interesting communication by Mr. Hanchett 
appears in thi s issue. The conclusions which are pointed 
out show that the only definit e way of determining before­
hand the size and type of motor for a given car equipment 
is to take the profile of the roadbed, together with the pro­
posed schedule, and compute the clrawbar pull and horse­
power required from the motor or motors, in order to effect 
the required schedule, with the given weight of car pas­
sengers over the g iven profile. T he current _s trength re­
quired for each motor from moment to moment thus be­
comes known, and the total heating effect of thi s current , 
together with the heating in the iron by hysteresis and eddy 
currents, must be within the power of the motor to dissipate 
without exceeding a safe temperature. It seems as though 
any other method of choosing a motor for a new road must 
be mere guesswork. It goes without saying, however, that 
once a given type of motor has been tried in practice over 
an establi shed road, and it s behavior uncL:r service condi­
tions in r egard to acceleration and temperature have be­
come known, it becomes an easy matter to select new mo­
tors for the same road. ~ imilarly, if the schedule speed 
and profile of a new roa.cl is very similar to the schedule 
speed and profile of a kno\\·n road, then an eng"ineer can 
readily apply the experi ence gained with motors on the old 
road to the selection of motors for the new, without going 
throHgh the arithmet ical process indicated. 

Mr. Hanchett carri es the computation of the motor tem­
perature elevation somewhat further than is usual by taking 
into account the capacity of the motor for heat. It_ is usual 
merely to compute the total heat expended or lost in the 
motor during a cycle of ru nn ing operations, ancl then find 
the steady current which at a mean terminal pressure of, 
say, 300 volts, would expend the same total quantity of 
heat in the motor in the same time. This mean current 
continuously supplied to the motor on constant test in the 
factory should not raise the temperature of the motor more 
than 75 clegs. C. above the surrounding air. ·where the 
loads on the motor during a cycle of running operations 
are distributed with a reasonable degree of uniformity, this 
approximate computation is reliable. \Vhere, however, the 
loads are very heavy in one portion of the running cycle 
and very light in the rest of the cycle, the heatin g of the 
motor might be dangerously excessive at the encl of the 
heavy load by reason of the want of sufficient thermal ca-

pacity in the motor, even although the average heat waste 
for the whole run might be well within the thermal dissi­
pation power of the motor. In such cases the line of rea­
soning followed by l\Ir. Hanchett's article, by taking into 
account the thermal capacity of the motor, might be service­
able. 

It seems likely that the thermal capacity of a motor might 
be obtained with sufficient accuracy for practical purposes 
by multiplying the weight of the motor in grammes by 
o. I I, since the specific heat of iron is usually g iven as o. I 14 
and that of copper as 0.095. This will g ive approximately 
the quantity of heat in gram-calories which will raise the 
temperature of the motor by r deg. C. If 60 clegs. C. be 
the limiting temperature elevation of the motor under 
practical conditions· of service, then sixty times this ther­
mal capacity will be the energy in therms that must be 
given to the motor , without any escape in convection or 
radiation , in order to bring the motor to the limiting tem­
perature, and, since there are approximately 860 therms in 
a watt-hour, we may obtain the approximate thermal ca­
pacity of the motor in watt-hours by dividing the product 
in therms by this constant . This means a thermal capacity, 
for a 60-cleg. temperature of elevation , of about 3-4 watt­
hours per pound of motor. A motor weighing a short ton 
would , therefore, be raised to the limiting temperature by 
about 7 kw-hours of energy, assuming that no escape of 
heat by radiation or convection could take place. 

----♦----
Arbitration Extraordinary 

\ Ve have been reading with some profit and more am use-
111 '.: nt the proceedings in the arbitration hearing in London 
over the electrical equipment of the so-called Inner Circle. 
The technical nature of the questions involved and the 
novel features of the propositions contained in the lowest 
tender give the affair more than usual interest . The 
general nature of the issues in question are well known to 
our r eaders, and the digest given elsewhere of the hear­
in_:;-, whi ch has taken place during the past month, sum-
1112.r izes the situation up to elate. The whole question has 
now been summed up by counsel on both sides, and is await­
ing the decision of the di stinguished arbitrator chosen, as 
a London contemporary cheerfully puts it , "Because he is 
supposed to know nothing about electricity or traction." 
O n one side or the other some of the most distinguished 
scientific spellbinders of the linited Kingdom and else­
where have testified, and it_ is safe to predict that if the 
r eferee had even any tentative beliefs on the subject under 
discussion they will be thoroughly mucldlecl before the wit­
m·sses get through with him. 

The question really on trial is whether the parties inter ­
e~ ted would, considering the \\·ork to be clone and the 
state of the art, be justified in installing the polyphase 
traction system aclvocatecl by Ganz & Company, as against 
the usual form of continuous current traction specified in 
the other tenders. The whole polyphase traction system 
is thus involved in its broadest aspects. 

VVe must suggest in the beginning that it is the veriest 
1111bcci li ty to submit such a question to a non-technical 
referee. To decide the matter upon its merits requires a 
profou nd knowledge of il s tcclmical aspects and an ex­
tr aordinary grasp of the commercial conditions to be met. 
VVhatever the cl<'cision , and whether it is or is not in ac­
cordance with om personal convictions, we shall consider 
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it as absolutely inconclusive, as representing onl.y the rela­
tive success of the two contestants in befogging the judicial 
mind. 

Now, to look at the matter purely from an engineering 
standpoint, the burden of proof lies assuredly upon the 
Ganz proposition. The equipment of the Inner Circle is 
closely akin to the problems already successfull y dealt 
with on American elevated lines. It involves the handling 
of an immense passenger traffic at good speed on a line 
with frequent stops. T here is absolutely no doubt what­
ever that the continuous current mutiple-unit system in­
stalled on canonical lines ,rnuld do the work, so far as 
operative properties are concerned, in a thoroughly satis­
factory manner. On the other hand, there is some doubt 
whether the Ganz proposition , if carried out , would lead 
to equally good results. Some of this doubt ar ises from 
certain intrinsic difficulties in adapting alternating motors 
to heavy electric traction , and is worthy of serious di scu s­
sion. O ther obj ections raised are merely regarding trivial 
detail s, which have no material bearing on the final result , 
and still others are only the usual quibbles urged against 
every new development , unworthy the attent ion of any 
sensible man. 

The fu ndamental difficulty with induction motors for 
traction lies in the fa ct that no method of speed control as 
yet devised fo r such machines is the fu ll equivalent of the 
seri es-parallel control familiar in continuous current prac­
tice. The nearest approach to it is the so-called "concate­
nated" connection of the motors, which has been tr ied with 
rather indifferent results in experiments conducted several 
years ago. As M r. Blathy pointed out , however , one can­
not get good results by putting in concatenation two mo­
tors individually unfitted for such use, and certainly the 
process would be vastly ,nore successful with motors of 
very low inductance than with those on which it was orig­
inally tried. Rheostatic control is effective, but ineffici ent 
if it has to be useci to any great extent, and it is only fair 
to note that electric traction of the kind necessary on the 
Inner Circle is a constant succession of starts and stops. 
Now, if the statements of Mr. Blathy regarding the results 
obtained from the concatenated control with suitable mo­
tors and at rather low frequency ( 25 periods) are borne 
out by exper ience, there is little doubt that the only ma­
terial difficulty in polyphase traction has been overcome, 
and that the rapid acceleration usually desired in heavy 
suburban service can be obtained without difficulty. H ere 
i::; a question of fact which could be settl ed once for all 
by experimental runs with motors such as Ganz & Com­
pany propose to furni sh , and it should be so settled without 
delay. T here is no need here of long-winded polemics­
either Ganz & Company have solved the problem of prac­
tical speed control in polyphase traction motors or they 
have not. If they have, the sooner engineers in general 
understand thi s the better it will be; if not, then Ganz & 
Company will have wrought their own destruction in the 
pending issue. The burden of the proof is upon them, and 
it should promptly be shouldered. 

It may prove that , while measurably successful, the 
scheme of control will not permit an effective rate of ac­
celeration quite so great as is considered desirable in con­
tinuous current practice. In such case it is for Ganz & 
Company to prove that the required speed can be made 
with the acceleration readily attainable without increasing 
the cost of the energy per round trip. There has been con-

siderable nonsense talked about this matter of rapid ac­
celeration. \Vhile it is self-evident that energy wasted in 
trake friction is energy lo.,t, it does not necessarily follow 
that the quicker the acceleration the greater the efficiency. 
The most economical rate of acceleration is determined by 
the design of the motor s and the effect of the current de­
manded upon the load factor of the station, as well as by 
other minor considerations. If, as has been claimed, larger 
motors are needed to give the required train service upon 
the polyphase system, it is certainly competent to inquire 
whether this either increases the price of the plant as a 
whole or the cost of power per trip. 

In heavy traction, such as is being tried at Zossen, where 
acceleration is only an incident and the motors run nor­
mally at full speed, the polyphase system has certain very 
marked advantages that will hardly be denied by anyone 
competent to judge; but the Inner Circle is a very different 

· matter , and success there depends largely upon the ef­
fectiveness of the proposed speed control, which is, as we 
have just intimated, a matter in which no evidence save 
that of experiment is worth taking. \Ve attach very little 
importance to the claim set up by Mr. Blathy of material 
gains from energy returned to the line by electrodynamic· 
braking. If it be feasible with alternating currents, it will 
also prove to be feasible with continuous currents. 

On the other hand, we take little stock in the criticism 
of the minor details of the Ganz scheme-the resistances, 
the trolley, the motor suspension, and such like things. 
T heoretical objections to what the other fellow is doing are 
not usually very important, and so far as can be told at this 
distance there is nothing in the entire auxiliary equipment 
of the Ganz scheme on its face so entirely unlikely to work 
properly as the ordinary multiple-unit control which is in 
regular everyday use. A gainst no successful device which 
we know could so many plausible and logical objections be 
urged- but it works, and that is the end of the matter. 
Obviously in installing a new system some unforeseen 
troubles are likely to appear, but it has been the ordinary 
experience that such troubles have proved to be temporary. 
If the conduit system here in New York had been aban­
doned because of trouble with the plows, electric traction 
of that character would have made precious little headway, 
but persistent effort told, and the difficulty gradually faded 
away. In the present state of electric traction it is not suf­
fi cient to say that a thing is new or untried in order to con­
demn it. Every advance in the art has been a new and un­
tried thing within ten years or so, and has been decried by 
somebody as theoretically bad and practically unworkable. 
The only real question at issue, then, is, have Ganz & Com­
pany worked out a system of concatenated control which 
enables the necessary acceleration to be furnished with a 
smoothness and effici ency comparable with that secured 
by the series-parallel control; if so, it must be recognized 
that their system can be made to include all the operative 
facility hitherto attainable only by continuous current mo­
tors. This claim cannot be proved or disproved by a group 
of experts testifying as to their preconceived notions re­
garding apparatus which they have not personally tested or 
conditions which they have not yet experienced. A series 
of actual tests on a car fitted with the Ganz control, made 
by a joint committee of engineers, and submitted without 
comment to a board of technical experts serving as arbi­
trators, befor~ whom no ex parte evidence should be laid, 
would settle this, the vital point of the controversy, in short 
order. 
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Notable Features in the Operation of the Union Traction 
Company of Indiana 

To the projector and operator of interurban electric rail­
ways the operation of the interurban lines of the Union 
Traction Company of Indiana should have many lessons of 
value. This company is now operating an interurban sys­
tem connecting the cities of Indianapolis , Anderson, Mun­
cie, Elwood, Alexandria and Marion, making in all 97 miles 
of interurban line, over which a service on I -hour intervals 
i.5 given, all of which is operated on a plan which probably 
represents as advanced electric interurban practice as can 
be found anywhere by a road using the overhead trolley. 
Nineteen interurban cars are called for by the regular 
schedule. It may be said in general that these interurban 
lines approach very close to steam-road practice in many 
particulars. For example-in the matter of roadbed and 
right of way, the greater part of the mileage is on the com­
pany's own right of way, and it is g raded and ballasted 
after the manner of the most approved steam railroad prac­
tice. ( See Fig. I.) It has not been found necessary in 
most cases to purchase as wide a right of way as is com­
mon with steam railroads, because the character of the 
country through which the U nion Traction Company's 
lines run is so level that extensive grading and filling is not 
needed, and hence no great amount of room is necessary 
for the right of way. 

In the larger cities reached by these lines the cars run 
over the tracks of the local city systems. These latter, how­
ever, are also owned by the U nion Traction Company of 
Indiana, which operates the 56 miles of the various city 
systems as well as its interurban lines. 

The population served outside of Indianapoli s is about 
175,000. Indianapolis has 169,164. 

DESPATCHING SYSTEM 

As the lines are mostly single tracked, a thorough system 
of train despatching is a necessary part of the operation 
of a railway of this kind. The general lines followed are 

FIG. 2.-METHOD OF RECEIVING DISPATCHERS' ORDERS. 
TELEPHONE IN CAB 

those employed on the steam railroads, with the important 
exception that the telephone instead of the telegraph is the 
means of communication, and that it is not necessary to 
place operators to ·r ece'ive despatches at the various switches 
along the line. The company has on its poles on one side of 
the road over the entire system (Fig. 2) two pairs of tele­
phone wires. One pair of these wires is for the exclusive use 
of the train despatcher. The other pair is for the general 

use ~f the officers and employees in transacting the com­
pany's business. The train despatcher's tel ephone line runs 
over the entire system. T he only telephone instruments 
permanently bridged across this pair of telephcne lines is 
the despatcher' s telephone at headquarters. At every turn­
out is placed a pair of telephone connection boxes, as shown 
ii-, Fig. 2. T hese boxes arE'. so placed as to be within easy 

JG. 1.-TYPICAL VIEW OF A SECTION OF TRACK 

reach of the motorman 's vestibu le on the car, whether on 
main line or siding. vVhen a motorman stops opposite one 
of these boxes, he has only to take a connector, which is 
attached by flexible cable to the telephone instrument hang­
ing in his cab, and hang it over the pair of terminals in the 
te lephone box on the pole. He can then talk directly to the 
clespatcher without ringing up or any preliminary time­
consuming operations. Of course, if some other motor­
man is talking with the despatcher, the others must await 
their turn . F ig. 2 shows a car receiving a message from 
the despatcher. By having the telephone connection boxes 
so easily accessible from the car, messages can be received 
promptly, with very littl e delay in securing connection with 
the despatcher. As the despatcher's instrument is the only 
one that is bridged across the line, there is no ;,rouble from 
poor operation of the despatcher's line on account of too 
many instruments being on the line at once. The road is 
provided with turnouts every 2 miles, but as at present 
operated, these are not all used. The time table is ar­
ranged so that car s running on regular time meet at cer­
tain turnouts, indicated by bold-faced type on the em­
ployees' printed time table. If the despatcher wishes a car 
cr ew to report to him at any point between the regular re­
porting points, he has simply to give orders to that effect 
when the car crew reports at one of the regular reporting 
points. \Vhen a car waits more than five minutes to meet 
an oppos ing car at a turnout, the crew reports to the des­
patcher for orders. The despatcher uses a regular train 
sheet , made up and rul ed in the same way as a rai lway 
time table, in keeping record of the position of each car. 
To assist him in keeping in mind the points at ,vhich extra 
or delayed cars are to r eport, it is necessary on a system of 
thi s kind , where there are so many work trains and extras, 
to use what is known as the peg system: that is. on the 
hoard in front of the despatcher is a diagrammatic map of 
the lines, with all the turnouts indicated thereon. At each 
turnout are holes for several pegs. \Vhen the despatcher 
g ives orders to the car crew to report at a certain turnout 
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he puts a peg representing the car at the turnout at which 
it is to report. There· is thus kept before the despatcher at 
any time a record of the cars which are to report to him 
and their locations at the time they will report. 

With the telephone it is advisable to take precautions 
aga inst errors-especially errors in numbers. Orders are 

UNION TRACTION COMPANY OF INDIANA. 
TRAIN 01<.DER BLAN!\, FORM A, 

Ord er .,Y'o , .. Dr, le ... ,, ... 19 ... 

Iv f:o ndnctor a nd .Alotorniun, 

Train J\'o, ... .llotor Xo ........... ... . ,,., .. al Siding N o. 

N eel Train Xo. __ .:.,_, ... 

a nd reppri at_ Siding Xo . . 

,,!Jo/or Xo ................... .. ..r,t Si dint No, .. . 

Complete ..... ,, .AL .. 

Dispatch er. 

FIG. 3.-TRAIN ORDER IN BLANK 

written out as they are given by both despatcher and train 
crew, the blank used being reproduced herewith in Fig. 
3. In receiving the order the motorman reads it back to 
the despatcher, two or three words at a time, as he writes it. 
When the order is finished, the motorman reads over the 
entire order to the despatcher, and the despatcher under­
lines each word as the motorman reads it. vVhen a car is 
on time and is to report only at its regular r eporting points, 
il is necessary only to give the verbal order to go ahead. 

FIG-4.-TELEPHONE CONNECTION BOX FOR 
GENERAL SERVICE 

Cars are considered on time unless more than five minutes 
late. 

GENERAL TELEPHONE SERVICE 

As stated before, in addition to the despatcher's telephone 
line there is a line for general service over the whole system. 
This line has instruments at the company's car houses and 
offices in all the cities to which it runs, and on its line there 
ic; placed every half-mile a connection box (Fig. 4) on one 
of the company's poles. Thes.e boxes are like those used on 
the despatching system, except they are placed directly on 
a pole and not on an arm. They are also painted a differ­
ent color from the despatcher's circuit connection boxes. 
When a ·work train is on the line or any employee along 

the line wishes to communicate with headquarters or any 
other part of the system, he has simply to connect a portable 
telephone at one of these connection boxes. In case of a 
wreck or derailment of any of the cars, these boxes can 
also be used by a car crew. As they are placed every half­
mile, it is, of course, impossible for a wreck to be more than 
a quarter of a mile away from a connection box. The com­
pany employs one man who puts in all his time maintaining 
telephone lines and instruments: The instruments, it is 
stated, have given very little trouble. One of the chief 
defects has been that of broken wires or wet insulation m 
the flexible cable which is used to connect the portable in­
struments to the connection boxes. The connector used is 
simply a handle with two hooks placed like horns. When 
connection is desired these hooks are hung over the two 
terminals in the connection boxes. The telephone circuits 
are ·both of No. 12 hard drawn copper wire, and are run 
on a four-pin cross-arm on the poles along one side of the 
road. The high-tension and low-tension feeders are run 
on higher poles on the opposite side of the road, as seen 
in Fig. l, the high-tension feeders being run above every­
thing else. 

SPEEDS 

In matter of speeds the interurban cars of this company 
make about the same time as the trains of the steam rail­
road, but make a great many more stops. For example, 
between Muncie and Indianapolis, a distance of 53 miles, 
the running time for cars making all stops is 2¼ hours. 
Recently an express service has been put on between Mun­
cie and Indianapoli s, in which cars stop for passengers 
only at Anderson. The time of these express cars is 2 

hours. The fastest limited train on the Big Four Rail-

FIG. 5.-A GOOD TRACK FOR 50 M ILES AN HOUR 

road, which parallels the Union Traction Company, is I 

hour and 13 minutes. The slow local trains consume I 

hour 50 minutes in making this run. In this connection it 
must be remembered that 25 minutes is consumed be­
tween the city limits and the center of Indianapolis, as the 
interurban cars cannot make any faster schedule than the 
city cars between which they run. Considering this, the 
time made by the interurban cars is certainly excellent, and, 
taken together with their operation on 1 hour headway, 
captures for them the business. The maximum speeds at­
tained run as high as 60 miles an hour, while speeds of 
40 and 50 miles an hour between stations are common. Of 
course, in order to make a speed of this kind safely a good 
track and roadbed is necessary, and this the Union Traction 
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Company has, as can be seen from Fig. 5, taken from the 
rear of a car at 50 miles an hour. The rails are 70-lb. 
standard section T, rolled in 60-ft. lengths, and perhaps 
the best illustration of the condition of the track is the fact 
that it is impossible to count the joints when riding in the 
middle of a car going at full speed. It is only on the plat­
forms that the click at thf rail ends can be detected. It is 
considered on this road that the speeds above mentioned 
are nearly the limit at which it is practicable to work the 

and owing to the newness of the art of interurban railroad­
ing, such practice is worth special notice. Perhaps the 
nearest approach to it found in previous practice is that on 
the elevated lines of Chicago, and in this connection it may 
be noted that J. S. Hamlin, the general master mechanic 
of the company, acquired a part of his experience in the 
shops of the Metropolitan West Side Elevated, of Chicago. 

As the present shops are somewhat cramped, a new shop 
and car house is to be erected next spring. These shops 

-
FIG. 7.-STANDARD MOTOR TRUCK, M. C. B. LINES FIG. 8.-NOZZLES AND HOSE CONNECTION 

FOR CAR AND MOTOR CLEANING 

overhead trolley. Since the track ballasting and surfacing 
has been completed so that the track is smooth, there is ex­
tremely little trouble from the trolley coming off at high 
speeds. While at the speeds so far attained there is no 
practical difficulty with the trolleys, for higher speeds and 
greater length of trains the trolley would be out of the 
question. The trolley wheels used are 6 ins. in diameter, 
and, of course, wear out very rapidly in this service, not 
only on account of the wear in the bearing of the wheel, 
but because of the volume of the current that is conducted 
from the wheel to the wire. At full speed the current re­
quired on a level is about 150 amps. The maximum cur­
rent taken during acceleration when the motors are 
thrown into multiple is from 300 to 350 
amps. Considering the volume of the cur­
rent which must be taken by the trolley­
wheel, it is not surprising that the wear is 
rapid, although. as stated befor e·, it is within 
reasonable limits. 

INTERURBAN CAR EQUIPMENT. 

The cars which are on the interurban lines 
( Fig. 6) are 52 ft. 6 ins. long over all, and 
weigh, complete with motors, 64,000 lbs . 
The motors are on the front truck, and are 
No. 50-C Westinghouse, ra ted at 150 hp 
each. Both front and r ear trucks (Fig. 7) 
were built on the general lines of a M. C. B. 
truck by the Baldwin Locomotive Vvorks . 
These trucks are very satisfactory, not only 
i11 the way they ride at high speeds, but in 
the matter of maintenance and repairs. The 
motor truck has 36-in. steel-tired wheels on 
axles of open-hearth steel 6½ ins. in diameter. Some cars 
equipped with four motors of the same total capacity as 
the present are to be tri ed for the sake of comparison with 
the two-motor equipments in the matter of maintenance. 
The four-motor equipments will be of a somewhat higher 
maximum speed than the present ones, and this probably 
means that over 6o miles an hour will be reached. The car 
bodies used in this interurban service were described in the 
STREET R AILWAY JOURNAL of Dec. I, 1900. 

SHOP AND SHOP PRACTICE 

In the operation of heavy interurban cars the introduc­
tion of changes in shop practice from that common with 
the light city and suburban cars is, of course, advisable, 

will be 500 ft. x 135 ft., nine tracks wide. These tracks 
will run clear through from one end of the shop to the 
other, so that entrance can be had from the main line to 
either end of the shop. Two tracks will be devoted to 
erecting purposes. 

T he plan Mr. Hamlin contemplates for removing the 
trucks is of special interest. In one of the repair-shop 
tracks wi ll be a section of track the length of a truck, which 
can be lowered into a pit. This section will be raised and 
lowered by compressed air, with an air piston under each 
corner, and all four air pistons controll ed by a regular air­
t,rake engineer's valve. When not in operation, the plat­
form on which the short section of track is laid wi ll rest on 

FIG. 6.-STANDARD INTERURBAN CAR 

removable timbers. \Vhen a truck is to be removed from 
a car, the car will be placed so that the truck to be removed 
will be run over the platform track; the platform will then 
be raised slightly by means of compressed air, and support­
ing timbers will be placed across underneath the car body. 
The timb ers which supported the platform when it was at 
rest will then be taken out, and the"platform with the truck 
on it will be lowered part way. The motor leads can then 
be disconnected. The platform will then be lowered to the 
level of the pit floors. In the pit is to be a track of standard 
gage, and there will be room in the pit on each side of the 
platform track for a truck. When the platform with the 
truck upon it is lowered to the pit, the truck to be repaired 
will be run off one end of the platform, and a new truck 
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to replace it will be in readiness at the other end of the 
platform. As soon as the old truck is run off the new truck 
will be run on in its place and the platform hoisted to its 
highest level, so that the new truck can be put under the 
car. This plan is a modification of that employed by the 
.Metropolitan Elevated shops at Chicago. the principal clif-

FIG. 9.-TOOLS AND TOOL BOX 

fe r ence being that in the present case the repair-shop tracks 
arc to be on the ground level, with pits unclerncath, where­
as in the elevated shops th\:'. repair tracks are on the second 
Hoor of the builcling and trucks are lowered to the ground 
floor. The plan will be a great time saver, and this time 
saving will not only inclucle the wages of the m en working 
on the car trucks, but it will enable a car to be replaced on 
the road in a very short time, since as long as there is a 
truck in good condition in the 
r epair shop. it is only a mat-

Christensen air brakes with independent motor com­
pressor s are on all the interurban cars. An automatic 
switch fo r starting ;,nd slopping the air pump is not used. 
ln steacl of this; a pop valve is placed in the train pipe in 
the motorman 's cab, and when sufficient air pressure is 
reached this will begin to blow off and announce to the 

motorman that it is time t9 shut off the compressor 
motor. The compressor motor is started and stopped 
by a jack-kni fe switch in the motorman 's cab, and it 
is part of the motorman·s duties to see that hi s com- -
pressor is started and stopped to maintain a sufficient 
ai r supply. The pressure carried is from 60 to 80 
lbs. in the storage reservoir. In making ordinary 
service stops about 20 lbs. pressure in the air-brake 
cy linder is common. The brake leverage is so ad­
justed on these cars that the total brake-shoe pres­
s me on the wheels in emergency stops is equal to 90 
p :c r cent of the weight upon the wheels of the rear 
t ruck, it being assumed that the car is not loaded. 
T he hig her percentage of the front truck is to allow 
fo r the momentum of the motor armatures. In con­
necting motor leads to the car truck the General Elec­
tric jack-knife connectors are used, and the hose is 
slipped over the conn ectors for protection. The ends 
of the hose are taped over. It is the general prac-
tice to clean cars and motors by compressed air 
suppliecl directly from the storage air reservoirs 

on the car. O n each car is a connection to which a hose 
can be at tached for cleaning purposes. The form of 
nozz les used is illustratecl herewith in F ig. 8. The plain 
round nozzle is for cleaning out motors and the flat 
nozzle fo r cleaning car floor s ancl cushions. The flat nozzle 
has a slit 1-64 in. wide and about 3 ins . long. This slit 
·was made by sawing clear across the encl of the nozzle, 
fi lling up the ends of the slit with solder, and hammering 

the slit partly shut, until it was reduced 
to the width of 1-64 in. The use of the 
air-brake compressors and storage res­
ervoirs. to supply air for cleaning is ex-

FIG. ro.- COMBINATION SIGN AND FIG. I r.-ELECTRIC PILE DRIVER FIG. 13.-MOTOR FOR SYNCHRONIZING ON 
SHIEL D FOR ARC HEADLIGHT 

ter of the time it takes to change trucks until a car can 
be made ready for service again if the trouble is confined 
lo the truck or motor s thereon. There is also likely to be 
less strain on the car body than if jacks or block and tackle 
are used to hoist the car body. It is extremely unlikely 
in the latter case that at some time in the tedious operation 
of the removing or replacii1g of a truck one corner of the 
ca r will not be lifted higher than the opposite corner , with 
the result that there is considerable strain on the car body 
and working of the joints. Although thi s may not be no­
ticeable at first, it is sure to cause badly fitting sash and 
other trouble in time. 

ENGINE GOVERNOR SPRING 

tremely convenient, especially where cars are cleaned in 
small local shops, away from the main or general repair 
shop. It is, of course, usually necessary to run the com­
pressor on the car while the cleaning is going on, as the 
storage reservoir is not of sufficient capacity to supply air 
for cleaning for a great length of time. 

U nder the center of each car is a tool box, in which is 
carried tools for use in emergencies. As the distances are 
so great, it is very desirable that train crews have at their 
disposal means of getting a car on the track or temporarily 
repairing the trolley or trucks. The tools carried in the 
box consist of a heavy hog rope, a long coupling link, 5 ins. 
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long, a standard Van Dorn coupling link, a pair of wreck­
ing frogs for derai led cars, and a pair of trolley pick-ups. 
The latter consist simply of tongs ,vith wooden handles so 
arranged that the trolley wire can be picked up with them, 
and they can then be tied together to keep the wire clear 
of the ground until the repair car arrives. 

The tool box and the tools enumerated, as well as some 
oth er things carried by each car, is illustrated in Fig. 9. 

Compressed air is a lso used for feed ing sand to the rails 
from the sand boxes. The sand box is placed directly on 
the truck frame, so as to spring with the wheels. The com­
pressed air from the motorman's valve is taken to the 
sand box by a simple rubber hose. The sand box used is 
the Nicholas-Lintern air sa1;der. In this the sand drops by 
g ravity into a crooked pocket, and the compressed air also 

t:nation signs of a color that will indicate the destination 
independently of the lettering of the sign, so that the 
destination of the car can be determined by those familiar 
with the service before the lettering on the sign can be 
read. The signs are hung on both sides of the vestibule 
dash ( Fig. 2) and also just in front of the rear step on 
one of the side panels, for the convenience both of pas­
sengers hailing the car and those boarding it while it is 
standing at its regular stopping place in a city. As the re­
quirements of the law in Indianapolis are for an illuminated 
sign at night, and as it is also necessary to shade the arc 
headlight in some way when operating in that city, the com­
pany has accomplished a double purpose by having a cap 
( Fig. IO) which fits over the front of the arc headlight 
when in town. This cap consists of canvas painted white, 

FIG. 12.-ENGINE ROOM OF POWER HOUSE, UNION TRACTION COMPANY 

enters this pocket to drive it on into the track hose. T he 
pocket is of such a shape that the sand will not of itself 
work _through without th~ application of compressed air. 
In order to keep dust and sand from the axle bearings of 
the motors a sheet-brass sleeve is placed over the axle to 
bridge the space between the motor axle bearings. This 
sleeve is made in halves. 

Like all interurban roads, this system is limited in the 
width and depth of wheel flange employed by the require­
ments of the city lines over which it runs. The flanges 
have, however, been made recently somewhat heavier, to 
allow for a greater wear before the minimum allowable 
factor of safety is reached. T he new standard flange is 
f in. deep and 1-¼ ins. wide at the throat. Steel-tired 
wheels are used on the motor trucks, and in turning down 
these wheels 1t is the practice to g ive them a bevel equal to 
that of new wheels rather than leave the tread flat, as is 
sometimes customary in turning down wheels of this kind. 

SIGNS AN D HEADLIGHTS 

It is the general policy to have the background of des-

with the lettering on it in black, and when it is placed on 
the headlight the effect is not only to tone down the light, 
but to afford an excellent illuminated sign as to the car's 
destination. The Wagenhals electric headlight is used. 
with an attachment for automatically starting the arc, which 
is made in the company's shops. The headlights originally 
had to have the arc restarted by a hand lever when the 
current failed momentarily. That is, after the current had 
been interrupted once, the arc had to be started when the 
current came on again. This was found to be a consider­
able inconvenience in going over section insulators, be­
cause the arc would always go out and the motorman 
would be obliged to let down the front window of his vesti­
bule and start the arc-the car perhaps going 60 miles an 
hour against a strong wind. The attachment which has 
been put on is a magnet which starts the arc automatically 
just as soon as the current is flowing. With these head­
lights it is possible to distinguish objects several hundred 
feet ahead. It would be difficult to operate an interurban 
road of this kind without an arc headlight, because of the 
lugh speed and the necessity of stopping for passengers 
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who may be waiting ·at any highway crossing, and which 
it would be impossible to see without an arc headlight. 

ELECTRIC PILE DRIVER 

The company has what is probably the first electrically 
operated pile driver to be brought in use ( Fig. I I). In 
this pile driver the electric motor forms the part usually 
performed by a steam engine. It is found of great use 
in construction work, especially in straightening the line. 
The company has done much work since it started in 
straightening out its original route, which in some cases 

FIG. 14.-SECTION OF TRACK LIGHTED BY ARC HEADLIGHT 

was very circuitous because of the difficulty of obtaining 
the consent of property owners or of purchasing property 
at anything but unreasonable figures. The Indiana Legis­
lature at its last session passed a law enabling electric roads 
to condemn land after the same manner as steam roads. 
This has made it possible to straighten the ro:id and give 

on the cost of distributing energy in this way are of prac­
tical interest. The cost of generating power is now known 
by the majority of companies operating modern power 
houses in the United States. The cost of the alternating­
current distribution through sub-stations, however , is a 
point upon which there is not much information avail~ble, 
and the figures on this furnished by A. S. Richey, electrical 
engineer, are very acceptable. 

The accompanying tables give the cost of power for six 
months at the bus-bars of the Anderson power house, both 
111 totals and per kilowatt hour, and al so the cost of power 

FIG . 15.- PORTABLE SUB-STATION 

delivered at the direct-current bus-bars of the sub-stations. 
The output of the sub-stations in kilowatt-hours and that 
of the main generating station are shown. The difference, 
which is in the neighborhood of 21 per cent. represents the 
loss in step-up transformers, q,ooo-volt, hi gh-tension line, 
step-down transformers and rotary converters. The item 

TABLE SHOWING CosT oF POWER AT Low-TENSION Bus-BARS AT GENERATING STATION, ALSO TOTAL CosT AT S uB-STA T I ON 
DIRECT-CURRENT Bus-BARS. UNION TRACTION Co. oF INDIANA, 

[The figures of generating- station cost being- in italic s .] 

Kw-Hours Cost Fuel Toral Cos, I Co" Lsbo, 
Total Cost Lubrica- Cost R e- T ota l 

MONTH, 1901 for Total Cost per Kw- Lubrica- t ion and I T otal Cost 

1 

pa ir per T otal Cost l per Kw-Fuel Labor ?Ho~;- tion and Misc. per Repairs l\Ionth Hour Misc. Kw- Honr Kw-Hour Honr 

I I 
April, power house. $837,000 $2,272.20 $ 0027I $I,OI/.9I $.OOI2I $30I.7+ $ 00036 $3 588.85 $oops 

April, total. ... . _ ... . 6-19,542 2,272.20 I .oo349 1,878.91 .00292 301.74 .000-16 500.00 .00076 4,9 58.85 .00,63 

May, power house. 820,600 2,070.59 .00250 928,68 .00II3 254.94 .00032 5I4.95 .00065 3,769.I6 .00/59 
May, total. .. . .. .. .. 645,43 1 2,070.59 .00321 1,933.08 .00299 254.94 .00039 1 1,014-95 .001 57 5,273.56 ,00816 

June, power house . _ . . .. 825,900 2,672.51 .00323 I,0I2,I7 .00I23 2977o .00035 211-42 .00029 4,226,92 .005Io 
June, totaL .... ... ... 647,490 2,672.54 .00412 1,921.09 .00296 297.70 .00046 744.42 .00114 5,635.75 .00S6S 

/uly, power house . .. _ . .. 953,000 I,7I4.97 .00179 I,I02.88 ,OOII6 377 98 .00039 177.50 .00050 3,673.33 .00384 
July, total. ......... , 756,650 1,714.97 .00227 1,995.68 .00264 377 98 .00049 985 01 .00130 5,073.64 I .00670 

August, power houu . .. .. I ,003,300 ,,566.41 I .00255 I,I30.08 .00II2 327-99 .00033 35/.8I .00036 1,397 ,32 .00136 
August, total. .... . . _ 791,04I 2,566.44 .00325 2,022.88 .00255 327 99 .00042 854.81 .00 10S 5,772,12 .00730 

September, power house . . 983,700 I,086 42 28J.49 
I 

4,366.79 2,5°3 75 .00254 ,00II0 .00029 493- I3 .00050 I .00443 
September, total. . .. 769.820 1 2 ,5°3-75 .00325 1,952.42 00254 283.49 .00036 993 .13 .001 29 5,732.79 .00744 

Average for six months {Powerhouse cost. ·:.·: .. ·.......... . ... .00443 
Power house and d1stnbut1on cost, . . . . . .00765 

very much fast er and better service at a number of stations, of repairs to sub-stations consists mainly of a charge of 
especially in and near small towns. In such cases power $500 per month paid for the maintenance of storage hat­
from the trolley circuit is always near, so that the electric teries at the sub-stations, the batteries being maintained 
pile driver can be used to advantage. under contract at 6 per cent of first cost. 

POW ER GE NERATIO N AND DISTRIBUTIO N 

The distribution o f power by high-tension, polyphase 
alternating current for interurban lines is of sufficiently 
recent introduction so that any figures which throw light 

The power house is at Anderson , nea r the center of the 
system, as can be seen from the accompanying map, and the 
company has eight sub-stations, as indicated by the map. in 
addition to the sub-station located in the generatin g station 
at Anderson. T he current is generated at 400 volts, three-
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phase, and transmit ted at about 15,000 volts. The A nder­
son power house is a fine piece of eng ineering , equipped 
with Babcock & \ Vilcox boilers and stoker s and :\1ead au­
tomatic coal and ash conveying machiner y. P art of the 

FIG. 16.-PORTABLE SUB-STATION IN USE 

yLar natural gas is bu rned under the boilers, and when the 
gas supply is low coal at $r.50 per ton is used. T he natural 
gas is obtained at a figure which brings it nearly equal 
to coal at the foregoii1g price. In the engine room , which 

governor spring by hand , and by watching the synchroniz­
ing lamps, bring the g enerator to synchronism . 

T hree of the sub-stations have two 250-kw rotary con­
verters and a r6-kw storage battery booster differentially 

., 

wound. The five other s have one ro­
tary converter and an 8-kw booster. 
E a~h sub-station has four step-down 
transformers, one of which is held as a 
reserve. The converter s and trans­
fo rmer s are \Vestin ghouse make. The 
converters ar e started by induction mo­
tors on the same shaft. All of the sub­
stations are alike in arrangement , one of 
which is shown in Fig. r7 . In the three 
larger sub-stations a chloride battery of 
264 cells, r68 kw-hours capacity on one 
hour rate . A t the five smaller sub-sta­
tions a battery of 264 cells and 84 kw­
hours capacity is put in. The battery 
at the Ander son power house is of 2 r r 
kw-hour capacity at the one-hour rate 
of di scharge. 

The portable sub-station is an impor­
tant part of the sub-station equipment of 
the road. This sub-station ( Fig. 15) 
is .contained in a box car 2r ft. 6 ins. 
long by 8 ft. 8 ins. wide. In this car is 
a 250-kw rotary converter and three 
87.5-kw transformers. In all of the 
sub-stations there is a track in one end 
of the converter room, into which this 

portable sub-stati on can be run. A sub-station of this kind 
is a gr eat saving in investment because it practically takes 
the place of a reserve unit in every sub-station on the road, 
because it can be used as a reserve in any. 

i, so well illustrated by F ig . r2, three 
Vv estinghnuse revolving-field generat­
ors are driven by Rice & Sargent en­
gines built by the Providence E ngineer­
ing \Vorks. These engines are cross­
compouncl, condensing. 2(i ins. and 56 
ins. by -1-8 ins. stroke. ru nning roo r. p. 
nL The mass iveness of the fly-wheels 
is noticeable, and this , combined with 
the weight of the revolving generator 
fi elds. gives a great deal of inertia to the 
moving parts. which is importan t in the 
successfu l operation of alternator s in 
synchronism on varying loads. T he fly­
wheels are r8 ft. in diameter, and weigh 
120,000 lbs. The shaft is 2-1- ins. in di­
ameter in the middle ancl 22 ins. at the 
bearings, which are 38 ins. long. T he 
governor is the Rites , which revolves in 
a vertical. instead of a hor izontal, 
plane, and can be seen plainly on the 
unit in the fo reground in Fig. r2. To 
raise or lower the speed for synchroni z­
ing a generator with no load upon it, a 
spring is attached to a lever on the 
cross-connecting rod , which connects 
the governor motion of the h igh and 
low-pressu re cylinders. T he tension of 
this spring is adjusted by a small induc-

FIG. 17.-A TYPICAL SUB-STATION, TRACK FOR PORTABLE SUB-STATION IN 
FOREGROUND 

tion motor working a worm gear , F ig. r3 . T he induction 
motor is controll ed by a switch at the switchboard, so that 
the engine speed can be raised or lowered by the switch­
board attendant whe nsynchronizing. In ordinary work it 
is found to be quicker to have one man take hold of the 

The company is now under the general management of 
George F. McCulloch. J. S. Hamlin is general master 
mechanic; A. S. Richey, electrical engineer, and W. H. 
Bloss, chief engineer and roadmaster. The operation of 
cars comes under Charles A. Baldwin. 
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The Proposed New York and Portchester Railway 

Considerable interest is being excited in New York at 
present by the proposal of the New York & Portchester 
Railroad Company to install a high-speed electr ic line be­
tween Portchester , N . Y., and 132d Street , N ew York City. 
The route of the line is shown in the accompanying map. 
Owing to Section 59 of the Railroad Law of N ew York 
S tate, the company must prove to the Rail road Commis­
sioners of the S tate the convenience and necessity of the 
railroad. U nder thi s obliga tion heariugs have been held 
during three weeks of October and four days of November. 
The experts who have thus fa r testified have been W. C. 
Gotshall , president and chi ef engineer of the company; 
F rank J. Sprague, W illiam B. Potter , C. 0. Mailloux, the 
technical electrical dir ector of the company ; Robert A. 
P arke, of the W estinghouse Air Brake Company ; Edwin 
Thatcher, bridge ex pert ; \ Vill iam Barclay Parsons, chief 
engineer of the New York Rapid T ransit Subway, and 
others. So far all the time has been occupied in presenting 
the case of the New York & Portchester Rail road Com­
pany. The opponents consist of the New York, N ew Ha­
ven & Hartford R ailroad Company, the Union Rai lway 
Company and the Stamford Railroad Company. H earings 
are to be recommenced Dec. 9. 

In view of the fact that the road, as proposed , is the most 
important example of high-speed electric ra ilroading in 
this country, as the plans presented are most complete, 
and as the testimony of the experts on the technical fea­
tures of the proposed installation are of the g reatest inter­
est , some particulars of the plans and extracts from the 
testimony are given herewi th . I t must be remembered that 
the petitioners had not only to prove that their plans were 
technically correct and the road could be built along the 
lines laid down by them, but they had also to show that the 
road would be financially successful. 

The road as planned will start at 132d Street and Willis 
Avenue, Borough of the Bronx , New York City, will run 
for 8 miles through New York City on the main line, with 
a branch 2 miles long to the East R iver , and then fo r 13 
miles more through \ Vestchester County, to Portchester, 
N. Y. It is to have fo ur tracks, and will be built on private 
r ight of way throughout. T here will be no grade crossings 
at any point along the road . All streets, avenues, high­
ways and other rail roads will be crossed either above or be­
low the g rade. There are about seventy-eight of these 
crossings. All bridge construction will be concrete arches. 

The service consists of express and local trains. The 
express trains will make ten stops between termini , and 
cover the distance between termini of 2 r miles in 31 
minutes. The maximum speed of the express trains is 
slightly over 60 miles an hour, while the schedule speed 
of the express trains, that is, the speed including stops, is 
39.9 miles per hour. T he minimum headway on the ex­
press, as now determined, is IO minutes. F ifteen-second 
stops at stations will be made, the same stop as a llowed 
on the schedule of the Rapid T ransit Rail way now building. 

EXPRESS STATIO NS, WITH DISTA NCES 
New York to Di stance Ti me 

Willis Ave. . . . . . . . . . . . . . . o 
149 Street . . . . . . . . . . . . . . . 1.625 .. . 2 minutes 32 seconds 
Bronx P ark .... ..... ..... 4.376 ... 6 " 12 " 
Bronx & P elham Parkway 5.805 ... 8 28 
Mount Vern on ... .. .. .. .. 8.919 .. 12 22 
P elh am . .. .. .. . .. .. . . . . . . 9.608 .. 13 52 
New Rochell e . . ... . . . . . .. 11.45 1 .. 16 53 
Larchmont ...... ..... . . . 13.304 .. 19 32 
Mamaroneck . ....... . . . . 14.524 . . 21 40 
Rye N eek . . . . . . . . . . . . . . . . 17.357 .. 25 23 
Rye . .. ..... . ......... .. . 18.805 .. 27 43 
Portchester .. . ......... , , :;!Q.900 . . 31 
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T he new road will connect with the Rapid Transit line 
at 177th Street and Boston Post Road, and with the same 
railway at its new East Side extension at 132d Street. T he 
running time by the fo rmer route from Portchester to City 
H all station will be 54 minutes, and through trains wi ll 
be run . At 177th Street, where the connection will be made 
wi th the Rapid Transi t line, which at that point is on an 
elevated structure, the express tracks of the Portchester 
road, which are the inside tracks, will gradually r ise and 
cross the local tracks above g rade to join the Rapid Tran­
sit tracks. The second connection, at 132d Street, with 
the Rapid Transit line is with the proposed new East Side 
line, which will leave that now building at F orty-Second 
Street and will run up Madison or Third Avenue. It is 
expected to cross the H arlem River very near the Will is 
Avenue Bridge, making connection with the new line at 
that point, thence up W illis and J ero me Avenues. Through 
trains will be run this way also. 

T he local t rains on the Portchester Railroad will cover 
the distance from Portchester to 132d Street in 49 minutes, 
making twenty stops between termini, and allowing 15 
seconds for each stop. The maximum speed of the local 
service is about 48 miles an hour, while the schedule speed, 
that is , speed including stops, is 25.6 miles an hour. The 
local service will be run on a 5-minute headway from 7 :30 
to IO :30 a. m. and from 3 :30 to 7 :30 p. m. The total car 
mileage of the road is planned to be 4,500,000 car-miles 
per year. 

The tracks will be buil t with 12 ft. 6 in. centers, and will 
consist of 90-lb. T -rai l laid on white oak ties 6 ins. x 8 ins. 
x 8 ft. The roadbed will consist of IO ins. of broken stone 
under the ties, and the ballast will be brought up between 
the ties to the level of the top of the ties. T he t hird-rail 
system will be used, the rail to be located at the side of the 
track, with its base about 2 ft. above the surface of the 
tie and its head about 1½ ft . above the head of the service 
rail. 

The rolling stock will consist of seventy cars, each hav­
ing a 50-ft. body with 5-ft. platfroms and 1-ft. bumpers, 
making the car 62 ft . over all. T he width of the car wi ll 
be 9 ft. 3 ins. Each car wi ll comfortably seat about eighty 
four people, and will carry a load of about 150 people. Each 
car will be a motor car, and wi ll be equipped with four 
400-amp. motors, that is, one on each axle, and operated 
by automat ic multiple-unit control. It is the intention to 
run the local service consisting of units of one or more 
cars , as the public needs may demand, while the express 
service will consist of units of two or more cars. The gear 
ratio employed will be 56 to 41. This will give a maximum 
acceleration of 2 miles per hour per second. It was orig­
inally thought that a 300-amp. motor might be able to do 
the work, but it was found just insufficient. The accelera­
tion curves of both types of motors are given herewith, 
from which the differences can easily be determined. 

The power station will be near the electrical center of 
the system, and will have a total capacity of about 12,000 
kw. Three-phase current will be distributed at three sub­
stations, each of 3500 kw, and both main and sub-stations 
will be balanced with storage batteries. 

Complete information in regard to the financial interests 
behind this line has not yet been made public , although a 
statement on this point has been submitted to the Com­
missioners in executive session to prove to them that the 
road is sufficiently backed ; so far the only gentlemen 
known to be associated in the project are the president, . 
W . C. Gotshall and J ohn B. McDonald, the contractor for 
the New York rapid t ransit subway. The contract for 
the construction of the road, if it is authorized, will prob­
ably be t aken in the name of Mr. McD onald, and it ha~ 
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been announced that through trains will be run on the 
road, if it is built, to City Hall by way of the rapid transit 
subway. All of the electrical engineering of the line has 
been entirely in charge of C. 0. Mailloux and W . C. Got­
shall, the well-known electrical engineers, and to them is 
due the credit for solving the intricate electrical problems 
connected with this work. Mr. Gotshall, the president and 
chief engineer of the company, is prominent in elec­
tric railway circles , having been in 1895 and 1896 chief 
engineer and general manager of the Union Depot Railroad 
in St. Louis, and previous to that time chief engineer of the 
St. Charles Street Railway of New Orleans. While in St. 
Louis he installed a three-wire system on the Union Depot 
system. In 1897 he came to N cw York at the request of 
F . S . Pearson, of the Metropolitan Street Railway Com­
pany, and had complete charge of the equipment of the 
Second Avenue line when it was changed to electric con­
duit. In 1899 he went to E urope at the request of the 

the senses at once, and can and should be applied to all 
engineering, and even commercial , data. · 

Fig. I shows the line of the company as proposed. The 
train sheet, Fig. 2 , shows in the usual way the movements 
of the express trains of the New York & Portchester Rail­
road Company. The lines sloping from left to right from 
the bottom of the diagram indicate movement and instan­
taneous times of trains from N ew York City to P ortchester, 
while those sloping from right to left from the top of the 
diagram show the movements and instantaneous times of 
trains from Portchester to New York City. As stated, the 
original records are on millimeter cross-section paper, on 
which each of the above hourly spaces are divided into 
sixty equal parts, each of which parts represents one min­
ute. The instantaneou s time for any position of any train 
can be accurately and instantaneously ascertained by such 
diagrams. 

The curves on Fig. 3 show the relat ions between speed 

10 20 30 40 50 60 70 80 90 110 120 130 HO l'\(J 160 170 180 210 2'.JO 250 2W 

TIME, IN SECONDS. 

FIG. 3 - SPEED AND DISTANCE CURVES FOR A 400-AMPERE M OTOR EQUIPM ENT 

E lec tric Vehicle Company, to organize its British and 
F rench corporations, then ,vent to Paris as a railway con­
duit expert at the instance of French capitalists, in con­
nection with the installation of conduit electric railways in 
Paris. 

Part of the testimony submitted to the Commissioners 
consisted of a set of very elaborate charts prepared by 
Messrs. Mailloux and Gotshall, and some of which are re­
produced herewith . T hey undoubtedly form the most com­
plete set of drawings ever prepared of the speeds and 
power consumption of any road either proposed or in oper­
ation. All of these charts and records are drawn on milli­
meter paper , the fineness of the divisions of which ·render 
the charts and the readings taken therefrom of great ac­
curacy. 

The graphical methods adopted by the engineers of t}:le 
New York & P ortchester Railroad Company- have been 
applied by them throughout, even to the cases of the repre­
sentation in thi s manner of the varying earnings and vary­
ing rates of fare. The advantages of the systems used and 
devised by them, and here employed, are at once apparent 
when compared with the usual incomprehensible method 
of long rows of figu res. The f;raphic::d method appeals to 

in miles per hour and t ime, and cor responding distances , 
in miles, covered in the same time for any grade. The two 
full, heavy lines represent the speeds and distances cov­
ered for any time on the fe<ucl . • The dotted lines represent 
corresponding speeds and distances for ascending and de­
scending grades. The nearest dotted line below the heavy 
speed-time line shows the relations between speed and 
time on a one-half per cent up grade; the next line below, 
the conditions for a I per cent up grade; the next two are 
the I½ per cent and 2 per cent up-grade acceleration curves. 
Intermediate grades are obtained by interpolation. T he 
dotted lines above the full speed-time line show the condi­
tions for½, I, If and 2 per cent down grades. 

These are the curves for the 400-amp. motor determined 
upon for use. The distances covered are ascertained by 
reference to the correspondence d istance-time curve. 

Fig. 4 shows corresponding speed-time and distance­
time curves plotted for a 300-amp. motor. T his motor was 
found not quite large enough to do the work, and the 400-
amp. motor was consequently selected. 

F ig. 5, the coasting and braking curves , shows the rela­
tions between instantaneous speed and distances covered for 
any correspopdin~ tiin~, T h~ fu ll line at the ri~ht of th ~ 
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diagram shows the braki ng curve for an average retarda­
tion of 150 lbs . per ton , which is equi valent to a negative 
acceleration of about 1 .6 miles per hour per second. T he 
full cm-ved lin e joining it at th e lo\\er righ t-hand corner is 
the distance curve for thi s braking curve. T h e dotted lines 

braking effort is taken at 150 lbs. per ton, and the average 
traction coeffici ent is less than 12 per cent. The wind re­
sistance is based on the experiments recently made on the 
Buffalo & L ockport road on speeds up to 67 mil es an hour, 
and at th is speed was taken at about 39 lbs. per ton. The 

"--~=-L-.l..._.!,__l..__L_L_.!,__.l..._.!,__.L._.L._.L._.L._.L._.L._.1.-_.1.-_J..__..___..___:__..___'-----'---'----'---'-0 
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FIG. 4-SPEED AND DISTANCE CURVES FOR A 300-AMPERE MOTOR EQUIPMENT 
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FIG. 5-DRIFTING AND BRAKING CURVES FOR 400-AMPERE MOTOR EQUIPMENT 

indicate corresponding curves for different percentages of 
g rades, as stated. 

Figs. 6 and 7 are comparative graphical representations 
of performances of the 400-amp. and 300-amp. motors, re­
spectively, for different gear ratios. 

Figs. 8 to 12 show parts of a combined speed and power 
diagram covering each run between each station for both 
express and local service, and comprising four run sheets, 
each some 40 ft. in length. In these diagrams the average 

extra power for curves was figured at 0.9 lb. per ton for 
e~ch degree of curvature. 

On this basis the maximum average energy consump­
non for the express service has been found to be, as shown 
by the chart, 130 watt-hours per ton mile; that for the 
local service to be about 150 watt-hours per ton mile. 
These results are what have been arrived at from the 
energy curves which have been thus far prepared. It is ap­
parent, however, that this average would be very materially ,, 
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reduced by altering the respective amounts of acceleration 
and of coasting and braking, which matter is now being 
clone. These changes will reduce th e watt-hours per ton­
mile required, but will not affect the size of the motor re­
quired, as the same acceleration will be needed. They 

tenance, and estimated earnings of the New York & Port­
chester Railroad Company, which detai ls are taken from 
his report to the New York & Portchester Railroad Com­
pany. F urther detail s of the operating costs and estimated 
earnings wi ll be given in another article. 
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were drawn primarily to determine the size of the moto·r, 
the possible running time and the approximate size of th e 
power house. Subsequent changes will be purely for the 
purpose of effecting the economy in the amount of energy 
required per run . 

FINANCIAL SUMMARY 

COST OF CONSTRU CTION. 

Construction and equipment. ................ . ...... $7,200,516 

Right of way, real es tate, terminals, etc .............. 1,600,000 

Interest during construction. . . . . . . . . . . . . . . . . . . . . . . . 300,000 

Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250,000 

Contingencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500,000 
William C. Gotshall, president and chief engineer of the 

company, presented the fo llowing details of the costs of 
construction and operation, including repairs and main-
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COST OF OPERATION. 

Maintenance of way and structures . ... . . . $0.020 per 
" " equipment. . . . . . . . . . . . . . . . .020 

Cost of power. . . . . . . . . . . . . . . . . . . . . . . . . . .. .058 " 
Conducting transportation . . . . . . . . . . . . . . .. .040 
Officers and general expense .... . ....... .. .015 

car mile 

" 

$0.153 per car mile 
4,500,000 car miles X $o.153 = $688,500 per annum. 

F INANCIAL STATEMENT. 

Receipts per annum .. .. . .. ... ... ................... $1,500,000 
Operating expenses.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 688,500 

Balance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $811,500 

DETAILS OF COST OF CONSTRUCTION 

A-Earth cut and fill and surfacing (3,000,000 cu. yds., 
at $0.35) ........... . ..................... . .. . $1,050,000 

B-Rock work (220,000 cu. yds., at $1.50). .. ... . ..... . 330,000 
C-Rock ballast, 82 miles (2750 cu. yds. per mile, $1.00 

per cu. yd.). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225,000 
D-Ties, 92 miles (2640 ties per mile, at $o.70 per tie).. 170,016 
E-Rails, fish-plates, bolts, splices and laying (see note 

below) ............. . .. . ..... . . . . .... .. .... . . 
F-Highway crossings (see note below) ... .... . .... . . . 
G-Bronx bridge .. . . ....... . .. . . ... . ... ... . .... ... .. . 
H- Mamaroneck bridge ........... . ... .. .. .. ... ... . . . 

552,000 
663,000 
6o,ooo 
6o,ooo 

I-Bridge over New Haven at Bronx River and Pelham 100,000 
J-West Farms, New Rochelle, Portchester and New 

Haven Crossings .. ......... ... ..... . ........ . 75,000 
K-Elevated structure (see note below) .. . . . . .. .. .. .. . 416,000 
L-Block signal system ....... .. ... . .. . ............... 125,000 
M-Telephone and telegraph system ................. . 25,000 
N- Third-rail installation and material (92 miles, at 

$4,000 per mile) .. .. . .. .. . . .... .. . . .... .. . . .. 368,000 
O- Fencing (50 mi les, at $500 per mile) ... .. .. .. .. ... . 25,000 
P- Conducting circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200,000 
Q- 12,000-kw main power station (at $100 per kw) . .... 1,200,000 
R- Building for main power station (at $10 per kw) . . . 
S- Three sub-stations, of 3500 kws each ( at $35 per kw) 
T - Buildings for same (at $6 per kw) . .. . . .......... . 
Y- Seventy cars and trucks complete .. ... ... . .. ... . . . 

120,000 
367,500 

63,000 
367,500 

Z-Fifty motor equipmen ts (four motors each) . ... .. . 400,000 
AA-Fifty series parallel control equipments ($2,300 each) 
AB- Seventy brake equipments ....................... . 
AC- Twenty-two stations, at $4,000 each . .... .. .... ... . . 

115,000 
35,000 
88,ooo 

AD- Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250,000 

$7,450,016 
NOTES ON ABOVE 

E.-Rails.-90·1b. T, at 141.4 tons per mile, cost $28.80 per ton at mill, and $2 
freight = $30.80 delivered. 

Rail cost per mile .•. ... .... . • .. . . . •. . . ....... ... $4,355.12 
Splice plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 140.80 
Bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 38.72 
Spikes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • 135.00 
Drilling . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423.00 
Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 100.00 

$5,192.64 
Cost ..........•.......... $5,200 per mile 
Laying........... . ..... 800 per mile 

$6,000 per mile 
92 miles X $6,000 = $552,000 = total cost of rail. 

F.-Crassings.-78, at $663,000 total cost: 
Masonry--400 cu. yds. at $8 per cu. yd. = $3,200. 
I ronwork- 2500 lbs. per lineal foot at $.03½ per lb. = $87.50 per foot. 

$87.50 X 60 = $5,250 
3,200 

$8,450 

K.-Elevated Structure.-
(5200 lineal ft ., including 3400 ft. over Mamaroneck Bay.) 

Cost- $.03½ per lb. erecte d, equals at 2200 lbs. per lineal foot of structure, 
2200 X $.03½ = $77 per lineal foot. 

F oundations, each, 75 = $150 per 50 ft. = $3 per foot of structure. $77 + $3 
= $80 per lineal foot of structure. 

5200 X $80 = $416,000 total cost. 
S ince the estimates for the highway crossings and viaducts have been 

made, which was about a year ago, the concrete arch construction has been 
determined upon, the details of which will be given in another article. 

DETAILS OF OPERATING COST 
A-Train crews ......... . .... .... .................. .. . 
B-Station men ......... ........ ................. •.... 
C-Maintenance and inspection of cars and equipment.. 
D-Maintenance of roadway and structures ........... . 
E-Cost of power .................................... . 
F-Rotary stations ................................... . 
G-Salaries of officers ....... · ......................... . 

A.-Train Crews.-
124 local trains each way per day; smgle trip time;, 49 minutes. 
74 express trains each way per day; single trip time, 31 minutes. 

$84,o80.89 
So,300.00 
90,000.00 
96,000.00 

253,116.55 
16,425.00 
50,000.00 

124 X 2 X 49 + 60 = 202.5 car hours per day of 24 hours for local service. 
Local service to consist of one car having a crew consisting of: 
1 motorman at $3 per day of 10 hours, 
1 conductor at $2.50 per day of 10 hours. 
Total, $5.50 per day of 10 hours; or $.55 per car hour. 

202.5 X $.55 X 365 = $40,751,875, cost of local }rain service per year. 
7l X 2 X 31 + 60 = 75.4 train hours per day of 24 hours for express service. 
Express service to consist of two car units carrying the following crew: 

1 motorman at $3 per day of 10 hours, . 
1 conductor at $2.50 per day 'Jf 10 hours, 
1 conductor at $2.50 per day of 10 hours, 
$8 per day of 10 hours, or $.80 11er car hour. 

76.4 X $.80 X 365 = $22,308.80, cost of express train service per year. 
$40,751.875 + $22,308.80 = $63,060.675, total cost. 
Adding one•third of above for extra men- $21,020.22-we have $63,060.675 + 

$21,020.22 = $84,080.895, total cost train men, etc., per year. 

B.- Statioii Crews.-22 stations using 5 men each = 110 men at an average of 
$2 per day each = $220 per day. $220 X 365-per year = $80,300. 

C.- Mailite11ance and Inspection af Cars and Equipment.-Total car mileage 
equals 4,169,760 per year, and allowing for extra occasions will equal 
4,500,000, at $.02 per car mile = $90,000. 

D.- M aintenance af Roadway and St ru ctures.- 96 miles single track, in• 
eluding sidings, etc., at $1,000 per mile per yea r = $96,000. 

E.- Cost af Pawer. 
Local Service.-124 X 2 X 21 = 5208 local car miles per day. 
3108 X 2 = 6216 car miles per day. 
At 160 watt-hours per ton mile = 270,816 X 160 = 43,330,560 watt-houn 

per day for local service. 
Express S ervice.-74 X 2 X 21 = 3108 train miles per day for express 

service . . 
3108 X 2 = 6216 car miles per day. 
6216 X 62 = 323,232 ton miles per day for express service. 
323,232 X 130 = 42,020, 160 watt-hours per day for express service. 
42,020,160 + 43,330,560 = 85,350,720 total watt-hours per day of 24 hours, 

or 85,350.7 kw-hours. 
A dd 18 per cent for loss from main station to third rail and 5 per 

cent for heating and 2 per cent for lighting- 25 per cent = 21,337.7. 
85,350.7 + 21,337.7 = 106,688.4 kw-hours. This at $.0065 per kilowatt· 
hour = $ji93.47 per day for producing the power and maintaining 
the power station. 365 X $693.47 = $253,166.55 per year. 

Power Station Detail. 
1 chief engineer ................. . ..... . 
3 assistant engineers at $5 per day ... . 
30 oilers at $~.50 per clay ............. . 
3 switchboard men ................... . 
3 e lectric helpers ...................... . 
6 cleaners ..................... ....... . . 
6 condenser men ...................... . 
Machinists and two helpers ........... . 
24 boiler men a t $2.50 per day ........ . 
Boiler cleaner and two helpers .... ... . 
4 laborers ............................ . 

$10.00 per day 
15.00 
75.00 
10.50 
7.50 
9.00 

15.00 
9.00 

60.00 
6.00 
6.00 

$223.00 
Coal at $2.40 per ton; 106,684 kw at 2¾. lbs. coal per kilowatt = 293,381 

lbs., or i46.69 tons coal per day. 
146.69 X $2.40 = $352.057, cost of coal per day. $223 + $352.057 = $575.057, 
cost of labor and coal per day of 106,684 kw-hours. 
$675.057 + 106,6/l4 = $.00538 per kilowatt-hour. $.0065' - $.00538 = $.00112, 

for repairs and maintenance per kilowatt-hour. 

ESTIMATES OF EARNINGS 

Between 
Population 

carried 
per year 

Port Chester and New York... 7,000 x 120 
Harrison, Rye and New York. 2,ooox 120 
Mamaroneck and New York.. 5,000 x 120 
New Rochelle, Larchmont and 

New York ............... 20,000 x 150 
New Rochelle and Port 

Chester . . . . . . . . . . . . . . . . . . 30,000 x 6o 
Mt. Vernon, Pelham and New 

York ....•...•••.•....... 28,ooox150 

Average fare 
per trip 
15 cents 
15 " 
12 " 

IO 

5 

6 " 

Annual 
income 

$126,000 
36,000 
72,000 

300,000 

90,000 

252,000 
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New Rochelle and Mt. Vernon 35,000 x 30 
Mt. Vernon and Portchester .• 62,000 x 20 

Bronx and Mt. Vernon ....... 100,000 x 50 
Annual summer and recreation 

business of the road ............ 1,500,000 

5 cents 
7 
5 

15 

52,500 
86,800 

250,000 

225,000 

Total passenger income per year ....... ............ $1,490,300 
NOTES ON THE ABOVE 

The estimates of the earnings were made after a careful study 
of existing conditions in the territory to be served by the New 
York & Portchester Railway. These investigations extended 
over many months and had for their objects: 

(1) A careful study, after personal observation, of the habits 
of the people along the line. That is, ascertaining how, when 
and where they traveled; 

(2) The existing inducements which would cause people to 
travel between the various cities and towns · 

(3) Ascertaining the occupations of the p~ople and the probable 
stability of their employment ; 

(4) Careful study of the national censuses, together with careful 
study of the various ward, precinct and school censuses ; 

(5) Personal observations at the various points at which the 
public boarded trolley cars, at all hours of the day and night for 
many months, to colunt and ascertain the amount and division 
of the existing travel. 

A careful study, of the business of the existing trolley and ele­
vated roads in the district was made, together with a study of 
the nearest existing approximations now operating elsewhere, and 
all data thus obtained was plotted, and therefrom the deductions 
herein shown were drawn. 

By carrying out the multiplications in the detail of the estimates 
of the earnings, it will be found that this estimate contemplates 
carrying the population served approximately 100 times per year. 
The estimate contemplates 18,000,000 fares per annum. As these 
18,000,000 fares are based upon 4,500,000 car miles, it will be seen 
that there must be carried but four passengers per car mile. 

The total population served is about 300,000, of which 180,000 
are within half a mile on either side of this railroad, and are at 
present devoid of rapid transit facilities. 

18,000,000 divided by 365 = 49,300 passengers per day of 398 
trips, or an average of 124 passengers per complete trip of 21 miles. 

There are twenty-two local stations and twelve express stations, 
which would give, on an average, six passengers per station for 
the local service, and ten passengers per station for the express 
service. 

The New York & Portchester Railroad will be in a higher de­
gree to the eastern part of Westchester County and the Bronx 
what the elevated railroad has been to New York City. The 
elevated system, operating five cars per train , carried in 1890 4.1 
passengers per car mile. Th ere is no doubt but that the elevated 
business could have been done with a much smaller car mileage. 
The elevated train units applied to the New York & Portchester 
Railroad schedule would give a car mileage of 15,000,000 car miles 
per year, instead of 4,500,000 car miles, which the New York & 
Portchester Railroad will have. By comparing the elevated car 
mileage and that of the New York & Portchester Railroad, it is 
apparent that four passengers per car mil e for the New York & 
Portchester Railroad is a co nservative estimate. 

The elevated roads of Manhattan and the Bronx are carrying 
the population of these districts about 100 times per annum. It 
is conservative to take th e same fi gure for the New York & Port­
chester Railroad which will serve a population now practically 
devoid of rapid transit facilities. 

The Union Railway Company, together with the Westchester 
Traction Comp;my and the Southern , Boulevard line, carried in 
1900 a total of about 31,000,000 passengers. Mr. Maher states that 
they will carry about 37,000,000 during 1901. At this rate of in­
crease, they would be carrying in 1903, when the New York & 
Portchester Railroad will be ready to operate, about 56,000,000. 

Should the New York & Portchester Railroad carry but the 
same proportion of this total business which the elevated roads 
are now carrying of the business of Manhattan and the Bronx 
(that is, about 35 per cent), it would receive 56,000,000 x .35 = 
19,600,000 fares. 

On account of the remarkable conditions and circumstances, I 
believe that the New York & Portchester Railroad Company will 
receive a considerably greater percentage of the total fares. 

The New York & Portchester Railroad will be to the eastern 
part of W estchester County and the Bronx what the I!linois 
Central suburban service is to the south side of Chicago. 

Referring to the matter of cost of operating, attention is called 
to the statements of such properties as the Union Traction Com­
pany of Indiana, operating about sixty miles of interurban track 
at 51.6 per cent of the gross receipts; also to the fact that the 

Union Traction Company is making 39¼ cents per car mile. The 
South.western Missouri E lectric Railroad Company is operating 
for 55 per cent of its gross receipts. The Lorain & Cleveland at 
47 per cent of its gross receipts. The Lynn & Boston interurban 
system is carrying five passengers per car mile and earning 31 
cents gross per car mile. 

The earnings may also be estimated as follows: 
1st. Allowing 30 cents per car mile as the gross receipts, 

4,500,000 x $0.30 = $1,350,000.00 gross annual receipts on car mile 
basis. 

2d. Allowing $8 per capita per annum, 180,000 x $8.oo = $1,440,-
000.00 gross receipts on population basis. 

3d. The voting population is taken at one-fifth of the entire 
population. It is this voting population, or the business men, 
which makes daily use· of the transportation systems. Allowing 
one round trip or two fares per day per unit would give, taking 
100,000 as the population thus directly dependent upon this road, 
100,000 -a- 5 = 20,000. 20,000 x 2 x 365 = 14,600,000 rides per annum 
of what may be called permanent business, which at an average of 
10 cents per ride= 14,6oo,ooo x $0.10 = $1,460,000.00. 

Based upon an estimated annual gross earning of $1,500,000 and 
an annual car mileage of 4,500,000 car miles, the gross earnings per 
car mile will be $1,500,000 + 4,500,000 = $o.33 1-3. 

With gross annual operating expenses of $700,000, the cost per 
car mile will be $700,000 + 4,500,000 = $0. 155. 

Earnings of 30 cents per car mile are now being attained on 
good interurban roads, and will certainly be maintained here, 
which is an exceptionally high-class enterprise from a commercial 
point of view. 

MR. POTTER'S TESTIMONY 

Mr. Potter, chief engineer of the Railway Department of the 
General Electric Company, was the first electrical expert called. 
His testimony related to the possibility of the operation of the 
line from an electrical standpoint, which he considered entirely 
feasible. H e also stated that he had go ne over the drawings and 
calculations of Messrs. Gotshall and Mailloux, which are 
published herewith, and they had agreed with his own 
figures. He also testified as to the method of testing 
motors by the General Electric Company, the method 
of plotting the char?.-.::teristic curves and the torque of 
G. E.-65, or 400-amp. motors, the rating of which he stated was 

· 225 hp, but that it would develop in an emergency at 300 hp to 400 
hp. In reply as to the question as to whether a braking effort of 
150 lbs. per ton was practical and feasi ble, Mr. Potter said: "One 
hundred and fifty pounds per ton is the amount that we have fre­
quently used in estimating the service, and while the apparatus and 
rate of braking is slightly better than commonly attained in the 
operation of trains, it is a thoroughly feasible amount." 

Q. In conversation with me at one time you made some com­
parisons between such a braking effort at 150 lbs. per ton and 
that on the street-car service. D o you recall that conversation 
and your observations at that time? A. I think I remarked that 
the rate of braking which was frequently attained in street-car 
service would, to say the least, be exceedingly disagreeable, as 
the adhesion of wheels to the rail might roughly be taken as 25 
per cent. The braking of the ordinary street-car carried up to the 
practical slipping point of the wheels would represent nearly 250 
lbs. per ton. 

Q. Have you estimated the kilowatt capacity of the generating 
station to carry the maximum load of the proposed service of this 
railroad? A. Taking the average kilowatt obtained by Mr. Mail- · 
loux in his calculations, and which I believe to be correct, as;. 
suming seven trains in operation on the express service and 
twenty-one in the local service, and allowing about twenty per 
cent for the losses in transmission. from the generators to the 
motor, and about 5 per cent for electrically heating the cars, the 
total without reserve apparatus is about 15,000 kw* in the gen­
erating station. 

Q. Now, what will a station cost, including a complete steam 
and electric plant , but excluding the real estate? A. About 
$1,500,000. 

Q . About what do you say would be the cost of building such a 
station? A. Eight dollars to $10 a kilowatt. 

Q. Now, you know of the plan of the engineers of the road to 
install three local converters sub-stations of 5000 kw each? A. A 
total of 12,000 kw would appear sufficient in the sub-stations. I 
had estimated 12,000 in the sub-station apparatus, and 15,000 at the 
generating stations, representing the excess power necessary. 
· Q. At a capaci ty of 4000 kw each, what would the cost of these 

• This was based on the theory that the local service consisted of trains 
of more than on e car, and that the express service consisted of three-car units. 
This conception was corrected later in the tcstimony.-[Eos.] 
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stations be, exclusiv e o f rea l estate and building? A . Probably 
$35 per kilowatt. 

Q. What would be th e cost of the sub-station buildings? A. 
Approxim ately $5 a kilowatt. 

Q. W hat wo uld be the cost of the four G. E. motors proposed 
p er ca r ? A. Probably $13,000 per car. This covers electrical 
equipment p er car and air pump. 

Q. What would b e the cost of a ca r with 50 ft. body such as pro­
posed ? A. Includin g trucks fro m $5,000 to $6.ooo. 

Q. \Vhat would b e th e cost per m ile and piece of single track 
fo r the third r a il installation , using 90- lb. rail s? A. Approxi­
mately $4,000 per mile of sing le track. 

Q. And $340,000 would be th e cost o f the third-rail installation? 
A . Assumin g a sin gle track mil eage of 85 miles. That mileage 
would probably be nearer nin ety. I should say $360,000 for the 
third r ail. 

Q. \Vith the installa tio n as propose d. that is, the main high 
potential statio n , generati ng current a t abo ut 12,000 o r 15,000 volts, 
and three r o tary converter s at sub-s tat io ns. what would b e the 
cost of the copper fo r th e conductin g circuit, includin g installation 

E 149TH· ST 
fi5 

r.o ---~ 
v------

..-
\ 

55 / 

number of observations which he had made on this point would 
doubtless exceed 600 or 700. 

MR. SPRAGUE'S TESTIMONY 

Q. You have also examined the speed time charts prepared by 
the New York & Portchest er Railroad Company? A. I have. 
They are the best charts of the kind that I have ever seen. 

Q. Can the proposed express service, allowing a headway of 10 

minutes between train s, and the proposed local service, allowing 
a headway of 5 minutes between trains, be made as proposed? A. 
Unquestionably. 

Q. Given the location and profile maps of a railroad, will you 
kindly state how you would proceed to construct a speed time 
chart such as has been prepared for the New York & Port­
chester Railroad Company? A. The final expression would be 
practically the same as that prepared by the engineers of the rail­
way. Th e beginning of a wo rk o f that kind is a cut-and-try proc­
ess. It is a se ries of approximation s until you get what is 
wanted. The fir st thing tha t I wo uld do would b e to take a repre­
sentative cycl e o f operation. I should go over the plan of the 
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FIG 8 -RUN SHEET FROM EAST 149TH STREET TO BRONX PARK 

of such a co nductin g circuit ? A. This wo uld depend upon the 
locati on of the power sta tio n and the sub-sta ti ons. I understand 
that yo u have estimated on $250,000, and I con sider that to be a 
reasonable amo unt. Probably thi s is in excess of what would 
actt1ally be r equired. 

T estifying as to, and speaking of o th er roads, Mr. Potter said 
that on th e A urora, E lg in & Chicago road , a maximum speed 
of 65 miles per ho ur was to be atta ined, or a schedule speed of 40 
mil es an h our with the st ations 3 mil es apart. The cars w eigh 
40 to ns. O n th e L o rain & Cl eveland road, the m aximum speed 
atta ined is 50 mil es an h our, and on the Buffalo & Lockport 
road 50 mil es, with an average outside of Buffalo of 33 miles with 
stops averaging 2 ~ miles apart. The Albany & Hudson road 
a tta ins a m aximum of 60 mil es an hour and the Nantasket Beach 
approximately 40 miles an hour. The General Electric Company 
has submitted estimates on apparatus for operation on the Buffalo 
& Lockport road to a ttain a schedul e speed of 75 miles an hour. 

MR. MAILLOUX'S TESTIMONY 

Mr. Maill o ux's testimony r elated principally to the method 
wh ich he a nd M r. Gotshall had adopted m preparing 
the charts and the average time taken by the elevated 
t rains in New Y ork Ci ty for receiving and discharging passengers. 
He stated that th e average stop is less than I I seconds. The total 

road and carefully note its profile, the running time that is pro­
posed, and pick out what would be a fair ly average station run. 
I would then plot out by curves, which are familiar to every elec­
trical engineer or engineer dealing with electrical machinery-in 
fact, to anyone occupied with transportation. I should first de­
termine what is a safe rate of acceleration. That, of course, would 
be based upon practical experience. A 2-mile per hour 
second rate is a safe o ne, and if it 1s properly made 
is a comfortabl e rate of acceleration. In this par­
ticular case I believe that 1s the rate that has been 
adopted for part of the nm, and it is one that is perfectly 
feasible . I wot1ld then det ermine the average rate of braking, and 
allow a margin for emergency stops. I should take a rate which 
is something less than the possibilities. Those two rates deter­
mine in the construction of a curve the two lines of departure. 
It is known by all electrical engineers that the proper method of 
operating electric motors, and in fact the almost necessary method 
of operating them, is as follows: If we take a pair of motors, and 
a s regularly as possible through the controlling apparatus raise the 
electrical pressure at th e terminals of those motors until all 
changes in the regulating resistance and in the grouping of the 
motor have been effected, and the working pressure o n the line 
has been reached (supposed in this case to be 6oo volts), that will · 
give what is called a straight-line acceleration. There will be a 
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constant torque, the equivalent of a constant draw-bar pull. 
Baving got ten to the full potential of the .line a motor is allowed 
to accelera te on its curve, which it does automatically, at a 
decreasing ra te, until fi nally the current going through the motor 
will just balance the work required by the train at that particular 
speed. That gives a curve of acceleration which is made up of a 
straight line up to about seven-tenths of the maximum speed 
which is reached; the line then leaves the tangent on to a curve 
of increasi ng radius, almost parabolic in character, until it is 
decided to coast or brake the train. The curves determined in 
that way and referred to a parallelogram which is made up with 
reference to the schedule time gives the approximate data for a 
motor, and at the same time the amount of current that is required 
can be determined. This is the theoretical motor which is re­
quired. T he process also determines the theoretical imput of cur­
rent which is required to make that particular schedule with any 

BRON X & PELHAM 
PARKWAY 

'iO 

stations because of curvatures, the time-speed curves will 
show the proper amount of coasting and braking, and then any 
new acceleration before coming to a braking point for stops. 

* * * 
Q. Are you able to state what is the maximum electrical power 

per ton now in use and how it compares with steam equipment? 
A. Well, in Boston we are using 9 hp to IO hp per ton, because the 
cars there weigh when loaded about 36 tons, and there is 300 hp 
per car, but this does not affect the control in the slightest. By 
putting a motor truck in place of a trail truck, the power would 
be run 11p to about r4 hp per ton, and it would be possible to raise 
that by a difference in mode of construction to 21 hp or 22 hp per 
ton. There is no difficulty in handling any number of these units, 
no matter how they are distributed throughout the train. In 
Boston every car is equipped with motors and operated on the 
multiple-unit plan, the same as proposed for this road. 
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FIG. 9. - RUN SHEET FROM BRONX AND PELHAM PARKWAY TO MOUNT VERNON 

given weight, whether r, IO or IOo tons. I would look among 
the records of all existing motors to find if there was a motor 
having the general capacity of the motor indicated by this the­
oret ical investigation, and if I found it, then I would take 
up the details of that motor. If not, I should simply require 
such a motor to be built, and any electrical manufacturing com­
pany will build such a motor. The probabilities are that a 
motor would be found in stock. Then I would draw a 
series of time speed curves and torque and current curves of this 
motor. I would determine these in the first place for different gears. 
T hen I would select the proper gearing, and construct a series of 
curves for the performance of that motor under different condi­
tions. Those conditions would be, first, on a dead level; and then 
on ½ per cent, I per cent, and 1½ percent up grades, etc., and also 
the performance on a down grade, varying in ½ per cent's. With 
such curves the operation of the motor on any road which is proper­
ly diagrammed can be determined, and the time-speed curves plot­
ted for every run and every condition. It is the ordinary process 
which any electrical engineer would adopt. When you have got 
th rough you have a pictorial illustration of the exact performance 
of a machine. In other words, one can determine from the time­
speed curves the speed at which the motor or the car is moving 
at any point of the road under any conditions of grade. If there 
are conditions on the road which require slowing up between 

Q. How does the power in the Boston road compare with the 
power on locomotives? A. Our contract requires that we should 
actually develop more power than any locomotive that goes out of 
Boston. The Empire State Express has not as much power as 
we have on Boston trains. In fact, it is impossible to put on a loco­
motive as much power, localized as it must be, on two, or at best 
four drivers, as we can on ten or a dozen axles. 

Q. About how much total power, in kilowatts, is required at the 
cars at the time of the maximum service on the New York & Port­
chester Railroad Company, as shown by this time schedule? A. 
Assuming that that time schedule gives the same tonnage which 
I instanced in an earlier answer-which is about 1900 tons-there 
would be required an average during the time of maximum service 
of a little over 8000 kw at the car axles for the motor cars. 

M1{. COVERDALE'S TESTIMONY 

The testimony of Mr. Coverdale, of J. G. White & Company, 
related principally to the cost of construction, not including the 
cost of right of way or real estate. It amounted to about $7,000,-

000 divided as follows: 
Ballast ..................•........••. .................... , , , , , , , , , , , , , .. 
Track superstructure ...•.•...•..............•. ............••••...•... 
Overhead and under grade street and road crossings, river bridges, 

miscellaneous bridges, and culverts, and steel trestle work ..... , 

$227,000 
715,000 

1,391,004' 
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Fences •. . . ...•.•. .• ..... . .................... . . . .. . ... . .. ............. 
Telegraph and telephone ... .. ....................................... . 
Block signal system .................................................. . 
The main power station- the building only-and the buildings 

fo r three sub-stations and repair shops ....................... ... . . 
Stations, including tracks, t erminal stations and intermediates ... . 
Power house installation.............. .. ................. . •......... 
Sub-station installation .............................................. . 
Repair shop installation .............................................. . 
Cars and equipments for cars, including motors and trucks ....... . 
Third-rail constructions, including h igh-tension transmiss ion line .. 
A ir-brake equipment ....... ... ... . ... . ... . ........ . ........ .. ....... . 

25,000 
25,000 

100,000 

250,000 
100,000 

1,200,000 
270,000 
50,000 

785,000 
480,000 
35,000 

Q. Does your estimate for bridges and street railway crossings 
include piling? A. Yes, it includes all necessary construction 
work. 

Q. And masonry sufficient to bear the load, as well as meet the 
thrust where there is a fill? A. Yes sir. 

Q . Mr. Coverdale, at what speed can a car safely pass the high­
est degree of curvature up.on the road, namely, 7 degrees? A. 
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crown. That generally governs the area of steel in the structure. 
Of course you can make it any area you wish; there is nothing to 
limit that area, and it should be enough to take the entire bending 
moment. 

Q. Will you take up in detail your estimate of the cost of the 
structures to which are called your attention. What do you esti­
mate the cost of a bridge with 100 ft. span upon the line of this 
road? A. The cost of one span of 100 ft. I estimate at $12,300 
that is up to a subgrade, ready for the track. 

Q. ·what would be the cost of an 80 ft. span? A. Eight thou-
sand three hundred dollars. 

Q. And fo r a 60 ft. span? A. Six thousand and eleven dollars. 
Q. And for a 50 ft. span? A. That would be $4,916. 
Q. D oes that include the bridge complete. A. Yes ready for 

the ballas t and the rails, with the except ion of the piles which 
cost $5 each , put in place. 

Q. Describe the kind of structure you have designed for the 
Mamaroneck flats? A. That is a succession of 50 ft. spans, 55 ft. 

~ 
"-

I 
,11fi [ ,!.: 

from center to center of piers; 50 ft. 
LARCHMONT wide to width of bridge. 

Q. Are these structures which you 
have m entioned calculated for the 
rolling and static loads for this road? 
A. Yes, sir. 
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Q. What is the effect of time and 
ai r upon the concrete? A. It im­
proves it anywhere up to six months 
or eight years. 

Q. And th ere is no deterioration 
certainly up to that time? A. It is 
better in six months than it is in 
three months and it is better in two 
years than in one year. F or instance, 
the concrete that would be good for 
2400 lbs. would be good for 3800 lbs. 
in six months. 

Q. What is the cost of th e main­
tenance of such work? A. Nothing 
at all. 

MR. PARKE'S TESTIMONY 

T his was on the effect of quick ac­
tion and emergency braking on high­
speed trains. Important improve­
ments have been made in this direc­
tion in the past few years and Mr. 
Parke's es timates in his direct exam­
ination of the average distance re­
quired to stop the express trains on 
the Portchester line was 1227 ft or 
248 ft. less than the companies esti­
mated. On redirect examination Mr. 

· Parke reduced this distance to about 
1000 ft. He also described the most 
desirable and quickest method of 

10" 20 " 20 " 40 " 10" 50 " 1!1 ' 10 " 20 " so" braking to be that of gradually re-
Sircet Ry.Journa l ducing the pressure on the brake-

FIG, 10.-RUN SHEET FROM NEW ROCHELLE TO LARCHMONT shoes as the speed decreases. A di­
gest of the testimony follows: 

That, of course, depends upon the way the track is put up. E very 
railroad curve is put up with a certain superelevation of th e outer 
rail. This st1perelevation is limited in practice to a maximum of 
9 ins.; without going as high as the 9 ins., and with the knowledge 
that a 7 deg. curve is a maximum curve on this road, assuming a 
superelevation on that curve of 7:/2 ins., the track would then be 
put up for a speed of between 40 and 45 mil es an hour, and a train 
or vehicle can pass around that curve with perfect safety at a 
speed of at least 50 per cent greater than 45 miles an hour, about 
65 miles an hour, without any danger of overturning . 

MR. THATCHER'S TESTIMONY 

This related to the cost of bridge construction on the road in 
question. An abstract follows : 

Q. What wi ll be the cost of seventy-eight bridges upon the line 
of the New York & Portchester Railroad, of which fifty are 60 
ft. span, twenty-one, 50 ft. , and seven; 100 ft. span, and 3400 feet of 
structure across Mamaroneck Bay? A. The total is $703 ,000 for 
steel concrete structures. 

Q. D escribe the kind of structures on wh ich vou have based 
your estimate? A. Either the Melan system or ~Y own system, 
but I have made these estimates on the Melan system. 

Q. \Vhat is the proportion of concrete to steel? A. In my 
specification it is governed by three different ways. One is that 
it shall take the entire bending moment of the structure; two~ 

Q. Are you familiar wi th the result of any experiments in stop­
ping a train running at a speed of say about 6o. miles per hour? 
A. I am. A few years ago the Pennsylvania Railroad conducted 
a se ries of experiments for the purpose of determining the stop­
ping capabilities of the ordinary quick-acti:1g brake, an~ also of 
the high-speed brake, which was at that time ab?ut b~mg P:O­
duced, in order to determine the relative distances m which trams 
could be stopped by the two brakes at certain speeds. These 
stops were made and the experiments were conducted near a place 
called Shiproad, about 20 miles west of Philad~lphia on the main 
line of the P ennsylvania Ra ilroad. The expenments were made 
with a train consistinrr of a locomotive, t ender and six heavy pas­
senger cars. The gr:'de at that point was about 29 ft. descending 
to the mile, and· th e track was straight at the poi:1t where the 
stops were made. The conditions were those of ordmary regul~r 
service and the brakin g apparatus was, as stated before, an ordi­
nary high-speed brake apparatus in a portion of the tests. 1:, por­
tion of the stops were made from speeds very close to 60 miles an 
hour and a portion of them were only 45 miles an hour. 

Q.' W hat was the result of tl:ese _high-spe~d tests~ A. ~he 
ave r age di stance in wh ich the tram will stop with a qmck-actlon 
br;ke at a speed of 60 miles an hour, upon that grade of 29 ft. to 
the mile, was 1620 ft. , which corresponds to the distance of 1;;r4 
ft. on a level. With a quick-action brake, at a speed of 45 miles 
per hour. the average stop was 686 ft., which corresponds to a 
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distance of 652 ft. on the level. Stops with the high-speed brake 
were uniformly about 72 per cent in length of those made by the 
quick-action brake. At 60 miles per hour, the average stop was 
in II68 ft., which corresponds to a stop o n a level of IIII ft. 

Q. Which is the brake ordinarily in use on railroads and what 
are its chief characteristics? A. The brake which is customarily 
in use on railroads is the quick-action air brake. In fact, it is the 
one that is almost universally used. The high-speed brake has been 
so far used chi efly upon high -speed express trains- trains covering 
a long distance of high speed. It consists of an air pump and a 
main reservoir for storing air on the locomotive; a line of pipe 
running through the length of the train under each car unit , by 
means of a flexible hose and coupli ngs between the cars, forming 
a continuous conduit from the locomotive cl ear back to the rear 
end of the train. Upon each car there is an auxiliary reservoir 
fo r storing air, for the application on the brakes upon that car, 
a brake cylinder, a piston of which is connected by suitable levers 
and rods with the brake-shoes, for the purpose of applying the 

MAMARONECK 
65 

60 
J--- ~ 

/ 
V I~ 

differs from the quick-action brake simply in the addition of an 
automatic reducing va lve attach ed to each brake cylinder, and in 
addition a very mu ch high er air pressure is carried in the train 
pipe, and therefore in the auxiliary reservoirs. In its application 
it differs from a quick-action brake inasmuch that a very much 
greater pressure can be obtained in the brake cylinder, and also 
that the pressure is automatically reduced as the speed of the 
train declines. So that a very high pressure of the brakes used 
upon the wheels is attained upon the early portion of a stop, until 
it is reduced and it comes to that produced by the quick-action 
brake toward the close of the stop. The r eason why that is done 
is because it is a well-known fact now that the co-efficient friction 
between wheels and rails which causes the wheels to persist in 
their rotation is practically the same at all speeds. The friction 
between the brake-shoe and the wheel varies greatly with the 
speed. It is low and high speed, and increases as the speed de­
clines. For instance, at 60 mil es an hour the co-efficient of fric­
tion between the brake-shoe and the wheel is about II per cent 
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brakes, and a triple valve which controls the communication 
between the train pipe and the reservoir and the brake cylinder 
and the atmosphere. 

Q. What is an emergency application of brake, and how does 
it differ from an ordinary application? A. The term "emergency 
application" is a technical term which r efers to the kind of appli­
cation of the brake rather than the condition under which it is to 
be used. It may be used in an em ergency and usually has been 
reserved for that purpose, but it is an application of the air brake 
in which the air pressure in the train pipe is discharged into the 
brake cylinder, in addition to the air from the auxi liary reservoir, 
for producing an application of th e brakes. The ordi nary appli­
cation whereby your pressure in the brake cylinder of 50 lbs. re­
sults in an emergency application includ es the use of air from the 
train pipe, and results in an air pressure in the brake cylinder of 60 
lbs., about 20 per cent greater. Th erefore an emergency applica­
tion differs from an ordinary se rvice application in that, fir st, it is 
about 20 per cent more forcibl e than a se rvice application. A nd it 
has one other feature of difference, and that is, the brakes are ap­
plied to each car in a very much shorter period of time, so that the 
application of the brake is really from car to car throughout the 
train in a very much shorter length of time. That is of importance 
on long train s but not so much so on short trains. 

Q. What is the difference between a high-speed brake and a 
quick-action brake? A. The Westinghouse high-speed brake 

of the pressure. At 20 miles an hour it is about 19 per cent or 20 

per cent of the pressure. It is therefore evident that a much 
greater retardation can be secured and a much greater pressure 
of the brake-shoes can be applied to the wheels to secure high 
speeds than can be secured at low speeds; that is to say, a much 
greater retardation is secured at high speeds by using a greater 
pressure. If that pressure is subsequently reduced so as not to 
increase the friction between the brake-shoes and the wheels so 
as to cause them to slide at the low speeds, this high-speed brake 
produces for that the utili zation of a high pressure and much in­
creased friction between the shoes and the wheels at high speeds, 
that pressure being reduced as the co-efficient between the brake 
shoe and wheel increases as the speed decreases. 

Q. The high-speed brake can be applied to any train? A. Yes 
sir. 

Q. And could be applied to these train s and cars proposed to 
be operated by the Portchester road? A. Yes. 

Q. And with perfect safety? A. Yes sir ; it would be very de­
sirable. 

Q. Can any emergency application of the brakes be made in the 
r rgular se rvi ce of trains? A. The que stion is whether it should 
be m ade or not ; it can be madlC'., hut it is a question if it can be 
u sed or not depends upon the conditi ons. In long freight trains 
and again in lon g passenger trains where the aggre gate slack 
between the cars amounts to a good deal. an emergency appli-
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cation is very apt to be accompanied by considerable shock at the 
re.ar of the train. It is therefore very undesirable to use an emer­
gency appli cation upon very long trains. The conditions there 
are such that it is very apt to cause injury to the rolling stock. 
Upon short trains conditions are very different, and I have very 
frequently observed the effect of the application of the emergency 
brake at high speeds. The conditions there are such that ther e 
is no objection, especially at high speed. If the speed were v~ry 
low, even upon a short train there would be no objections 
I should question the desirabi lity of using the emergency brake 
in ordinary service, making station stops, but ·at high speeds there 
is no objection in my belief, and my belief is based upon my ex­
perience. There is no objection to the emergency appli cation for 
all trains at high speed. 

Q. When you say high speed, what speed would you regard 
high justifying the use in regular service when the train consist of 
two or three cars ? A. Forty-five miles or above. 

Q. I understand you then that if trains are run at the rate of 
speed as is proposed upon this 1Portchester road and consisting 
of one to three cars, there is no objection to the application of 

RYE 

for the stops to be 1227 against 1475 which were estimated, and I 
found the anrage time to be 26½ seconds against the 35 seconds 
in the estimate. In the reverse direction I found the time about 
26 seconds, and the average distance about 1206 ft. instead of 1227, 
so that it is more favorable in the return trip than in the trip 
given in the schedule. The average speed for the stops is 55.4 
miles, so that the average time or the average distance-1475 ft.­
which have been made the basis of this schedule, exceeds the aver­
age distance on the basis of stops that have been made under 
similar conditions with the quick-action brake and exceeds the 
average of those stops about 20 per cent. This I should think was 
an abundan t allowance for difference in atmospheric rail con­
ditions and that sort of thing, and these stops, made on the 
Pennsylvania road and other places where I have obtained data, 
which has enabled me to make these computations; the condi­
tion of the rail was good, that is to say, it was a good clear day. 
There was no moistnre or frost on the rail, and of course those 
stops were under conditions where there is moisture on the rail 
or frost , in which case the stops would be longer than those made 
under favorable conditions. The 20 per cent allowance made in 
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FIG. 12.-RUN SHEET FROM RYE TO PORT CHESTER 

the emergency brake? A. I believe that it would be a very de­
sirable thing to do, especially if it is desired to make a very fast 
schedule. I think it is not only desirable but very much so. 

Q. Have you seen a schedule of the express train stops contem­
plated in the operation of the New York & Portchester Railroad, 
and if so, what do you find to be the average time and average 
distance in which a train could be stopped in the operation of this 
road, using a Westinghouse brake? A. The schedule which I 
have been given provides for eleven stops, one at 149th Street 
on a descending grade of 14.9 ft. to the mile, from a speed of 59.7 
miles per hour. The second, at Bronx Park, an ascending grade 
of 9. 1 ft. to a mile, at a speed of 62.7 miles; the third at B. P. and 
P. P. on an ascending grade of 27 ft. to the mile. at a speed of 
60.4 miles. At Mt. Vernon on a descending grade of 38.5 per 
mile at a speed of 57.7 per mile. At Pelham at a speed of 50 
miles 1.6. At New Rochelle on a descending grade of 59.9 ft. per 
mile and a speed of 50 miles per hour, and at Larchmont at 7.7 
ft. per mile, 55 miles. Mamaroneck to Rye N eek 11.6 ft. on a 
descending grade at 55-4 miles. At Rye a grade of I ft. per mile 
at a speed of 51.2 miles and at Portchester 28.9 ft. descending, 52.2 
miles. The distances in which it was expected that these stops 
may be made in the operation of this railroad are given an aver­
age of 1475 ft. , that is computed on the stop at each one of these 
stations, and also I then computed the stops in the reverse direc­
tion and took the average. I found the average number of feet 

this case I should consider sufficient to cover such ordinary dif­
ferences in the rail. 

Q. This high-speed brake is upon the same principle that the 
emergency application is applied? A. The high-speed brake is 
the ordinary quick-action brake, with the addition of an automatic 
reducing valve by which you can apply a greater braking force 
than you can apply with the ordinary quick-action braking forces. 

Q. How long has the high-speed brakes been in use? A. They 
have been in use on the fastest trains-the Empire State Express, 
the Congressional Limited, the Pennsylvania Limited and on the 
fast mail trains since 1894. 

Q. Would it be fair to say that in the emergency application 
of the high-speed brake the train would run twice as far as in the 
case of the service application of that brake? A. It would have 
to be the other way. The service application would run further 
than the emergency application. 

Q. The brake ordinarily in use on roads is the quick-action 
automatic brake? A. Yes; that is the one ordinarily used. 

Q. You say it is a rare exception, taking into account all the 
railroads of this country where the high-speed brake is in use? 
A. So far it has only come into use on high-speed express trains. 

Q. On heavy express trains? A. Not necessarily heavy. There 
are lots of heavy express trains that have not got it. It is a 
question of speed, but there is no reason why it should not be 
applicable to other kinds of service. 
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Q. Is the use of the high-speed brake in service application at­
tended with more wear and tear upon trains than the quiek-action 
automatic brake? A. No sir; not in service application. 

Q. Is it attended with more wear and tear on the rail than the 
service application? A. No sir. 

Q. Is it the design of the manufacturers of this brake that it 
should be used upon trains where frequent stops are made? A. 
When it was originally brought out it was not so de-signed, but 
the manufacturers have now come to the conclusion that the use 
of the high-speed brake should be extended to all passenger 
service. 

Q. Do you know any traii1 on which it is in practical and con­
tinuous use-where the stops are frequent? A. I do not know 
of any train now that makes a practice of using the high-speed 
brake, which is what you would call a local train or a train in 
which the stops are frequent. 

Q. In respect to these experiments in Pennsylvania with high­
speed brakes you stated, if I understood you correctly, that at 
60 miles an hour, the train was III! ft. Now how would it be 
in a 45 mile rate of speed? A. I do not remember the figures at 
45 miles, but it would be about the same proportion of the dis­
tance made by the quick-action brake; in other words, about 70 
per cent of the figures I gave in regard to the quick-action brake 
at 45 miles an hour-686 ft. 

Q. What percentage is that? A. About 72 per cent of the 652, 
that is, being reduced to a level. 

Q. Were the wheels skidded on the Pennsylvania road? A. I 
don't think they skidded in any of the tests, either with a quick­
action or with a high-s'peed brake. If they skidded in any test 
at all it would be only during the last 2 or 3 ft. of the stop where 
it was not of sufficient importance to observe, and it has been a 
notable fact that where this high-speed brake has been in use on 
railroads the freedom from real sliding has been unusually greater 
than with the ordinary quick-action brake. 

Q. vVhen you made those experiments on the Pennsylvania 
road, were the conditions practical; I mean was there an absence 
of dampness and frost, or were those experiments made under 
conditions where you have to make an allowance either for frost 
or moisture? A. I think I stated that the conditions were satis­
factory. There was no dampness or frost upon the rails. The 
speed stops given are those which actually took place with no 
allowance or deduction for frost or moisture or any other hostile 
cause. 

Redirect testimony. 
Q. What variable conditions enter into the question of the dis­

tance in which a train may be stopped? A. The distance in which 
a train may be stopped depends upon the total weight of the 
train and its load upon the aggregate braking force; that is, the 
aggregate pressure of all the brakes used upon the wheels, upon 
the speed at which the train is running when the brakes are ap­
plied, and upon the grade. In addition, the length of time con­
sumed in applying th e brakes to the wheels must be taken into 
consideration from the time that the engineer or motorman moves 
the handle of his operating valve until the brakes are effectively 
applied to the wheels throughout the train. In case comparisons 
are being made between stops, it i!? also necessary to take into 
consideration the different lengths of time required to apply the 
brakes, and also the mean air pressure in the brake-cylinder 
throughout with each different kind of brake. 

Q. Have you had experience with stops made under such dif­
ferent conditions as to the weight of train braking force, speeds 
and grades with different kinds of brakes and brake applications, 
so that, knowing th e distances in which one kind of train stops 
under certain conditions, you can compute with fair accuracy the 
distance in which a different train can be stopped under substan­
tially similar conditions? A. I have had large experience with 
train stopping under a large variety of conditions. Both as to 
length and weight of train, kind of brakes, speeds and grades. 
An analysis of these different stops has enabled me to make com­
putations in which, knowing what distance a certain train stopped 
in with certain kind of brake application, under certain conditions, 
to compute the distance that another train of different weight 
would stop in on a different grade and at different speed; that is to 
say, the fact that certain experimental stops were made under one 
set of conditions and that the length of stop required for other 
conditions does not render the experimental stops applicable, or 
at least , the experimental stops can be very accurately modified 
to correspond with the other conditions, so that, if a very heavy, 
long train was used in making certain experimental stops, the 
corresponding stops for a light train or a short train, under sub­
stantially the same conditions, could be computed with very great 
accuracy. It is not necessary at all, in order to determine the 
distance in which a certain train could be stopped under certain 
eonditions to have experimental information in regard to stops 

with trains of that particular make-up or length. The difference 
of that kind can be allowed for very accurately. 

Q. What is the difference between the conditions which ob­
tained in the experiments upon the Pennsylvania road as to which 
you have testified, and those which are proposed upon the New 
York & Portchestcr railroad? A. The train conditions in the 
experiments upon the Pennsylvania road were these: There was 
a locomotive, a tender and six to eight-wheeled p,ssenger cars, 
which weighed, I think, about 393,000 lbs.-the six. In that case, 
the braking power applied to the locomotive was less than that 
applied to the cars for two reasons. In the first place, there are 
practical reasons why it is considered less desirable to have a 
high-braking force upon the locomotive driving wheels than upon 
the car wheels. Moreover, the tender is always more or less 
loaded, and it is necessary to restrict the braking force upon the 
tender, so that the wheels shall not be caused to slide when the 
tender is empty; consequently , the aggregate braking force upon 
the Pennsylvania train was considerably less per ton-weight of 
train than would be the case if the train had been made up of cars 
alone, as will be the case, as I understand, on th~ New York 
& Portchester road. In other words, a smaller retarding force 
per ton-weight of train occurred upon the Pennsylvania train than 
would occur upon the express trains of the proposed road. 

Q. Then, will the conditions on the proposed road be such that 
the distance in stopping their express trains will be longer or 
shorter than those upon the Pennsylvania road, in the experiments 
about which you have testified? A. The conditions will be such 
on the proposed road that the stops which they can make with 
their express trains are less , or will be less, than those which I 
have computed from the Pennsylvania train , because I have not 
made allowance for the difference in the ratio of braking force to 
the weight of train. The train on the Pennsylvania road was 
empty when stops were made. With the New York & Portchester 
trains the stops on them should be calculated for those trains 
when they were loaded to their fullest extent with passengers, 
but even making allowance for that loading, the ratio of the 
braking force to the loaded train was greater with the Portchester 
trains than was the ratio on the Pennsylvania trains, so that the 
figures that I have given are above, rather than below, the stops 
which can be made on the Portchester train. The stops that I 
have given are on the same side, and you can rely upon their being 
less than those I have given. 

Q. I understood you to say yesterday that the average speed of 
the express stops on the schedule fnrnished you is 55.4 miles per 
hour, and that the average distance of those stops would be 1227 
ft. under fair conditions of rail, with an emergency application 
of the ordinary quick-action brake. Can you give the corres­
ponding distances with an emergency application of a high-speed 
brake, and with a service application of both the quick-action and 
the high-speed brakes? A. I have looked up this matter, and am 
prepared to give the lengths of stop with an emergency application 
of the high-speed brake, and also a service application of both the 
quick-action and the high-speed brakes. The distance which I 
gave yesterday for the average for all these stops, the average 
speed being 55-4 miles per hour, was 1227 ft. That was an emer­
gency application of the quick-action brake. The distance with an 
emergency application of the high-speed brake would be 894 ft. 
The distance with a full -se rvice application of the ordinary quick­
action brake would be 1677 ft. The distance with a full-service 
application of the high-speed brake would be 1450 ft. I stated 
yesterday that my recollection, off-hand, was that a full-service 
application with the quick-action brake would exceed the stop 
in an emergency application about 60 per cent, and that the full­
service application with a high-speed brake would exceed that 
of an emergency application with the same brake about 100 per 
cent. I had in mind stops with consic!erably longer trains. I find 
that the full-service stop with the quick-action brake is only 
a bout 40 per cent greater than emergency application upon this 
short train, and that the full-service application stop, with the 
high-speed brake, is only about 6o per cent greater than the 
emergency application. 

Q. Would it be desirable from any point of view to use the 
service application of the ordinary quick-action brake in making 
these express stops with a single-car train? A. It certainly would 
not. On a single-car train there would be no necessity even of 
usin g the automatic brake. The street car ( or straight air) brake 
would be en tirely suitable in that case, where there is no connec­
tion between cars, and, therefore, no danger of the train parting 
where an automatic brake, of course, would be necessary. vVith 
the ordinary straight air brake on a single-car train, a stop could 
be made in 1227 ft., and there woulrl be no throb about it; just 
the same distance that an emergency application with the quick­
action brake would stop the train.. There could be no possible 
advantage in using a brake in which the time required for appli -
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cation of the brake-sh oes is so g reat as that in full-s ervice appli ­
cation of the automatic brake. The one r eason why the full­
service stop, with the quick-action brake, is so much g reater 
than the em ergency applicatio n, is the g reatly increa sed length 
of time, th e interval o f time which elapses between the movem ent 
of the operating valve_ by the m otorman, a nd th e per iod at wh ich 
the brakes are effective ly applied to the w heels. In any case that 
sho uld be avoided. T here would absolutely be· no necess ity and 
no desirabi lity in u sing a fo rm of b rake th ere which would re­
quire any such len g th of time, and any such long stop as would 
r esult from a full -se rvice applicat io n of a quick-ac tion brake. 

Q. W hat are the operat in g conditions which are fa vorable to 
effic ien t rapid transit , suburban service, and what do you recom­
m en d in th e way of b rakes for suc h se rvice? A. The ser vice upon 
steam rai lroads-what is known as suburban service-has under­
gone considerable chan ge within the last few years. It was for­
m erly cu stomary to u se a li ttl e li gh t engine, that had been out­
g rown for ord inary passenger se rvice in thi s suburban service. 
T h e result was that the acce leration of suburban trains was very 
slow; they did not a t ta in h igh speed, an d the service was of a 
cha racter that could no t successfull y comp et e with th e trolley 
se rvice that has sprung up in our larges t cities, a nd with which 
the steam rail road has h ad to com e into co mpet ition. I t has, dur­
ing the pas t few yea r s, been cust omary t o u se a ve ry m uch b et ter 
cla ss of locomotives, in order to increase the accelera tion, and to 
bett er th e se rvice . I wi ll si mply say th at t he success of the rap id 
t ran sit suburban ser vice depe nds upon three things-fir st , upon 
a ttaining a high :icceleration , to obtai n which the railroads have 
gone t o a consi derabl e expen se in ge ttin g large locom otives; 
secon d, t o main tain a max imum speed as long as poss ible; and , 
third, to make the stop as quickly as poss ible. In o rder to do 
that , it is very essential that the bes t fo rm of brak e that can be 
secured sh ould be used. There is n o objec tion , so fa r as we have 
been abl e to asce rtain , t o usin g a brake which in th is case would 
allow these st ops to be made , o n th e ave rage, in less th an 1000 

ft., and it would, therefo re, seem to m e that such a b rak e bein g 
available, there is a very large marg in b etween th e q oo and som e 
odd feet , which have b een estim at ed as th e average distan ce of 
stop , and that it is enti re ly prac t ical to o btain it. 

----♦----
The Arbitration Case in London 

( F rom Our S pccial C orrespo11 de11t.) 
T h e arbitra ti on case between th e Metro politan D istri ct R ai lway 

Company and th e Metropolitan R ailway Company as to th e b est 
system of elect ri c trac t ion to be adopt ed on th e Inner Circle con ­
t ro ll ed and operated by bo th companies, commenced thi s m onth 
in t he Lord Chi ef Justice's Court a t th e Law Courts b efore the 
Hon. A lfred L yttl et on , K . C., M. P ., as arbitrator, and assis ted 
by Mr. H . F . P ar shall , representi ng th e di stri ct company, and 
Mr. T homas P arker , r eprese nti ng th e Metropolitan company, as 
a rbitrator s. The Distri ct Com pany h ad as coun se l l\fr . F let ch er 
Moul ton, K. C., M. P. , and M r. J . W . Gordon ; and M r. C. A. 
Cripps, K. C. , M. P .; Mr. R oger W allace, K. C., and M r. F . G. 
T ho mas r epresented the Met ropolitan Co mpany. It is only pos­
s ible in thi s letter to m erely touch upon the speech es of the coun­
sel and eviden ce bro ught fo rward by the expert s on both sides, 
though a short acco unt will be fo und in ano th er column . Mr. 
Moult on opened th e case fo r t he Di stri ct Co mpany, and explained 
fir st th e propor tio ns in which the two companies were interes ted 
in th e Inner Circle. H e then went on to show how much experi ­
ence A m erica had had with elect::"i c trac tion lines as compared 
with E ngland. and claimed that the direct-current system was 
universally used in that cou ntry. H e then pointed o ut that as the 
system s b ecam e g reater , h igh voltage and alt ernati ng currents 
were used fo r generat in g stations, the current bei ng transform ed 
to direct curr ent at 500 vol ts fo r use on the car s. H e th en went 
o n to state that th e 3000 vo lts whi ch Ganz & Company r equ ired 
fo r th eir sys tem and whi ch th ey pro posed to use in th e m oto rs 
o n th e cars would be dangerous, and th at there were n o lines 
workin g to-day on the system proposed by Ganz & Company. 
He cl aimed that their system was also m os t compli cated , and that 
t h e only railway ,vhi ch had ever been equipped with the Ganz 
system was still incomplete and had not been opened, and that 
t h e acceleration on the Ganz syst em was inadequate to allow cars 
to make the circuit of th e Inn er Ci rcle in th e tim e r equired. M r . 
R. W . Perks, the chairman o f the Dist r ict Company, was th e fir st 
witness, and h e gave ev1den ce as to th e running righ ts for railways 
in the Inner Circle, and stat ed that 17 per cent of the 42,200,000 
passengers were Inner Circle passeng ers, and sta ted also th at th ere 
were 220 Inner Circle trains a day. H e then went on to trace th e 
history of the t enders, Mes srs. P reece and Ca rdew's experiments, 

th e investiga tio n of the systetn of Ganz & Company by their engi­
neers, th eir desire to accept th e Ganz system , and the subsequent 
fear s that it would be acceptable n either to the shareholders nor to 
th e Board of T rade. l\I r . Ye rkes was the n ex t witness, and he 
m erely expressed hi s strong r eluctance to r ecommend the expendi­
ture of a m illio n of m oney on a system which was, he claim ed, 
only experimental, and has never b een tri ed fo r an extended 
period. 

Mr. E . W . Rice of th e General E lec tri c Company of Schenec­
tady was then examined by M r . Moulton, and he gave evidence 
as to th e ap pli cab ility of the system proposed by th e British 
T homson -Houst on Company, L imited , in the Inner Circle, and 
strong ly r ecom m ended a system similar to that which is now 
in operation on the Central London. He also went on to state 
that h e had b een ex perimenting with the system used by the Ganz 
Company fo r yea rs, and had com e to the conclusion that such a 
sys tem was not r eliable. O n cro ss-examination M r. Ric e evi­
dently o bj e_c ted to the cascade system, and did not b elieve that 
more than 5 per cent to IO per cent of th e sto red energy in a 
m ovin g train was r eturned to the line, and that h e considered that 
thi s r eturn was no t worth the ext ra appli cati on involved. Many 
invent ion s of th is natu re had been experim ented with in the States, 
and it bad always been fo und that it involved complication and 
incf-fic iency in starting. M r . J am es Swinburne, consulting elec­
t rical eng ineer , was next ex am ined , and explained the working 
o f the dir ect-current system and of th e Ganz sys tem , and claimed 
that the m eth od of connecting the polyphase m otors would not 
allow of such fl exib ility of speed o r such g reat acceleration as in 
t he dir ec t current system. H e also took exceptio n to the water 
resis tances to b e used in the m ethod of contro llin g, and then 
went o n to point out th e extr em e com plications which would arise 
in th e overh ead co nductors carryi ng 3000 volts at junctio ns. Mr. 
Swinburne, wh en cross-examined by M r . Cripps, would not admit 
that the contact rai ls n ear th e running track on th e direct system 
of 500 volt s were m ore dangero us th an the overh ead wires that 
Ganz Company had o f 3000 volt s, and h e did not believe that a 
person to uching t he rails would b e k illed. He also beli.eved that 
the Ganz system could not g et so g rea t acceleration on the sys­
t em pro posed as by th e d irect system, and that it would be a great 
loss to run the alternati ng-current motors below their maximum 
spee d. Mr. Cripps th en cross-examin ed M r . Swinburne as to the 
simplification o f th e sys tem by omitti ng the rota ry converters, and 
admitted , of course, t hat out side o f th e power house the Ganz sys­
tem requi red no rotary m achinery till the m otors were r each ed. 
H e would not admit , however , that the Ganz ove rhead devices for 
safe ty were good and suffici ent , and he did not believe in liquid 
rheosta ts fo r t rac tion purposes. 
· l\I r. J am es Russell Chapm an , Mr. Yer kes ' chi ef electrical en g i­
neer, was th e nex t witness, and sta ted that he had had an experi­
en ce cf twenty-seven years in railways in th e United States. He 
m aintained that a sys t em similar to that p roposed by the British 
T hom son-H ouston Company would be eminently suitable for the 
equipm ent of th e Inn er Ci rcl e, but that the Ganz tender was not 
fo r a fi rst-class equipment, a nd t hat if the equipment were pro­
ceeded with o n their tender it would not yield su ffi ci ent power by 
about one-h alf. H e di d n ot think , fo r instance, that 1400 kw 
could be g iven from a bo iler h eatin g sur fac e of 48,000 square feet. 
H e objected t o the condenser s bein g run fro m each eng ine, and 
main tain ed that in dependent condensers were the only proper de­
vice in a m odern trac tion plant. He objected also to the exciters 
being on th e sam e sha ft as the genera tor, and claim ed that it was 
very poor practice as proposed by the Ganz sys tem. H e then went 
on to make a statem ent about hi s vi sit to B uda P est and Sondrio, 
wh ere h e had inspected th e experimental syst em of the Ganz sys­
tem . His wh ole conclusion after inves tigati on of thi s system was 
t hat the sys tem was totally inadvisable fo r th e Inner Circle. In 
criticis ing also the detail s of their device, som e of which were in 
evidence, Mr. Chapm an stated that they would not in any way 
perform the fun ctio n of making their 3000-volt circuit safe. Mr. 
Chapman's t estim ony was mos t p racti cal, and was listened to by 
the audience with marked interest. M r. Chapman then gave prac­
tical t es tim ony as to wh at th e equipment should cost , as to the 
proper number of t rains fo r the circl e, and for the speed for them 
to run at , and stated that the trains in the Inner Circle would 
r equire to h ave an accelera tion of r½ ft . per second, and that 
hi s tes t of th e Gan s system would lead him to expect that no 
such acceleration could be arri ved at. 

M r. Philip D awson was th e next -witness. He stated that having 
built about a thousan d miles of electric tramways and installed 
over 250.000 hp. fo r the purpose of electric traction, he was com­
pet ent to judge as to wh at sys tem should be used. He stated that 
h e was also fa miliar with all the important three-phase traction 
sys tem s which wer e worked, th e Burgdorf-Thun Railway being 
the most important of these. E ven in this line, however, the 
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service was in no way to be compared wi th the frequent service 
whieh would be dem anded on the Inner Ci rcl e. M r. D awson 
made a good witness, and gave his testimony fa irly and squarely 
against the adoption of any 3000-volt polyphase system on the 
Inner Circl e. On cross-examination he m ai ntained that the di rect­
current system was more easily cont rolled than the alternating­
current system, and more quickly. M r. George Estall was th e last 
witness for the direct-cur re nt sys tem, and stat ed that h e was resi­
dent engineer and locomotive superintendent to th e District Rail­
way. His testimony confined itself to sh owing sec tions of the tun­
nel, and he stated h e believed th at it would be impract icable to 
attach ove rhead wi res o r light conductors to the roof of the tunnel 
and yet leave suffic ien t room for the operation of t he cars. 

Mr. Cripps then opened the case for the l\1 etropolitan Company, 
and pointed out at once that th e Metropolitan Company was th e 
predominant partn er in the I nner Circl e. In comparing the two 
syst ems Mr. Cripps maintained that the eontinuous-current system 
required additional factors , and that in that way the system cost 
considerably more, and that th e Ganz system would eff ec t saving 
in the sub-stations alone of just about £ 70,000. Mr. Cripps 
went on to draw attention to th e fact that there was an elem ent of 
ri sk in the using of continuous current in which the eontact rails 
were laid on the surface where they could be touched, and con­
tended that the 3000-volt system, with their overhead wires in an 
inacc essible pl ace, was much safer. As regarded economy, he 
claimed that the Ganz system would show that they could save 13 
per cent less leakage of energy in the alternating system than in 
the continuous current system. As compared with the Ganz sys­
t em, the wear and tear of th e continuous syst em in connection 
with the use of electric traction h e estim ated at an additional 
£ 4,500 in working cost per year. He then went on to defend the 
liquid rheostats, and maintained that it would be quite easy for 
their system to take care of t ri angul ar junctions. 

Mr. O tt o Titus Blathy, manager of the electric works of Ganz 
& Com pany, Buda-Pest , was th e fi r st witn ess, and was examin ed 
by M r. Cripps. He stated shor tl y that it was at the beginnin g of 
1885 that his firm introduced th e alternating system of distribu­
tion, and that they had been experimenting and perfecting it ever 
since, until their experimental line at Buda-Pest was put in opera­
tion in D ecember, 1899, and had been k ept in operation for two 
or three hours every day fo r th e last two or three m onths. Th e 
pressure of thi s experimental line was 3000 volt s. Mr. Blathy went 
on to g ive stat istics of certain railways which were run on the al­
ternating-current system in various parts of the Continent. F or the 
Inn er Circle they propose to use a high-tension three-phase cur­
rent in the generating station of about ro,ooo volts t o 11 ,ooo volts 
at 25 periods; th at this current would be transmitted to sub-sta­
tions, where, by means of static transform ers, it would be trans­
fo rmed down to a tension of 3000 volts. A g reat point was m ade 
of the fac t that no attendants would be required at t hese sub­
stations, there being no rotary converters there. T he 3000-volt s 
eurrent will be carried on two overh ead conductors, and th e cur­
rent collected by two pairs of- controllers with roll ers on them. 
There will be two groups of m otors on each mot or car, and the 
eontrol will be effect ed by liquid rheostats operated by compressed 
air the sam e as that u sed for the 'vVestinghouse brake. In starting 
the polyphase motor , he stated the current would operate first on 
one motor at h alf speed, th e secondary m oto rs were then brought 
into use, and th ey were enabl ed to g et doubl e power as though 
the¥ used a single m otor. T o bring the train to stop, the cascade 
connection would be put in, wh en current would be g iven back 
to the line. In further examination , Mr. Blathy stat ed that in the 
case of th e Ganz motors th at up to half speed th e acceleration was 
2.6 ft . per second per second, and in the second h alf 1.44 ft. per 
second per second. According to the proposals of Messrs. Ganz, 
they would requi re an energy of 71 watt-hours per ton mile to get 
round the Inner Ci rcle in 50 minutes, with twenty-seven stops of 
20 seconds each. 

Mr. Gisbert Kapp, M.I.C. E., M .I.E.E. , was next call ed, and 
also gave evidence in favo r of the alternating-current syst em. 
Mr. Kapp is well 

0

known in E ngland as well as on the Continent, 
and he stated that he had a g reat amount of practical experience 
in advising and inspec ting systems using the thr ee-ph ase current. 
H is ev idence was all o f a nature confirming all t hat Mr. Blathy 
had said and speaki ng very favo rably of th e three-phase system 
in that it would be perfectly suitabl e for use in the Inner Circle. 
He gave evidence also that the cascade brake was und er perfect 
cont rol, and also gave evidence to the effect that on th e Valt elina 
L ine he had obse rved acceleration of 1;½ ft. per second per second. 
M r. Kap p also gave evidence regarding th e practice of couplin g 
exciters direct to th e main dynamo , maintainin g that it wa s good 
practice, and spoke as t o th e excell ent results of the use of liquid 
rheostats, though h e admitted that they h ad never been used for 
ra ilway work. M r. F leteh er ~oulton, in h is cross-examination, 

brought out the fact that Mr. Kapp has never been in charge of 
an electric railway, and that hi s knowledge was more theoretical 
th an practical. He also stated in his cross-examination that th e 
cascade connec tion was an invention which did fo r the alternating 
current what th e seri es parall el control did fo r th e continuous 
current. M r. B lathy was recalled at thi s t im e, and stated that at 
triangul ar junct i"ons a spec ial signal would have to be given to 
th e driver at a cer tain point so that at that point he would reverse 
his m otor connections. In do in g so h e would switch off all th e 
motors behind his ca r, and th ey would have to run into the next 
station with reduced power. In th e event of the driver running 
past the point a mechanica l shock would be g iven to th e passen­
ge rs, but only equivalent to a nega tive acceleration of :½ ft. per 
seco nd per second. Mr. Moulton, in hi s cross-examination, went 
thoroughly into the details of the m otors, liquid rheostats, air 
cocks contro lling the rheostats, and a vast amount of details in­
tendin g to sh ow th e unreliability of th eir system o f control. M r. 
C. K alman de Kanda, vice-manager of Messrs. Ganz & Company, 
then gave evidence practi ca lly in confirmation of Mr. Blathy's 
ev idence. O n cross-examination h e stated that whil e he knew 
th at Mr. Rice was of opinion that it was no t good practiee to run 
polyphase m otors in cascade, that h is own experience showed 
that it was an excell ent system. H e admitted that the system of 
multipl e-unit cont rol proposed by Messrs. Ganz had never yet 
been subj ec ted to extensive experim ental o r to prac ti cal working. 

Professor G. A. Ewing, F. R.S. , was then call ed, and on ex­
amination was of opinion that the necessity for rotary converters 
in the direct-current system was prejudicial to the interests of the 
railway, and he also considered that th e limit of voltage in the 
direct-current system was a detriment in equipping a rai lroad, 
especially one which would have outside connec tions . He main­
tained that the direct-current system could not be used with a 
hi gher voltage than 500, and that when the railways star ted t o 
increase from th e I nner Circle and operate on the suburban lines 
it would be an extreme detriment to use voltage so low. He th en 
went into the loss by drop of voltage on the feeders and rai l con­
ductors on the direct-current sys tem, and compared it wi th th e 
ve ry small loss whi ch would follow the int roduction of a h igh ­
tension system. H e admitt ed that the continuous-current motor 
had a small advantage so fa r as acceleration was concerned, 
though the cascade system as proposed by th e Ganz Company was 
an in genious and effective inv ention. He considered that the 
3000-volt working in the tunnels would be quite safe with the 
precautions proposed by Messrs. Ganz, that the liquid rh eostats 
were an excellent resis tance, and that h e fully believed and coulcl 
prove by experien ce that the alternatin g m otors could readily 
achieve an acceleration of 1.6 ft . per second per second. O n cross­
examination, the witness admitted that som e of the points brought 
up in his evidence were simply matters of opinion and no t based 
on practical experience. Mr. Gordon endeavored at some length 
to get P ro f. Ewin g to admit that the sam e acceleration was an 
important fac tor in comparing th e two syst ems, but h e did not 
succeed in getting the witness to admit th at. H e maintained that 
it was n ot necessary t o a fa ir eompari son that the acceleration 
sh ould be the sam e in both cases. 

Majo r Cardew was the next witn ess brought forward by M r. 
Cripps in the int eres ts of the Metropolitan Railway, and stated 
th at he had been much engaged in inspections of electric railways 
whil e acting in the capacity of electrical adviser t o the Board of 
Trade a few years ago, and that h e was fam iliar with the systems 
of the City & South Londo n, the Liverpool O verhead, the City & 
·w aterloo, and the Central London R ail way, and h e eonsidered 
th at the th ird-rail system could be economically appli ed to long 
lin es havin g a large t raffic. H e claim ed th at there was a loss of 10 

per cent in the continuous-current system conductors, while on 
the polyphase conductors th e loss was under 4 per cent. H e st at ed 
that a few years ago he would not have advocated the polyphase 
syst em, but h e cla imed that Ganz had worked out trem endous 
improvem ents in th e last few years, and now h e considered that 
th e polyph ase system was absolutely the best system to use on the 
underground rail way, and that th e proposed multiple-unit system 
of control of the polyphase system was a perfect system. and that 
th e use of liqui d rheo stats was quite safe. H e believed also that 
the engin eering abi lity of Ganz & Company would easily over­
com e any d ifficu lty with co nductors at triangular j unctions. Major 
Ca rdew rath er damaged hi s case, h owever, by stating that he 
hoped that th e Ganz system would be admitted, and thought that 
th e Board of T rade should al low them to experiment on the sys­
t em. The arb it rator th en asked him several questions about the 
time necessa ry fo r such experim ents, an d Major Ca rdew wo und 
up hi s evi dence by say ing th at the best syst em should prevai l, and 
th at M essr s. Ganz sh ould h ave fai r play. O n cross-exam ination 
by Mr. Moulton , Major Cardew went into stati sti cs on th e power 
house , and later stated that h e considered that the equipm ent of 
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the Inner Circle could not be made without considerable experi­
mental changes from any engineering plans that could now be 
provided. 

Mr. E. Talbot was then put on the stand, and gave evidence 
very shortly as to the use of overhead wires in Leeds, and that he 
had had no trouble with them breaking. It perhaps ought to be 
stated here that Mr. Moulton's witnesses had all spoken as to the 
damage which would accrue to overhead wires if fas tened rigidly 
in the tunnel, and claimed that all modern practice of suspending 
trolley wires was by flexible suspension. Mr. Talbot 's evidence 
was to refute this, and he stated that he had had no trouble with 
conductors which he had put up rigidly in Leeds as long ago as 
1897. H e also gave evidence as to the clearance between the 
armature-field magnets in the G. E. 58 motors which were used 
in Leeds. Mr. Moulton's witnesses had made a special point that 
for practical service the alternating motors, with a small clearance 
of about one-twelfth inch, would not work successfully for any 
great length of time, as the wearing down in th e bearings by use 
would necessarily soon bring the armature into frictio nal contact 
with the field poles. 

Prof. Sylvanus P. Thompson was then put on the witness stand 
as the last witness for the Metropolitan Railway, and proved to 
be a very good witness. H e stated that the rival systems were 
the same until the sub-stations were reached, and that he dis­
tinctly thought that the rotary converters in the direct-current 
system were a detriment, involving extra cost and extra energy 
loss as a piece of apparatus. He calculated that with seven or 
eight sub-stations in the direct system there would be an average 
loss of 8 per cent on the conductors, with a maximum loss of 12 

per cent or 13 per cent. This calculation was based on forty trains 
with a consumption of energy of 78oo kw. It would also lose from 
7 per cent to 8 per cent in the converters and from ½ per cent to 
1 per cent on the commutators of the motors. He made the total 
loss about 16 per cent, and, allowing 3 per cent for the loss on 
the Ganz system, it left a net of 13 per cent in favor of the Ganz. 
He also claimed that the polyphasc motors had advantages, being 
lighter; that they would work with a smaller clearance; that, 
having no commutators, they required less attention, and they 
were more simply controlled. He considered the cascade coupling 
an advance on the series parallel control. He was averse to over­
head wires in general, but on certain electric railways they were 
the only method possible. He stated most emphatically that he 
considered the exciters on the shaft of each generator was the 
best practice, and quoted the exciter of the City & London Elec­
tric Lighting Station for example. Mr. Parshall here corrected 
Prof. Thompson, and asked him if he did not know that it was the 
coupling of the exciter_s to one bus-bar which caused all th e trouble 
in that station, and that now separate steam driven exciters were 
used. On cross-examination by Mr. Moulton, a rather amusing 
incident took place as Mr. Moulton read a long paragraph from 
Prof. Thompson's book on "Polyphase Electric Currents and Al­
ternate-Current Motors" of the edition dated 1900, where it states 
in effect that the very system proposed by the District Railway 
of polyphase stations, rotary converters and direct-current system 
on the motors was the best system to use for electric railways. 
Prof. Thompson got out of it by stating that it was his opinion 
when the book was written, and at that time h e believed that it 
was the best practice. 

This concluded the evidence for both companies, evidence which 
has taken two weeks to put in, the Hon. Alfred Lyttleton and his 
associates, Mr. Parker and Mr. Parshall, having sat for eleven 
days on an average of six hours a clay. It might be stated in word 
that Mr. Moulton's efforts were entirely to show that the direct 
system was one that had been tried for years, and that it was 
eminently successful, and he claimed that there was no disp ute 
as to that point, whereas the polyphase system as applied to elec­
tric railways was an experiment, that no lines of any magnitude 
were practically worked by it, and that the. District Railway was 
the last place in the world where an experimental line of this mag­
nitude should be tried. Mr. Cripps advocated the polyphase sys­
tem, and tried to show that it was a distinct advance in the art, 
and that if they were not to use polyphase system it would be like 
stifling progress, and he claimed in his closing speech which fol­
lowed imm ediately on Prof. Thompson's concluding evidence that 
all the essentials required had been proven to be sat isfactory on 
the Swiss and Italian lines, and that the remaining details could 
be easily solved in the present stage of electrical knowledge. He 
claimed a large saving in the initial cost and a large saving in 
the operation, and that it was absurd to suppose that the con­
ductors could not be insulated with safety, and that the accelera­
tion of the polyphase system had been proven to be as good, if 
not better, than that of the direct-current system. He considered 
his case amply proven as regards cost, safety and proficiency,· 
and he awaited the arbitrators' decision with confidence. 

Mr. Moulton, in summing up his case in favor of the direct­
current system, reiterated, of course, a good deal of what I have 
said above; that he really felt it difficult to treat the case seriously, 
and that it seemed absolutely absurd that any fair-minded man 
would recommend a system which was absolutely untried and 
was practically in its experimental stage. He dwelt on the fact 
of how much money had been spent in the development of the 
direct-current system; how it commenced very small some fifteen 
years ago with small motors; how it had gradually increased; how 
it had gained the confidence of engineers and of the financial 
public, and how it had gradually developed into a system which 
was now confidently installed wherever occasion necessitated. 
How there are practically about 20,000 miles operated in the 
U nited States on the diFect-current system, and maintained that 
before anything could be done with the polyphase system the 
advocates of it ought to follow something of the same history, 
commencing by exclusively installing small roads, and gradually 
g rowing up to a position in which they could solve a problem 
like that of the Inner Circle. He maintained that it was practi­
cally an impossibility for such a system to be put on the Inner 
Circle at present, and did not believe for a moment but that the 
arbitrators would look at the case in the same way. It was like 
sending a boy to do a man's work. 

It is r easonable to suppose that both companies would like a 
decision as soon as possible, as they are now anxious to get the 
road elec trifi ed. 

Mr. A lfred Lyttleton, the umpire, however , explains that it is 
provided that not only he, but the tribunal as a whole-including 
the two arbitrators, Mr. Parshall and Mr. Parker-shall report to 
the Board of Trade. The task before them is a difficult one, and 
after they· have completed it the Board of Trade wi ll 'itself have to 
come to the final det ermination as to whether the direct-current 
system, as favored by the District Railway, or the Ganz system, 
put forward by the Metropolitan, shall be selected. 

----IIHl(>----

Locating Faults in Underground Distribution Systems* 

BY HENRY G. STOTT 

With the rapid and extensive growth of underground-cable 
sys,tems for the distribution of electricity for light and power pur­
poses a problem of great practical importance has arisen-namely, 
to find a method of quickly and accurately locating a fault or 
ground in any part of the system. · 

With small conductors, such as those used for telegraph cable, 
the ordinary Blavier and loop tests with galvanometer, Wheat­
stone bridge and battery suffice ; but the percentage of error in 
locating a fa ult varies directly with the cross section of the con­
ductor o r inversely as the resis tance. Anyone familiar with the 
most refined methods of battery test will admit that the loop test 
is the best of all, as it eliminates the worst variable-namely, the 
fa ult resistance. Even under the best conditions the loop test has 
an element of uncertainty in the variation of the zero on the gal­
vanometer due to earth currents getting into the cable through 
the fault . In a city, the source of this error becomes of greater 
importance than in submarine cables, owing to the leakage .of 
~treet-railroad currents through the earth from the rails. As a 
matter of fact, it is frequently impossible to use a sensitive g_al­
\'anometer on any test involving the use of the earth as a part of 
the circuit. 

Loop tests carried out with the comparatively large current of 
ten amperes, using millivoltmeters instead of reflecting galvan­
om eters in the hope that the stray currents would thus become 
such a small percentage of the test current that the errors due to 
the presence of the former would be practically eliminated, also 
fai led entirely, and. the conclusion was reluctantly reached that the 
galvanometer and battery must be abandoned whenever the resist­
ance to be determined was less than .25 ohm. 

The distance between manholes is evidently the practical degree 
of accuracy essential to any successful method. This will average 
about 350 ft. Assuming that .25 ohm is the limit of accuracy 
obtainable under these conditions, in the loop test this means that 
the method is not applicable to any conductor larger than No. 9 
B. & S. gage, and therefore of no practical value for lighting and 
power purposes. 

Resistance measurements having been eliminated as a possible 
means of solution, there r emain three others, which may be called: 

(a) "The cut-and-try method." 
(b) "The smoke method." 

* A paper read before the American Institute of Electrical Engineers, _Nov. 
22, 1901. 
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(c) "The compass method. " 
(a) T he "cut-and-try method" is too well known and too bad 

to merit much description, as it simply means cutting the cable 
into as many sections as necessary until the fau lt is finally located 
in a leng th between manholes. This is a slow, expensive and un­
scientific method, and should only be used as a last resort. A 
three-conductor high-tension cable joint costs from five to ten 
dollars, and a jointer and helper cannot make more than two per 
day, so that if the cable is five or six miles long it may easily take 
fo ur or five days to get the cable in service after removal of a fa ul t. 

(b) The "smoke method" is also crude, and simply consists of 
putti ng a current of sufficient magnitude into the cable through 
th e fault, to cause the insulation to burn and give out volumes of 

FORM OF REVERSER USED FOR DETECTING FEEDER 
GROUNDS 

smoke, by means of which the location of the burnt section may 
be discovered upon opening up the manholes. 

The method is more rapid in yielding results than (a), as no 
unnecessary cuts are made in the cable, but it may give rise to 
serious trouble in other cables, especially if the fault be in or near 
a manhole, as the flames may burn not only a great length of the 
cable itself, but also other cables, or cause explosions due to the 
ignition of the gases ever present in all city conduits. 

(c) The "compass method" is, in the writer's opinion, the only 
practical and safe means of quickly and accurately locating a 
ground in cables larger than No. 9 B. & S. gage. This method 
consists, briefly, in sending a constant continuous current of about 
IO amperes into the cable through the ground, the current first 
passing into an automatic reverser, which reverses the direction 
of the current flow every ten seconds. A manhole is then opened 
near the center of the cable length and a pocket compass laid on 
the lead sheathing of the faulty cable and observed for say half a 
minute. If the ground is further from the source of reversed cur­
rent, the compass needle will swing around approximately 180 
degrees upon every reversal at the end of each ten seconds' in­
terval. The manhole is immediately closed and another opened, 
say a mile further away from the source of test current, and if no 
motion of the compass needle occurs, then the fault has been 
passed, and another manhole is opened between the two first 
positions, and so on until the fault is finally located in a section 
between two manholes. 

It will be observed that by this method (1st) the cable is not 
cut, thus causing no delay or expense in rejointing; (2) the num­
ber of manholes opened is a minimum, and the time spent in each 
is only about one minute; (3d) the amount of current used is so 
small that·no arcing or burning occurs and no explosions. 

The figure shows one form of reverser used by the Manhattan 
Railway Company, consisting of a ¼ -hp three-phase induction 
motor, geared to a two-part commutator, which revolves in oil in 
order to insure the quick reversal of current without danger of 
arcing across between segments. An ordinary constant continuous 
current arc-light machine is the most convenient source of current 
for this test, as it will supply a constant current throughout a 
wide range of voltage, thus automatically adjusting itself to the 
varying fault resistance. Should an arc-light machine not be at 
hand, 500-volt current can be used through a resistance and 
reverser. 

Before putting on the reversed current it is advisable to break 
down the fault resistance by the application of a high-potential 
testing transformer to the cable for a few seconds. 

This method of test is especially useful in any network of cables, 
such as 2200-volt single, two or three-phase mains and feeders, as 
th e test current can be run on the network, without shutting down 
the supply service or interfering with it in any way, by simply 
sending the IO-ampere reversed current through a reactive coil 
(or the primary of a transformer) before entering the grounded 
main. This is merely done to protect the arc-light g enerator in 
case another ground should develop and thus cause a short-circuit 
on the alternating-current generator. This method of testing live 
circuits is only applicable, of course, to those supplying alternating 
current and having no permanent ground attached. 

After using this method of locating faults for four years, the 
writer cannot recall any case, in which the method was properly 
applied, that required more than three hours to locate a fault in 
cables having a length of from four to six miles. The whole 
secret of this rapidity lies in the fact that the first test at the center 
of the line eliminates one-half of the cable from the question. To 
find a fault in a duct between manholes in a similar length of 
cable, by any other method known to the writer, may easily take 
two days, and as many more may be required to repair the cuts. 

The writer trusts that the above notes may be of some practical 
value to the profession, and that the method recommended will be 
found as certain and satisfactory by those who have not as yet used 
it as by those who have. 

T he American Exhibition in London 

From May to September of next year, the Crystal Palace, near 
London, England, is to be the scene of a coll ection of exclusively 
American ·exhibits. For fifty years this immense hall has attracted 
multitudes from the heart of the city to view the results of progress 
in the sciences and arts, but the exhibition planned for 1902 is one 
of the most novel in its scope that has been so far contemplated. 
Coming as it does on the year of the coronation of King Edward, 
it will not only have the customary summer population of the 
English metropolis to draw upon, but will be held at a time 
when the largest number of British, colonial and foreign visitors 
ever before accommodated will be in the capital. As the oppor­
tun~ty to inspect the latest development of American manufac­
tures will undoubtedly be grasped by the majority of these strang­
ers, the directors of the enterprise are well satisfied that no more 
fitting time or place for a world-wide exploitation of their prod­
ucts could be conceived of by manufacturers on this side of the 
water. It is reported that requests already received for permis­
sion to exhibit from prominent American concerns considerably 
exceed the available space. As the scope of the exhibition is 
so unusually extensive, it is desired to secure applications for 
space from representatives of all the varied interests concerned 
before proceeding to final allotments, so as to assure a truly rep­
resentative exhibition of American apparatus, processes and sys­
tems and to fi ll the immense bui lding, which can accommodate 
easi ly IOo,ooo persons under one roof, with an exhibition which 
will surpass in quality as well as quantity anything previously 
attempted in Great Britain. 

It is proposed to build before the opening next spring a cable 
rai lway to the exhibition grounds from the railroad station, which 
is at a considerably lower level than the Crystal Palace. The 
distance is 300 yards and the gradient is about 8 per cent. It 
has been further determined to run a service of automobiles, 
each vehicle having a capacity for ten passengers, around the 
grounds, which are generally admitted to be the most beautiful 
ornamental grounds in Europe, extending over 200 acres , and 
including the most extensive series of sporting grounds in the 
United Kingdom, for cricket, football, baseball, cycle and m otor 
racing, tennis, swimming and other athletic sports. Only a very 
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si11all portion of the visitors tb t he Crystal Palace at present visit 
these grounds , because of lack of transportation. It was at first 
sugges ted that an electric traction system should be laid, but as 
the road which would constitute the main route, about one and 
a half miles in leng th, would have to be laid with rail s, and eertain 
prominent interests in the Crystal Palace Company were loath 
to have it cut up, it has th erefore been decided to u tilize 
autom obiles. 

The A m eric an A dvisory Committee includes Colonel Millard 
Hunsiker, fo r many years European representative of the Carnegie 
Steel Company; J . \V. Downer, Briti sh representative of the Na­
tional Tube Company ; Thos. J . Farrell , London manage r of the 
A merican Steel & vVire Company; Clark Harrison, Briti sh rep­
resentative of the United States Cast Iron Pipe Company; J. G. 
White, president of J. G. White & Company; R. W. Blackwell, 
of Robert Vv. Blackwell & Company, Limited; Charles Churchill , 
of Charles Church ill & Co., Limited; Thomas L. Field, presiden t 
of the A nglo-Saxon Shipping Company; Frank E. Bliss, of the 
An glo-Am erican Oil Company. The British A dviso ry Committee 
compri ses the Lord Mayor of L ondon, th e Duke of Sutherland. 
Sir Dudley Baines F orwood, of th e shipping house o f Forwood 
Brothers & Company, and Sir D ouglas F ox, fo rmerly president of 
th e Briti sh In stitution of Civil Engineers. 

The American exhibition h as for its commissioner in th e United 
States Alfred H. P os t, of Alfred H. P os t & Compa ny, Produce 
Exchan ge, New York City. Mr. Post's eompany is th e official 
fo rwardin g agent in thi s country, and all particulars r elating to ap­
plication s fo r space o r other exhibition m atters may be addressed 
to h im. In thi s connec tion it is further expected that a commercial 
bureau will be es tabli shed under the direetion of a committee of 
representative American and British firms, the object of thi s 
bureau bein g to supply exhibito rs with all necessary information 
regarding channels of trade and the placing of goods upon the 
market s of Great Britain, the Colonies and the Continent. 

Meeting of the Engine Builders' Association 

The th ird m eeting of the Engine Builders' Association of the 
U nited States, which was held at Sherry's, New York City, Dec. 2, 
was conspicuous fo r the meritorious eharac ter of the papers read. 
Th e m eetin g was opened by a short address of welc om e from 
Vice-President W . 1\1. T aylor, of the Chandler & Taylor Com­
pany, Indianapolis, a t the close of which Prof. R. C. Carpenter, 
of Sibley College, Cornell University, read a paper on "The Evolu­
t ion of the Shaft Governor. " This paper was an extrem ely in­
teresting historical presentation of the development of ·thi s type 
of governor. 

The discussion following the reading of th e paper was almost 
wholly in the direction of engin e regulation fo r the parallel opera­
tion of alternating-current generato rs. Mr. Rit es said that while 
sa ri sfac to ry result s eould not be obtain ed with an o rdinary Cor­
liss type of governor regulating closer than ab out 4 per eent, th e 
shaft type of governor made it feasible to bring the regulation 
within r per eent without incurrin g huntin g. Samuel G. N eil er 
~a id that h is experience had been that less than 4 per eent regu­
lation was inadvisable wh ere al ternato rs were direct eonneete d 
to engines, and pointed out that very elose regulation involved 
an extrem ely sensi tive governor, whieh led to excess ive variation s 
in angular velocity, and thi s was the ehief troubl e in parallel work. 

The next paper read was on e by H . nI. Norris, on ''The 
Premium Plan of L abor Remuneration." Mr. Norri s advocated 
the application of a bonus system to m anufacturing eompanies. The 
plan consists, roughly, of paying employees the usual day wages 
and an additional premium fo r all time saved in the performanee 
of a g iven operation over the tim e that the factory reeords have 
shown sueh an operation previously required ; th e rate at which 
he proposed to eompensate the workman for saving in time was 
one-half of hi s wage rat e. For example, if a workman saved 
two hours on a given pieee of work, h e was eredited with two 
hours' time at one-half of hi s day-rate of wages. Mr. Norri s 
cited several eases in which large reduetions in the east of given 
pieees of machinery had been eff ected by this seheme. The paper 
was discussed at co nsiderable length by T . C. Wood. of the 
Ball & W ood Company, New York; W. M. Taylor, S. N. Bagg, 
of the vVatertown Steam Engine Company, Watertown, N. Y.; 
J ohn Diek. of the Ph0cnix Iron Works, and M. N. Maelaren, of 
the Ball & W ood W orks at Elizabethport , N. J. 

Following the di scussion Mr. Maelaren read an interesting 
paper on " Shop A dministration," in which he pointed out th e 
advantage of layi ng out a fnetory plant in sueh a manner that 
future growth would not divide the plant up into several di stin t:t 

shops nor change the course follow ed through the shops by work 
in process of ma nufaeture. T his paper was di scussed briefly by 
Mess rs. D ick, Gates and Taylor. 

George T. Reiss, of the N iles Tool Works, Hamilton, O hio, 
then read a paper o n " l'viachine Shop Tools fo r E ngine Builders," 
in which he described a number of special tools designed for the 
purpose of economizing both t im e and the labor of handling 
large pieces of work. T h e paper was illustrated by a large num­
ber of photographs and half-tone engravings. T here was not a 
great deal of disc uss ion of th e paper presented by M r. R eiss, for 
the rea son that all of the delegates coneurred heartily in all r ec­
ommendations contained therein. T he question of using grinding 
machines for fin ishin g shafts was discussed to som e extent by 
J\lessrs. Diek, Taylor and Wood, Mr. Reiss explaining that 
the best method of using a gri nding machine was to reduce 
t he amount of work do ne by it as fa r as possib le, that is, to 
ro ugh-turn th e shaft down to within, say, 1-64 of an ineh of the 
fi nished size and then grind it t rue. 

A sound paper, full of common sense, entitled "From the Con­
sulting Engineer's Sta ndpoint," read by M r. N eiler , was the 
closing paper of the sess ion. Mr. N eiler briefly defined the func­
tion of the eonsult in g engineer in thi s country, and pointed out 
the excell ent work that had been accomplished by the A merican 
Socie ty of M echanical E ngineers and th e American Institute of 
Electrieal Engineers in perkcting standards of m anufaeture and 
standardizing m ethods of test ing. He argued that a consulting 
engin eer should not attempt to design apparatus, but should 
specify maeh inery that could be fu rni shed by manufacturers with­
out undue hardship. He also pointed out that , in order to obtain 
the best r esults, manufacturers sh ould supply, with their bids to 
consulting engineers. cornplete data regardi n g their engin es, so 
that intelli gent selec tion can be made. He erit icised the prac­
tice many manufactu rers fo llow of doing preliminary consulting 
engineerin g ,;vork for prospective purchase rs without charge. 
Such work, he poiuted out, very rarely pays, and usually has to 
be don e o· er again hy the manufact urer who succeeds in la:..ling 
1 he o rder in such cases where an o rder is actually obtained by 
anyone. In the most of such cases, h owever, h e said, a large 
amount of engineering data was given to persons wh o had no 
idea of buying the machinery concerning which they asked for 
information. Mr. N eiler me ntioned the offer which had been 
made by the authorities of the com in g exposition a.t St. L ouis. 
tc, h ave elaborate tests made of engines exhib ited there, and ·ex­
pr essed the opinion that en gine bui lders should take advan tage 
of this opportunity. In the discussion wh ich fo llowed, Mr. Dick 
said that the Ch icago Exposition officials h ad m ade very specious 
P' omises as to the t es ts that were going to be carri ed on, and 
induced a large number of engine builders to go to g re'.lt ex-
1,ensc for exhibits, but that no tes ts were made of which anybody 
bad ever h eard. 

Vli th reference to tile specifications of consul ting engineers. Mr 
Dick £,aid that it seemed to him un reasonabl e for an engineer 
t , r eq uire that an en gine bought for operation at rco lbs. pressure 
should be mad e ab le to stand 150 lbs. pressure, and M r. N eil er 
explained that it was hi s practice not to make any such stipula­
tion , except in cases where it was the intention to ultimately raise 
the pressure in order run th e engine condensing. M r. Wood 
,, aid that a feature of consulting engi neers' specificat ions that had 
a:ways seemed unfair to him was the stipulation of a bond. H e 
tho11 ght that the manufacturer took su ffic ient ri sk in building 
an engine and delivering it without having a bond from the pur­
chaser for the settl ement of th e account. M r. N eiler said th at 
he never exacted bonds from engine builders, except where the 
engine was for a m unicipality or som e State inst ituti on, in which 
case a bond was legally compul sory. After a unanimous and 
enthusiastic vote of thanks to th e au thors of the five papers, on 
1:1otion of Mr. -Gates , the sess ion adjourned. 

•• 
The Storage Battery and Electric Railways 

T h e E lectri c Sto rage Battery Company, of Philadelphia, has 
installed 158 batteri es of "Chl oride Accumul ators" in street rail­
way service fo r th e purpose of regul ation , carryin g the peak dur­
ing heavy traffic and for use in em ergencies. These batteries, 
representing over 103,000 kw-hours of output . are installed in 
power houses, sub-stat io11 s and rotary-transformer stations , and 
cover every application of storage batteri es in the operation of 
street rai lways. Among recen t inst all ations may. be mentioned 
those for the Detroit U nited R ailway, consisting of 250 cells of 
type 53-G ; th e Chicago City Railway, 250 cells of 39-G ; the South­
ern O hio T raction Company, 290 cell s of r r-F , and the Fairmount 
& Clarksburg R ailway, 250 cells of u -E. 
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A Novel Convertible Car 

The car s illustrated in the accom panying engravi ngs have just 
been shipped by th e J. G. Brill Company to th e Colorado Spri ngs 
& Suburban R ailway Company. They are especially interestin g 

th e yea r, durin g which ti me the other long si de ones will 
be r emoved. O ne peculiar feature of thi s order was that th e 
car s were knocked down and boxe d fo r shi pment, while the 
trucks were shipped whole wi th mot ors mo unted upo n th em . 
The service fo r which th ese cars are intended is not an altogether 
easy one, p resenting m any sharp curves. That of sho r test radius 

because they combin e a number of new an d 
ingenious features. The car bodi es are of the 
Brill conve rtible type, and are 31 ft. 8 in s. 
in length. T he width at the sill s is 6 ft. 7 in s. 
T he fir st and most str iking feature is the 
fact that the car s a re divided into two 
compartments wi th slid ing doors between 
then, one end hav ing fiv e posts and the other 
four. T he di vision of a car o f thi s type is 
a novelty. When the car is used in summer 
it presents th e curious fea ture of an open ca r 
with a partition in the center. In the winter 
on e of the compartments is used for smokers. 
T he cars are mounted on 27-F trucks, fur ­
nished with G. E.-67 motors, an d V-shaped 
pilots are placed on each truck. In order to 
g ive easy access to these car s an unusual fea­
ture is introduced. T he steps ar e double, 
bringing the lower on e with in easy r each o f 
the ground, but in order to get them out o f 

INTER IOR OF CONVERTIBLE CAR WITH PARTITION 

the way when the car is closed, the double step is made to fold, as 
is shown at the right-han d side of the eng raving of the outside of 
the car. Owin g to th e grea t length, these steps arc cut in to th ree 
section s. T he placing of a partition in the center is taken advantage 
of to· int roduce a soli d panel similar to those which are always 
placed a t the ends o f a con vertible ca r. T he wheels are 33 in s. in 
diameter with 2½-in. t read and ¼ -in . flanges. T he sea ts are o f the 
r eversible back pattern , covered with spring cane, th e arrange­
m ent of the ca r g ivi ng fo ur seats with stationary backs. The 
cars have Brill 's patent ed ang le iron bumpers, ash grip-h andles 
in malleable iron sockets, and they are also fitt ed with B rill en­
trance guards between the po sts. There are two D edenda gongs 
to each car. Th e brak e furni sh ed is th e Sterling, but it will be 
noted th at in order to save space a verti cal hand wheel is used. 
Christensen air brakes are al so install ed. The insid e of th e ves­
tibule is paneled in oak, in fac t th e whole inside. in cludin g th e 
ceiling , is given in natural fini sh . Th ese vestibules ar e fitt ed 
with rem ovable doo rs, making a complete encl osure for th e win­
t er season. E ight h eat ers are placed in each ca r with th e neces-

is but 34 ft. , makin g it n ecessary for the trucks t o tak e a ve ry 
sharp angle with the body in roun ding it. 

•• 
A New Duplicating Apparatus 

Th e use of an effici ent duplicator is as n ecessary in the offices 
of street rai lway com panies as elsewh ere. Th e syst em atization of 
cle r ical work has b een reduced to a fin e art by up-to-date man­
agers in th is as in other industries, and any improvem ent in labor­
saving devices is imm ediately invest igated. The F elix F. Daus 
Dupli cator Company, of New York, has r ecent ly perfected a 
novel m achine of thi s kind which will mak e from mo to 150 dis­
tinct copies of an original writing, and h as named it th e " Tip 
Top" Duplicator. The o peration is per fo rmed without th e use 
of stencils or roller s and is claimed to be the cleanest and m os t 
r eli able yet obtain ed. Th e apparatus consist s of a neat b ox 

NOVEL CONV ERTIBLE CAR PARTLY OPEN 

sary co ntro llin g devices. Th e cars are wi red for eigh t li gh ts 
inside, staggered o n the lower adve rti sin g moldin g, fo ur o n each 
side of the car, with a sing le li ght in each roof-sign and a n elec­
t r ic arc headli gh t arran ged so that the fron t and rear pla t fo rm 
light burn at th e same t ime. Push buttons are pl aced flush on 
each post , co nnected with a bell on each platform. One feature 
characteri sti c of steam railroad pra cti ce is introduced in the shape 
of a tool box undern ea th the car fl oor. It is 2 ft. 6 in s. lon g by 
12 ins. by 16 ins. In view of th e fa ct that th ese ca rs are likely to 
reach st eam road prac tice in the mat ter o f spe ed with th e accom ­
panying possibility o f derail men t, a too l box is not such a n un­
necessary part of the equipm ent . It is expected that the steps 
at the vestibule only will bp used about nine m onths in 

contamm g a copyin g pad th e surfa ce of which is a section of a 
long stri p of prepared paper. Thi s " nega tive" paper is roll ed 
o n cylinders a t each end of th e pad so as to he readily changed, 
and , as an impress io n will en ti rely di sappear in a fe w days, it 
may be used over and ove r again. The moti on of the cylinders 
contai ning th e m aterial is automatic, so th at th e o perat ion of 
changi ng the face of th e pad is eas ily perfo rm ed, no matter in 
what d irectio n it is des ired to move th e banc\ of copyi ng paper. 
By tb e use of specially-treate d typewriter rib bo n d upl icates of 
work cl one by th e m achin e can al so he made. As m ost of th e 
repo rt s, notices, sta tem ent s, etc., wh ich it would be of convenience 
to a r a il road company to have co pi ed, a re now typewrit t en, thi s 
is an importan t feature. 
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An Automatic Circuit Breaker Trip 

One of the most disastrous accidents to a dynamo in a railway 
power plant is the shutting down of the engine without first cut­
ting out the generator from the circuit. This, of course, se ldom 
happens intentionally, as an engineer who would close his thro ttle 
before opening his switches would probably be requested to seek 
other employment, bu t where automatic engine stops are in­
stalled there is more danger from this source. T he accompanying 
engraving shows an attachment whi ch can be placed on the cir­

cuit breaker to entirely ob­
viate the liabi li ty of thus 
shor t-circuiting the gen­
erator. It is known as the 
Reliance Circuit-Breaker 
Tripper, and is made by the 
Reliance Manufacturing 
Company,. of Brockton 
Mass., which also manufac-

to bumper, and plated on each side with 5-in. x ½ -in. steel 
plates. T wo t ie-rods of ¾-in. round iron are placed on the in­
side of these center sills, and go from bumper to bumper , running 
ove r the bolster and directly under the car floor, which is double , 
building fe lt be in g placed betwee n the two floors. The plat­
fo rms are supported with two 4-in. x 5-in. T -irons in addi tion to 
the center si ll s. O n account of thi s construction, the platform 
floo r is level with the car floo r, thus making it necessary to use 
do uble steps, which are of the Stanwood type. 

T he ves tibules arc fit ted with doors as we ll as gates, and either 
can be use d. The doors are placed out fl ush with th e side of 
the car, and the steps are cover ed with t rap doors, the same as in 
steam railroad equi pment. The cars are provided with upper and 
lower sash , fitt ed' with poli shed plate glass. T he top sash are 
fixed permanently, while the lower sash are made to raise, the 
same as in st eam cars. Although these cars are somewhat lower 
than the standard cars on account of overhead br idges at Rich­
mond, yet the sash raises 22 ins., which gives a ve ry good open­
ing. 

T he _i nterior is fi nished in quartered oak in a neat design, with 

CIRCUIT BREAKER TRIP HANDSOME LONG CAR FOR RICHMOND, VA. 

tures the Valentine automatic block signals and other efficient acci­
dent-preventing devices. 

The illustration shows the general arrangement of the tripper. 
All that is necessary, to attach it to a G. E. K.-type circuit 
breaker, is to take off the nut from the lower end of the existing 
tripping-magnet bar , slip on the device an d rep lace the nut. One 
wire is then run t o a suitable contact, through which the circuit 
is closed the instant the automatic engine stop is brought into 
play, or if des ired, the tripper can be operated by a contact 
placed on the governor, o r on the st em of the throttle valve. 
Station current is used to operate the apparatus. Switches can 
be located at any desired point to operate the tripper by hand. 
The tripper can be attached to any kind or type of circuit breaker. 
It is also used successfully on several large roads as a booster 
protector. 

•• 
New Cars for Richmond, Va. 

The accompanying illustrations show views of a handso me car 
recently shipped by the J ackson & Sharp Works of the American 
Car & Foundry Company, at Wilmington, Del. This car is one 
of an order placed by the Cleveland Construction Company, of 
Akron, Ohio, for equipping its new road between Richmond and 
Petersburg, Va. The order includes five other passenger cars 
like the one herewi th illustrated, two combination passenger and 
baggage cars, and a work car , all equipped with trucks of the 
M. C. B. pattern. 

As will be seen from the engravings, these cars contain some 
interesting and novel features. The ends are of peculiar 
construction, the view of the exterior showing the fro nt. 
It is intended to run the car only in one direction all the time, 
and loops are provided in Richmond and Petersburg for thi s 
purpose. Entrances are provided on both sides of the rear 
vestibule , but at the front end only one opening is left, that on 
the right-hand side. The cars have twelve windows on each 
side. They are 34 ft. 4 ins. long in frame, with 4-ft. 7-in. platforms 
at each end, making the length over vestibules 43 ft. 6 ins. , and 
over bumpers 44 ft. 7 ins. They are 8 ft. 3 ins. wide over sill s, and 
8 ft. 4 ins. over siding, which gives a 33-in. seat each side, and a 
22½-in. aisle. The underframes are especially strong. The two 
outside sills are of yellow pine 4½ ins. x 7½ ins., and plated with 
½ in. x 7½-in. steel plates, with an additional sill of 2½ ins. x s¼ 
ins. bolted through the iron plates and outside sill. The two 
center sills are 4 ins. x s¼ ins. yellow pine, running from bumper 

carvings and fluted pi lasters between each window. T he car is 
divided between the fou rth and fif th window by a cross bulkhead, 
giving a large and roomy smokin g compartment , :;eating sixteen 
persons. The seating capaci ty in the passenger room is thirty­
two, making forty-eight in all. T he seats are of the Wheeler 
Walkover pattern, made by the Heywood Brother s and Wakefield 
Company, fi tted with bronze g rab handles on the com ers. Under 
every other seat is placed an electric heater, supplied by the Con­
solidated Car Heating Company, thus insuring a well heat ed car 

INTERI OR OF RICHMOND CAR 

eve n in the coldest weather. The cars are also provided with 
Providence fenders, made by the Consolidated Car Fender Com­
pany, registers with rod-ringing device, trolley catchers and 
Christensen air brakes. The trucks are of the steam railway 
pattern , as will be noticed from the engravings, and they were 
also made, as stated above , by the American Car & Foundry 
Company, at its Jackson & Sharp Works. Four 30-hp Westing­
house motors are used, one on each axle, which are 4½ ins. 
diam eter. 

The combination cars are of the same general style as tqe 
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passenger cars, with the space which is used for smokers made 
into a baggage compartment. The work car is 30 ft. in frame, 
40 ft. over all , and is fitted with M. C. B. couplers and mounted 
on extra heavy trucks of the same make as the passenger car 
trucks. These cars are fitted with four 50-hp Westinghouse 
motors, Christensen air brakes, e tc. The entire equipment of 
rolling stock repre sents the most up-to-date practice, and is proba­
bly the finest yet shipped to this portion of the South. ----~----A New Fender in Toronto 

The accompa nying illustrations show two views of the "Twen­
tieth Century Fender," as applied to the cars of the Toronto 
Railway Company, Toronto, Ont. After a thorough trial, this 
company has recently contracted with the manufacturer, W. T. 
Watson, of New York, for the equipment of its entire system 
with the "Twentieth Century Fender." This fender was de­
scribed some month s ago in these columns, and it wi ll 
be r em embered that it contains many points of useful­
ness as a life saver and is claimed to possess great dura­
bility. Its peculiar construction renders it particularly easy 
to take to pieces, and the perfect interchangeability of it s 
parts provides for its economical r epair in case of damage, al­
though the resiliency of its spring construction and its flexibility 
prevent it from bein g seriously injured when coming in contact 
with obstructions on the track or in collision with vehicles. The 
fender is easily detachabl e and its fastenings to the car simple. 
One of the ingenious features of the device is an attachment by 
which the fender can be run at any predetermined height from 
the roadbed. This enables the fender to be lowered within half 

-~ 

TWO VIEWS OF THE FENDER 

an inch of the track when passing through congested districts 
..tnd relieves the motorman of much responsibi lity; while upon the 
resumption of high speed, as the car approaches the suburbs, 
the fender can be raised to it s normal height by a foot device 
without delay or the motorman leavi ng his position . 

• • 
An Efficient System of Railway Generators 

The Bullock Electric Manufacturing Company, of Cincinnati. 
Ohio, is m aking a line of railway generators that contains many 
features of excell ence. The accompanying engravings show a 1000-
kw complete machine, and a 200-kw armature. The frames of the 
generators are divided horizontally, and are elliptical in section, 
with pole seats projecting sufficiently to allow of machining to pro­
vide for a perfect magnetic point between yoke and pole. The pole 
pieces are made from thin annealed sheet steel having high mag­
netic permeability. The form of punching somewhat resembles a 
letter "T," having one-half of th e upper line cut away. They are 
assembled with each alternate sh eet turned so that the formation 
of the pole is a perfect "T," but owin g to its peculiar formation, 
the pole is slott ed to a depth of about ~/z inch across its entire face. 
The effect of thi s is a more perfect distribution of magnetism 
in the air-gap, r esultin g in a fixed point of commutation and 
sparkless operation at all loads. 

The shunt and series coil s are separately wound. The former 
is in each case wound upon a built spool of press and full er boards. 
After winding. the exterior of the spool and coil is covered over 
with cotton tape and finished by an exterior winding of "Samp­
son" cord which is varnished with shell ac, thus giving a hand­
som e appearance. The series coil is of copper strip insulated with 
cotto·n and similarly treated. By windi ng the coils separately, 
better radiation is secured, and the ample carrying capacity and 
good ventilation guarantee a low-running temperature under 
constant load. 

The armature coils are all bar-wound. Copper strip is forced 
into a cast-iron mold of the proper form for the coil, the coil 

FIG. 1.-1000-KW ENG INE-TYPE RAILWAY GENERATOR 

consistin g of two or more convolutions, according to require­
ments. After being thus formed each convolution of the coil is 

----,,, 
I 

wrapped throughout with cotton tape, and the 
several convolutions are then grouped and the 
ends or exterior portions are again wrapped with 
tape, forming the unit winding. After being 
thus far completed, the coils are dipped in in­
sulat ing varnish and placed in the drying oven. 
vVhen the drying process is complete the active 
portion of the coi l, or that part imbedded in 
the armature core, is covered with several thick­
nesses of red-rope paper, "Empire" paper, India 
mica, and an out side covering of "Fish" paper, 
each layer being treated with shellac. The coil 
is then put into a steam-h eated press and as­
sumes a rectangular form of the exact dimen­
sion s of the core slot. It remains in the press 
under heat until all surplus insulating varnish 
and shellac has been driven out, and while still 
under pressure the coil is cooled. Fig. 2 shows 
a partly-wound coil of a 200-kw belt-driven 
generator. 

The comm utator bars are standardized, thus facilitating repairs 
when necessary. The mica used is of a special quality. and in 
service wears uniformly with the copper a nd adds mat erially to 

FIG. 2 - PARTLY WOUND ARMATURE OF 200-KW GENERATOR 

the life of the same. The bars are well insulated from the shell. 
Ample brush service has been provided to care for current to be 
carri ed and brush friction with out undue heating. 

The armature core is built from laminations of thin sheet steel 
mounted upon a spider of cast iron. Th e ends of the arms are 
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of a dovetail formation, carefully machined for an exact fit, a nd 
en o-a o-e slots on the inner periphery of the core. The slots fo r 
th; ,;indings have parall el sides with grooves near the top into 
which th e coil-retainin g wedges are driven. These wedges ob­
via te the use of band wires, and protect the coi l from m echanical 
mJury. Thus should a bearing run hot and melt out, the wind­
ings wo uld not be injured by contact with the poles. No band 
wires are used. 

The brush h older is very simple in design, and of the reaction 
type. A dovetail groove is cut in its face, in wh ich a proj ec ting 
screw hea d from the brush engages. T his prevents the brush 
from jarring out or swinging away from the holder when ~he 
te nsion finger is raised. Carbon brushes of r ectangular sect1011 
and beveled ends for tangential contact are used. Flexible leads 
connect the brushes wi th the h older, furnishing a direct path for 
the current. 

A h eavy cast-iron ring is mounted upon three trunnions sup­
ported by the yoke. In ternally-projecting arms carry the brush 
studs. Brush studs of like polarity are connecte d to copper cross 
connect ors, mount ed between the yoke and brush ri ng. These con­
nectors are wound wi th "Sampson" cord and connected by !eat.ls 
to the terminal board: On engine-type machines of 200 ki lowatts 
and above there is a brush-shifting mechanism for shifting th e 
brushes latterlv. Thi., m ovem ent is similar to the end play in 
belted m achin; s, and obYiates <1.ny ten<len,y of the brushes to 
groove or cut the commutator. 

The design of th ese ma chines permit s a large air-gap. Opera­
tion, h owever, is not seriously interfered with, even with quite 
a large displacem ent of the armature, and no material ch ange in 
the magnetic pull on the armature occurs with such displacement. 
The generators will run perfectly in multiple with other similar 
machines. They are so designed that th ey will take their propor­
tion of the load under all voriatio ns. Great care is taken to have 
th e m echanical and elect rical balance of the machines perfect. The 
standard for insulation is b ased upon th e specifica tions adopted by 
the American In sti tute of Electrical Engineers. Besides making 
the abo\'e-described generators, the Bullock Company is prepared 
to furnish all accessories for the complete installation of power 
plants, including switchboards, boosters, etc., and the same care 
in design and manufacture marks all of its apparatus. 

----♦----
New Publications 

Shop and Road Testing of Dynamos and Motors. By Eugene C. 
Parham, M. E., and J ohn C. Shedd, Ph.D. 64r pages. Illus­
trated. Price, $2.50. Published by the Electrical World and 
Engineer, New York, r9or. 

T his is the second edition of c1. book which met with considerable 
success in its original form. As is customary with books for which 
a demand for a second edition is created, the present volume has 
been considerably enlarged, and such typographical errors as were 
present in the fir st edition have been careful_ly _eliminated. <?~n­
siderable space is given to the elementary pnnc1ples of electnc1ty 
as related to the dynamo and testing instruments, but a large 
amount of va luable and practical information is found in the re­
maining chapters. Chapters 15 and 16, on street railway equipment 
tests, which appear for the first time in this edition , form a valuable 
supplement to the original book. An amount of useful tabulated 
data precedes the well -arranged in dex, and the general mechanical 
fea tures of the volume are of a high order. 

Poor's Ma nual of Railroads. r840 pages. 24 maps. Price $ro. 
Published by H. V . and H. VI. Poor, New York, r9or. 

Poor's Manual is too well known among financi er s an d rai lway 
officials to need a detailed review of its aims an d applications. 
T he volume for thi s year contains the usual amount of important 
data and statistical infor mation, which ha s made the work a va lu­
able book of reference an d one which ranks among the highest 
authorities on railroad matters. The sta tements presen ted in the 
present number of the Manual are arranged in four sections. The 
first (pages I to 861) comprises the statements of all_ the stea~n 
railroads in the United States and Canada and the chief ones m 
Mexico; the second (pages 863 to rn83) comprises the statements 
of all the street r ailway and traction compan ies in the United 
States; the third (pages rn84 to II77) contains statements of the 
leading industrial corporations and organiza tion s auxiliary to the 
railway interests, and the fourth (pages 1179 to 1320) contains 
sta tements showing the finances and resources of the United States, 
the several States separately, and the chief count ies, cities and 
towns of the country. Information received too late to be in serted 
in its logical position in the text is included in an extensive depart-

ment set aside under the heading "Postseript and Addenda," which 
brings the matter strictly up to da~e. 

Moody's Manual of Corporation Seeurities. 1522 pages. Price, 
$7.50. Published by J ohn Moody & Company, New York, 1901. 

T his ·is the second annual number of the reference book, whieh 
received so cordial a r eception last year. A compilation in a con­
' enien t form of the various facts and figures of interest to the 
financial world is always greeted with a greater degree of criticism 
than is ordinarily acco rded to publications, but thi s volume seems 
to have stood the test, and appear s in a greatly improved form 
some two months ea rli er than the r900 issue. The book is divided 
into thirteen sections. The fir st gives th e nam es of the members 
of the stock excha nges in the principal cities, financial institutions, 
American and foreign government securities, and other financial 
statistics. The second section is devoted to financial statistics of 
electric railway, gas and electric light companies. The third 
sec tion eontains sta ti stics in regard to industrial companies, the 
fo urth to manufacturing companies, ete. A g reat deal of the 
matter published in the book cannot be found elsewhere, and 
consequently is of great value. 

Compressed Ai r, Its production, Uses and Applications. By Gar­
diner D. Hiscox, M. E. 822 pages. Illustrated. Price, cloth, 
$5; half morocco, $6.50. Published by Norman W. Henley & 
Company, New York, r9or. 

T he author of this book is well known in technical literature 
from the many useful volumes which have appeared under his 
name, but in "Compressed Air" he has surpa sse d, if possible, his 
previous efforts in making a thoroughly complete and up-to-date 
col lection of the various devices and machines relating to his sub­
ject. As in hi s fo rmer works, h e has produced a book which is 
more of a compilation of previously published matter than one 
which contains many n ew ideas, but through the co-operation of 
many authorities in both the purely scientific and manufacturing 
side of the business, he ha s obtained access to a larger variety of 
materia l than has ever before been attempted in dealing with the 
subj ect of pneumatics. Although the title is " Compressed Air," 
the principles of liquid air, vacuums, windmills, kites, etc., are 
also treated, and the theory and application of thermo-dynamics 
are explained at considerable length. The main feature of the 
book is the applica tions of compressed air as a motive power in the 
operat ion of stationary and portable tools and maehinery and the 
propulsion of vehicles. Altogether the book will prove very. useful 
to the worker, and with its forty air tables and 545 illustrations, 
makes a most comprehensive manual for both study and reference. 

E lectrica l Engineer's Pocket Boole By Horatio A. Foster. 995 
p2.ges. Illustrated. Price $5. Published by D. Van Nostrand 
Company, New York, r9or. 

While most of the oth er branch es of engineering have been 
thoroughly covered by various hand books, that devoted to all 
applications of electricity has never befo re been treated in its 
entirety between two covers. This pocket book is the first to 
a ttempt, in a satisfactory for m and in a degree of completeness 
a t all comm~nsurate with the subject, the compilation of the tables, 
facts, figures and methods direc tly r elated to electrical engineer­
ing. T he practical man who realizes the usefulness of a practical 
book will find much of value in its pages, and the author has 
succeeded in producing a work that appeals as strongly to the 
man of moderate educat ion as to the expert engineer. In its 
preparation the co-operation and assistance was obtained of many 
authorities in the profession, and a large number of the more 
important sections were revised by men of high reputation. The 
main object in a volume of this kind is not so much to create any­
thing new as to place before the reader in the most concise form 
all the informatio n he is likely to r equire. The vast amount of 
techni cal literature that has been published on electricity renders 
it harder t o obtain the m ost satisfactory reference to any one 
division, so that for thi s r eason alone an up-to-date hand book on 
the subj ect has, for som e time, been needed. In the 125 pages 
devoted to street railways but little which relates to the electrical 
features of the line and rolling stock escapes mention, portions 
bein g treated in great detail, as in the description of the multiple­
unit system of train control, by Frank J. Sprague, reprinted from 
th e STREET R AILWAY J ouRNAL. It would be unreasonable to ex­
pect the first edition of a book largely made up of tables, formul~ 
and abstracted data to appear flawless in regard to typographical 
or other errors, but such as have slipped in are, in most cases, 
of a purely m echanical and not misleading nature. The author 
and publishers are to be complimented on the arrangement and 
general make-up of the book and the excellence of its index, 
upon which its utility is so largely dependent. 
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NEWS OF THE WEEK 

To Tax Rhode Island Companies 
T here has been introduced in the General Assembly of Rhode 

I sland an act to provide for levying a tax upon the street rail ways 
of that State. The new measure provides that every street r ailway 
company shall make and fil e with the general treasurer, a t the time 
of making payment of the Sta te tax provided, a certificate, signed 
and sw<;>rn to by its treasurer or other officer designated by its board 
of directors, setting forth the gross earnings of the company and 
the amount of any di vidend paid by it during the year ending on 
the 30th day of June next preceding the date of such payment, and 
showing the manner in whi ch the tax paid at the time is com­
puted. If any company shall n eglect to make or fil e the certificate 
required, it is to become liabl e to a fin e of $25 for each day a ft er 
the allotted period. 

Only One New York=Brooklyn Tunnel 

The applications of the N ew York & Brooklyn U nion T ran spor­
ta tion Comp'any and the New York, Brooklyn & J ersey City Rapid 
Transit Company to construct and operate railroads through pro­
posed tunnels under the East R iver from M anhatt an to Brooklyn, 
New York City, have been deni ed by th e Railroad Commi ssioners 
of New York. The r eason assigned for denying the appli cation s 
i:; that the con struction of a tunnel other than that to be built by 
the city would seriously interfere with th e latter project. The New 
York-Brooklyn tunnel to be built by the city, as previously an­
nounced, will simply be a continuation of th e present tun.nel now 
under construction in New York. The tunnel, fro m South Ferry 
to J oralemon Street, Brooklyn, or the part under the ri ve r, will be, 
roughly, 4000 ft. long. A series of about forty " wash borings" have 
already been made to determine the cha racter o f the soft material 
on bottom and the depth at which bed rock is r eached. These are 
to be supplemented by seven equidistant borings into the bed 
rock itself. These will be alternately slightly to th e north and to 
the south of the route, so that they will not p.enetrate the rock that 
is to be it s roof. Thus far, beginning a t the Brooklyn side, the 
first four have been completed. The fifth has twice been beo-un and 
twice interrupted by accident. 

0 

The Franchise Tax Question 

Street railway men throughout the entire country a re certainly 
greatly interest ed in the outcome of the franchise question s that 
are now agitating Illinois, Ohio, New York and New J er sey. In 
the latter States it will p robably be some t ime before anything o f 
more than passing interest occurs, but in the cases o f Illin ois and 
Ohio there have just been handed down two very important rul ings. 
The franchi se tax case in Illinois has absorbed most of the atten­
tion recently, because of the 111ultiplicity of moves and counter 
moves made by the litigants, culminating, Nov. 19, in the di ssolu­
tion of the temporary injun ction which had been secured by the 
Chicago U nion Traction Company and the Con solidated Traction 
Company, o f Chicago, to r estrain the State Board of E quali zat ion 
from assesss ing the capital stock o f the companies. Interest in the 
Ohio situation is stimulated because of the prominent part played 
by Mayor T om L. J ohnson, of Cleveland, the form er street railway 
magnate, and the decision o f the Supreme Court of Ohio las t week 
to grant Mayor Johnson leave to fil e a petit ion asking the court to 
determine th e powers of the S ta te Board o f Equalization is im­
portant. The plan of Mr. J ohn son , like that in the Illinois case 
is to have the Sta te Board o f Equalization r eassess th e propertie~ 
of the railway companies on the basis of the market value of their 
securities. The final decision or the court in regard to the exact 
powers of the State Doard is awaited with much interest. A further 
hearing on the franchi se lit igat ion in New York is to be held Dec. 
6, and it has been furth er decided that the closing arguments be 
made by the a ttorn eys for the State and for the corporations on 
J an . 2 and 3. In the New J er sey tax case the Court o f Errors and 
Appeals, a t Trenton, is now hearing argum ent on the appeal taken 
by the North Jersey Street Railway Company, of J ersey City, from 
the decis ion of th e Supreme Court , concerning th e assessment made 
for taxes of 1900 against the company by the tax board of the city 
o f Newark. The city appealed to the Supreme Court, and that 
body r endered judgment in favor o f Newark, upholding that city's 

contention that rights of way in publ ic thorough fares were ease­
ments, and as such constituted real property and were taxable as 
such. Newark assessed the corporation 's proper ty in that ci ty a t 
$3,100,000, and th is the State Board o f T axation subsequen tly re­
duced to $2,264,000. The fin al decision, which it is expected will 
be r endered in a month, is anx iously awaited. 

" Hold Ups " Not Tolerated 
The E verett -Moore syndicate is nothing if not independen t in 

handling villages and town s which a ttemp t to play "a hold-up 
game" when franchi ses or rights of way are being secured. The 
tcwn of Geneva r ecently demanded exorbitant terms for a fran ­
chi se through the main street , w ith the r esult that the exten sion 
o f the Cleveland, P ainesv ille & E as tern R ailway is now being built 
half a mile south of the business portion o f the town . It is believed 
that while this move will detract but little from the business of 
the road, it will fo rce the citizens of the unreasonable town to walk 
a good di stance when they might have had the car s pass their 
doors. The same tactics ar e being carried on by the citizens of 
Mass illon . For several months past the syndicate has been en­
deavoring to secure right of way over either one of the main 
streets fo r it s proposed direct line from Akron to Massillon. Re­
peated a tt empts to secure fair terms have fa iled, and there is now 
little chance that the direct Akron-Massillon line will be built. 
The work which has been done on the line will be stopped, and the 
road deviated to T urkeyfoot L ake, a fin e summer resort. In all 
probability the deal fo r the purchase of the Canton-Massillon 
R ailway will be completed within a few days, and citizen s of Mas­
sillon who des ire to go to A kron or Clevelan d wi ll be fo rced to 
t ravel by way of Canton. M any a re the suburban railway proj ects 
that have been abandoned because one or two town s along the 
ro ute of the line positively r efuse to g rant concess ions that permit 
their acceptance by the company building the lin e. 

The Scranton Strike 
Strenuous efforts are now being made by a commi t tee of citi zens 

o f Scranton, P a., to bring about a settl ement of the strike, and the 
general belief is that a settlement shortly will be effected. T he 
committee, headed by a promin ent lawyer, has had several con­
ferences with General M anager Silliman, of the Scranton Railway 
Company, and the strikers' executive board . T he one ques tion 
that cannot be settl ed without liberal concess ion, however, is that 
regarding the retention in the ser vice of the company of the many 
n1 en who have been secured from outside sources to take the place 
of the striker s. Mr. Silliman stoutl y maintain s that he cannot dis­
charge the men who were secured to take the places of th e striker s. 
The striker s also wish to have the union r ecognized, but the com­
pany will probably not concede thi s poin t. T he men will, however, 
be taken back as individuals. The strike was declared O ct. I, and 
has been far more di sastrous than the short strike of last December, 
business being completely demorali zed and the ci ty being in a gen­
eral state of chaos. The situation, as far as the business interests 
o f the city are concerned, is desperate. The stores ar e stocked with 
Chri stmas goods which cannot be sold , and many of the mercantile 
establishments are practically deserted a t a season when th ey should 
be thronged with customers. Goods whi ch ordinarily wo uld be re­
pos ing on shelves ar e placed out on the sidewalk in order to att r act 
the a ttention of the public. One o f the j eweler s has stopped hi s 
street clock, and over it he has placed the legend, "Union clock ; w ill 
not run until the strike is settl ed." The company is operat ing its 
car s regularly, but very few passengers are carri ed. Scranton , in 
the heart o f the coal r egions, is " unionized," there being no less 
than 100,000 union workingm en in the vicinity o f the city. T he 
strikers have inaugurated a hack ser vice, which is liberally patron­
ized. T he strike, as previously stated, r esulted from the d ischarge 
ea rly last Sept emuer o f two conductors-one fo r fa iling to co llect 
and register all the fa res on hi s car , the other for issuing more 
tran sfers than he had passenge rs on hi s car. Th e company, in the 
h ope o f avo idin g a stri ke, agreed to sub mit to a prominen t bishop 
th e questio n of r e .. in sta tem cnt of the d ischarged employees, but 
th e o ff er of m ediation was refnsed. T h e strike wo uld be uroken 
at once if the people were to pa tro n ize the ca rs, but personal 
co nvicti ons are lai d aside because of the fear of t he labor unions, 
whi ch have threatened a boycot t. 
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To Relieve the Crush at the Brooklyn Bridge 

Chief Engineer C. C. Martin's report on the plans to relieve the 
congestion of passenger traffic at the Manhattan terminal of the 
Brooklyn Bridge has just been handed to Bridge Commissioner 
Shea, who has approved it and will submit it for further action at 
the next meeting of the Board of Estimate and Apportionment. 

Engineer Martin condemns the proposal of the board of expert 
engineers to build a crosstown elevated road along Park Row, 
crossing Broadway, running down Vesey Street and thence to the 
Pennsylvania Railroad. Touching on this feature, the report, 
which estimates the total cost of the improvemnet at $2,862,300, he 
says: 

You will note that the Board says, with regard to this p lan: 
We regard the Vesey Street line as very important, and it is strongly 

recommended, but it is independent of the Centre Street line, and its 
omission would not affect the other improvements recommended. 

I would recommend that the Vesey Street line be omitted. If it were con­
structed and trains were run on a headway that would be at a ll satisfactory 
on that line and on the Centre Street line at the same time there would be a 
series of grade crossings with loaded trains where the two lines came to­
gether, which in my judgment could not be permitted if the safety of pas­
sen gers were to be considered. 

If the Centre Street and Vesey Street lines were built the conn ections at 
the Bridge terminals would be so complicated that it would be impossible to 
retain the present tail switching tracks, and this I consider vitally important. 
It is proposed to run through trains on forty-five seconds' headway; I do 
not think this is practicable or possible, and hence I ·desire to retain the tail 
switching system, so that if at any time through trains cannot be run on the 
specified headway they can be supplemented by local Bridge trains, as is 
now done during the evening rush, and in case of an entire blockade of 
through tra ins on the elevated roads connecting with the Bridge, the entire 
traffic could be taken care of by local Bridge trains. 

The report favors a system of elevated railroads designed eventu­
ally to form an endless track over which trains will circle across 
all of the new bridges now proposed south of Delancey Stree t. T he 
principle is the one suggested by the board of expert engineers 
appointed under the laws of this year, to look into the problem 
how to relieve the evil, and it is practically to distribute the taking­
on places of the passengers over a wide area rather than to permit 
them to jam and crowd in a single spot, as is now the case at the 
bridge entrance. 

Commenting on the recommendation of the board of experts 
and the system of elevated roads, the chief engin eer says: 

In this recommendation of the Board I concur, There is no possible tem­
porary arrangement that has yet been suggested that will relieve the conges­
tion at the New York terminal, and relief can be had only by the completion 
of the other bridges and the execution of the plans approved above (the 
elevated road plans). 

Subject to the sanction of the Board of Estimate and Appor­
tionment, the following are the new lines of eleva ted railroads that 
wi ll be built at an early date: 

An eleva ted structure from the Park Row end of the bridge to 
run up Centre Street, up Marion Street to Spring Street, through 
Spring Street to Delancey Street, and to the Manhattan end of the 
new East River Bridge, which already spans the stream. As soon 
as the new bridge at the foot of Canal Street has been completed 
it is further recommended that a branch be built running from a 
station on Canal Street of the proposed new road, down Canal 
Street to connect with Bridge No. 3, not yet begun. 

On Centre Street, just north of Worth Street, it is recommended 
that a commodious new station for the taking on of passengers be 
built, and also that here be installed sidings and switches for tail­
switching and returning trains. 

· As recommended by Mr. Martin, the new road will run through 
Grand Street up and beyond the Second Avenue trains, so that 
connection could be made by stations with both the Second and 
T hird Avenue Elevated Railroads. Commenting on thi s a rrange­
ment, the report says: 

As soon as that portion of the proposed elevated road is built from the 
existin g Bridge terminal, through Centre Street and through Grand Street, 
up to and beyond the Second Avenue Elevated Railroad (on Allen Street) 
an immediate relief to the congestion at the Manhattan terminal of the 
Bridge Railway will be obtained, because passengers on their way to the 
present Bridge by way of the Second and Third Avenue elevated railways will 
transfer at the Grand Street stations to trains that will approach the Bridge on 
the Centre Street extension of he Bridge Railway. 

Again, the proposed station s at \Vorth, Canal and Grand Street s will be used 
by the people who come fr om points west of Centre Street and north of 
Duane Street, who now go to the present Bridge terminal. Those stations 
will be nearer to them than the Bridge station, and by taking at that point 
the cars that will pass over the Bridge they would avoid the crush at the 
Bridge entrance. 

Another alteration recommended in the report is to convert the 
present gallery floor into a trolley terminal, each track to be con­
nected with a separate stairway, thus preventing the present neces­
sity of crossing tracks at the risk of life and limb. 

Further recommendation s are that a commodious entrance stair­
way be built at Rose Street to accommodate a small army of pas­
sengers working in that vicinity. Also, the present stairway leading 
from William Street to the first floor of the terminal is to be 
widened, its present capacity being inadequate. The proposal that 
a curb be built separating the roadway from the trolley track the 
en tire length of the bridge, in order to give the trolley cars a clear 
track, Mr. Martin does not favor. It would practically destroy 
the value of the roadway, he says, inasmuch as no vehicle could 
pass another and any sort of a serious accident to any wagon or 
carriage would block the entire traffic. 

The report of the expert engineers was published in full in the 
STREET RAILWAY JouRNAL some weeks ago. 

----4 ♦----

PERSONAL MENTION 

MR. NELSON GRA YB URN, formerly of Montreal, and more 
recently of Paris, France, has been appointed general manager 
of the electric street railway system of Alexandria, Egypt. 

MR. C. M. CUBBISON, assistant superintendent of the Indi­
ana Railway Company, of South Bend, Ind., has resigned from 
the company. Mr. Cubbison will enjoy a short vacation, but has 
matured no definite plans for the future. 

MR. GEORGE H. WALBRIDGE, vice-president of J. G. 
\Vhite & Company, has returned from a trip to Porto Rico, where 
he has been inspecting the electrical equipment of the San Juan 
Elec tric Tramways, in which his firm is interested. Mr. Wal­
Lridge, while in Porto Rico, made quite a tour of the island. 

MR. W . W. BORMAN, of Robert W. Blackwell & Company, 
sa iled for London on Nov. 30, and will in the future be 
connected with the London office of R obert W. Blackwell & Com­
pany. The New York office of this well-known firm will be in 
charge of Mr. S. Seymour Follwell, who has been connected for 
some time with the office in that city. 

COL. JOHN N. PARTRIDGE, formerly president of the 
Brooklyn City & Newtown Railroad, of Brooklyn, N. Y., which 
is now merg ed with the Coney Island & Brooklyn Railroad, has 
been selected by Mayor-elect Low as Police Commissioner of 
New York. Col. Partridge served for more than three years in• 
the Union Army during the civil war, rising from first lieutenant 
to captain in a regiment of Massachusetts volunteers. A few 
years later he became lieutenant of a company in the Twenty­
third (Brooklyn) Regiment of the National Guard of New York 
State, and was promoted by successive steps to the colonelcy. His 
military training has made him "a master of men," for while in 
every position he has held he maintain ed a high standard of effi­
ciency, he , by his deliberate and careful judgment, steadfastness 
of will and equitable treatment of those with whom he was asso­
ciated, won the respect and regard of all. 

MR. A RTHUR W. SOPER, president of the Pintsch Com­
pressing Company, Safety Car Heating & Lighting Company, 
and · a prominent figure in many corporations, clubs and other 
organizations, is dead. Mr. Soper had suffered from a coinplica­
cation of stomach troubles, which took an acute turn on Nov. 27, 
and he died on Sunday, D ec. I. Mr. Soper was born in Rome, 
N. Y., July 16, 1838, being the eldest son of Albert and Esther Sop­
er. He was educated in the Rome Academy. When seventeen years 
old he entered his father's lumber business, _but in 1858 left his 
fa ther to enter the freight offices of the Rome, Watertown & 
Ogdensburg Railroad. His advancem ent was rapid, and in 1871 
he left the assistant superintendency of the Rome, Watertown 
& Ogdensburg Railroad to accept a similar position with the 
St. Louis, Iron Mountain & Southern Railroad. Within a year 
after accepting this position he became superintendent, and later 
general superintendent , and then general manager. In conjunc­
tion with George M. Pullman, Sidney Dillon and others, Mr. 
Soper organized the Pintsch Compressing Company and the 
Safety Car Heating & Lighting Company. 

CONSTRUCTION NOTES 

SAN FRANCISCO, CAL.-The Market Street Railway Company has 
commenced the work of reconstructing and equipping with electricity that 
portion of its Sacramento Street cable line west of Central Avenue. 

OAKLAND, CAL.-The Oakland Transit Company is taking active steps 
toward rebuilding and doubling the capacity of its Elmhurst electric power 
station, which was wrecked recently by a boiler explosion. One boiler, 
which was uninjured, and a portion of the generating machinery, will soon 
be in operation again. Current for the lines that were supplied from the 
power station is at present being secured from the Bay Counties Power 
Company. 




