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· THE TRAMWAY SYSTEM OF HALIFAX, ENGLAND 

The corporation of th e city of Halifax in Yorkshire has 
owned its electric-lighting system since 1894, but about 
three or four years ago the city acquired its tramway sys
tem, and steps had to be taken to provide the necessary 
power from the existing stations. Several 500-volt direct
current units were installed, but the extent of the tramway 
system soon made it evident that a more economical 
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ing with its mvn roof, and is equipped with four Lan
cashire boilers, 7 ft. 6 ins. diameter by 30 ft. long, with two 
3 ft. flues in each, three being by Yates & Thom, of I31ack
burn, and one by Heaton, of Manchester. A ll the fur
naces are equipped with patent self-cleaning furnaces and 
mechanical stokers by Thomas Henderson, of Liverpool. 
There are also six boilers supplied by Babcock & Wilcox, 

FIG. 1.-PORTION OF HALIFAX POWER STATION, SHOWING THREE 1000-HP DIRECT-CURRENT UNITS. 

method of transmitting power for the outlying lines would 
have to be adopted, and power is now being transmitted 
by means of high voltage, three-phase generators and 
rotary converters in the sub-stations. This portion of the 
plant has just been completed, and as it is said to be the 
first in England to be equipped in this way with apparatus~ 
of purely British manufacture, it possesses a peculiar in
terest. In view of the fact that the system itself has never 
been described in these pages, some particulars of it will 
also be given in the following article. 

The power-house building is of gray stone and ex
tremely substantial. The boiler house is a separate build-

most of which are fitted with the B. & \V. chain grate 
stokers . Superheaters are used, 100 degs. of superheat 
being obtained, and the boiler pressure used is 130 lbs. 
per square inch . 

Adjoining the boiler house is the pump room, in which 
are four steam-feed pumps, two by G. & J. vVeir, of Glas
gow, and two by W. H. Bailey & Co., of Manchester, 
while a Tyler electric pump is also installed for use in case 
of emergency. The Weir pumps are of that company's 
patent direct-acting single type, 8 ins. diameter by Io½ ins. 
steam cylinder by 24 ins. stroke, each capable of delivering 
6100 gallons per hour at 12 double strokes per minute . 
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Should occasion demand it, however, the pumps can easily 
be run up to a much higher speed to make up any abnor
mal deficiency in the feed supply. T he pumps are of cast
iron, fitted with g un-metal liners, gun-metal buckets with 
special ebonite packing ring s, manganese bronze rods, and 
valves of the \ Veir group type in g un-metal seats. 

T he Dailey 's pumps have 8-in . steam cylinders, 5-in . 

pressure, working on cranks set at equal angles, the pis
tons being made of equal weight for smooth running, and 
so as to reduce vibration. Piston slide valves are fitted 
to all three cylinders worked by a single-eccentric valve 
gear direct from the crankshaft, and extremely simple in 
action . T he lubrication starts and stops with the engine, 
and beyond an occasional glance at the oil pressure gage, 

requires no attention from the attendant. 
Each engin e has a separate surface con
densing plant, manufactured and supplied 
by I saac Storey, of Manchester, and oper
ated by electric motors, together with an 
E dwards air pump, also operated by 
E. C. C. geared motor. Fletcher auto
matic valves are al so installed for auto
matically changing the ex haust into the 
atmosph ere should anything go wrong 
with the condensing apparatus. 

Each of the three Belliss engines is 
direct-coupled to one E. C. C. continuous
current generator, each capable of a nor
mal output of 750 kw at 550 volts, which 
are used both for tramway and lighting 
purposes, when running compound for 
tramway work , giving 580 volts, and when 
running shunt for lighting work, 480 volts. 

FIG. 2.-GENERAL VIEW OF INTERIOR OF POW ER STATION, HALIFAX 

The generators are the standard E. C. C. 
high-speed type, 8-polar, with high per
meability steel magnets set in a massive 
cast-iron yoke ring, the latter being 
divided horizontally. The armature is 
the usual slotted and barrel-wound type, 

pump cylinder by 7-in . stroke. T he suction inlet is below 
and the delivery can be taken from either side. The valves, 
seatings and g lands are of g un metal. The water pistons 
are packed with g un-metal rings and the steam pistons 
with broad cast-iron rings. A Bailey's compound duplex 
circulating pump is al so installed, having a capacity of 
60,000 gallons per hour. The steam piping is by Stewart 
& Menzies , of Glasgow ; Lloyd & Lloyd, of Birmingham, 
and Babcock & \ Vilcox. 

T he engine room, a g eneral view of which is shown in 
F ig. 2, is 210 ft. long by 57 ft. wid e, and is light and airy. 
and well adapted fo r the purpose. Various types of en
gines are used, though all the electric machinery (with the 
exception of the Parsons turbo-generator) has been manu
fa ctured by the E lec tric Construction Company. Nearest 
th e main entrance door , ancl well shown in th e illustration, 
Fig. 1 , are three sets of engines and direct-current gen
erators, consisting of Belli ss patent self-lubricating tripl e
expansion eng ines working multipolar g enerators of th e 
E lec tric Construction Company's make. Th e engines are 
designed to exert 1080 brake horse-power at 240 r. p . m . 
as an ordinary full load, and also 1296 brake horse-power 
as an overload for short periods of time, with a steam 
pressure of 150 lbs. per square inch , exhausting into a 
condenser. T he sets have been running now fo r upward 
of twelve month s, and have g iven g reat satisfacti on in 
working, both as regards smooth running, governing and 
economical performance. 

O n a test , carri ed out at the makers' works before th e 
sets were delivered, a steam consumptJon was registered 
of 15¼ lb s. per brake horse-power , equivalent to approx i
mately 22 lbs. per kw. The engines are of very simpl e 
design and construction , and inay be described as being 
of the ordinary t ripl e-expansion marine pattern , with the 
working parts enclosed to permit of the application of 
forced lubrication to all the bearings. 

There are three cylinders, high, intermediate, and low-

arranged with the E . C. C. system of ventilation by 
ducts in the armature communicating with air-way 
through the centre of the shaft. The armature spider ter
minates in a massive flange-coupling which bolts directly 
to a heavy fl y-wheel on the engine shaft. In view of the 
comparatively high speed for the output involved, these 

FIG. 3.- YERTICAL ENGINE AND 2200-VOLT ALTERNATOR 

machines run with a low-temperature rise, the armature 
windings being under 60 degs. F. after a six-hour run. 
The fi eld windings are alternately both compound and 
shunt-wound, in order that they may be available for use 
on the lighting circuits, if required. The outer bearings 
are of the usual E. C. C. construction, white metal lined, 
and provided with oil rings, with extra large allowance of 
bearing surface. 

At the extreme end of the station is a vertical cross
compound condensing engine (Fig. 3). by Pallitt & Wig-
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sell, of Sowerby Bridge, of 600 ihp, with cylinders 18 ins . 
and 35 ins. diameter by 30 ins . stroke, running at 127 
r. p. m., and direct-coupled to an E . C. C. 2200-volt alter
nator. This engine is fitted 
with Corliss valves and 
patent trip gear 'to each 
cylinder, and is equipped 
with horizontal single-act
ing air pumps, made by 
the engine makers, but as 
this unit is now being con
verted, no furth er descrip
tion is necessary . In addi
tion, there is one rope
drivcn, direct-current, E . 
C. C. g enerator and one 
rope-driven, E. C. C. alter-
11ator (Fig. 4), driven by 
two Pallitt & Wigscll hori
zon ta 1 cross-compound 
condensing engines of 200 
ihp, with cylinders 12 ins. 
ancl 27 ins . diameter, 2..J. 
ins. stroke, 110 r. p. m., and 
with fly-wheels I I ft. diam
eter, grooved for ten ropes 
1 ± ins. diameter. 

rect to a dynamo of 200-kw output, the whole mounted on 
a surface condenser which forms the bed plate for the turbo
generator. T he air and circulating pumps are erected on 
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The cylinders of both 
these engines are fitt ed 
with slide valves and cut
off valves, those of· the 
high-pressure being auto
matically controlled by the 
governors. Pallitt & Wig
sell patent single-acting air 

FIG. 5.-PARSONS TURBO-GENERATORS 

pumps are also attached to each engine, and each of these 
engines, ·including the two described later, are equipped 
with Hartnell's patent governors. 

Besides the above units, situated in the far corner of the 

the same level as th e condenser, and are driven by worm
gearing from the turbine shaft , making the whole plant 
self-contain ed. 

Th e normal voltag e is 500 volts, and th e machines are 
1fitted with the Parsons electrical solenoid 
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governor, which maintains a constant 
voltage on the supply mains. Mechani
cal safety governors are al so fitt ed for the 
purpose of coming into action when the 

·- speed ri ses to a certain height and entirely 
cut off th e steam. The plants arc designed 
fo r a steam pressure, at th e stop valve, of 
135 lbs., and are complete with oil coolers, 
oil trays, etc. 

\V c now come to the most important 
part of the new work which the Halifax 
Corporation has been carrying out, re
ferred to at the beginning of th e articl e, 
namely, the installation of the new three
phase generators for the suburban tram
way service. Two of these generators, of 
300-kw capacity each , have been in stalled, 
and these are driven by two Palli tt & 
vVigsell engines, one unit being clearly 
shown in an illustration , F ig. 6. T he en
g ines are horizontal cross-compound con
densin g , of 570 ihp, with cylinders 17 ins. 
and 34 in s. diameter , 3 ft stroke, 100 
r. p. m. , with Corli ss valves, and patent FIG. 4.-ROPE·DRIVEN DIRECT·CURRENT GENERATOR AND ALTERNATORS WITH 

HORIZONTAL ENGINES 
trip gear to the high-pressure cylin

der, and slide-valve and cut-off valve to the low-pressure 
cylinder , and patent single-acting air pump. Each 
engine has separate condensing plant , one hav ing a 
jet condenser and the other a surface condenser. 

building, and shown in Fig. 5, are two turbo-generators 
sui)plied by C. A. Parsons & Co., of Newcastle-on-T yne, 
and which arc used both for tramway and lighting pur
poses. Each unit consists of a steam turbine coupled di-
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T h ese two three-phase g enerators are u sed for supply
ing current to sub-stations, described later, at a pressure 
of 50 00-5500 volt s, thi s being t ransformed down to 3 20 

new high-tension, th ree-phase work h as been suppli ed by 
Messrs. Ferranti, L td. , and is shown in F ig. 7; the remain
ing boards, as shown in F ig. 8, for the direct-current sup-

FIG. 6.-5500-VOLT THREE-PHASE GENERATORS AND E~GINES, HALIFAX 

volts, and then being transfo rmed by rotary converters to 
continuous current at 500-550 volts fo r tramway purposes 
and th e supply of current in bulk . 

ply, having been manufactured by the electric department 
of the Halifax Corporation in the workshops a<ljoining the 
electricity works. T he lighting network is fed from sev-

T he two generators are of th e Elec
tric Construction Company's standard 
slow-speed type, each g iving 3 50 kw 
at 6000 volts as th ree-phase current of 
25 periods, at 10 0 r. p. 111 . O ne ma
chine was built ent irely new, while the 
other was convert ed from a sing le
phase alternator working at 80 peri ods 
into a th ree-phase machine at 25 

periods. T he armature coil s are fo r
mer wound, thoroughly insulated be
fo re fi x ing in th e core slots. T h e wind
ings were tested with 12,000 volt s, 
bet\\ ecn the separate phases and to 
frame. T h e steel magn et poles are 
bolted to a steel shaft , which is fur ther 
bolted to the rim of the cast-iron fly
wheel , which , tog ether with the mag
net , weighs 26 to~1s. T h e effic iency of 
the alternator is 95 per cent, whil e th e 
exciting energy is only I 1 per cent , al
though th e regulation is 95 per cent 
fro m no load to full inductive load . 
The tested temperature rise was less 
than 2 5 degs. C. after eigh t hours' 
working at full load. 

FIG. 7.-THREE-PHASE SWITCHBOARD IN POWER STATION 

In a suitable room adjoining th e engine room are the 
various switchboar<ls for controlling th e current , both for 
the tramways and the lighting. T h e switchboard fo r the 

eral sub-stations, and the mains are laid partly on the solid 
syst em run in with bitumen, and partly armoured cable 
laid direct in the g round; some portion is also pulled into 
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conduits. The cable is chiefly Callender and British In
sulated Wire Company's makes . 

The general construction of the Ferranti board, which 
is of the cellular type, consists of a set of 2-in. slates fixed 
in a horizontal position ·and solidly grouted into the wall. 
Between these slates vertical divisions are provided to di
vide the whole fram ework into a set of pigeon-hole re
cesses. Each of these recesses contains individual appar
atus, the whole being assembled in such a way that parts 
of opposite potential are absolutely divided from one an
other by insulating material which serves not only to pre
vent the chances of fire and consequent damage to the 
gear, but also renders accidental contact with two parts of 
opposite potential practically impossible. Fig. 7 shows a 

The only sub-station for long-distance transmission at 
present erected is at Hebden Bridge, over 7 miles fr om 
the generating station, a view of which is shown in F ig. 
9. Two single high-tension cables are laid to this station , 
consisting of three-core 19-17 cable made by the Land-uncl 
Seekabelwerke, Coln , Nippes, Germany. The plant in this 
sub-station consists of three roo-kw rota ry converters. 
manufactured by the E lectric Construction Company, of 
Wolverhampton, the static transformers having been made • 
by the British E lectric Transformer Company (Berry 
patents), of London. The high-tension switchboard is also 
by the E lectric Construction Company, the low- tension 
board being made by the electrical department of the cor
poration. The three rotary converters, which are seen in 

FIG. 9.-SUB-STATION AT HEBDEN BRIDGE 

general view of the gear, which contains generator panels 
to the right and feeder panels to the left, with a connection 
in between for a wattmeter, which is made to read the total 
energy generated by all the machines . 

The generator panels are of the Ferranti standard pat
tern, suitable for dealing with a capacity of 600 kw per 
phase. Each three-phase panel contains section of bus
bar, bus-bar plugs, 1 ammeter, 3 oil break switches 
coupled together, 3 oil break fuses arranged with dupli
cate contacts, a cable receiver for receiving and sealing the 
ends of a three-core cable and complete regulating table 
equipped with the Ferranti well-known open type regu
lating resistances and carbon break field switches. The 
feeder panels contain similar fittings to the machine panels, 
but are minus the regulating table . 

The synchronizing instruments and voltmeters are con
veniently placed at the top of the board, and make contact 
by resting on metallic fittings insulated from the frame
work. Thus, there are no screws or bolts to adjust or dis
connect for the purpose of removing instruments from the 
!:lOard. 

Fig. 9, showing the sub-station, are each rated to give 
100-kw direct-current output at 550 volts whm supplied 
with three-phase current at 350 volts, 25 periods, the 
speed being 500 r. p. m. These machines work well in 
parallel with each other. The efficiency, as tested, is 
over 94 per cent, and the temperature rise is less than 25 
<legs. C. after working for eight hours at full load. Each 
rotary is started by means of a direct-coupled 4-pole in
duction motor, speed being adjusted for synchronizing by 
applying a variable voltage from an auto-transformer. 
There are voltage regulators in the secondary circuit of 
the static transformers varying the direct-current voltage 
from 500 to 550 volts; these regulations consist of variable 
ratio transformers connected to a rheostat of the battery 
type. T he rotaries have a seri es-winding, which enables 
them to g ive a further increase in voltage with increase of 
load due to the leading current re-acting upon the ten 
miles of transmission line. 

The switchboard (Fig. 9) in connection with the in
coming high-tension three-phase current, and the low
tension supply to the rotary converters, consists of six 
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panels of enameled slate carried on a fireproof framing, 
and was manufactured by the Electric Construction Com
pany. The two panels on the left-hand are for the two 
high-tension feeders, 4 0 amps. each . Each pan el is fitt ed 
with an ammeter, three-pole double-break switch and 
three fu ses of the expulsion type, the latter being placed 
above all the other gear. T hey arc plugged in circuit and 
can be renewed with safety. T he whole of the hig h-ten-

erected close by th e g enerating station. The workshop 
contains the usual machine tools, and most of the over
head fittin gs are made here. 

A t present there are about 30 miles of tramway single 
track, and all the overhead equipment for the last two 
years has been clone by the electricity department. All 
the feeder boxes and section boxes are fitted up in the 
workshops, the box castings being obtained locally. 

Aluminum cross-overs h:.ive been used 
in several cases, and have been found to 
give great satisfaction, and are a great 
convenience, owing to their small 
weight. O wing to the hilly nature of 
the town, the demand for tramway cur
rent is exceedingly variable, the maxi
mum current per car being 30 amps. 
with sixty cars running. In other 
tO\vns, where the gradients are small, 
thi s does not exceed I 5 amps. per car. 
There are grades of I in 9, and the 
sharpest curve is 30 ft. 

FIG. 8.- DIRECT CURRENT SWITCHBOARD AT MAIN STATION 

The trolley wire is of oo sectional 
area, and the cars are hammered over 
thi s, no solder being used. The poles 
are quite tasteful, as can be seen by 
reference to Figs. I I and 12. The va
rious insulators have been supplied by 
E stler Brothers.; Macartney, McElroy 
& Company, and the Electric Tram
ways Equipment Company. Section 
boxes have been fitted at half-mile in
tervals, and feeder boxes where needed. 
These sectional and feeder boxes have 
been fitted up by the tramways depart

sion g ear being at the back of the board, it is impossible 
fo r an attendant to come into contact with any high-ten
sion circuit from the front. A ll the instruments are low
tcnsion, each having its own reducing transformer. The 
main switches, each of which are operated by a handle, 
passing th rough to the front of the board, have six arms 
shielded from one another by substantial slate diaphragms; 
the quick break on each phase being 2 ft. 4 ins., gives a 
total, on th e three phases, of 7 ft. ; the final break is on 
carbon contacts. Detwecn the above panels and those fo r 
the converters is the synchronizing panel. T he synchron
izing, which is clone on the low-tension side, and on all 
three phases, is so arranged that the lamps, which arc in 
dupli cate, indicate whether the in-coming machine is run
ning too fa st or slow. There arc the usual voltmeters 
plugs, switches ancl fu ses. 

Coming to the three rotary-convert er panels, the cur
rent is delivered from the bus-bars th rough fu ses ancl 
switches, similar to those on the feeder panels, to step
clown transformers; the low-tension current returning to 
the three-pole switches, fu ses and ammeter on th e front of 
the lower portion of the panels, and thence to the con
verters. A battery of 270 cells is installed by the Chloride 
E lectrical Syndicate, the output being 200 ampere-hours . 
A t present this sub-station will feed into the tramway net
work which extends out to H ebden Bridge. 

Having described the power house and the sub-station, 
a few words about th e outside construction may be inter
esting. Halifax is a very hilly town, and the cars which 
run outside th e town have many long and heavy grades 
to overcome. O ne of the views (Fig. 10) shows one of 
the routes along the valley, and a car can be seen ascend
ing the long grade. 

The overhead equipment of the tramways is under the 
control of the electricity department, a workshop being 

ment , and contain the necessary switches to divide each 
section of the line, lightning arresters, etc. Guard wire has 
been erected to the requirements of the Postmaster-General, 
and is bonded to every fifth pole, itself being bonded by 
copper bonds to the rail. Every section box and feeder box 

FIG. 11.-VIEW SHOWING OVERHEAD CONSTRUCTION 

is also bonded to the rails. 111e guard wire in use is of No. 
8 iron wire galvanized. The aluminum wire has been used 
as a trail , but did not give satisfaction. 

The rails were laid under the supervision of James Lord, 
A.M.I.C.E ., borough engineer, and are of the steel girder 
type in 30 ft., 45 ft. and 60 ft. lengths, the weight per lineal 
yard is 95 lbs. The rails are laid on a bed of concrete 6 
ins. thick, and are connected by tie-rods 2 ins. x ½ in. 
every IO ft. The angle-plates are six-holed and 6o lbs. in 
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weight per pair. A nchor patent sole plates are also used, 
riveted to the bottom of each rail and let into concrete. 
T he bonds are Columbia bonds. 

Spencer's patent slipper brake is used on the cars in 
addition to the ordinary hand brake. 

T here are seventy cars at present in use, the equipments 

An Electric Railway to Connect Washington, Baltimore 
and Annapolis 

The work of preparing the roadway of the vVashington, 
Baltimore & Annapolis E lectric Railway, which is to con-

FIG. 10.- VI EW OUTSIDE HALIFAX, SHOWING HEAVY GRADES 

being by the vVestinghouse and British Thomson-Hous
ton Company, and single-truck cars only are used. The 
.car bodies were made by Milnes & Co., of Birkenhead and 
Hadley. T he motors are the G. E.-800 of the British 

FIG. 12.-YIEW ON NORTH BRIDGE 

Thomson-Houston Company, and the No. 49 Westing
house. The cars will hold about 45 passengers and weigh 
complete with truck about 8 tons. 

For the foregoing particulars, this paper is much in
debted to Mr. Rogerson, the electrical eng ineer of the 
corporation; Mr. Spencer, the tramways manager; Mr. 
Baldwin, chairman of the tramways committee, and the 
various contractors. 

nect vVashington, Baltimore and Annapolis, is progressing 
satisfactorily, and arrangements are being made for be
ginning track laying at once. The road will extend from 
the District line at Chesapeake Junction to the Baltimore 
city limits, connecting at \Vestport with the lines of the 
U nited Railway & E lectric Company, of Baltimore. The 
distance between these points is about thirty-one miles, 
and the route to be fo llowed is practically an air line. The 
line between \ Vashington and Daltimore is graded for 
double track, but for the present a single track only will 
be laid . From Chesapeake Junction to \Vashing ton the 
tracks of the vVashington Railway & E lectric Company 
will be used to the terminu s' of the latter line at Fifteenth 
and H Streets. H ere the Baltimore, vVashington & An
napolis E lectric R ailway will erect a terminal station that 
will probably be used jointly by that company and th e 
Chesapeake Beach Railway Company, which is to run its 
trains into \Vashington to thi s point. 

The line to Annapolis will practically be a branch, for 
it will extend from O denton, about eighteen miles from 
\Vashington, to Annapolis , a distance of fourteen miles. 
Together with the line to Annapolis, the road will be about 
forty-five miles long. The work of preparing for the line 
to Annapolis has not progressed as far as that for the 
through line between "\;V ashington and Baltimore, and it 
is probable that the Annapolis line will not be built until 
the \Vashing ton-Baltimore line is completed. 

A bout two acres of land have been purchased at Hyatts
vi lle for a power house, and work on the plant will be 
begun at once. It is said that the power house and 
sub-stations which it is proposed to build will cost $350,-
000. 
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N ew Power Station and Car House at Manchester, 
England 

About a year ago an outline was given in the STREET 
RAILWAY J ouRNAL of the plans of the Manchester City 
Corporation fo r the erection of an immense power station 
to supply power for the lighting and tramway systems of 
the city, both of which are owned by the municipality. Man
chester has had, fo r some time, one of the most extensive 
electric power systems in the United Kingdom, but most 
of the di stribution has been by direct current, and the 
lighting system has been on either the fiv e or three-wire 
system. T he demand fo r power, however, especially for 
tramway service, has for a long time exceeded the capacity 
of the two existing stations, although additional equip-

extremely compact, having a total of 14,000 hp contained 
in a room of 6600 sq. ft. 

The new power plant which the corporation is building 
is known as the Stuart Street works. The work on this 
station was commenced in March, 1901, under the super
vision of P rof. A . B. W. K ennedy, and the engines were 
put in service during the end of May of this year. Before 
the station was put in operation, however, the corporation 
realized that the future needs of the city for power would 
be g reatly in excess of the ultimate power capacity of the 
plant, and steps were immediately taken to increase greatly 
the output of the plant. The plans for this addition were 
drawn up at the request of the Council, by E . F. Metzger, 
who had recently been appointed chief engineer of the city, 
so that the station now being completed at Stuart Street 

Scale d; of an inch equals 1 foot 

FIG. 1.-PLAN OF NEW POWER STATION AT MANCHESTER 

inent has been installed in them, so that they now have an 
aggregate capacity of about 31 ,000 hp. 

T he old stations are two in number, both situated on 
the Rochdal e Canal and connected by an overhead walk. 
O ne of the stations, the D ickinson Street works, contains 
two 3000-hp Musgrave engines, two 1200-hp F erranti en
g ines, two P arsons 3500-hp turbines and seven 400-hp 
Goodfellow engines. The four latter are connected with 
their dynamos by belts or rope-drive. All the others are 
di rect-connected to their respective machines. P art of the 
power distribution from thi s station is accomplished at 
1500 volts by means of direct-current step-up transform
ers, by which the pressure is increased from 400 volts. 
D irect-current step-down transform ers are used in the two 
sub-stations to which thi s current is supplied. There is 
also a temporary plant of three-phase inverted rotary con
verters fo r power distribution at the Dickinson Street sta
tion. T he Bloom Street station contains four 3500-hp 
Musgrave compound engines direct connected to West
inghouse generators. The engine plant at this station is 

combines under one roof two complete stations of con
siderably different design. The work on the new part of 
this station is not sufficiently advanced to allow the publi
cation of a complete illustrated article about it at the pres
ent time, but, in view of the importance of the work and 
the fact that the plans call for larger engines than are now 
being used for electric work in Europe, viz., of 6000 hp 
each, some particulars of this plant will be of interest. 

The accompanying engraving shows a plan of the com
plete power station. The portion at the left of the plan in
dicates the first instalment designed by Prof. Kennedy, 
that of Mr. Metzger being at the right. In the Kennedy, 
or first, instalment the steam raising plant consists of 
twenty-four B. & W. water-tube boilers, built in pairs and 
arranged in two rows, one in each of the side bays of the 
boilers. These boilers generate steam at a pressure of 
170 lbs. to the square inch, and each boiler is connected 
to each of two main steam pipes which run down the 
middle of the center bay and are connected in the engine 
house to a complete ring main with a branch to each en-
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gine. The engine room contains two 2500-ihp vertical 
cross-compound engines built by Yates & Thom, running 
at 94 r. p. m., and each directly connected to a 1500-kw, 
three-phase alternator built by th e Allgemeine Elektrici
tats-Gesellschaft. These machines generate current at 
6500 volts and 60 cycles per second. The high and low
pressure cylinders of the engines are 36 ins. and 71 ins. in 
diameter, respectively, by 42 ins. stroke, and they are 
steam jacketed. Each exciter set consists of a three-phase 
induction motor driven direct by current supplied by the 
main generators at 6500 volts, and coupled to low-tension 

units, but two only are to be installed at first, together with 
six batteries of boilers, making an available capacity of 
12,000 hp. Running over the whole length of the house 
will be a coal bunker of about 5000 tons' capacity. This 
will be equipped with electrically-driven Hunt coal con
veyors. The boilers will be of the Babcock & Wilcox type 
and will be equipped with Babcock superheaters, which 
will give a superheat of not less than 120 <legs. F . at 200 
lbs. pressure. Each boiler will be capable of evaporating 
not less than 20,000 lbs. of water with 5700 sq. ft. of heat
ing surface and will be the largest boilers that the Bab-

FIG. 2.-INTERIOR OF NEW QUEEN'S ROAD CAR HOUSE 

shunt-wound generators. The auxiliary engine sets con
sist each of a 300-hp _Willans compo1:1nd engine, direct
coupled to a 200-kw direct-current generator built by the 
Allgemeine Company, and are used for supplying current 
for lighting and for the various motors about the power 
house, as well as an alternative source of exciting current 
for the main generators. Willans condensers are used in 
connection with water from the canal. There are also 
four Klein cooling towers. 

The Stuart Street first extension, as it is officially called, 
or the portion on the right of the original station, as shown 
in the plan, is patterned more after American practice, in 
that the center bay of the boiler room is parallel to the 
engine-room wall, while the engines themselves are more 
in keeping with the projected size of th e plant, being of 
6ooo-hp each. The ultimate capacity of this portion of the 
system, as shown in the plan, is eight of these 6000-hp 

cock & Wilcox Company has so far built. Green econo
mizers -will be used. 

The engines will be of the vertical triple-expansion type 
arranged with four cylinders and four cranks, and will run 
at 75 r. p. m. with 190 lbs. pressure superheated steam at 
the stop valve. They will be supplied by the Wallsend 
Slipway & Engineering Company, Ltd., of Newcastle. Cor
liss valve gear will be used. 

The leading dimensions of these engines are as follows: 

H . P. cylinder, diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 ins. 
M. P. cylinder, diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 ins. 
L. P. cylinder, diameter. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 72 ins. 
Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 ins. 
Diameter of shafting at engine journals........... . . . . . . . 2 1 ins .• 
Diameter of generator shaft throu gh boss.... . . . . . . . . . . . 31 ins. 

The generators are being built by the Allgemeine Elek
tricitats-Gesellschaft and will supply three-phase current at 
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6500 volts and 50 cycles . Two surface condensers, each 
of I 1,000 sq. ft . of cooling surface and capable of dealing 
with 32,000 lbs. of steam, are being supplied by Mather & 
Platt. There will be two batteries of three cooling towers 
each , to deal with the hot circulating water. Each will 
be capable of cooling 90,000 lbs . of water and will guar
antee to reduce the temperature from 125 degs. to 85 degs. 

which consists of four 150-kw synchronous motor genera
tors, and one 100-kw induction motor balancer. These 
units are all situated down one side of the new engine 
room and constitute the Stuart Street sub-station. 

An additional gallery will be placed below the level of 
the engine-room floor, for the purpose of carrying all the 
necessary starting, regulating and feeder-charging rheo-

FIG. 3.-PLAN OF QUEEN'S ROAD CAR HOUSE 

each. One battery of towers is being supplied by the 
VVheeler Condenser Company, and the oth er by Arthur 
Koppel. 

The main switchboards, which are being manufactured 
by Messrs. F erranti, are arranged on three galleries which 
extend clown one sid e of the engine room. There is to be 
one main switchboard c: ituated on the middle gallery, and 

stats and resistances, which are to be worked by gearing 
and extended spindles carried up through the floor to 
suitable pillars and hand wheels, thus enabling each to be 
worked from its own switchboard level. Normally, the 
traction and lighting bus-bars will be kept separate, but 
arrangements are made for coupling them together if nec
essary, but they w:ll also be connected, respectively, to 

FIGS. 4 AND 5 - STANDARD SINGLE TRUCK CARS, MANCHESTER CORPORATION 

at the same level as the switchboards in the existing sta
tion, which controls the two main 3750-kw units, fourteen 
high-tension feeders, and the two 200-kw exciter sets. On 
the top platform are the main bus-bars for lighting and 
traction, and the change-over switches for enabling a ma
chine to be run on either set of bars, while on the bottom 
platform the main fuses are placed in duplicate. Further 
along, on the middle or main platform, are the auxiliary 
lighting and power boards, each controlling twenty cir
·cuits, and fed from the existing continuous-current sets or 
from the sub-station at Stuart StreeL Immediately be-
neath the auxiliary boards and on the lower platform are 
the switchboards for controlling the sub-station plant, 

the traction and lighting bus-bars in the existing portion 
of the station. 

Fifty-five ft. from the ground level there will be two 50-
ton electric overhead travelers, made by Messrs. Higgin
bottom & Mannock, each having a span of 84 ft. Sepa
rate motors of the B. T. H. type are provided for hoisting, 
traversing, and cross-traversing, each worked by a special 
B. T. H. controller. 

Two electrically-driven coal and ash elevators and con
veyors are being provided by Babcock & Wilcox. Each 
conveyor will be capable of dealing with 40 tons of coal 
per hour. The conveyor is automatically fed from the 
hoppers under the railway sidings. It thence travels under 
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the boiler-house floor and, rising at th e encl boiler-house 
wall, automatically tips the coal into the large bunkers 
overhead . On its return trip it will pick up the ashes and 
deposit them in a separate bunker from which the railway 

· cars on the hig h or low level can be filled. 
The purpose of this article being simply to give a gen

eral outline of th e proposed work at 1lanchester, no at
tempt will be made in this issue to describe the interesting 
sub-stations, the motor generators of which are being sup
plied by the A llgernein e Elektricitats-Gesellschaft , and the 
switch gear by Ferranti ; or the important distribution sys
tem which is being carried out by vV. T. Glover & Com
pany, the well-known cable manufact urers, and which will 
probably be the most complete of any in the United King
dom. The work of construction is being carried rapidly 
forward, however , under the supervision of Mr. Metzger, 
and in a later article an opportuni ty will be off ere<l for 
views of the work itself, with full er particulars of the ma
chinery being installed. 

A description of th e recent work in Manchester would 

FIG. 6.- ST AND ARD DOUBLE TRUCK CAR 

be incomplete in this paper without at least a reference to 
the tramway system, which is one of the largest, as well as 
one of the latest, in Great Britain. The tramways in Man
chester are also owned and operated by the corporation, 
and the first section was put in operation in June, 1901 . 

The system is not confined to the county lines, but extends 
beyond the city of Manchester in a number of directions, 
except in the direction of Salford which has its own roads 
The tramway system in Manchester was originally leased 
by the city to private operators for a term of years, but as 
the leases expired the lines have been taken back by the 
municipality and equipped with electricity. The system is 
now almost entirely under the control of the city and has 
been transformed to electric power. As it stands, it com
prises about 150 miles of track 

One of the principal features of the system is the Queen's 
Road car house, capable of accommodating 262 standard 
cars of the company, and said to be the largest car house 
in Europe. A plan of this building is presented in Fig. 
3, and an interior view is given in Fig. 2. The car house 
consists of fourteen bays with three tracks in each bay. 
A pit having an area of 6500 sq. ycls. is provided under 
eleven of the bays. The tracks over the pit are supported 
on old tramway rail s which rest on steel pillars, providing 
free access over the whole area of the pit and allowing for 
the inspection of 200 cars at once. Running the entire 
length of the pit and at right angles to the tracks is a 

passageway deep enoug h so that the repairs foreman or 
chi ef inspector can wa lk the entire di stance irom one encl 
of the pit to the other under the cars, and thus inspect the 
work in hand. ln this trench are located the main hot
water pipes fo r heating the building. The pit and floor of 
the building are of concrete, whil e the wall s themselves are 
of brick. 

The ca rs usually enter and leave the building by the 
mai n entrance. which is 16 ft. wide at the front of the 
building, but three additional entrances are provided in the 
side of the building in cases of emergency, such as fir e, a 
breakdown at th e main entrance, etc. 

The corporation is using both singl e and double-truck 
cars, and views of the standard cars are presented here
with. Sing le-t ruck cars are considered more desirable for 
most of the lines, but doubl e-truck cars are used on the 
long-distance lines, especiall y during the morning and 
evening runs; the peak speed allowed it ten miles per 
hour. T he cars were built by the G. F. Milnes Company 
and the Brush Company. T he wages paid for a working 
week of sixty hours are as follows: First-class motormen, 
31s 2d; second-class motormen, 28s 9d; first-class conduc
tors, 27s 6cl ; second-class conductors, 25s; motor inspec
tors, 36s 3d to 38s 9d; washers and cleaners, 21s 3d to 
25s; time-keepers, 27s 6d to 30s; ticket and nig ht inspec
tors, 28s to 35s. T he manager of the tramways is J. M. 
McElroy. 

•• 
A Graphical Method of Making Time-Speed Curves 

DY WALTER S. VALENTINE, M. E. 

In the preliminary calculations for proposed electric 
railway systems, the time-speed curve is an important fac
tor. Dy its use the engineer is enabled to compare the per
fo rmance of various possible electric equipments for the 
service, and is the basis upon which a series of important 
determinations are made. 

It is the object of thi s paper to describe a graphical 
method devised by the writer, which greatly facilitates the 
construction of these curves. 

There are several factors which enter in to affect the 
velocity of the train , and which make the rnnstruction of 
the time-speed curve somewhat complicated. The factors 
which directly affect the nature of the curve are: Tractive 
effort of the motor ; train resistance clue to air resistance, 
friction, etc. ; grade resistance, and finally resistance clue to 
curves in the road. 

The acceleration of the train is directly proportional 
to the algebraic sum of these forces, or : 

L'-1 oc T. E. - Tr. :±- Gr. - Cr. (1) 
where A equals acceleration; T. E. equals tractive effort 
clue to motor ; Tr. equals th e train resistance clue to air 
resistance and fricti on ; Gr. equals grade resistance and 
may be either pos itive or negative; Cr. equals resistance 
clue to curves in th e road. T his last factor is expressed in 
pounds per ton per degree of curvature, and to simplify the 
above proportion, may be combined with Gr. and ex
pressed as equivalent grade. 

The factors (T. E. - Tr.) will be referred to as net 
tractive effort. 

The tractive effort (T. E.) varies in an inverse ratio 
with the speed, and its values with corresponding speeds 
for any particular motor equipment are obtainable from 
characteristic curves furnished by the manufacturer. 

The train resistance (Tr.) in general varies with the 
train speed and may be found from some standard formula 
such as the Baldwin Locomotiove Works formula. 

The weight of train being known, the successive accelera
tions of the train 'c; velocity starting from rest may be com-
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puted by use of the above proportion put in the form of 
an equation: 

I 

Acc.= - (T . E. - Tr.) ± Gr. 
M 

the train resistance curve; to illustrate, A' C is value of 
motor tractive effort for the particular equipment 
for a speed of 58 m. p. h. Now, by aid of dividers, 
the point A' is move::d to the left to the position A by an 
amount B C, the train resistance for that speed. In the 
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same way from each value of motor 
tractive effort the corresponding value 
of train resistance is subtracted "graph
ically" and the net tractive effort speed 
curve is the result. 

The inclined straight line curves, 
marked "·%, Grade," are plotted be
tween net tractive effort and accelera
tion in 111. p. h. p. s. for the several 
grades of the road. These net tractive 
effort acceleration curves are right line 
curves and have the same inclination 
for all grades. This will be readily 
seen to be the case if equation ( 2) is 
compared with the general equation of 
a right line curve, 

y = 1/lX ± C 

In case there should be a number of 
grades and consequently a number of 
grade lines or acceleration curves to be 
drawn, the writer has found that it 
greatly simplifies the chart to construct 
a scale of grade per cents along the 
horizontal axis, and then draw one 
grade line with vertical and horizontal 
axis upon a thin piece of celluloid, and 
place this over the chart in the proper 
position for the grades line required. 

A second set of right line curves 
called "time increment curves" are 
drawn i'n chart, which serve to give the 
gain in velocity for any desired time 
increment to be used in the construc
tion of the time-speed curve. 

The use of the chart can best be ex
plained by taking an example: 

~ treet R u i l1JJuy Jwr,aaL 

FIG . I. - C HART FOR PLOTTING TIME-SPEED CURVES 

In Fig. 2 is shown a time-speed 
curve constructed for the equipment 
and conditions represented in the chart, 

using two grades-a zero and a + 1.0% grade. Assume 
that motors r eceive full line pressure at a speed of 28 m. 

where }Ji r epresents the mass of train, including th e equiv
alent mass of rotating parts. 

T he initial accelerati on is considered as 
50 

ac ting uni fo rml y up to the point wh en th e 
full lin e pressure is impressed on th e mo
tors. From thi s point on, the acceleration 
dec reases because of the decrease in th e T. 

10 

E . of m otors. In order to obviate the ne
cessity of computing the acceleration for 
each successive change in tractive effort , the 30 

writer has made use of a chart from which 
the increm ents of veloc ity may be trans
fe rred by m eans of dividers directly to the 20 

time-speed curve. 
This chart, F ig. I , is constructed as fol-

lows: 10 

Th e net tractive effort is taken as abscis
sx for both positive and negative values, 
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and speed in miles per hour is taken for _20 

ordinates. The train resistance speed curve 
is drawn first and in case the B. L. W.'s 
fo rmula is u sed, it is a straight line. Then 

I 
y 

having at hand a table of motor tractive efforts with 
corresponding speeds in miles per hour, the net trac
t ive effort speed curve is plotted by making use of 
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FIG. 2.-SAMPLE TIME-SPEED CURVE 

p. h., then the initial acceleration will be uniform up to 
speed. Referring to the chart, the point E on the net 
tractive effort speed curve corresponds to this speed of 28 
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m . p. h.; from E follow a vertical line intersecting with 
0 % grade line at F; from F foilow a horizontal line inter
secting the vertical axis, which point gives a value of .87 
m. p. h. p. s. acceleration and is the initial acceleration of 
the train. A straight line is now drawn on time-speed 
curve from origin to point "1 " at 28 m. p. h. with an in
clination representing an acceleration of .87 m. p. h . p. s. 
Point "2' ' is now obtained by selecting a speed 
about midway between points " 1" and " 2," in 
this case. 29 m. p. h. , and in the same manner as 
before find the acceleration corresponding to a 
speed of 29 m. p. h. This acceleration may be 
considered as an average between the acceler-
ations at "r" and "2," and in this part of the 
curve where the acceleration is high should be 
considered as acting for about 3 seconds. Now, 
instead of taking the acceleration from the ver -
tical scale on the chart as m. p. h . p. s., the 
3-second time increment line is made use of and 
with dividers set for the distance nn', the gain 
in velocity for 3 seconds may be trans£ erred to 
the time-speed curve directly, locating the 
point "2." In this way the time-speed curve 
is built up until the area included between it 
and horizontal axis represents the length of 
grade. It will be noted that as the acceler-
ation falls off larger time increments may be 
taken. 

By referring to the + 1 .0 % grade line, instead of the 
0.0 % line, th e curve may be continued for the r .0% grade. 
In this case, however, the train having reached a speed 
which exceeds what would have been the ultimate speed 
had the first grade been + r .0% instead of 0.0% , is 
retarded due to the fact that the train resistance plus g rade 
resistance in this case exceeds the tractive effort clue to 
motor. This fact is 
taken care of by the 
chart, for upon look
ing for the acceler
ation at 43 m. p. h. on _ 
+ 1.0 % grade it will 
be found on the ver
tical scale below the 
horizontal axis, which 
means that the acceler
ation is negative; or, 
in other words, the 
train will be retarded. 

At the point "6" the 
power is assumed to 
be cut off and train 
allowed to coast. Re
tardation will, of 

Recent Improvements on the Metropolitan Railway of 
Paris 

.The Metropolitan Railway of Paris, which, as will be 
remembered, is an underground electric road running ap
prox imately east and west through the center of the city, 
has proved to be one of the most success ful traction enter-

/~ 
.., ... 
1' . 

f ,, 

MOTOR CAR ON METROPOLITAN RAILWAY, PARIS 

prises inaugurated during recent years in France. The 
road was put into operation in July, 1900, and important 
extensions are now under construction which, when com
pleted, will bring the road into connection with nearl y every 
important traffic center in the city north of the Seine. 

As will be remembered from the description of the road 
which appeared in the STREET RAILWAY J ouRNAL for Sep-

_, course, take place, the 
rate of which may be 
ascertained from the 
chart by reference to 

EIGHT CAR TRAIN, METROPOLITAN RAILWAY 

the train resistance speed curve in the same manner that the 
accelerations were found from the net tractive speed curve 
at first. 

In the chart are shown onlv two-time increment lines in 
order to make it as simple ·for presentation as possible. 
In practice, however, a number of these lines are used, 
they can generally be made for 3, 5, ro, 20 and even 40 
second increments. 

This met~od has been used in plotting a considerable 
number of time-speed curves and has been found to be a 
very efficient time saver. 

tcmber , 1900, the orig inal line extended from the Porte de 
Vincennes to the P orte :Maillot and was a double track 
tunnel , the rail s in which were located at an average depth 
below the surface of the street of only about 15 ft. to 20 ft. 

The tunnel is 14 ft. 9 ins. high above the rails and be
tween stations is about 23 ft. 4 in . wide. O n curves the 
side walls are carried out to give an additional clearance 
of about 7 ins. The greater part of th e rolling stock con
sists of 4-wheel cars, follo,ving in thi s respect the usual 
French steam railroad practice, and the cars themselv es 
are similar in. general design to the F rench railroad cars. 
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T he original train service was conducted by trains of 
four cars each , of which the leading car only was a motor 
car, and was equipped with one controller and two motors. 
T he popularity of the road as a means of transit through 
P ari s made it soon evident , however, that an increase in 

ment of the Manhattan E levated Company of N ew York, 
an extended description of the method adopted, which was 
proposed and installed by the F rench Thomson-Houston 
Company of Paris, and which in some respects differs 
from that employed in the New York equipments, may 

be of interest . 

FOUR-CAR MOTOR TRAI N, METROPOLITAN RAILWAY 

The problcn:i pre
sented to the F rench 
T homson - Houston 
Company was as fol
lows : A 111111,mum 
frequency being im
posed, say two and 
o n e - h a 1 f 111 i nutes, 
which is to be kept 
during the whole clay 
independently of any 
flu ctuation of traffic, 
to adopt a system of 
traction allowing of a 
combination of an 
eight-car train with 
two-car trains coupled 
at will together , said 
four-car trains being 
completely indepen
dent when it is neces

ca rrying capacity was necessary. T his could not be secured, 
however , by the addition of more trains, because, owing 
to the block signal system used, the frequency of the trains 
could not well be reduced below 2½ minutes ser vice, which 
,vas in force. T he company's engineers, therefore, de
cided to adopt during the rush hours an eight-car train 
corresponding to the g reatest length allowed by the existing 
platfo rms. It was consiclerecl out of the question , owing to 
the limitations imposed by the size of the tunnel and the 
sharpness of the curves, to use single motor cars as locomo
tives for this service, and equip them with fo ur motors to 
secure traction . M oreover, locomotives of th is ki nd woul d 
bave many drawbacks from the exploitat ion point of view. 

VIEW OF M OTORMAN 'S CAB 

The company, therefore, considered only the multiple 
uni t system and the two-motor car t rain meth od, that is a 
train with one motor car at each end, operated by a single 
controller. 

Based on the acceleration required (a maximum of about 
2 feet per second ), the latter plan was found to be cheaper 
and better suited to the particular conditions of the service. 
As this was one of the systems considered fo r the equip-

sary to let them run alone at the hours of feeble traffic, and 
being coupled together and operated both from the front 
platform by a single motorman at rush hours. 

END VIEW OF METROPOLITAN CAR, SHOWING END ENTRANCE 

T his, as will be seen from the diagrams herewith, has 
been accomplished by using a single large train cable for 
carrying the current necessary for two motors, and in addi
tion, a very much smaller cable with twin conductors, that 
is, two wires, fo r an el.ect romagnetic reverse switch. As 
above-stated, only one controll er per motor car is used, 
making a total of four motors and two L-3 controllers per 
train, each motor car being provided with one L-3 con-
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trailer, one special "2 motors-4 motors" switch, one DB-16 
magnetic reverse switch (which is the same as used in the 
General Electric train contro l system) and necessa ry num-

FIG. I FIG. 2 

FIG. j FIG. 4 

ber of rheostats for four motors, and finally two TI-I-4 
motors of 125-hp each. 

The combinations possible with this apparatus are shown 
in Figs. I to 8, in which Fig. I represents two cars with 
their equipment connected in series; F ig. 2, two cars with 

G 

' 

gram of the connections by which these comLinations are 
effected from one point is presented in Fig. 9. 

In F ig. 9, T represents the third rail and F ' and F 2
, the 

FIG. 5 

FIG. 7 

( 
L 

FIG. 6 

FIG. 8 

current collectors; A, D and C are three conductors extend
ing the entire length of the train, with couplings between 
the cars at a, a. D 1 and D 2

, and P 1 and P 2 represent sche
matically the ordinary controller cylinders by which the re
sistances R 1 and R 2 can be connected in ser ies with the 

Btreet &ilwayJuurnal G 

FIG. 9.-SCHEMATIC DIAGRAM OF METROPOLITAN CONNECTIONS 
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FIG. 10.-CAR-WIRING DIAGRAM OF METROPOLITAN EQUIPMENT 

their equipments connected in parallel; Fig. 3, two cars in 
which the motors of the first car have been cut out of cir
cuit; Fig. 4, two cars in which the motors of th e second car 
have been cut out of circuit; Fig, 5, one car with motors 
in series; Fig. 6, one car with motors in parallel; Fig. 7, 
one car with the first motor cut out of circuit, and Fig. 8, 
one car with the second motor cut out. A schematic dia-

motors and cut out, and the motors coupled in series 
parallel control. 

E 1 and E 2 represent the special swi tches, called "2 mo
tors-4 motors" switches, by which the motor car connec
tions are disposed for four-car trains or eight-car trains. 
At the same time, the steps of resistances arc changed in 
order to suit exactly the two-motor or four-motor equip-
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ment conditions. It was found in practice, however, that 
this latter disposition was not necessary on the Metropoli
tan cars, and in the actual controllers this refinement was 
omitted. 

I1 and I2 are the armatures, and J1 and J 2 are the fields 
of the moto rs . l\![1 and M 2 are the reversing switches for 
reversing the direction of rotation. SA1, SR1, SA2 and SR2 

VIEW OF TRUCK 

are solenoids wh ich act on plungers b1 and b2, and which, 
by means of the levers t1 and t 2 operate the switches M 1 and 
l\f2 mentioned above. 

The three switches A V1, A V 2
, L1, L 2

, N 1 and N 2 are 
operated by the ordinary reversing handle, and serve to 
control the direction of running of the entire train. The 
same reversing handle serves to operate the E 1 and E 2 "2 

motors-4 motors" switches. 
The operation of the system is then as fo llows: To con

trol the " double unit" train from one point. say from car 1. 

two motors I1 and J1 are then so connec ted that the move
ment of controller switch P 1 can put them either in series 
or in parallel. F ig. IO is a car wiri ng diagram of the system . 

CONTROLLER USED IN NEW METROPOLITAN EQUIPMENT 

F igs. 1 T and 12 show respectively the acceleration obtaine<i 
by the Metropolitan Company with a four-car tram, with 
one motor car. and an eight-car train with two motor cars 
equipped as above. They were obtained under ordinary 
service conditions and indicate very nearly as good accel
eration with the eight-car train as with the four-car train. 
\i\Tith expert control probably a slightly better showing 
could have been made. 

The Metropolitan Company has now forty-one new two
axle motor ,ars with two TI-I-4 motors, which correspond 

very closely to the G.E-
66. and which are equip
ped ·with the present 
double-unit system. In 
addition , the company 
has forty more cars under 
construction to be (quip
ped with the TH-4 mo
tors. and to be used on 
the new line through the 
Boulevards Exteri eurs. 

LATEST TYPE OF MOTOR TRUCK, METROPOLITAN RAILWAY The number of motor 

the two switches E 1 and E 2 are put in the position "4 mo
tors" shown in \.;1e diagram. The switch AV2 being open, 
the current passes by the switch A V 1 either to wire A, or 
wire B. It then passes through the solenoids SA1, SA 2 or 
SR1, SR2

, according to the position of switch A V1, throw
ing to the right or to the left the plungers b1 and b2

, which, 
by the levers t1 and t 2 throw the switches M 1 and l\P, and 
thus determine the direction of running of the t rain. The 
switches L1 and N 1 being open do not allow any current 
to pass, while switches L 2 and N 2 being closed connect the 
motors I2 and J2 with the earth and the train cable C . The 
controller cylinder D 1 allows the current to pass through 
the resistance R 1, and then through the motors I1 and J1 

and the controller switch P 1 connects the two groups of 
motors up in series or in parallel. To operate with a single 
unit , as, for instance, with unit No. 1, it is necessary only to 
change E 1 to the "2 motors" position. The terminals of the 

cars equipped with the 
system described above allows of eight-car trains being run 
alternately with four-car trains during the rush hours in the 
morning and evening; at other times, four-car trains are 
suffi, ient to care for the traffic. 

This new service was inaugurated in November, 1901 , 

and the very important increase in receipts since that time 
show the success of the system. 

•• 
A method employed on one of the San Francisco street 

railways for holding the motor pinion on the shaft is as 
follows. The ordinary lock-nut washer is not put on the 
shaft, but the nut is screwed up tight to the pinion. A 
blunt, round-nosed chisel is then employed to swell out a 
little the encl of the pinion over the nut holding the 
latter in place. This method is found more desirable than 
the use of a lock-nut washer. 
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Failure of Municipal Ownership in England 

DY IION. ROilERT P. PORTER 

PART II., AND CONCLUSION 

T he g eneral out line of the arrangement , mentioned last 
month , by \\'hich the British government in 1892 took over 
part of the telephone business o f the country was that the 
trunk wires which connect large towns should be worked by 
the postmaster-general, and that bu siness inside of towns, 
\\'hi ch in England is g enerally called "exchange business,'' 
,,hould be left in the hands of private companies. Thi s 
dual arrangement had it s di sadvantages, and, as those who 
understand the business will reali ze, it s inconveni ences; 
but the telephone company could do nothi ng but go ahead 
along the line mapped out by the government. Having no 
cont rol over the entire system, and being mor e= or less ham
pered by municipalit ies in the matter of lay ing wires, more
, >,·er being compelled to pay over a large royalty to the gov
ernment , the inducement was not great to invest addit ional 
capital. The government and the company seemed to have 
got along fairl y well , g iving an indifferent service for a 
rather high price, until t he m unicipal traders, lookin g 
aruund fo r new fields to conquer, took up the matter. T he 
telegraph act of 1899 g ives the mu nicipali t ies the r ight to 
establish and work local systems wi th in their own a:-ea in 
competition not with the government trunk Jines, but wi th 
the telephone company. Now, as everybody knows, t he 
telephone ser vice is not one which lends it self to compe
tition , because it is obviously very inconvenient fo r a tele
phone subscriber to fin d that people with whom he wishes 
to speak arc not on his system, but on the sys·tem of some 
other company. \ Vhat with the government absorbi ng the 
trunk lines and municipaliti es reachin g out a fter the local 
business the company which ori g ina lly undertook the ex
ploita ti on of the telephone in E ng land is becoming di s
couraged, and some of the officer s openly say that rather 
than still furth er complicate and obstruct the business bv 
m unicipa l trading it would be wiser fo r the government t~ 
take it all over and run it , with the teiegraph, as a State 
111 0,wpnly. 

There are seve ral r easons why thi s plan is just now not 
agreeable to the Briti sh Government . ln the first p lace, 
public sentiment is murmuring again st increasing S tate 
under taki ngs. Then the gover nment has made a mess of 
the teleg raph business, which does not even pay. Up to 
1899 the Brit ish Government has lost the enormous sum of 
$35,000,000 in the management of the telegraph business . 
T his has become alarming, because the loss is con tinually 
increasing, and last year it was $3,000,000. I t is generally 
conceded that a p r ivat e company, or two private com
panies, as we have in the U nited States, would do the busi
ness far better and make it profitable. T hen again , in Vic
to ri a , where the r ailways have been worked for a consider
able time by the State: the loss has been $35,000,000. In 
South Australia the loss has been $10,000 ,000. A commi s
sion appoin ted tn investi gate thi s shocking ly bad manage
ment of under takings on the pa rt of the State repor ts " the 
ser vice is di soqzani_zed and the poli tical infl uence is notice
able throughout. " I t recommends the complete separation 
uf the rai lways from the State and the placin~- of them 
under a board of five tru stees, with a g eneral manager. T f 
thi s is done, the report states than an annual savin cr of 
$ 1,825.000 is indicated. c:o 

F rom Ind ia comes the same g-loomy story in a r epor t 
made by Mr. Bell. who is in the Depar tment o f India R a il
ways. M r. Bell expressed a strong- opinion that the effec t 
of the govern ment havi ng take1_1 up the I nd ian ra ilwavs had 
been to check the progres3 of Indian railwavs, a;1d S ir 
J ulian Danvers, who has so very much experience in the 

same direction, expressed the same opinion. l\ Ir. Bell , in 
hi s r eport , sa id : "I have laid stress on what I should call 
t he perni cious element in the present poli cy of the govern
ment , i. e., the retention of the idea that the State must 
continue to ex ercise direct action in both the construction 
and working of railways. l have implied that thi s cannot 
co-ex ist with really vigorous life in pri vate enterpri se, and 
that it is the latter to which we should look as the ultimate 
and sole agency for such operations. " L ord Avebury, in 
hi s test imony befo re the select committee, brought out the 
fac t of the great development of railways in the Argentine 
Republi c by pri vate enterpri se, while there had been little 
of the same kind in India. S ir Julian Danver s said "that 
he had come to the conclusion that the agency of companies 
was upon the whole the most sati sfactory mode of carrying 
out rail way enterpri se ; that seemed to be now the opinion 
of the government ; ra ilways, being commercial concerns, 
were bette·r in the hands of those who could manage them 
on commercial principles." T he private investor in India , 
as he does elsewhere, takes the ground that if a railway was 
likely to pay it would -be made by the government , and if it 
is left to a private indi vidual to make it must be because it 
is not likely to pay. The result has been that ther e has been 
very little private enterpri se in the matter of Indian rail
ways. For these r easons, or because of the g reat loss in 
connect ion with the tel eg raph business, the Briti sh Govern
ment has hesitated to take over the entire telephone busi
ness of the country; but by taking the trunk lines and ex
acti ng too high a royalty and by letting the nmnicipalit1es 
into the business it has spoiled it fo r private enterprise. 

COS T OF l\IUNI CIP .\L U;'\/DE RT .\ KINGS 

T he compari sons between publi c and · private under 
taking s which are set afloat in the U nited States and appear 
in the newspapers advocating municipal ownership and op
eration of publi c utilities a re valueless, because the real cost 
of municipal enterprise is never g iven. To make a fair 
comparison , these items should be charged as fo llows: 

First- A ll the cost of all direct and indirect salari es and 
wages. (Indirect wages and salari es a re not always 
charged in the case o f municipal undertakings, such as, for 
example, a fair proporti on of the salaries of the town clerk, 
borough surveyor , hig h-priced official s and other s.) 

S ccond- T he fu ll and fair cost of all materi als consumed 
for the purpose of the undertakings . ( Coal and many other 
materia ls are often charged in a haphazard way; it ougnt 
to be done accurately, from an accountant's point of view.) 

T hird- It should include the cost of insurance against 
loss by accident s of all kinds. · 

Fourth- T he cost of adequate maintenance and up-keep. 
F ifth- Provi sion should be made fo r depreciation, wear 

and tear and possible obloescence to meet the ca<;e o f its be
coming obsolete. ( T here is a g reat ri sk in municipal un
dertakings of something better presenting it self, and the 
undertak ing , though it may be fully maintained and be in 
very good worki ng condition , may be super seded by some 
new invention . T his happened on a colossal scale recently 
in New York when the Metropolitan Street Railway Com
pany scrap-heaped .a $6,000,000 cable plant to put in an 
underground trolley system .) 

Sixth- It should cover the value of municipal taxes re
linqui shed by reason of municipal ownership. (This is 
neve r done by those who advocate municipal ownership. 
As yet it is impossible to make a fair comparison between 
municipal and company working if the municipality is taxed 
or r ated lower than the company ,;,ould he ·for the same 
undertaking.) · 

S c·uc11 t'1-State taxes pa id or chargeable in respect of the 
undertaking should be included for the same reason as 
above. 
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Eighth- T he interest on the entire investment. 
N inth- A sinking fund fo r redemption of capital within 

the period approved by the ratepayers and by the local gov
ernment boa rd or other government department. 

T hese a re the nine heads of cost which E mile Garckc 
cdit; r of the :Manual of E lectrica l Under takings and di~ 
rector of the Briti sh E lectric Traction Compa ny, thinks 
should be included in such comparisons. I n nine cases out 
of ten they arc not. T f those debating the question would 
insist on thi s fo rm being complied wi th and accept no com
parisons between the work ing o f municipal and private 
undertakings unless these rules have been fo llowed out, the 
whole fabri c 9f municipa l ownership would fa ll to the 
ground of it s own weig ht. T he comparison wou ld be over
whe)ming ly in favor of the private company enterprise. 

LON DO N CIIAl\lB~R OF CO ~IM E l{ CE 

A good dea l of effect ive work ha s been clone again st thl'. 
extension of municipal socialism by the va rious chambers 
of commerce of Great Bri ta in , and in this the L ondon 
Chamber of Commerce has proper ly taken the lead. A mu
nicipal trading committee has been appointed by that influ
ential commercial boclyand a number of meetings have been 
held. L as t O ctober the writer was invited to deliver an ad
dress in London under the auspices of the committee of th~ 
London Chamber of Commerce, and in the course of thi s 
~dclress said : 

" Within the last few years a change seems to have come 
over this municipal dream of yours. \ Vhile we, as l have 
said, have been obliged to a rgue our case in the Unit ed 
States on a demurrer so far as E ng land's experiences were 
concerned, there has arisen wit hin the vcr,, shadow of 
Spring Gardens a perverse generation which· has set about 
the demolition of the idols we have been tole! to bow clown 
to and vvor ship . The att ack on the temple of municipal 
trading has been sharp and decisive, and the edifice is al
most r ent in twain. Having accomplished it s partial de
struction yourselves, a ided as you have been by your own 
chambers of commerce, by the Society of Arts debate, by 
the Royal Statistical Society's investigations of the finan cial 
side of the_ question , by the Parl iamentary committee, by 
numerous able pamphlets, and more r ecent ly by that power
ful ally the London T imes, you must not ask u s foreigner s 
to gaze upon what is left of the edifice and pronounce it 
complete and satisfactory. \!Ve are more likely to enter the 
sacred precincts th rough the aperture you have made in it 
and endeavor to solve the mystery of it s departed power. 
\Ve may even be encouraged to compare the cost of some of 
these boasted achievements ,vith sim ilar undertakings of 
our own. \ Ve mig ht be tempted to ascertain if under a dif
fe rent method we have been able, by uti lizing individual 
effort and private capital, to g ive the publi c as cheap and as 
efficient service. You, gentlemen , are too fami liar with the 
shortcomings of municipal trading to need even a r ecapitu
lation to-nig ht. You fo und it did not fit in ,nth the ex
tension of modern enterprise. You wanted to distribute 
your electrical power and sell it cheaply fo r all sorts of pur
poses and you were blocked by a combination of town 
clerks. T here was a demand for cheap producer s, gas fo r 
use in the gas eng ine, the latest and cheapest invention fo r 
motor power , and you were held up by municipalities whose 
business interest prompted them to oppose cheap power . 
So it was with light-electric and gas-and with the exten
sion of tramways and light ra il ways. T hen it was that vou 
discovered that these towns and cities, wi th their retinu~ of 
officials, had been merely nibbling at the electr ical inclnstrv. 
Private enterprise was being dampened and dwarfed l;v 
hold-ups in the shape of provisional orders. J\.i eantim·e 
E ngland was behind even Italy in an industry in which she 

should, by rights of priority of pract ica l application, have 
kc! E urope and been side by side with the United States. 
W hen these fact s Wl'.re fu lly esta blished your lhi ti sh ire 
was thoroug hly aroused. \Vhatever may be the final out
come, and whether you ever come to any understanding 
with these authoriti es as to boundary lines or not, you havl'. 
weakened their power. If they still , as is probable, cling 
tenaciously to that which they have, they will have to fight 
harder fo r that which they may in future wish to appro
priate. T he municipal trader may preach ' no fin ality tu 
mu nicipal tradi ng ,' Iii.it Parliament , the limitation of the 
debt-creating power , the patience of the ratepayer and the 
necessity o f encoura~i ng Briti sh imlustry, wi ll prevent its 
being carri er! out. Sti ll more di sastrou s will be the t rap 
which M r. Garcke has set for the municipali sts and into 
which Mr. Donald , editor of the l\fo nicipal J ournal, r e
cently precipitated himscl f. 

"As I have said, until the severe attacks on municipal 
trading r eferred to above we had been given to understand 
in Ameri ca that in E ngla nd wonder fo l success had attended 
the efforts of municipali ties to monopoli ze individual en
deavor or enterprise. T he appeal , however , was chiefly 
made on the exceedingl y fall acious ground that the 'profit s' 
thus extracted from the pockets of the capable and enter
pri sing , the energetic and fa r -sighted, the ingenious and the 
inventive were enabling the r est of the community to live 
free of taxation. H erein lay it s chief attract ion . Mr. Don
ald di sposes of th is point himself, and thus denudes the 
whole theory of 'no finality to municipal enterpri se' of it s 
principal charm to American municipalities hy the fo llow
ing declaration : ' I t would be preferable in all cases that 
municipaliti es ceased to make profit s from their under
takings, whether water, gas , electricity or tramways.' H erc 
we have an advocate of municipal trading in E ngland aban
doning the very essence of the argument of his co-laborer s 
across the .\tlantic. The bait of lower taxation is the lus
cious morsel which the Bryanite orator and American col
lege pro fessor have been dangling before our taxpayet s. 
\Vithout it the subj cct will not prove permanently attractive 
and hardly command respectful attention." 

St rong speeches were made at that meeting by well
known and influential E nglishmen and by Charles T. 
Yerkes, of the U nited States, who has undertaken extensive 
enterpri ses in conn ection with Lone.Ion rapid transit. Syd
ney \1orse , the chairman of the committee, among other 
thin gs said that " when a few years ago it was found that 
the municipalities and local aut horities throughout the 
kingdom were anx ious to enter into the arena of trade in 
competition with their ratepayers- with money rai sed on 
the security of the rates these trader s paid- it was felt that 
a time had arrived when a special committee o f the chamber 
should be appointed to endeavor to deal with the question. 
The committee had been doing what it could in ;:i_ small and 
unpretentious way; it even ventured to ri sk a general battle 
with the r epresentatives of the municipal trader s by getting 
the government to appoint a joint committee of both houses, 
and although that joint committee made no repor t and came 
to no definit e decision it collected a great deal of valuable 
evidence, which has now been publ ished . H e had the 
authority of their guest fo r saying that that report had been 
of g reat value to our fri ends in America . T he question 
was reall y of immense importance. Few of them realized 
fully the · extent to which municipal trading, if it was al 
lowed to have it s full sway, would interfer e not only with 
trader s, but wit h the comfort of everyone in the country, if 
it did not in the encl interfere with the government of the 
c1 J1111 trv in a disastrous ma nner.' ' 

Sir Charles River s \ Vilson said : " The Chamber of Com
merce had clone gallant service and put themselves in the 
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forefront of the battle. but it was not to be expected they 
would conquer in the fight unless they received more sup
port from the government, the public generally and Parlia
ment; and it is in that direction that all the efforts of those 
interested in this question should be applied. He urged 
them to try and form popular opinion on this subject, and 
it could be done by disseminating information and argu
ments such as they had listened to that night. He hoped 
that the interesting and important document contributed 
by l\T r. Porter would be printed and circulated and given 
the widest publicity .. , 

Dixon H. Davies, commenting on the speeches of the 
evening, said '' he was struck by the figures that were men
tioned of the vast stock which the railway companies of this 
country had charge of. Even in these bad times. under the 
commercial management of the railway director8", that great 
property produced a profit of £40,000,000 sterling per an
num. Compare that with the figur e which was mentioned 
in the Times that morning regarding only a portion of the 
railways of France ( instituted under government auspices 
and dependent for their returns on the aid of the State), 
on account of which a deficit of 40,000,000 francs would be 
charged in the budget of France next year. Let them com
pare the two-in this country £40,000,000 sterling profit, 
in France 48,000,000 francs deficit. That was only one 
indication of the failure of enterprise when it was subjected 
to governmental interference. Railway men knew of many 
expansions of their systems which would be desirable from 
every point of view and which were forbidden by the mu
nicipalities. He could mention towns where great railway 
companies had for years been projecting important exten
sions and which they had been prevented from carrying out 
because those towns have started municipal tramways and 
because they believed the railways would take away the 
trade from those tramways." 

I NDUSTRIAL FREEDOi\I -LEAGUE 

The outcome of this agitation, which has been carried on 
in various ways in England for nearly five years, as I have 
said, has been the formation of the Industrial Freedom 
League, an association formed to free private enterprise 
from undue interference and from rate-aided competition. 
:'.\Iembership of the Industrial Freedom League is open to 
all persons or companies who are in sympathy with its ob
jects, and the membership charge is nominal. The need of 
such an organization is abundantly proved by the facts and 
data I have above submitted. The constitution sets forth 
that " the rapid encroachment of local governing bodies 
upon the legitimate functions of manufacturers, merchants 
and tradesmen is injurious to the commercial interests of 
the nation and of the municipality and the piling up of an 
enormous debt, now amounting to several millions, has me 
effect of increasing the burden of loca l taxation and divert
ing the stream of investment capital from its most useful 
channels." Again it says: ''The disastrous tendency of the 
new municipalism is not a capitalist's question nor a 
trader's question merely. It is pre-eminently a poor man's 
question. The expenditure of a municipality inevitably in
creases in proportion as its trading increases. Toward this 
it has to levy rates which fall entirely upon the rental value 
of the property in the town. In the more ambitious bor
oughs the rates are already approaching rns. in the pound, 
which means that for every pound per year you pay as rent 
you have half that amount to pay as local taxes. The result 
is, of course, that houses become dear and scarce. When 
the eyes of the people are open to the true bearing of these 
abuses, as it will be the business of the league to open them, 
an economic reform which promises to the poor man the 
boon of a cheap house is sure to command general popu
larity." 

The work the league maps out for itself is as fol
lows: "It is the aim of the Industrial Freedom League to 
provide the machinery for systematic and sustained oppo
sition to a policy which threatens the extinction of private 
trade. A fuller statement of the damaging effects already 
produced by municipal trading and of the direct;0n in ,vhich 
the league may most usefully exert its influence will be 
found in a pamphlet entitled 'The Industrial Freedom 
League; Its Purposes and Programme," which may be had 
from the secretary." 

In short, the league's plan of campaign may be briefly 
summarized as follows: 

I. To prepare and publish statistics bearing upon mu
nicipal trading and its injurious effects. 

2. To arrange lectures, addresses and debates through
out the country. 

3. To keep the press well informed of the trend of mu-
nicipal socialism. . 

4. To extend assistance to local traders unfairlv ham-
pered by restrictive by-laws. • 

5. To distribute literature and otherwise take part in mu
nicipal elections. 

6. To assist ratepayers' associations in opposing want 
and extravagance on the part of the councils. 

7. To watch cases giving rise to suspicion of municipal 
corruption. 

8. To urge action on the part of ministers and private 
members of Parliament. 

9. Generally to arouse public opinion and secure the re
vival of that spirit of industrial toleration to which the past 
commercial success of the nation was so largely due. 

CONCLUSIONS 

The fundamental idea of this league is the preservati<,n 
of that ''freedom for the play of all the talents, all the en
ergies, all the force of human initiative for the subjugation 
of the powers of nature and their direction in the service 
of mankind" which has enabled both England and the 
United States to lead the world in all great modern enter
prises. 

To check this individual effort means the destruction of 
industrial progress and the reversion to commercial im
potence. In one of his exceedingly able addresses Lord 
Avesbury (Sir John Lubbock) recently said: ''The coun
try is now at the parting of the ways in the matter of great 
commercial undertakings being carried on by municipalities 
or by individual enterprise. Government and municipal 
competition are fatal to private enterprise." To combat 
this fatal competition the Industrial Freedom League has 
been formed. 

The attendance and character of the speeches at the first 
meeting of the league were well calculated to arouse public 
opm1on. There were present some of the strongest and 
most influential men in England. Nearly all the great rail
way enterprises of the kingdom were represented; the 
building trades, great electrical interests and various asso
ciations of manufacturers and a fairly representative num
ber of economists and scientific men. It might be added 
here that not only has the London Society of Arts taken up 
the subject actively , but likewise the Royal Statistical So
cietv. Sir Henry Fowler, the retiring president, two years 
ago· contributed the most valuable statistical paper on the 
subject, and this year the present president, Lord Avebury, 
made it the chief topic of his annual address. Alexander 
Henderson. M. P., presided at the inaugural meeting of the 
Industrial Freedom League, and his address was a valuable 
contribution to the literature opposed to the i:;rowing evils 
of municipal trading. He called attention to the stupendous 
increase of local indebtedness in the United Kingdom, 
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which he said had doubled in twenty years and now ex
ceeded $1 ,500,c J,ooo. A large part of this debt had been 
created for industrial enterprises to be managed by town 
clerks. As Sir Henry F owler had previously shown that 
the dividends earned on the debt thus created was about 
one-half of I per cent per annum it is easy to imagine that 
much of this will become a heavy burden for the ratepayer 
to bear. The proportion of thi s huge total which has been 
invested in trading concerns would have been supplied by 
private enterprise but for the fear that councils would ren 
der capital so expended unproductive. There was no dis
position to complain of much of the good work done by the 
British municipalities within their proper sphere-sanita
tion, water, markets, streets and other strictly municipal 
undertakings were all right in the hands of these public 
bodies. On the other hand, tramways, gas, electric light 
and power and many other trading enterpri ses in which 
corporations are or contemplate being engaged should not 
be handled by them. "\Vorkmen's dwellings," said l\ [r. 
Henderson, ''about which there is so much talk at the pres
ent time, would to a large extent have been provided by 
privafe enterprise but for the fear that councils would ren
der capital so expended unproductive." I happen to know 
from another well-informed source that since the London 
County Council has entered the "workmen's dwelling'' field 
private capital has retired. Public-spirited men were ven
turing considerable capital in these enterprises·, giving ex
cellent results but getting very small return s on their in
vestments. They have now left the field entirely. The local 
debts of some of the English towns compared with the rela
tive taxable value is enormous. Compared with the U nited 
States, I find in the aggregate the municipal debt is fully 
double. This ought not to be, for our population is more 
than double that of England and our ability to pay greater. 
The actual increase in municipal debt in the U nited States 
between 1880 and 1890 was only $60,000,000, which was 
very small when we r emember that in that period the ".alue 
of taxable property doubled. In the United Kingdom the 
total increase in the ratable value of the country in twenty
five years has been less than 30 per cent , while its local debt 
has trebled. Our returns for the last ten years are not yet 
published, but I think it may be safely asserted that the in
verse of this proposition is true, namely, that our local in
debtedness has increased, say in thirty years , 30 per cent 
and the value of taxable property has trebled. The reason 
for this happier condition of affairs is largely due to the 
State constitutional limitations placed upon municipal in
debtedness and to the fact that up to the present our mu
nicipalities have kept out of industrial enterprises. Think 
what it would be to-day if we owned, as England does, say 
half our municipal tramways and half our gas plants. H ere 
we have $3,000,000,000 in all, half of which would be 
$1,500,000,000, plus say $800,000,000 existing debt, and the 
total burden comes to $2,300,000,000. If we take them all 
over as some advocate we have a total debt of $3,800,000,-
000, and if electric lighting, power plants and other busi
nes~es in which British towns dabble be included we could 
easily make it $5,000,000,000. 

But right here the wi sdom of the State constitt:.tions come 
in and prohibit thi s reckless expenditure and debt of the 
taxable value of property. Two per cent in Indiana, 5 per 
cent in Illinois and man y other States, 7 per cent in P enn
sylvania and IO per cent in New York are the legal limits 
of municipal indebtedness. The effort to repeal these con
stitutional provisions, even when advocated bv reputable 
men like Hird S. Coler ( see ::\fonicipal A ffairs, September, 
1901), should be strong-ly com batted. It is but the entering 
wedge of municipal trading-, for the programme of its ad
vocates cannot be carried out so long as these wise limita-

tiuns un the debt-creating power of municipalities continue 
in force. A careful study, covering several years, of the 
gradual movement against municipal trading in England 
leads me to make the following observations: The men 
acting in opposition to the sociali stic experiments are not 
merely those whose industries have been taken up by the 
municipal corporations and who feel themselves aggrieved 

. in consequence. The opposition is rather from the con
servative finan cial people who look with a larm upon the 
g rowth of local indebtedness and the increase of loca l tax
ation. The railway interests are keenly a live to this move
ment by reason of the heavy and increasing burden of local 
rates upon the revenue of railway companies. Lord Claude 
H amilton, chair111an of the Great Eastern Company, who 
was an interesting speaker at both the important meetings 
referred to above, said in one town his company paid $ 150,-
000 taxes, and that had it not been for the fo rmation of a 
ra tepayers' association to combat the industrial tendency 
of the council the burden of taxation would have become 
unbearable. There are al so indications in the British world 
of finance that municipal corporation credit has suffered a 
check. For example, the corporation of L eeds recently 
issued $ ro,ooo,ooo of 3 per cent stock at the price of 94 
cents on the dollar. The prospectus of this stock was ad
vertised March 5 of this year. It resulted in a subscription 
by the public of about $r , rno,ooo, leaving about 90 per cent 
upon the hands of the syndicate. It may be news to some in 
the U nited States to learn that London County Council 2½ 
per cents sell at 85 cents on the dollar. The prices of most 
of these securities indicate, at least to my mind, that the 
limit of local indebtedness has been reached in England, if 
it has not crossed the danger line. In our own country, 
where debt is incurred fo r purely administrative purposes 
-sanitation, police, municipal buildings, streets, parks and 
waterworks- something like finality is obtainable. Added 
to this we have our constitutional limitations, and, as a rul e, 
a twenty-year retirement clause instead of six ty years, as in 
E ngland. T he advocates of municipal trading practically 
say there is no fin ality to their enterprises, hence there 
seems to be no limit to the capital account in respect of 
undertakings of a r eproductive character, such as gas, elec
tricity, water and tramways. This feature is menacing to 
the futur e of municipal financ e in E ngland. Hitherto local 
bodies have been able to get their money very easily, but it 
is by no means certain that this will continue, because of the 
impossibility of predicting a limit to their expenditure. A 
successful undertaking of a remunerative character is in
evitably one that requires more and more capital, and the 
financi er who studies municipal finance is faced with this 
alternative-either the corporation works are a ·failure and 
the money invested therein is wholly or partially lost , or , if 
successful , large additional sums will be required to carry 
them on. In either case there is room for grave concern. 
Trading concerns , as every business man knows, are often 
obliged to spend money owing to the universal demands 
of the public and not necessarily in extension of their un
dertakings. l\Ir. H enderson , in his address . takes the Lon
don & North-\Vestern Railway as an example. Its length 
in 1891 was 2,02 1 miles and its capital expended $507,025,-
000 ; in 190 1 its length was 2,094 miles and its capital ex
pended $654,215,000, an insignificant increase in length of 
line equal to only 73 miles ( 3.6 per cent ) again st an in
crease in capital expenditure of $ q 6,690,ooo, or 29 per 
cent. The same rule must appl y to corporation trading un
dertakings. If they are successful there may be no desire 
to extend them, but public requirements and progress will 
('. Pn1~ nd the expenditure of capital for improvements. 

This brings us to the very essence of the financial danger. 
The figures of the gas undertakings and electric light plants 
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and the tramways of certain ci ties will be cited as proving 
that some corporat ions have traded wisely. The answer to 
all thi s is contained in the above illustration of the London 
& ?\'or th- \VestE:rn Railway, or, if you please, in the l\ Iet ro
politan Street Rail\\'ay, of New Yod.;: , when that company 
threw out it s va luable cable plant and put in electric trac
tion. Gas has been a profitalJle commodity in the past, and 
may be in the futur e, if its manu fact ure is kept up to the 
st:mdanl of the l ' nited Gas Improvement Compan y, of 
I'h;ladelphia, fo r example. No example of a municipal 
corporation managing gas undertakings as that company 
manages its business can be g iven. For absolutely the in
verse of the proposition read the history of the P hiladelphia 
municipal gas works. Examine municipal corporation ac
count s in gas as the STREET R AI LWA Y J OU RNAL has done 
in tramways and you will fi nd that the sum set apart fo r 
depreciation is altogether insufficient to meet losses that 
must inevitably be rea lized in connection with all these 
classes of risks. 

In conclusion let me call attention to two or three points 
made by L ord A vebury in hi s address which seem well 
worth considering. Lur<l Avebury cited the traveler in 
China who came across a building in a remote up-country 
town on which was inscribed ''A ll kinds of business in this 
building carried on with invariable success." T hat appears 
tu be a good motto for some of the British town halls. The 
effect of municipalities carrying on so many industri es in 
E ngland is lowering the standard of the aldermen and 
coun ci l01·s- something greatly to be regretted. I happen 
to knmv that Lord Avebury was obliged to g ive up hi s 
work on the L ondon County Council because it required aH 
hi s time to master the detail s of the various business pro
posals constant ly before that board. Experienced and 
capable business men are gradually g iving way to the pro
fessional politicians who are willing to g ive their rntire 
time fo r the influence it gives them. 

The labor question is also giving the municipal traders a 
good deal o f trouble. The lJriti sh workman, it has been 
found, is not half so energeti c when he is working for the 
municipal corporations as when employed by individual 
firms. In consequence, ever ything costs more. The work
man argues that he helps to elect the municipal body an d to 
some extent they are his servant s, and he "goes to his 
work," said one of the speaker s, "with the idea that he is 
the prop1·ietor of the whole show, and it is generally known 
in the trade that a man once employed on the County Coun
cil is likely to be unsatisfactory to others." Added to thi s, 
municipal trading in E ngland has uncloubte<ll_v proved a 
g rea t check to private enterpri se. It will be a matter of in 
terest to note what effect this awakening to the fai lure of 
municipal ownership of public utilities in E ngland will 
have upon th e spirit s of those of our own countrymen who 
are so vigorously trying to entai l upon our municipalities 
burdens similar to those from which a considerable body 
of th inking men in England are anxious to be relieved. 

---•~----
The current issue of H arper's \Veekly contains, as a 

fro nti sp iece, a full -page portrait of H erbert H. V reeland, 
president of the Interurban Street Railway Compan y, of 
New York. The por trait appears as one in a seri es entitl ed 
"Am ericans of T o-morrow, " and is th e fifth of the portraits 
in tl1is seri es published by H arpe1· 's vVeekly . In speakin g 
of Mr. Vreeland, the paper recites many of tlw successes 
which h e has already secured, anci refers to him as being 
as big and broad m entally as he is physically. It 
g ives his age as fo rt y- fi ve, and predicts that unless h e is 
delu ded by admiring friends into the notion that he has 
reached the top. he will be a very important and useful 
fac tor in A merican development during the next twenty 
years. 

STREET RAILWAY ACCOUNTING 

C<> I\DL'CTED BY J. F. CALDER\\'00D, .\SSISTANT TO THE PRESI
DENT Dl{00KLYN RAPID TR,\ NSJT C0i\lPANY, AND 

i\IEi\IBE R INSTITUTE OF SECRETARIES OF LO NDO N. 

Coupons 

BYE. S. PATTER 

T he best m ethod of handling coupons is a subj ect of 
more or less interest to accountants in connection with cor
porations having a large funded debt and correspondingly 
la1·ge numbers of coupons to be accounted for. We here
with outline a simple plan that may be of interest. As an 
illustration, we will assume that th e bonded indebtedness 
of the corporation is $5 ,000,000; $3,000,000 first mortgage 
bonds clue J an. I, 1912, at 5 per cent and $2,000,000 sec
ond mortgage bond s due sam e date at 6 per cent interest, 
payable semi-annually J anuary I and July I, at a trust 
company in New York. It being necessary for each 
month 's statement to carry its proportion of all fixed 
charges, including interest on fund ed debt, the following 
journal entry is made each month an<l posted to the corre
sponding ledger account: 
Interest on fund ed debt apportioned .......... ..... ...... $22,500 

Dr. to 
Interest accrued for July on 

$3,000,000 first mortgage bonds due 1912 at S per cent. ... $12,500 

$2,000,000 second mortgage bonds due 1912 at 6 per cent.. IO,ooo 
As the operating acco unts, togeth er with all fixed 

charges apportioned for the month , are written off at the 
close of each month and charged against earnings, the in
terest on funded debt apportioned is also written off, but 
th e intei-est accru ed remains as a liability on the books of 
th e company until balanced by th e semi-annual payment 
of interest January I. The journal entry is as follows: 

Interest accrued for 6 months, due Jan. 1, 1903, on 
$3,000,000 first mortgage bonds at S per cent. ............ $75,000 

$2,000,000 second mo1·tgage bonds at 6 per cent. . . . . . . . . . 60,000 

Treasurer ............................. ............... $135,000 

A n entry is th en mack and posted to coupon accounts as 
fo llows: 
Trust Co mpany, coupon acco unt. ................. ...... $135,000 

Dr. to 
Coupons, first mortgage bonds due July 1, 1902 ......••.• $75,000 

Coupons, second mortgage bonds due July 1, 1902. . . . . . . 60,000 

U pon the return of paid coupons from the trust com
pany, and after being checked against the statement to 
verify the numbe1· returned, they are then arranged numer
icall y and the reverse of the fo rmer entry is made and 
posted for all coupons return ed. It seldom occurs that all 
the coupons of an y one payment of interest are returned 
at one time. This necessarily leaves a deb it balance 
against th e tru st company's coupon account and a credit 
balance to various coupon accounts. 

In making up th e balance sheet , the accounts "Trust 
Company's Coupon Account " and th e total of the various 
' 'Coupon Accounts" balance (debits and credits) and there
fo re do not necessa1·ily have to appear on the balance sheet. 

The coupons arranged numerically are pasted in a 
specially rul ed and printed book, the folio of which corre
sponds with number of bond, the 1·ight-hand page being 
spaced and numbered to correspond with the number of 
each coupon to maturity of the bond. The left-hand page 
is reserved for the pasting in of the paid bond, thus making 
the 1·ecord complete. Dy this plan it is a simple matter to 
ascertain quickly from the balance of the trust company's 
coupon account the value of the coupons unredeemed, and 
also determine from the individual coupon accounts the 
value, series and number of coupons outstanding. You 
can also determine the number of the bond to which out
standing coupons l elong. 
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The Distribution of Accounts 

DY II. D. Ei\lE RSO N 

T he clements which enter into an<l which arc combined to 
make up a repor t on which tu base the va lue o f securi ties arc 
very numerous. P rimarily the property it self is the consid
eration , and a careful invest igation of its location and 
physical condition with relation to both operating and 
traffic possibilities is considered. T he earnin g power of the 
property is based upon the report of operat ions; that is, the 
income account , which , to use a race-horse term, mig ht be 
call ed " the past per formance." It is generally assumed that 
the figures as g iven are correct ; that is, that the total s a rc 
accurate, and that on the oper ating side the di stribution of 
accounts of the va rious classes had been proper ly made. 
If there is any question as to the d istribution it is of course 
necessary that the sta tement in hand be revi sed and be r e
aclj uste<l along the lines which experience has proved is 
proper. This brings up t l1e quest ion of proper bookkeeping 
and goes back furth er than simply a quest ion of proper 
audit . There can be no quest ion at all but that ever y cor
poration owes to itself , an<l the management of every cor
poration should, fo r individua l r ecord, as well as for indi 
vidual protection , keep the books and accounts of the cor
poration in the most perfect an<l at the same time simplest 
manner. Bookkeeping and the forms thereof are often 
considered a mystery and handled as though accounting 
was a separate and distinct profession like the law, to be 
used only at certain interval s, or vvhen the occasion de
mands, whereas it is, perhaps, the most vital part of every 
business enterpri se, an<l no one who is not competent to 
keep and under stand the books o f hi s business is competent 
to be placed in charge of that business. Bookkeepin g is sim
ply a record of the business clone by the corporation , and as 
the goal of any business enterpri se is profi t. so the cash 
handled and the cash accumulated is the measure of success 
of the business. Ther efo re, it may be sai<l that the essence 
of bookkeeping is, and should be, a record of the cash 
handled. 

VVith thi s proposition as a basis it is very easy to un<ler
stan<l the system and forms which show accurately when 
and how the cash is received , an<l when and how it was 
paid out. Stockholders desire to know how much cash 
has been saved as the result of the operations of the corpora
tiqn, as thi s cash is the measure of their profit. But in addi 
tion they desire to know for what cash was received, and fo r 
what it was paid out, in order that they may judge of the 
competency of the management. T he offi cers composing 
the management of the corporation desire to know from 
time to time the elements which go to make up their receipts 
and expenses . In order that this statement may be com
parative, all r eceipts and expenses are classified and the 
totals of these classes can be compared fr o_m month to 
month, an<l from year to year. T he assig ning of the 
various individual item s to the various classes con
stitutes the di stribution of accounts. T hi s distribution 
calls for more judgment, and th e exercise of ster 
ling integrity than an y other part of accounting. ..-\.s a 
result of many years of experi ence in the handling- and ac
counting of the fund s of co rporations, a system has been 
developed which is accura te , and becau se accurate, sati sfac
tory to security holder s. This system , sometimes call ed the 
voucher system, which is a system of single entry book
keeping with various items thrown into classes, and classes 
totalized into a small number of general accounts, is the 
hasis of the systems used by the steam rail roads of the 
U nited States , as approved by the Interstate Commerce 
Commission, and it is the basis of the system advocated by 

the S treet Railway 1\ ccountants' Association. \Vhcrc these 
systems are in use we <lo not have to ques tion the income 
account , as we know the system uf di stribution . ' I he in 
dividual who fo ols him self is the simpl est foo l, and that 
managem ent which attempts to foul o thers by a manipula
t ion of accoun ts in the en<l destroys itself and the credi t 
an<l integrity of the corporati on . 

Securities arc based upon the ea rning power of the prop
erty agai nst which they are issued, and the value of any 
security depends upon the amount and probalJili ty of con
ti nuous income fo r that security. The marketing uf a new 
:-,ecurity depends upon the abi lity o f th ose in cha rge of th e 
corporation tu demonstrate to prospecti ve investor s that the 
co rporat ion can <:a rn or has earned a certa in amount , and 
wi ll continue to du so. An instance which recently came 
t'!Hlcr the w r iter 's observation, mig ht be cited as showing 
the importance of thi s fact. 

A trolley road had been built extending from a la rge city 
10 a very small country town. The reported earnings, both 
g ross an<l net , wer e much larger than would normally be 
expected from the population tributa ry to the line. T he 
gent lemen ,vho own ed the property; that is, who had fu r
ni:-:he<l the money for construction , wer e of the highest in
tegrity in banking and business circles, so that when they 
s·1bmitte<l figures to the bank on which to predicate a sale 
(, i the bonds, the question of di shonesty in bookkeeping was 
1, ol consider ed. The amount of the bond s and their price, 
based upon earnings as report ed was very sati sfactory, and 
on the fa ce of th e papers it was assumed that a trade would 
be made. But the bank has a rule that befor e purchasing 
~1 ny securiti es, or befor e o ffering them for sale to the public, 
the property must be investigated by its own r epresentative. 
1 he fig ures as presented showed that the net earnings 
amounted to Go per cent of the gross receipts, an<l inter est 
charges on the bonds came to less than half the net earn ings. 
'j he impressions of the physical con<lit.ions of the property 
from riding over it wer e excell ent. T ~e track and overhead 
work were in excellent condition , and being lately con
structed was modern and up to date. The equ ipment was 
new and all that could be desired, an<l the power station 
was well constructed ancl ample fo r the requi rements of the 
property. Everything seemed all r ig ht . O n returning to 
headquarter s an<l asking fo r the books, it was found that no 
books ha<l been kept , except a cash account showing dai ly 
receipts and expenditures. The receipts appeared all right , 
so it became necessary to investigate the expenditures. I t 
took some time to audit thi s part of the account s, and the 
audit was parti cul arl y di sag reeable, because the ass istance 
which was furni shed was unintelligent, and in add ition was 
g rudgingly g iven. After an audit had been made it was 
fou nd that the expenses as reported covered onl y the labor 
and fu el cost of operating the cars and the power stat ion. 
\ \Then to thi s were a<lde<l extremely low amounts covering 
cost of maintenance of track, equi pment and power sta ti on , 
the net earnings were materia lly reduced. \Vhen from thi s 
taxes and interest ,vere deducted , net earning s approached 
the vani shin1:; :)oint . \ Vhen in addi tion a sum was figu red 
wh ich when set as ide and capita lized at the same rate of in
ter est as paid by the bonds would retire the bonds within 
the limits of the fran chi se under which the property was 
bu ilt a defi cit was shown. T he final r esult was tha t the 
bonds were not sold, and T believe the owner s, the gentle
men who first furni shed the money, sti ll have them. I f , in 
this case, the financial backers of the enterprise had been as 
carefu l in having the accounts of their electr ic road prop
er ly kept, as they are the accounts of their banks, they 
would have been in better pos ition to have placed securit ies 
and would not have destroyed their individual reputation 
as good business men with a lar.~·e N ew Ye-k hank. 
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It is very curious that a tunnel third-rail contact carry
ing a heavy current requires to be used under heavy elec
tric load, in order to operate sparklessly . Such is the 
undoubted fact . A third-rai l unused for forty-eigh t hours 
sparks and sputters for the first few trips, and then settl es 
down to satisfactory operation. This would naturally be 
accounted fo r by the presumption that rust and foreign 
material had accumulated and was thus removed, and even 
if the rail appeared bright, at the beginning of the experi
ment, one would be still inclined to adhere to this idea. 
A third-rail engineer , however, contributes this piece of 
information, which certainly gives rise to some further 
speculation: A tunnel is equipped with two tracks and 
two third-rails. Regular service demands that the loco-

motives pull heavy trains over one track and return light 
over the other. Doth third rail s obviously get equal me
chanical cleaning. ln fact, they look clean and exactly 
alike, yet when, through some exigency of traffic, the loco
motive is required to pull a load over the tracks on which 
it commonly operates light, the attempt is accompanied 
by most fo rmidable sparks and arcs which do not cease 
till repeated heavy trips have been made. It is not a nnt
ter of shoes, because the locomotive in question has ample 
opportunity, in its regular work, to use all of its shoes 
under heavy load. This would seem to indicate some 
curious virtue imparted to the third-rail by the heavy cur
rent-carrying shoe and not by an idle shoe. Simple in
spection does not suffice to explain the phenomenon, and 
complex investigation is yet to be heard from. 

The A urora, E lgin & Chicago Railway opened for traf
fic A ug. 25, an event which is believed by many to mark 
the beginning of a new epoch in electric railway history, 
because of the high-schedule speeds that will be made, 
which are far in excess of anything of the kind heretofore 
attempted by eith er electric or steam roads, number of 
Mops being considered. Owing to the newness of the 
roadbed and the necessity of letting it settle thoroughly 
before attempting high speeds, the officers have wisely 
decided to work up to fast schedules gradually, and the 
34.5 miles between Fifty-Second A venue in Chicago and 
Aurora, including all stops, and the entrance of Aurora, is 
made in the modest ( ?) time of 1 ± hours, or 27.6 miles per 
hour. To be sure, this is faster than any other steam or 
electric road schedul e in existence to-clay, all things con
sidered, but the management has purchased the equipment 
and built the road for much faster time than this. From 
the preliminary runs, before the opening of the road, the 
report s of those connected with the company are all en
thusiastic as to th e ab ility of the road to make the fastest 
schedules contemplated. Later it is hoped and expected 
that experiments will be conducted on the line to deter
mine what factors enter into electric railroading at speeds 
of So miles per hour and over. Tests of these kinds and on 
a roadbed so good as that possessed by the Aurora, Elgin 
& Chicago, would go far toward settling many of the 
knotty points in the present problem of high-speed rail
roading. However, the real point of interest in the new 
road is the fact of its being the first of a class of roads 
different from previous attempts to give suburban rapid 
transit service in the neighborhood of a great city, a type 
which it is to be hoped will multiply in the next five years, 
until the suburbs are set free from the necessity of patron
izing infrequent steam trains, and another important v1c
torv for electric traction shall have been secured. 

In the early days of electric railroading the motor was un
deniably rather a frail machine, and was liable to develop 
weakne-ss in it s winding or commutator or some mechan
ical trouble that put the car out of service until the trouble 
was repaired. Modern methods of insulation and con
!"truction have pretty nearl y overcome all of these early 
defects, and, with the exception of the commutator, there 
is nothing. so iar as the motor itself is concerned, to pre
vent an increase of the normal working voltage on trol
ley lines considerably above the 500-volt limit, where it 
has so continuously stuck. The fact, however, that while 
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commutator troubles have not entirely disappeared, they 
are at least now under reasonable control, marks the pres
ent as a date when it is interesting to speculate whether 
higher pressures at the car motors, or certainly on the line, 
a re not going to find favor. 

The trolley wheel and controller contacts have done 
uobly . Indeed, it is marvelous how much current they 
seem to be able to coll ect and transmit without material in
jury, but in these days of heavy interurban railroading, and 
even trunk-line traction, these overworked and faithful 
auxiliaries are going to join hands with the copper market, 
and call a halt to the cry for more current. The natural 
solution is current at more pressure, but how ? Are we to 
use motors in series and 1000 volts on the troll ey wire? 
The difficulties in the way are certainly serious enouo·h to 
ma~e one hesitate about saying ' 'yes" without thi1~king 
seriously what this plan involv es . To be sure, this arrange
m ent enables the present dynamo-electric equipment, both 
on the car and at the power house, to be used; in fact , they 
must be used until some ingenious designer produces 1000-
volt commutators of large current capacity. But how 
about the controller and the car wiring? The present con
troller, with a 1000-volt service, would need r einforced in
sulation and a stiff er blow-out. A new design would be 
very much better , perhaps absolutely necessary. Then 
the fuse, the wooden fuse box and lightning arrester, th e 
soft rubber motor bushings, the motor windings, the mud 
and water, all combine to make one incline to draw aside 
and let the other fellow try first. Not only this, but four 
motors would always be necessary for double equipment 
for to run home with one motor on 1000 volts when disas~ 
ter overtakes_the oth er seems impractical, to say the least. 
The outlook 1s not encouraging, and yet those who would 
~reserve the direct-current system, and we venture to be
h~ve there are many such , must consider this problem of 
hi_gher-pressure equipments, for our alternating-current 
fr_1ends have solved this part of the problem better than the 
direct-current engineer can ever hope to do. There are 
some expedi~nts, however, which will be very helpful to 
anyone ~vho 1s bold enough to tackle the problem. One 
of t~ese 1s to put both armatures to line and insulate th em 
for it, reserving the adjacent ground circuit position for the 
fields which will then be very unlikely to ground against 
the motor casing. The rheostat and controller could also 
come on the ground side, and an automatic hood switch 
worked by th e controller could cut the armatures clear 
when a stop was made. These littl e devices would render 
the c~~troller, the fi elds, rheostat and 90 per cent of th e 
car wmng less than 500 volts above the ground at all times, 
~nd therefor_e practically as secure ~sat present. Multiply
mg _two .senes of m otors might call for some more auto
matic work to confi~~ e the hig h voltage wiring to a system 
of small extent. F m ally, the tran sfer of the car wirino
above the floor would probably be advisable In fact 1::, 

b 1
. . , we 

e 1eve that th e t echnical staff of any of t11e la . · rge com-
pames cm~ld get together and accomplish the results, not 
o~ly practically, but commercially. It comprises a general 
r~mforcement of th e entire car equipment , evading the 
high pressure where possible and insulatina against ·t 

h 'fl b L 1 
w e~ not 1e reward is a 75 per cent saving in th e cop-
per lme, and that saving in these days of interurbai d 

k 
. 1 an 

trun -lme work m eans much; in fact, so much that th e 
problem is worthy of serious consideration. 

A Study of Train Resistances 

Owing to the practice of the British Institution of Civil 
Engineers , th e official report of a paper presented before 
that important body, with th e accompanying discussion, 
is not issued for a number of month s after the m eeting. 
It is through this custom that the complete treatise of 
J. A .. F . A spinall, on the subj cct of train res istance, and 
the accompanying discussion, which was presented be
fo re that association, some time ago, have just becom e 
available . Dealing, as the paper does, with E ng lish track 
and rolling stock, it inevitably leads to results not rigidly 
comparable with those obtained under A m erican condi
tions, but it is singularly rich in experimental results ob
tained at high speeds- from 60 miles to 80 miles per hour 
- and it is, therefor e, peculiarly valuable in dealing with 
modern conditions. Particular att ention was paid to the 
subj ect of air resi.3tances, and in the discussion which fol 
lowed, a large amount of valuable info rmation was added 
to the original paper. For many years th e train-resistance 
formulce of Searles and of W ellington were held to repre
sent the sum of human knowledge of the subj ect, and sub
sequent experiments were adjudged good or bad accord
ing as they did or did not agree with one or th e other of 
th ese authorities . Th ey could not well agree with both! 
O ccasionally, Clark's fornml~e were also cited, but , as th ev 
apply to the track and rolling stock of more than half ~ 
century ago, even the most conservative and hide-bound 
of engineers would hardly look upon them as final. As 
we have, heretofore, flatly stated, Searl es and 'vVellingtop 
to-day have long stood discredited upon the tacts, at least 
above the most moderate way train speeds, and we must 
look for guidance to later experiments, dealing with mod
ern equipments and high speeds. From this point of vi ew 
the results obtained by the Baldwin Locomotive Com
pany, Barnes, and Sinclair, are of primary value as based 
upon recent A m erican conditions, and now comes Aspin
all substantially confirming these, and, what is of still 
great er importance, indicating something of the causes 
which produce variations in the resistances found by vari
ous experimenters . 

Th e vital point in the matter of train resistance is not 
wh eth er th e formu la that is written arnund the experi
m ental results contains the first , second , or som e fractional 
power of the speed, but whether the total resistance of a 
train at , say. 80 miles per hour, is twenty-odd or fort y-odd 
pounds per ton. \Ve need not squabble over variations of 
IO or 20 per cent , when the quest ion really at stake is the 
possibility or impossibility of operating at very high speeds 
with practicable amounts of power at the driving wheels 
. On thi s point, th e experiment s of A spinall should be 

rega rded as decisive, irrespective of what o thers have done. 
His final results indicate a resistance of from 28 lbs. to 
22 lbs. per ton for 80 miles per hon~, as the train was 
lengthened from 6 to 2 I cars. T h ese were, of course, 
English cars , short er and lighter than our own , but 
mounted on bogie trucks in the manner customary here. 
His form ula for the g eneral train, it s length being taken 
into consideration, was 

R = 2.5 + -----
50.8 + .0278 L 
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Th is is a little out of th e ordinary in containing a frac
tional power of t ·, and the constant term is notably small. 
T he effect of air pressure was investigated with most un
usual care, by m eans of recording ammeters and pres
sure gages, and the value finall y reached was r = 0.003 V2, 
which was considered rather too large by several of the 
distinguished engineers ,vho participated in the di scus
sion. It is, however, in wonderfully close agreement with 
the results reached in the Zossen tests and contributed to 
th e discussion by Mr. Siemens, who was present. A spin
all 's formu la g ives results materially larger than those of 
Barnes, Yaulain and Sinclair, but , on the other hand, very 
much smaller than those of the older and some more re
cent investigators. 1 t is notable, in thi s connection, that 
every one of the tests at speeds of 70 mil es per hour and 
upward has g iven relatively small values of the train re
sistance, while th e large ones have uniformly been derived 
by a process of ext rapolat ion from experiments neve r car
ried up to th e speeds now under di scussion. Every time 
a careful series of rnns has been made at 70 mil es to 80 
mil es per hour, it has shmvn less tractive r e.~ istances than 
had been fo retold for it, and , even in these experiments of 
J\spinall 's, it is curious to note that while th e formula 
seems correctly to represent th e curve of averages as a 
whole. ten out of the fourteen runs made above 70 miles 
per hour give result s materi ally less than the formula. In 
fact, above 75 miles per hour two run s agree with th e 
fo rmula, and the onl y other two fall to 20 lbs. per ton, in 
spite of a ri sing g radient. 

W e do not beli eve that any regular curve can sati sfy the 
experiments in a matter involving so many variables as 
t rain r esistance. I t ,vould be fa r sounder policy to use 
one fo rmula up to, say, 50 miles per hour and another at 
the hig her speeds. In Aspinall 's experiments the failure 
of a fo rmula representing single curvature is very notice
abl e, and there are strong indicat ions of a lessened slope 
at the higher speeds. This, of course, does not show any
thing of the shape of the curve beyond the limits of the 
l:X periments, but it lends we ight to a contention which we 
have more than once expressed, that tractive resistance is 
not a smoothly increasing quantit y, but is subj ect, like 
th e resistance of ships, to max ima and minima following 
no law yet discowred. But to fo llow up Aspinall 's paper 
- it is remarkable that even at 80 miles per hour h e finds 
that half the total res istance is du e to mi scellaneous causes 
other than ai r pressure and axle friction. The composi
tion of thi s miscellaneous resistance is very uncertain , but 
it is assuredly a matter of the g reatest importance. Dur
ing the di scuss ion , two factors of this r es istance were dis
closed with g reat clearness. F irst cam e the familiar matter 
of ra il fl exure, by which the wheels are, as it were, on a 
perpetual ri sing grad ient. This gradient was estimated 
roughly by l\lr. l\ I,dl ock as between I in 250 and I in 400. 

In this country, D1.·. D udley has fo und a considerable de
crease in tractive effort due to the use of stiffer rail s, and 
there seems littl e doubt that the fl exure effect is consider
abl e. Sir Frederick Bramwell added the important ob
servation that thi s effect would be considerably modifi ed 
by the resilience of the rail and the speed of th e train , so 
that at high speed the effect would be lessened. 

A n even more suggestive point was raised by Prof. 
Caru s-\Vil son, in the imperfect guiding of th e bogie trucks 
producing large flange friction and a constant effort to 

pull the trucks back into line. H e.added that the weight 
of the bogie was not an unimportant factor in this resist
ance, and suggested that perhaps the large tractive re
sistance obtained from som e elec trically-driven trains 
might well be due to the large added weight carried on the 
1 rucks. 111 such case, and, in fact, in all tractive experi
ments, there would be a factor of resistance depending not 
on the weight of the cars, as a whole, but upon the weight 
of the trucks alone and upon their wheel-base. \Ve may 
add that the speed would also enter this particular question 
probably in _a rather complicated manner. Flange friction 
clue to cross wind must also be taken into account among 
the miscellaneous resistances, and thi s may help to ac
count for some of th e discrepancies always founcl in ex
periments on traction. Whatever may be the various fac
tors that go to make up these miscellaneous resistances, 
th eir aggregate amount is great enough to cut no small 
figure in the total, and to give an important opportunity 
for making improvements. As to other resistances, As
pinall made a thorough study of the direction of the air 
current s about the train, and reached the interesting re
sult that the air envelope carried by the train was very 
thin, and that of the surrounding air currents, even that 
on the leewarcl side of the train, showed a strong swirl 
inward, while the reduction of pressure at the rear of the 
train is rather less than is generally supposed. Altogether 
this research of Mr. As pinall 's is a most valuable addition 
to our knowledge of a very complicated and troublesome 
subj ect. The work of th e past few years has done much 
to throw light upon it, but th ere is still great uncertainty 
about some of th e detail s. \Ve may now feel tolerably 
sure that the total of train r esistanc e. at 80 miles per hour 
or so is for trains of moderate length, materially less than 
30 lbs. per ton, with our heavy vestibuled cars probably 
not over two-thirds of that amount. The value of air re
sistance seems, likewise, to be pretty thoroughly settled as 
not exceedint; 0.003 l '2

, and probably nearer 0.0026 V2, the 
th eoretical value. The axle friction, according to Mr. As
pinall 's results, is nearly uniform, but has a weak minimum 
at about 40 miles per hour, and th en slowly rises. The 
miscellaneous elements of resistance seem to rise slowly 
with the speed, and are probably capable of considerable 
reduction by proper attention to the track and the trucks. 
All the recent experiments show the desirability of giving 
the train a smooth surface, and pointing at least the front 
in a roughl y parabolic form, whatever the driving power 
adopted. \ Ve shall be greatly interested in the results ob
tained from the spec ial locomotive and train now under 
construction in Germany, as showing the capabilities of 
steam when skilfully applied, as against the electric cars 
tested at Zossen. But \vhatever the issue of this particu
lar competitive struggle, the fact remains that, taking into 
account the work of the last few years, of which this re
search of Mr. As pinall 's is an admirable example, it has 
been, in our opinion, effectively demonstrated that very 
high railway speeds are entirely practicable, so far as the 
engineering side of the problem is concerned. High 
speed, like high voltage, is little to be feared on the score 
of practicability. The difficulties are far more commer
cial than technical , and when the public really wants to 
ride at a hundred miles an hour there is little doubt that 
it can readily be accommodated, and that at short 

notice. 
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An Important Interurban Road in Southern Ohio 

The Dayton & Northern Traction Company's intemr
ban road connects Dayton and Greenville, Ohio, and is 
39.5 miles long. At the present time, cars do not operate 
into the business center of Dayton, as the bridge across 
the Miami River is not sufficiently strong for interurban 
cars, but a new and stronger one is about to be conJ 
structed, and the interurban cars will then pass through 
the business portion to a central point , where connection 

business, the road contains quite a number of cu rves; and, 
in the twelve miles nearest Dayton there are also several 
grades. The balance of the road, however, is compara-
tively level. · 

The rail is 70-lb., 30-ft. T-rail, except in Greenville, 
where 70-lb. g irder rail is u sed. The ties arc oak, 6 in. x 
6 in . x 8 ft., and g ravel ballast is used, I 500 yards to the 
mil e. The g rading and brickwork was start ed by a Day
ton contractor, and was completed by the Chase Construc
tion Company, of Detroit, which was also the contractor 
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ENGINE ROOM IN POWER PLANT AT BROOKVILLE, SHOWING BELTED EXCITER AND DIFFERENTIAL BOOSTER FOR STORAGE BATTERY 

will be made with all the electric interurban lines radiating 
from Dayton. 

Th e towns and villages, exclusive of the terminal points, 
through which the road passes, are Salem, Brookville, 
Dodson, Bachman, vVengerlawn, Vv est Baltimore, Gor
don, Ithaca, Arcanum and Jaysville. None of these towns 
is large, but a satisfactory return is secured from the passen
ger service, and an exceptional and unexpectedly large 
package freight business has been developed. They are 
mainly agricultural centers, and the country tributary to 
them is rich and highly cultivated. 

The route selected, exclusive of th e towns, is principally 
over private right of way and adjacent to the highway. In 
towns the greater portion is through the streets , but here, 
too, some portions are on private right of way. O wing 
to the contingencies of the case, resulting from the neces
sity of obtaining rights of way and the requirements of 

for the line work. The bridges are small and few in num
ber. A ll are iron girders, and som e of the culverts are 
quite large brick or stone arches. 

ROLLING STOCK 

There are at present in operation six passenger and two 
combination passenger and express cars, built by the 
Barney & Smith Car Company, each seating forty-six 
passengers, and being 44½ ft. long over the vestibules. 
These cars are mounted on two four-whe el pivoted trucks 
having a wheel base of 6 ft. Each car is provided with 
four 50-hp Lorain Steel Company motors. The cars are 
heated by electricity, and are equipped with ai r brakes of 
the Christensen E ngineering Company's storage ai r type. 
The seats are of the Barney & Smith standard make, re
versible and covered with Pantasote. Wagenh all's arc 
headlights are used, and Providence fenders. As cars can 
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not, as yet, be turned at the D ayton end , it was necessary 
to make them double-ended. L ater, one controller and 
trolley pole will be taken off . 

In addition th ere are one motor freight car, 42 fL over 
all , having the same motor equipment as th e passenger 

l 

\ 

The passenger car schedule necessitates, on some por
tions of the road, a speed of from forty-five to fifty miles 
an hour. 

POWER PLANT 

The power 

CAR SHEDS, SHOWING FREIGHT CAR WITH TOP PLATFORM FOR LINE 
REPAIR WORK 

house is located in Brookville, approxi
mately IJ½ miles from the Dayton end of 
the road; and a sub-station is located at 
Arcanum, approximately 12 miles from the 
Greenville end of the road, three-phase 
transmission being used from the power 
house to the sub-station. The distances of 
the power house and sub-station respect
ively from the ends of the road are some
what greater than ·would have been the 
case if it were not for local conditions, the 
power house location being fixed by the 
water supply, while the sub-station loca
tion was determined largely by the fact 
that at Arcanum it would be necessary, in 
any case, to have a freight and passenger 
station, and if the sub-station were not 
located at the same point, the additional 

cars, and a few flat cars . The freight car has a top plat
form for line repair work and a standard steam railway 
coupler for hauling steam-road cars . These features are 
shown clearly in the cut of the car house, before which 
a passenger and freight car are standing. 

salaries would more than offset the interest 
on the additional feeder required. This, therefore, is one 
of the numerous cases where the consideration of all the 
conditions materially affected a design based on purely 
engineering factors. 

Stearn is generated by three Cahall horizontal water-

BOILER ROOM, SHOWING FEED PUMPS AND HEATER 
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tube boilers, of 260 hp each , with Tupper grates. There 
are two 14{ ins. x 28½ ins. x 30 in s. cross-compound con
_densing Buckeye engines, with reheating receivers, rated 
at 400 hp at 150 r . p.m ., direct-connected to th e generators. 

NO TE :-
A" S n11M I, £1.H1111&T C oNNtt:r10,v6 ,-o,,, /iR£ PuMP 

BA'. i3 " ,, ., .. , CoN O~Ns ER PUMP3 

•c " ., H~AiCR Pu111 P 

[i& J." ,. ~E:1: p 11 ,,.,.. 

l 

~ 

Sorge chemical purifying system , and with quartz filt ers, 
one 8 x 3½ x 8 compound Ingersoll-Sergeant air com
pressor, wi th duplex air cylinders, 8 in s. x 8 ins. The 
pumps and condensers are of Smith-Vaile make. 

~ -=t1 ~~~tj$~~Wrnr't~,_ 

j_ 

PLAN, SIDE AND END ELEVATIONS CF STEAM AND EXHAUST PIPING 

The auxiliary apparatus consists of two 9½ ins. x 16 ins. x 
18 ins. jet condensers, one 6 ins. x 6 ins. x IO ins. duplex 
heater pump, two 7 ins. x 4½ ins. x IO ins . plunger type 
feed pumps, one automatic pump and receiver to drain live 
steam mains, one 16 ins. x 9 ins. x 12 ins. duplex fire pump, 
one 1200 hp Cochran feed-water heater, fitted with the 

T he piping and all auxiliary machin ery, except the air 
compressor, was contracted for and installed by vVare & 
Moodie, of Dayton, O hi o. All live steam lines and high
pressure feed lines are of extra heavy pipe and fittings, and 
all of the large high-pressure gate valves are of the by-pass 
type. 
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Cross connections and valves are so placed that more 
than one piece of machinery would have to be di sabled 
before the economical operation of the plant would be 
affected, and it \\'Oul_d require a very serious mishap to 
cripple th e plant to such an extent as to prevent the oper
ation of cars. 

\ \ rater is obtained main ly from well s, and, to a slight 
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well , and enoug h is allowed to pass from the reservoir to 
the cold well to make up the defi ciency of supply on the 
part of the well. \Vhen th e plant is not in operation the 
water in the \\'ell is not fa r below the surface of th e g round

1 

and the amount which the \\'ell suppli es vari es with the 
seasons. 

\ \Tith the exce ption of the di ffe rential boosters fo r the 
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PLAN AND SIDE ELEVATIONS OF FEED WATER PIPING AND FOUNDATIONS 

degree, from a stream. The latt er is dammed and forms a 
reservoir, and th ere is also a deep well. Over a portion of 
the reservoir are placed cooling trays. T he water from 
the condensers passes fi r st to the cooling t rays, next to the 
reservoir, and thence to the deep well, which is also a cold 

batteries, the VI/ estinghouse E lectric & Manufacturing 
Company installed the complete electrical equipment in 
the power house and sub-station, consisting of two 
250-kw three-phase alt ernators, revolving fi eld type, direct
connected to the engines, and making 150 r. p. m. There 
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are two 22½-kw exciters belted to the engines, each having 
sufficient capacity for exciting both alt ernators, two 
I oo-kw rotary convert ers , the direct-current voltage being 
650, and each is equipped with an induction starting 

BOILER ROOM WITH COAL BINS ENCLOSED 

motor. There are also four 75-kw, step-up transformers, 
IO,ooo to I 1,000 volts, one of tlw~e being held as reserve. 

Both the first sub-station, in th e power house at Drook
ville, and the second one, on the line at Arcanum, are 
equipped with Chloride accumulators . The object of these 

STORAGE BATTERY PLANT IN SUB-STATION 

batteries is to take the fluctuati ons caus
0

ed by the varying 
load of the cars, allowing a steady load to be suppli ed by 
the rotaries, and consequently by the generators. The 

equipment in each case consist .;; of 3 12 cells, type G- II , of 
th e standard Chloride accumulatCir, install ed in lead-lined 
tanks of type G-13. Each bat tf:'ry is rated to di scharge 
at 400 amps., in reg ulating the ra pid fluctuation s, and has 
a ·capacity of 800 ampere-hours when di scharged at the 
normal rat e. Each is controll ed by a differentiall y-wound 
booster, desig ned to charge all(l discharge the batt ery 
automatically, as the demand increases or dimini shes. P, y 
a special interlocking device, the motor ci rcui t-breaker 

POWER HOUSE AT BROOKVILLE 

can not open without tripping the battery circuit-breaker, 
thus insuring the safety of the booster. By mean s of a 

special dot,ble-pole, double-throw rocker 
switch , the battery may be th rown directly 
across the line without the booster; or the 
booster may be connected up as a single
charg ing booster; or, again, the entire out
fit may be thrown across t'h e line for auto
matic regu lation . 

The power-house switchboard contains 
twelve panels . There are two alternating
current generator pan els, two alternati ng
current and two direct-current rotary 
panels , a total output panel, one lighting 
panel, two feeder panels, and two storage
battery panels. 

T he machinery mentioned is placed in a 
power house 107 ft. long x 66 ft. wide, con
taining twn rooms, a boiler room, s r ft . x 
60 ft., and an engine room, 50 ft. ; 60 ft. , 
each covered by a steel-trussed roof. T here 
is a clear space of 29 ft. 3 ins. above the 
floor in the engine room. A 30-ton tvvo
trolley traveling crane built by Chisholm & 

Moore, 48{ ft. long. is provided, and can be operated ove r 
the full width of the engine room. O n one side of the 
engine room is built a stati c transformer room, r8 ft. x 
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18 ft., and on the same side stands the brick stack, 150 ft. 
high. The outside of the stack is square in section, taper
ing from 14 ft. at the base to 9 ft. at the top, and it pro
vides a circular smoke passage 6 ft. in diameter. The 

SUB-STATION, FREIGHT HOUSE:AND AGENT'S RESIDENCE 

-,.,.4S 
power house is connected by a covered passage-way to a 
specially constructed storage-battery building, which con
tains a single well-ventilated and lighted room, 77 ft. x 
29 ft. X IO ft. high . 

~ l . : : . ... ~ ~ 

E: .. ...£~ ,. = .. .. -

.. di_ Hi. U~:~: 
t . 

12-PANEL SWITCHBOARD IN POWER PLANT 

SUB-STATIONS AND CAR HOUSES 

The Arcanum sub-station equipment of 
rotary ,:onverters , static transformers and 
storage battery is a duplicate of that in 
the power house. One attendant looks 
after all the apparatus in this sub-station 
and attends to the ticket office and freight. 
The building at Arcanum is a handsome 
structure, the front being two stories high 
by 56 ft. wide, and containing a ticket 
office and waiting-room, and the living 
apartments of the station attendant and 
his familv. The rea r portion contains a 
static tra;1sformer room, a room for th e 
two converters and switchboard, and a 
large storage-battery room, 44 ft. x 26 ft. 

The car house, located near the power 
house, is 162 ft. x 76 ft. , and is divided 
longitudinally into two sections by a brick 
wall. One section, 52 ft. wide, contains 
four tracks, and has a storage capacity for 
twelve cars. Each track is provided with 
an inspection pit. The other portion of the 
building, 20 ft. wide, contains a machine 
shop, repair pit and office room. 

\\ 

'TYPICAL OVERHEAD CONSTRUCTION 

TRANSMISSION SYSTEM 

As already mentioned, there are two sub
stations, one in the power house and one at 
Arcanum , 15 miles distant. Each contains 
two converters and a storage battery, de-

livering direct current at 650 volts. Three
phase current at 10,000 volts is trans
mitted to Arcanum over three bare alumi-
1111111 \\'ires of No . oo B. & S. gage . 

A bare aluminum feeder cable of 477,000 
circ. mils extends the whole length of the 
line within 1 mile of each terminus. In 
addition, there is one 6-mile and one 12-
mile cabl e, of the same size, extending 
from the power house toward Dayton, 

ROTARY AND SWITCHBOARD IN SUB·STATION 
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and one 6-mile cable from the A rcanum sub-station toward 
Greenville, making, in all, 61.5 miles of aluminum cable. 
!\v,J figure 8, No . oo troll ey wires are used, thus avoidin g 
all switches and crossovers, and providing a dupli cate line, 
so that one can be used in case the other breaks. 1 ll ese 
wires are sus1~ended from th e Richmond type of bracket , 
except in towns where cross suspension is provic1 ec1. 
Thirty-five ft. pol es spaced 100 ft. carry the tran smission 
system, and also two telephone wires support ed one above 
the other on brackets. Each car is provided with a com
plete tel ephone set, so that communication with the power 
house or train despatcher is poss ible at any time from any 
roint on the line. 

FREIGHT AN ll EXP RESS 

One freight car is constantly in use. It makes two 
round trips daily, but this is not now sufficient for th<: 
business. The minimum charge is 7 cents per cwt. For 
the convenience of patrons the company's agents are au
thorized to use th e private telephone line in ordering 
goods of any kind from merchants in Davton, thereby 
saving long-distance toll s, and insuring quick delivery . 

{> 

DAYTON AN D NORTHERN 

I N EFFECT APRIL 1, 1902 

Cars leave Dayton Main S treet Ri ver Bridge c·,ery hour from 
6 :oo a. 111. till 11 :oo p. 111. , making fo llowing points: 

l\liles Sta tions Sing le Fare R ound Trip 

3 Fairview ........................ . 
8 Haines Station .................. . 

10 Taylors burgh .................. .. . 
13 Salem ......................... . 
16 Brookville .. ... .......... ....... . 
18 Dodson .. .. ..................... . 
19 Bachman ....... ................ . 
20 Wengerlawn .................... . 
22 W. Baltimore .. .. .. .. .. . . .. .. .. .. . 1 

25 Gordon ..... . .................... . 
27 Ithaca .. , .... .................... . 
3r I Arcanum .............. ........... . 
35 Abbottsville ................. .. 
36 

1 

Jaysville ............ ............. . 
43 G reenville .................. ..... . 

$0.05 
.10 
. Io 
. 15 
,20 
.25 
.30 
.30 
.35 
40 

,40 
.45 
.50 
-S5 
.60 

Freight car leaves at 7 :30 a. m . and I :30 p. m. 
freight and express ca rried. 

IO :oo p. 111 . la~t ca r fo r Greenvill e. 

if 
' 

.\)i 

$a.IO 
.20 
,20 
.25 
.35 
.45 
.50 
.50 
.60 
.65 
.70 
. 75 
.85 
.90 

1.00 

A ll kinds of 

INTERIOR OF SUB -STATION, SWITCHBOARD, BOOSTER AND FIREPROOF ROOM FOR STATIC TRANSFORMERS 

At Dayton, Brookville, A rcanum and Greenville, freight 
and passenger stat ions are provided , and at t he other 
towns trucks are furni .shed for taking th e fr eight to and 
from the road. 

PASSENGER SERVIC E 

Cars are operated on hourl y and at times during the 
summer on half-hourly schedule, a11el the run of approxi
mately two miles in Dayton and 39.5 miles on the tracks 
of the Interurban Compan y, is made in I hr. 55 min . The 
schedule given. Owing to the curves and grades on some 
portions, it is necessary to make high speed wherever possi 
ble, in order to secure a fair average. 

11 :oo p. 111. to Brookvill e onl y. 
Conn ection made at Greenvill e with Panhandle and Cincinnat i 

Northern. 
Connection at Arcanum with Big ➔ · 
9 :oo p. 111. last ca r fro m Gr eenville for D ay ton. 
IO and Ir p. 111. from Greenvill e to Brookvil le only. 

The entire length of road practically parallel s th e Day
ton & U nion steam road, on which is operated six trains 
each way every day, making a regular charge at th e same 
rat es as the Dayton & Northern , with spec ial rat es for 
special occasions. Nevertheless, the result has been most 
satisfactory to the elec tric road which , it is claimed, ob
tains 90 per cent of the busin ess. 
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RECORDS OF TESTS OF PASSENGER CAR 

A very complete test of the equipment has been made by 
E. P. Roberts & Co., of Cleveland, and the results have 
been tabulated, and are here presented in convenient fo rm. 

The records obtained were voltage and current at car, 
recording wattmeter readings between specified points on 
the road, and speed . \Vithout a careful comparison of 
these with th e map and profile, and stops, the individual 
figures have no value; therefore, only a few general re
sults. are given. 

Oct. 6, 1901. Car number , 125. 
T otal weight, approximately, 25 tons . 
\Veather, clear and dry. 

Loet.noN 

TABLE 

SUMMARY OF RESULTS 

P ower house to Salem-- · -- -- --·---·· - - ----·· · · 3.79 11 20.7 8,400 2.21 
Salemto H ai nes( R. R. crossing) ___ ··· - --·-·•• · 5.02 H 21.5 !<,iOO 1.71 
H aines (R . R. crossi ng) to Dayto n circuit -·· ··· · ' 4.!l5 16 18.5 11,400 2.30 
St. Railway into Day ton depot····---·------·· 7 l ,5UO 
Dayton depo t to D. & N . T. Co.'s power-··-··· 6 5,100 
D. & N. T. Co.'sC ircuit to H aines (R. R. cross'g) 4.95 19 15.6 J:3.200 2.67 
H aines ( R. R . cross ing) to Salem• _____ ··--_ -···· 5 02 tu 13.8 J:3,80U 2.75 
Salem to Power House ( Brookville) ••• ___ ··-···- 3.7!J 11 20. 7 \1,600 ~.5::l 
P.H. (Brookville) to W enge rl aw n ••.••• _. ___ .• 1.45 8 25.9 7,800 I 2.26 
\Vengerlawn to W . Baltimore··---······-··-··· 244 5 2!)3 4,200 1.72 
W. Baltimore to Gordon_· · ·------····---··----· 2:·;35 7 20.l 4,200 1. 79 
Gordon to Sub•station (Arcanum) -·- ·-- -··----·- 6 20 17 21.8 1 "' nuo 1. !l1 
Sub•station (Arcan um ) to Fair Ground _____ ···-- !l.87 27 21.9 ~2:imo 1 2.28 
Fair Ground to G reenville end· ·· ·· · · - ----·-··- 1.46 11 8.0 5,400 3.70 
Greenville e nd to Sub•station (Arcanum) ·-· - ··-- 11.3::l 29 23 4 24,uOO I 2.17 
Sub.stat ion (Arcanum) to Gordon _· -··-·---·--- 6.20 19 19.6 10,500 1.70 
Gordon to W .Baltimore ••••••••••••• ·------·-- 2.35 7 20.1 ::l.000 l.28 
W . Bal timore to Wengerla wn __ ·····-·- -- --····· 2.44 5 2G.::l 1 4,500 1.24 
Wengerlawn to P.H. Brookville.-·-------- -··· 3.45 2 25.9 6,900 2.00 

D ay ton to Greenville_·····-··---·--------··--·· 39.53 121 l!l.6 93,000 2.:35 
Greeenville to Day ton_· ····--··· ·-·-····------- 39.53. ~- 21.8_ 78,000_ . 1.97 

T ot:::a~:;t::n.~ ~~.~~.~~-.~~.-::.c.i:~~:~)-~:::· 7~:~~ z:~ ~~:~ 1171::~· 1 ~::~ 
T otal lay overs ••••••••••••••• ____ ····--------·- 247 ···-
Tot al time ou t·····-- -----·-······ ···· ·----··- 4()0 

The heavi est grades and sharpest curves are between 
Dayton and Brookville. Greenville is h igher in elevation 
(260 ft.) than Dayton. The instruments used were a re
cording wattmeter, made by the General E lectric Com-

TABLE II 

PASSENGER CAR TESTS. HEATI NG AND LIGHTI NG NOT I NCLUD ED. 

,L OCA TI ON 

Car H ouse to Dayton, 1st triP ---- -- -··- - ·· · 
" " 2d " ·-···· - ···----

3d " -- ··--·· - -···· 
4th " --- -··· · ____ _ _ 
5th " -··--- ·· ··----
61h ·' ------· ···-·· -1\ veragt ___________ _ 

Dayton to Car H ouse, 1st nip ..•• ·-·-- ·- ---
·~ ~~ ~d ~, ----------- - --
" 3d " ____ ·----- ___ _ 

4th " ---······ ·---
5th " -----------··· 
6th " ·--······-----
Average- ··········· 

Car House to G reenvi lle, 1st triP--------·-· 
.. ~ l 2d u 

3d '· ____ -·----
4th " •••• . •.••• 
5th " 

~~e;:ge ____ . ___ _ 
Greenville to Car H ouse, 1st trip-···------

H u 2d ~- ----------
.. " 3d " --·----- ·· 

4th " 
5th " ·-- --- ---
fith h .. ---- - 

Ave rage. __ . _--·· 

A ve ra ze Car H ouse to D ay ton and return __ 
Aver, Car H ouse to Greenville and return __ 

.,, 
V 

;::z 

1::l 76 
13:76 
13.76 
13.76 
13.76 
13 76 
13.76 

13.76 
13.76 
1:3.76 
13.76 
13.76 
13.76 
la.76 

25.77 
25.77 
25.77 
2:3.77 
2.;_77 
25.77 
25.,7 

25.74' 
25.77 
25.77 
25 7i 
25 77 
~5.77 
25.77 

27.52 
51.54 

.;; V . ..: -

;::z ~ -- ::l ::l-" 0 

V 11-., ::c 
E "' 

,..c:: ~ ,_ 

~ ~ U Q. V 
if) If) a. 

30 27.6 27.5 
35 26.4 2::l.6 
38 26 4 21 .2 
43 25.2 19.2 
40 28.8 20.6 
33 24.0 25.0 
37 26.4 22.3 

37 31.2 22.3 
42 :37.2 19.6 
42 3:1.0 l!l.6 
43 27.G ]9 2 
:37 28.8 22.a 
JS 2!JA 21. 7 
40 31.3 20.', 

75 52.8 20.6 
85 43.2 2::l.8 
80 47.4 19.3 
8.5 50.4 18.2 
66 43.2 23.4 
65 51. 0 2:3.8 
i '5 48.1 21.3 

70 50.4 2~.o 
74 59.8 20.9 
Rl 43.8 19.l 
;·o 44,4 22.0 
,5 54.0 20.6 
72 49.8 21.5 
7-1 50.2 21.0 

77 57 7 21 6 
146 9S.2 21.l 

.;; ,_ 

~J~ 
~t ~ 
~ Q. 

2.00 
l.!l2 
1.92 ' 
1 83 
2.0U 
l.74 
l.92 

2.27 
2.70 
2. 40 
2 \,() 
2.10 
2. 14 
2 27 

2.05 
l.G8 
1.84 
1.96 
1.70 
1.98 
1.87 

l.9u 
2 22 
1.70 
1.72 
2. 10 
1.94 
l.!)5 

2. 10 
1.91 

AverageDaytontoGreenville •• ___ ··-··--- 39.53 11::l 794 I 210 201 
Average Greenvil '. e to Dayton •••• -···_ --··1 3!l.~ 110 _ rn:6 _ 21:6 __ 1:!14 

Ave rage round trIP---·-·····-·-·-···-·· --- 79.06 224 156.0 21.3 J.96 

Total test runs -----· · · ··· ·-··---- •-• · i 474~36 1,337_ (IB6.0_121.3'Tl.98 
Total run (in Dayton)····-- ·-·· ··----· •• •• 3o0 I .... I . ·--- ---· 

pany especially for E. P. Roberts & Co., and a W eston 
voltmeter and a vVeston ammeter. 

Current used fo r heating and lighting is not included in 
the car tests (Table II.) where measurements were made 
at the car. 

Same car-Dec. 12 and 13, 1901. 
Dec. 12-Average temperature was above freezing and 

track dry, but snow on ground. 
Dec. 13-Tem perature high, requiring no heat on cars 

duri ng the day. Track dry, but ground soft from thaw of 
snow. Strong wind from southwest. 

Total run of six round trips equals 474.36 miles. 

TESTS OF FREIGHT CAR 

Weig ht of car and equipment, 23 .5 tons. 
Gearing, same as passenger car, approximately 45 miles 

per hour on level, 500 volts. 
R unning speed slower than passenger car , because of 

long stops. 
Dec. 14, Saturday-Snow storm, but snow not above 

rail. 
Dec. 16, Monday-Very cold and snow not to top of 

ra il. 
Dec. 17, T uesday-Very cold and snow not to top of 

rail. 
D ec. 18, Wednesday-Very cold and snow not to top of 

ra il . 
TAIJLEIII 

SUMMARY OF RESU LTS ON T !! , T OF FREIGH T CAR N o . 105 

N o. of I 
Ru n 

7 
11 
15 
20 
A 

L OCA.TI01' 

Car I l ouse to Day ton, !st trip. _. _____ _ - ···-
" " 2d •· _______ ·-·· 

3d " ···-·· ---·-· 
4th " -· ···· -····· 
5th ' ' ·-·········· 
Average tri p ............ .. 

Miles 

13.76 

3 Day ton to Car House , 1st tri p._ •••••• ----·- 13.76 
8 " " 2d ,. · ······ -·-·-

l 2 ld " · ···· --····· 
16 4th " • • •••••••.•• 
B Average trip . •• ·-··· 

9 Car House to Greenville , 1st tr ip . ••.•• • -··· 25.77 
13 u u 2d u - - -- - -- --

17 3d " ··· · ----- · 
C Average trip __ •• _ 

10 
14 
18 
2::l 
D 

G reenville to Car H ouse, 1st t riP --- ···- ·· ·-
" " 2d " ·· · ---···· 

3d " •••••••• •• 
4th " ·-·---- ··· 
A verage trip •• •• . 

25.77 
" 

Average Car H ouse to Dayton a nd return __ 27.52 
'' " G reenvi lle " •• , 51.54 

Dayton to Greenville • • ••• •• - ----· 39.53 
" Greenville to D ay ton _·-·- -- --···· 39.53 
" Rou nd trip. ---··--- ---·--·-· · -·-- , 79.06 

Total test ru ns •••• ··---·····--·--· ··· · 38:l 10 

Kw Kw Hrs. 

H ours per Car 
Mile 

2a 4 1.92 
25.6 ~.88 
20.4 1.48 
22.8 l.66 
22.2 1.62 
24.1 1.75 

J l.6 2.31 
32.4 2.36 
28.3 2.07 
30.0 2.18 
30.6 2.23 

57.0 2.21 
43.6 1.77 
51.2 1.98 
51.3 1.99 

48.8 1.89 
50.4 1.95 
48.8 1.89 
40.8 1.58 . 
46.6 l.81 

54.9 2.00 
97.9 1.90 
85.7 2.07 
70.7 1.79 

156.4 J.98 

774.8 2.03 

T he following records were kindly furni shed by J. E. 
Feight, superintendent of the road: 

TAB LE l V 
PowER OUTPUT IN REGULAR SERVICE IN Kw HouRs 

I 

1902 D.C. 

A.C . 

P.H. s. s. Total 

~ - - ~-- ---
Ju ly 21l . . ·-·-- - · 5,000 1,880 2,460 4,34C 

• J uly 29 __ • ___ _ 
J uly 30- •••••• 
July 31. ___ ••• 
August l - -·--
August 2. ___ _ 

-· 5,400 1,910 1,.-00 3,640 
.. 5,100 1,940 1,970 3,910 
.. 4,900 I 2,040 1,960 4,000 
.. 5,300 1,!llO 2,090 4,000 
-· 5,liOO 1,9!JO 1,720 3,710 
-- - - --- - ·- - ·-

Average ••• 5,250 1,950 l,!l83 3,93:3 

AVER AGE PER HOLfR 

A. C. 

P. H. 

-- --
238 89. 5 
257 92.4 
243 92.4 
233 97.1 
253 91.0 
276 94.8 

--· -- --
250 92.0 

D. C. 

s. s. I 

- -
1171 
81.0 
!ll.O 
93.4 
911.5 
82.0 
---· 

94.4 

To ta l 

206.6 
173.4 
!8ti.4 
l\!0.5 
190.5 
17tl.8 

Hi7.3 

T his amount is somewhat less than the average of the 
results of the tests of E . P. Roberts & Co., and it is possi
ble that the car-mileag e, as given, is slightly high. On 
the other hand, the track was much better than at the 
time of E. P. Roberts & Co.'s tests, and also when their 
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tests were made the trucks and motors were new, and the 
friction may have been greater. The ratio of alternating 
current to direct current is practically as obtained by 
E. P. Roberts & Co., and as hereafter referred to . 

POWER HOUSE AND SUB-STATION TESTS 

Oct. 5, 19or, a complete efficiency test was made by E . P . 
Roberts & Company. 

The steam plant tests gave no results of special inter est. 
The engine operated at IO per cent overload, the vacuum 
was low, as the cooling trays had not been installed, and 
the result obtained, corrected for moisture and low vacuum , 
was 16.3 lbs. of dry steam per indicated horse-power. The 
receiver reheater of the engine tested was not in sati sfac 
tory operation at the time of test. The fricti on of engine and 
generator, direct-connected, and of the exciter belted to 
the engine fly-wheel. was 9 per cent of the rated indicated 
horse-power. 

In December, 19or·, the following test was made fo r coal 
per kilowatt-alternating current- the kilowatt s being as 
stated in Table VI. 

J'he fuel was very wet and was high in volatile matter , 
and low in heat units, and the fireman did not handle it 
properly. This test showed that materially better results 
than were reported at the time of the efficiency test were 
readily obtainable by coking firing with the same coal, or by 
using better coal. 

Reducing the results obtained to an equivalent of coal 
having 14,000 B. T. U., and boiler and furnace effici ency 
of 65 per cent, gives for coal ( no reduction for ashes, etc. ) 
3.70 lbs. per kilowatt. Time of test , noon, Thursday, Dec. 
r2, 19or, to r :oo a. m .. Sunday, Dec. r5. The output in 
alternating current and direct current during the same 
period was as follows : 

T ABLE V. 

A VERA GE OUTPUT OF MACHIN ES 

POWER HOUSE SUB-STATION 

A. C. Output of D. C. Output of D. C. Out put of 
TIM E Generator Station S tat ion 

Kw H jAve. Kw I Ave. HKw Hours Ave. 
Hours __::1~ Hours H ours I Kw ours Kw 

-- --- ~ 

Thursday, Dec. li-
12.00 m. to 7.00 p. m ____ 2.100 I ... 0 300 848 '·" I '" I "' 7.0 74 
7.00 p. m. to 12.00 p. m. 1,200 !\.O 240 530 5.0 106 315 5.0 63 

12.00 p. m. to 1.05 a. m __ 100 1.0 100 45 1.0 45 0 .. 0. 
·--------- - - ----- -- - -

12.00 m. to 1.05 a. m. __ 3.400 13.1 261 1,425 
13. l I 108 { 836 13.1 64 

I 
836 *12.0 70 

Friday, Dec. 13-
1.05 a.m. to 4.30 a.m _____ 0 3.4 0 0 3.4 0 0 3.4 0 
4.30 a.m. to 7.15 am ____ 400 2.8 143 143 2.8 51 p 77 2.8 135 

377 

~~~¥ I 
~52 

7.15 a.m. to 12.00 m ____ _ 1,600 4.7 340 668 4.7 14J 429 91 
12.00 m. to 6.17 p.m. ____ 1,580 6.3 251 682 6.3 108 -- -- -- -
12.00 m. to 7.30 p.m. ---· 

1~840 ·6:5 -·- ---- ---- --- 947 7.5 126 
6.17 pm. to 12 45 a,m ___ 35:l 595 6.5 92 ---- ---- ---
7.30 p.m. to 12.00 p.m ___ ---- ---- --- -- -- ---- --- 260 4.5 58 

---- -- - --- - -- ---- ----
1.05 a.m. to 12.45 a.m_ 5,420 23.3 232 2,088 ~3.3 90 ·i,013 24.0 84 

Saturday, Dec. 14-
12.45 a.m. to 5.45 a.m ___ 570 5.0 114 99 5.0 20 () 5.8 0 
5.45 a.m. to 7.15 a.m .••• 510 1.5 340 132 1.5 1 

88 
2:12 ---- "44 5.45 a.m. to 12.00 m __ ___ 1,510 6.2 260 839 6.2 135 I 6. 2 

7.15 a.m. to l~.00 m _____ 1.100 4.8 229 707 4. 8 H7 ---- ---- ---
12.00 m. to 12.40 a.m __ 3,950 12.7 311 1,677 12.7 132 ---- iifo ---
12.00 m. to 12.00p.m ---~ ---- ---- ---· ---- ---- --- 1,441 120 

--- -- ---- - -- ------ -
12.45 a.m. to 12.00a.m. 6,130 21.9 256 2,6Hi 2:5.9 109 1,713 { 23.9 72 

---
60.7 I 247-

-- --- -- ~I~ Total, Thursday 12 to ~ 14,930 6,126 60.7 101 4,66~ 60. i' 75 
12.40 am. Sunday ____ 5,.3 251 *51.3 107 *49 2 93 

* T1rr:es of accual run of generator or rota ries. 

It should not be overlooked that this plant has storage 
batteries, and that the direct-current output is that g iven to 
the line; therefore, the comparison of alternating current 
and direct current for short periods should not be made, as 
the batteries are sometimes charging for an hour or more in 
excess of their output, and at other times far less . This 
even affects the totals for the day, but the average for the 
thre~ days probably closely approximates the actual avera~e 

T A BLE V I. 

E ffi cie.ncy from alterna ting-current gen erator ouptput to total direct-current 
ou tput of both ·stations, including loss of storage batteries, rotaries, statics and 
tran smi ss ion line. 

A. C. Kw Total D . C 
H ours of Kw H ours Efficiency 
Genera tor of Rotaries 

Thrnd,,, Doc.12- I 
3,400 2,259 66.4% 12.00 n. to 1.05 a . m .••• •• -··· __ ---· •• .• •. 

F riday, Dec. 13-
5,420 4. 101 75.7% 1.05 a . m. 10 12.45 a . m --·-·······---- ____ 

Saturday, D ec. 14 -
1:!.45 a. m. to 12.4i1 a. m ____________ . _____ 6,130 4,328 70 5% 

T otal-
Th ursday 12. fl0 noon to 12.40 a m. Sunday . 14,950 10,G~8 71.5% 

fo r longer periods, although the fir st day's record was prob
ably lower than the average. This is also indicated by the 
results previously noted, 74.9 for six days' run. 

Considering the average efficiency as 74.9 per cent from 
alternating current to direct-current output of sub-station , 
the following ass11111cd effici encies would g ive this result . 
Po8sibly none of th e assumptions is exactly correct . 

The sub-station supplies practically one-half the direct 
current output, th erefore, only one-half the alternating
current energy is transmitted over the high voltage line 
and through th e statics, and at the load as recorded . For 
the g reater portion of the time only one rotary in the sub
station was in operation at approximately its rated load, 
and th e statics at one-half load . At times, however , both 
rotari es in the power house and in the sub-station were 
operated. U nder these conditions consider the average 
effici encies estimated by the engineers as follows: 

Storage Battery.-Approximately 20 per cent of the 
energy was assumed to pass through the battery, and the 
effici ency was taken at 80 per cent. This gives for efficiency 
of battery relative to total output, 96 per cent . 

Generators.- F or short period, two at underload ; for 
other short periods , one at underload; for other short 
periods, one at overload. Consider average efficiency as 
91 per cent. 

Rotaries.- Practically same condition as to operation at 
load and over and under loads, but somewhat longer times; 
two in either power house or sub-station, and one in the 
other location, and therefore a longer period of light load. 
Consider as average efficiency under these conditions 91 
per cent. 

Transformers.-Transmit one-half of the alternating
current energy, and if their efficiency is taken at 94 per 
cent, their effect on the total efficiency will be 97 per cent . 

Line.-The efficiency of the line is 92 per cent when 
the load is equal to the rating of both rotaries , but 96 per 
cent at half load. If it is taken at 95 per cent , the effect 
on the total efficiency would be 97.5 per cent. 

The above assumption then gives: 
Battery, 96 per cent. 
Generators, 91 per cent. 
Rotaries , 91 per cent. 
Statics, 97 per cent. 
Line, 97 per cent. 
Total efficiency, 74.7 per cent ; call 75 per cent . 

From an inspection of the measurements of voltage and 
current at the car it is probable that the average energy 
losses (not voltage losses) do not exceed 25 per cent ; volt
age losses, 20 per cent. On this basis the percentage of 
energy delivered to the car equals 75 per cent of 75 per 
cent , or 56 per cent. 

STORAG E BATTERY 

Both the first sub-station in the power house at Brook
ville1 anq th ~ s~<;,:Qnd one on th <; Iiµ~ at Arcanum, an, 
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equipped with Chloride accu mulators. This equipment 
has already been described in this articl e. 

A curve taken March 30, 1902, at the Brookville power 
house, shows that the rotary load did not vary more than 
some 50 amps to 70 amps, whereas the total station output 
varied from about 40 amps up to almost 650 amps. The 
result of r emoving these fluctuations from the rotaries and 
generators is a g reat increase in the economy of operation 
at the station . Besides improving the economy, however, 
the battery serves to increase the capacity of the station, 
in that the average load may be increased to the full rating 
of the generators and rotaries, leaving the fluctuating load 
to be carried entirely by the accumulators. 

Considerable use was made of these batteries in com
pleting the road. A t that time it was deemed inadvisable to 
operate the plant continuously, and for many days the 
,vork car was operated entirely from the two storage 
batteries. 

The effect of the batteries in increasing the capacity of 
the station is shown by the following: 

The operation of one engine, generator and one rotary 
in the power house and one in the sub-station , is sufficient 
fo r the operat ion of fo ur passenger cars and one freight 
car. One generator is , as stated, 250 kw; each rotary is 

two-generator plant, without batteries, has a greater 
momentary max imum than is sufficient for doubling the 
service. This is not intended as an argument in favor of 
batteries for all plans and under all conditions, but merely 
a statement , by the engineers , as to their function in this 
case and their effect on capacity. 

Engineering.-The civil engineering was in charge of 
C. Larue, assisted by E. Carbaugh. The superintendent 
of the Dayton & Muncie, J. E. Feight, is a trained civil 
engineer, and co-operated with the civil engineers men
tioned. The architects were Peters, Burns & Pretzinger, 
of Dayton , A lbert Pretzinger having the matter especially 
in charge. The mechanical and electrical engineers were 
E. P. Roberts & Co., of Cleveland, Ohio. 

New Conduit Work of the Brussel, Tramwav Company 

The city of Brussels, the capital of Belgium, which, 
with its many suburbs, has a population of over half a 
million people, has always been most prominent as a tram
way center, and from this city many of the tramways 
throughout Europe and even Asia and Africa are con-

O /(J.!:J" A,,..-:t / DU ✓DU-

Curve No. I, rotary output in direct current. Curve No. 2, station output in direct current. 
day a. 111., l\fa rch .30, 1902. 

Five-second readings taken Sun-

DIAGRAM SHOWING OUTPUT OF ROTARY AND BROOKFJl:LD SUB-STATION AND BALANCING EFFECT OF BATTERY 

roo kws, and the batteries are 400 amps on hourly rating. 
T herefore, the momentary load permissible without exceed
ing the rating of the rotaries is : Two rotaries, rating at 
r 54 amps, 308; two batter ies at 400 amps, 800; total, r ro8. 
T his is available at 650 volts, and equals 720 kws. To ob
tain the same momentar y overload without batteries would 
require a rotary capacity, taken at 50 per cent momentary 
overload, equal to 480 kws rated, and generator capacity, 
at 75 per cent efficiency, between alternating current and 
direct current , and at 50 per cent over rating at the time 
of such momentary overload, equal to 640 kws. 

Of course, if necessary, the generator and rotaries 
operating with storage batteries can also be run above 
rating momentarily, but the percentage increase is compara
tively small, because of the preponderance of the battery. 

\iVhen two generators are in use the difference in momen
tary capacity is less. For example, with two 250-kw gen
erators, fo ur roo-kw rotaries, at r 54 amps, equal s 6r 6 amps, 
and two batteries 800 amps , making a total of q 16 amps , 
which, at 650 volts , equal s 9zo kws. 

The two rotaries, previously estimated, if 480 kws would 
g ive at 50 per cent overload 720 kws, and fo ur, to continue 
the compari son , 1440 kws, and therefore a greater momen
tary overload, but doubling the cars not only doubles the 
average, and this the doubling of generator and rotaries 
(with batteries) provides for , and doubling the cars does 
not double the momentary maximum, and therefore the 

trolled. At the present time there are some ten or fifteen 
large tramway investment companies owning tramways 
throughout Europe, whose h eadquarters are in Brussels · 
and whose stock is actively quoted on the Brussels stock 
exchange. The city, in fact, occupies a commanding posi
ti on in the tramway world second to no other city in 
Europe. In this r espect it has no correspondance with 
any A merican city except possibly Philadelphia, the cap
italists of which for a long time, and even at the present 
time, have given special attention to tramway investments 
all over A merica and control many of the larger systems. 
The number of tramway syndicates in Brussels, however, 
is much larger than in Philadelphia, and their operations 
2re not confined to one country, but they are ready to take 
up enterprises of thi s character in practically every country 
on the globe. 

This is one reason why the tramway system of the city of 
Brussels itself is of peculiar interest. Another is that the 
city. which is an exceedingly attractive one and contains 
many fin e and large buildings, is located on the side of a hill 
on which the grades of the streets vary between five and 
fifteen per cent. The wholesale business district is located 
at the foot of the hill,but the principal retail business shops 
and office buildings are on the sides of the hill, while the 
finest residential portion and the King's palace, and a num
ber of the principal hotels are at the top of the hill. Thi5 
makes tramway riding almost essential to a large number 
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of residents and has been the means of developing a large 
traffic. 

Early in the development of electric traction the com
pany install ed the trolley system on some of its suburban 

by the U nion E lektricitats-Gesell schaft , both representa
tives in E urope of the General Electric Company, of N cw 
York. 

The power for operating the lines is supplied from a 
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FIG. !·-SECTIONS SHOWING STANDARD CONDUIT CONSTRUCTION USED IN BRUSSELS 

lines, and in 1897 had 27 or 28 km of double track equipped 
with electricity. The greater part of this was trolley but 
on some of the lines within the center of the city, where the 
troll ey was not permitted, a conduit was employed. The 
trolley lines were installed by the F rench Thomson
Houston Company while the conduit lines were installed 

direct-current station containing two 400-kw machines, 
two 250-kw machines and five 100-kw machines , the latter 
having been installed at the time of the establi shment of 
the first electric lines in 1894. In spite of the fact that the 
station is small and the transmission circu it has to be di
vided into two parts for use, respectively, on the conduit 
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and the trolley lines, the economy of the current genera
tion has been very satisfactory and the consumption of 
coal per kilowatt-hour has varied between 1.7 kg and 1.85 
kg (3.74 lbs . and 4.07 lbs.) T he consumption of energy per 
ca r-kilometer is about 575 watt-hours on the conduit lines 
and 850 ,vatt-hours on the troll ey lines. The greater power 
required on th e trolley lines is due to the steeper grades 
which are encountered. 

As a result of the successful operation of this electric sys
tem, the company decided recently to change over some of 
the few remaining horse-car lines to electric power, and as 
it was not possible to secure the right to install a trolley 
on this section, the conduit was adopted. The work is now 
being carried forward under the direction of M r. d'Hoop, 
chief engineer , and Messrs. Pedriali , Lechat and Dugniolle, 
engineers, and is now approaching completion. 

The conduit is laid under one of the rails instead of be
tween the rails, as in America. T his system was adopted be
cause the authorities were not willing that the center con-

The orig inal conduit was 62 cm (24-4 ins.) from the 
top of the pavement ; the slot was 30 mm in width, and the 
slot rails were of the Harrmann type, each weighing 6 kg 
per meter ( 12 lbs. per yard). The latest conduit is slightly 
deeper , i. c., 634 mm (25 ins.). The yokes, which are I 
meter apart , weigh 90 kg ( 198 lbs.) each. The conductor 
rails are of iron, originally weighed 9.3 kg per meter (18.6 
lbs. per yard), and were 10 meters in length. The new 
conductor rails are 10 kg. (20 lbs. per yard) in weight and 
15 meters in length . They are supported by insulators 
every 5 meters. 

The insulators are not made up of porcelain as in this 
country, but are of hard rubber, moulded around an iron 
stud. So far thi s insulation has proved very satisfactory, 
being much less breakable than porcelain and seeming to 
retain its insulating properties. The use of these insulators 
has made it much easier to align the conductors, as the 
in sulators are not rigid. 

T he contact device, or plow, differs radically from those 
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SCALE OF METERS 

FIG. 2.-SECTION OF CONDUIT AT A MANHOLE 

duit should be used, on the ground that it introduced too 
much iron in the streets. The side conduit, as is well 
known , is employed quite extensively in a number of cities, 
including Vienna and Budapest. While cheaper to con
struct, in that it does not require so much excavation, the 
system has certain disadvantages, the principal ones being 
that the switches are quite complicated, and the slot open
ing must be considerable, especially at the switches. T he 
width of the slot opening in Brussels at the switches is 45 
mm (1 i ins.). At first these openings caused a number of ac
cidents, as the wheels of light vehicles and of bicycles were 
caught in them and sometimes slipped through them. These 
troubles have about di sappeared, however , as the public 
generally has learned to avoid driving over these places. 
Considerable trouble is also fou nd in the accidental move
ment of the switch tongues by vehicles passing over them, 
but a switchman is now employed to keep them in position 
as well as to prevent carriages from passing over them. 
The company reports that the additional supervision re
quired for the conduit system over the t rolley system con
sists of a force of eleven men for each 2 km of single track. 
This is made up as follows: The chief inspector; 6 cleaners , 
including I car driver; 2 ordinary day inspectors and 2 

night inspectors. -

used in America in four respects. In the first place the 
plow is arranged to be lifted fr om the conduit by means 
of a small winch on the car. This is necessary because 
the through cars will be run partly on the trolley system 
and partly on the conduit system, and a serious delay in 
the change would vitally affect the desirability of th 
service. The second point of difference is that the contact 
shoes instead of being pressed out horizontally, as in the 
New York and \Vash ington plows, are mounted on a short 
lever and swing out vertically in the arc of a circle. In 
this respect the shoes are similar to those of the plows 
used in Vienna and Budapest, except that the latter are 
hinged from above and swing around an arc of about 45 
degs., while the Brussels shoes swing around an arc of 
about 135 <legs. The third point of difference lies in the 
fact that the positive and negative contacts are supported 
on separate shanks instead of being opposite each other, as 
in th e American installations and in th e Siemens & Halske 
roads in Budapest and Vienna mentioned above. This 
was done to avoid any dangerous short circuits between the 
leads, and in practice has seemed to work very satisfac
torily. The fourth difference is that the rubbing surface 
of the contact is on top of the contact rail instead of on 
the side, as in all the other conduit systems. This makes 
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it necessary to have the joints of the contact rail s well 
a lig ned, as any deviation would be apt to tear off the 
shoe. N o serious difficulty, however, has been experienced 
in this way. The expansion and contraction is taken up in 
the crossing where the conductor rails are bolted to t he 
msulators throug h oval bolt holes. 

A t these crossings, the conductor s are necessarily in
terrupted and the car passes ove r the break by momentum. 
To allow the shoe to rise again to the level of the conduc
tor, the free ends of the conductor bars are furni shed with 
inclined planes in the fo rm of horns, as illustrated in F ig. 
4. These pieces orig inally gave considerable tro uble; they 
were first made of soft wood, but under the repeated shocks 
of the trolley shoe the wood wore rapidly away and the 
shoes caug ht in the hollow thus fo rmed. T he experiment 
was then made of covering the surface of these inclined 
planes with porcelain , but thi s broke after a short t ime 
owing to the pounding of the shoes. Var ious types of har d 
woods, such as box, were then tried, but did not give en
tirely satisfactory results until experiments were made 
with elm, in which the gra in of the wood was an angle 
with the direction of the movement of the shoes. T he 
latter, then, in passing over the wood r ubbed against the 
fibre in a differ ent way. In spite of this precaution , the 
cars have to pass over the switches at a moderate speed. 

The plow it self, as illustrated in F ig. 3, consists of two 
pieces of sheet steel separated by a fi lling piece of bronze 
in which the insulated conductor is held. T he lower part 
of the contact shoe, which is of ordina ry cast iron , is 
hinged at its upper end and is held by a spring in the posi
tion shown as O A in F ig. 6. No part of th e plow has a 
greater width than 36 m m , so that th e plow can be lowered 
or raised from the conduit at any point in the track. When 
the plow is lowered , the shoe lever first swings around to 

T he plows are also fi tted with chafe p lates of hard steel 
to take up the wear against the slot r ails. The time re
quired to make the change from a trolley to a conduit line 
or vice versa does not requi re more than 15 to 20 seconds. 
, \ special switch, which is attached to the con troller, 
changes the connection s from the trolley pole to the con
dui t . 

T he company has tried flex ible 
the shank of the plow and 
the main car cable, but fo und 
that these are subject to con
siderable deterioration . T he 
device was finall y adopted 
which is illustrated in the side 

FIG. 4.-HORNS AT END OF 
CONTACT BARS 

current leads between 

S lot' Ra il 
.:ii ru,t RuiJ.w,,11 Jut.n• ,..J, 

FIG. 6.-DIAGR AM SHOW
ING MOVEMENT OF 

CONTACT SHOE 

elevation of the plow, and which consists of a sor t of lazy 
tongs made of st r ips of copper. T he same engraving 
shows the method of raising and lowering the plows me
chanically by means of a steel cable wound around a 
winch. 

T he insulation of the conductors in the conduit is in 
general satisfactory and varies from 4000 to 400,000 ohms 
per km, depending upon the humidity. T he principal cause 
of the breaking down of insulation is the mud and street 
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FIG. 5.- SIDE ELEVATI ON, CROSS SECTION AND PLAN OF PLOW 

the position O B and then to O D. vVhen it is r emoved 
from the conduit, it takes the position O C. W hen it is 
taking current from the conductor-bar it is in the position 
0 D. After a number of experiments, the fo rm of a 
spatule which could be replaced and used on both sides 
was adopted. The shoes las t from three to fo ur weeks and 
cost about 18 centimes, so th at the cost of replacement is 
insignificant. 

refu se , which are washed into the conduit and upon the in
sulators in the case of a heavy rain . Th e company has found 
it advisable to wash off the insulators from time to time 
as the insulation of the positive conductor tends to increase, 
and that of the negat ive conductor to grow less, due to elec, 
trolytic action . For t he same reason the sections are 
changed over from one side to the other at the switch
board of the power station. 
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T he switchboard is equipped with the usual earth indica
tor, consisting of two banks of lamps connected to the tv;o 
conductor s of the underground system and joined at the 
center to earth. This shows in a visual way the approxi
mate insulati on between the conductor s and the earth. 
Short circuits. however. are not unknown, and as it is diffi
cult to locate them in the ord inary way, owing to the fact 

,,;, ,, 
Conductor Bar ,., 

G 
Fault 

FIG. 7.-METHOD OF TESTING FOR GROUNDS 

F':.1u l\ktvr 

1.hat the conductors themselves are enclosed within the 
conduit , a special dev ice for thi s purpose, devised by Prof. 
Eric Gera rd, is employed. This method, which must be em
ployed when there is no load on the secti on, con sists in 
fast connecting to earth at the power station, through a re
sistance, the encl of the conductor bar on which the short 
circuit does not exist. A make and break contact device, 
similar to that shown in Fig. 7, is then connected to both 
conductors. Thi s cuJTent, of course, starting, say, from 

sertecl in the slot between the power station and the fault , 
but is not affected if the coil is placed in the slot beyond 
the short circuit . The co il and telephone weigh only about 
I km ( 2{ lbs.), and yet a fault can be determined within 
a meter. All the conduit installations have been carried out 
by the F rench Thomson-Houston Company and by the 
L'nion E lektricitat s-Gesellschaft. 

R eference has already been made to the present direct
current station of the Brussels Tramways Compan_v. The 
demand for power and the extension of its lines has led 
the company to draw up plans for a new large station, 
which is now under construction, and which will have a 
capacity of ro,500 kw. The station , the plans of which are 
presented herewith, will contain seven units of 1500 kw. 
The engines will be cross-compound and built by Van 
der Kerckhove, of Ghent. The alternators will be sup
plied by the U nion E lektricitats-Gesellschaft and will gen
erate current at 6600 volt s and 25 cycles per second. The 
boiler s will be suppli ed by the Babcock & \Vilcox Company, 
and superheaters will be used for supplying steam to the 
engines at a temperature of 330 degs . C. The tramway 
company has guarantees of an ihp-hour on 4.75 kg (10.45 
lbs.) of steam . 

There will be three sub-stations; one containi11g five 
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FIG. 8.-PLAN AND SECTION OF NEW POWER STATION, BRUSSELS 

the power station, follows the short circuited conductor up 
to the point where the short circuit exists, then passes into 
the earth and returns through the earth connection of the 
good conductor to the power station. An inspector is then 
sent along the route with a triangular induction coil about 
60 cm ( 2 ft.) in height and including a t elephone receiver 
in its ci rcuit . This can be slipped through the slot be
tween the conductor rails. The make and break circuit will 
then produce a noise in the tel ephone when the coil is in-

rotary converters of 550 kw each, and two, each contain
ing three rotary converters of the same size. Both power 
station and sub-station will be equipped with a storage 
battery and the present station will be used as one of the 
sub-stations. 

The president of the Tramways Bruxellois, which now 
controls the Brussels system, is Leon Janssen, who is also 
president of the International Tramways Association of 
Europe. 
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Discipline of Street Railway Employees 

BY \V. E. HARRINGTON 

There :ire various systems of di sc ipline in practice, of 
which the Drown system is the best known. All have for 
their purpose the advancement of those employees to the 
most desirable positions who by good work and steady 
service have shown that they have the welfare of the com
pany at heart. In some systems employees are discharged 
for failing to comply with rules and regulations, the men 
remaining in employ being advanced to th e position pre
viously held by the di scharged men. The di sadvantage in 
such a system is that frequ ently employees who should be 
disciplined i11 some way or other <lo not lose their position 
on the seniority list. The result of this is that men who by 
faithful service should receive some consideration for such 
service remain for a long time in a position which does not 
properly reward them for their good service. 

In other systems, where the promotion plan is followed, 
men are frequently advanced for good service rendered in 
such a way that a feeling of bitterness is engendered in the 
breasts of other men who have not been advanced, as it is 
a well-knmvn fact that employees are very jealou s of their 
position and standing. To follow the promotion plan 
great care has to be observed in awarding promotions, and 
it is very easy, owing to the multitudinous cases that arise 
in street railway practice, to advance men unjustl y over 
the heads of their fellow employees. 

In the system where merits and demerits are employed 
the same objections apply as is shown in the promotion 
system, as it is exceedingly difficult properly to apply 
merits, and whatever practice be follow ed for crediting a 
man with a given number of merits, difficulty is expe
rienced in deciding the number of m erits to be g iven for 
each case of good service. In the strict application of this 
system, as long as a man's standing on the seniority li st is 
not affected, he does not seem to care whether he has 
60 or 200 merits or demerits. · 

It has been noticed among street railway managers and, 
in fact, in all industrial operations where large numbers of 
men are employed, that g reat jealousy exists on the part 
of the men as to their standing. 

It suggests itself to the writer, after trying various meth
ods of discipline, to take advantage of thi s latter feature, and 
on April 1, 1901, the demotion system was put into effect . 
After eighteen months' operation the following interesting 
results have been obtained. Prior to the adoption of the 
system great trouble was occasioned on the part of em
ployee<; missing roll calls. There were repeated cases where 
men would miss the roll call a number of times. Taking 
figures at random from out files during a month , these 
offenses will run, at the time referred to, from nine to sev
enteen times for individual employees. After the change, 
the greatest number of times any one employee missed in 
a month has not exceeded six. 

It is proper here to describe the essential features of the 
demotion system. The general rul es of the despatching 
of conductors and motormen are outlined below in the 
appendix. Part first relates to regular men, and part sec
ond to extra men. J n addition to the credits and demerits 
mentioned in the appendix, conductors and motormen are 
demoted by the general manager one or more points on the 
seniority list, as may be deemed advisable. In cases of 
petty_ irregularities and violation of rules, for instance, a 
conductor may be demoted five points for permitting 
smoking on his car, or the motorman may be demoted fiv e 
points for starting car without receiving signal from con
ductor. 

It has been noticed since the adoption of the system that 
men who have been in the employ of the company for 
years, and have been careless and negli gent of their duties, 
have been demoted gradually until they have reached 
points well clown on the seniority list. In lookin g over the 
files of the eirrhteen months in which the system has been in 

b . 
force there are m en who have been demoted as high as 
forty~three points and one thirty-seven points, a11cl several, 
r espectively, 27 points, 26 points and 22 points. This, as 
can be r eadily seen, throws those men who have been 
rendering faithful services, by th e inverse process, in ad
vance; that is, it has promoted them on the li st. 

It is an interesting fact to note in looking over the fil es, 
as an instance, a conductor who ent ered the employ of the 
company in 1891 is on the straight clay run and is below 
men on the seniority li st who entered th e employ of the 
company in 1896. -Thi s is the best class of runs at the 
disposal of the company. In the straight from noon runs 
it is interesting to note that men entering the employ of 
the company in 1901 are ahead of m en who had entered in 
1900. In the swing runs, men who entered in 1902 are 
ahead of men entering in 1901. O n the extra li st men who 
were employed in June, 1902, are ahead of men entering 
in Mav. The above applies to conductors. 

The· motorman list also shows quite a fluctuati on , but 
does not work as rapidly as the conductor li st. We find, 
however , under the op~ration of this system, cases of men 
who ctre above other m en who have been in the employ of 
the company for t,vo or th:.--ee years longer. 

It took the first year for the employees to realize the full 
significance of the demotion system. During the last six 
months it has been found that the men exercise the greatest 
amount of care in order not to come under the ruling of the 
demotion system, and wherever they can, by explanation, 
they will endeavor to have the points removed. 

r't has been found that by posting on the bulletin board 
in the car house the names of those men who have been 
reported for irregularities that they will be demoted one or 
more points if the irregularity be not explained on or be
fore a set elate, that they take special pains to meet the 
general manager to clear their r ecord, giving the general 
manager an opportunity to get in better touch with his 
men and enabling him to exercise judgment in enforcing 
the di scipline. 

The writer has noticed in many instances that a man who 
has ;-eachecl :i point in hi s demotions where the exerci se 
of discipline would throw him, for instance, from a straight 
from noon run to a swing run, will often, even while ad
mitting hi s fault, request that he be given one or more 
weeks' suspension, or that he be placed for one or more 
weeks at the bottom of the extra list, rather than be de
moted. 

U nder this system any employee by good, conscientious 
service can advance to the better runs at the sacrifice of 
less capable men, and it has been found that the men ap
prove the plan and apprtciate the reward for faithful 
se rvice. 

This system permits the gradual weeding out of such 
men as are undesirabl e, by a natural process of the "sur
vival of the fittest." 

The following facts are noticeable in the operation of 
this method of di scipline : 

l\ilen have a general knowledge of how the list stands, 
and \\ hen someone ahead of them misses they will look at 
the rack and see if their nam e has been advanced. T hef 
do not talk much about it or seem glad that someone else 
has been set back, but regard an advance as a reward for 
good service. The man missing says very littl e about it . 
usually being a person who does not seem to care much for 
di sc ipline. The maj ority of men missing roll calls seems to 
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consist of young, single men who do not take the neces
sary rest when they should. 

It is noteworthy that in many cases wh en an employee 
realizes that he i·s g raduall y g·oing down on the list h e 
wakens up, and from that time on becomes a more effici ent 
employee. 

In conclusion, prior to the adoption of the demotion 
system the percentage of m en missing roll calls to the total 
number of m en empl oyed averaged monthly 42 per cent. 
After the adoption of th e demotion system for the last six 
months has averaged 26 per cent. 

The following is a copy of the rules of the Camden & 
Suburban Company, referred to above, and is descriptive 
of the system : 

REGULAR MEN 

( I ) In case a r egular man wi shes to be excused from duty he 
should ask the day before, and, if exc used, such runs wi ll be marked 
up from top o f extra li st (as it stands on the next day) in the 
order of the r eporting time of the run s to be filled. 

( 2 ) A regular man must r eport ten minutes before it is time 
fo r hi s car to leave the car hou se. F or fa iling to r eport, either in 
per son or by message fo r car , the fir st time in a rnon th he will be 
demoted on e point and g iven one day fo r each hour or fr action of 
an hour missed and he will have to r eport at each succeeding roll 
call, and in that time to rece ive work only after all men on extra 
li st have been ass igned. 

Any employee hav ing a clear record fo r the previous two months 
will be relieved fr om demotion for the fir st fai lure to report in a 
month. 

The second time in a month a run is mi ssed he will be demoted 
two points and g iven on e day for each hour or fraction of an hour 
missed, and he will have to r epor t at each succeeding roll call, and 
in that t ime to receive work only a ft er all men on the extr a li st 
have been assigned. 

The third time in a month a run is missed he will be demoted 
three points and given one day for each hour or fraction of hour 
missed, and will have to r eport at each succeeding roll call, and in 
that time t o rece ive work only a ft er a ll men on extra li st have 
been assigned. 

T he fo urth time in a month a run is missed he will have to re
port to genera l manager. 

A ll the above rulings subject to appeal to the general manager. 

(3) No extras ar e carri ed to r elieve men who may miss their 
second ca r, as a t dinner, supper or swing time. In such cases the 
ea rly men wi ll be demoted to the bottom of late runs, the late man 
will be demoted to the bot tom of swing run s, and the swing man 
to night car. T he night car man will be demoted to tripper runs 
and the tripper man demoted to extra li st . In case of an extra, 
he will be demoted from his pos ition on the extra list, three (3) 
points. 

(4) The sla te will be put out daily at a regular time suitable to 
the r equirements of the depot, after which no one will be excused 
without reporting. 

(5) A r egular man asking off s ick must lose two days work and 
must r eport a t depot the day befo re he takes his car. 

T elephonic or telegraphic messages or letters sent by mail or by 
employees wi ll n ot be accepted as requests for leave of absen ce 
due to sickness or other causes. 

The only recognized fo rm s of r equest will be by letter brought 
to car house by some person not an employee or made personally 
a t the car house, not later than ten minutes before the allotted re
porting time. 

Request s w ill be accepted only at car house. 
Employees not complying with the above wi ll be placed at bot

tom of extra list one day fo r each hour or fraction thereof for 
fa iling to r eport as abon prov ided. 

(6) No regular man is excused from work after taking hi s car, 
unless he is sick or di sabled. H e must work nm out. 

(7 ) Changes on account of vacancies will be made fr om fir st to 
tenth day of each month , unless in case of a run being vacant three 
( 3) days or more ; in that event it will be fi ll ed by the oldest extra 
not otherwise engaged, until such time as he may be called for 
r egular position, or the man to whom it belongs returns. 

(8) Promotions on account of di scharge, etc., ar e made from 
extra li st to tripper run s, from tripper runs to night car, from 
night car to swing runs, from swing runs to straight from noon 
runs, from st raight from noon run s to straight day runs. 

EXTRA MEN 
On and after Monday, April I, 1901 , extra men will report as 

fo llows (at car house for morning work) : 
(I) After the noon roll call at the ferry the li st is telephoned 

to the car house and despatcher books off the r egular men for the 
next day, the first extra men booked up for regular runs are those 
working tripper runs, then come those who did not get work at 
noon. In event a m:111 who did not get work a t noon should get a 
six-hour run a t night roll call he will be expected to take run he 
is booked up for the n ext morning, in event he is not booked up 
he will not have to report until IO :59 next day. 

(2 ) Instead of extra men reporting at 4:30 a. m., a limited num
ber o f men will be delegated to r eport at 4 :30, 5, 5 :20 and 5 :35 
a. m. 

On arrival at car house each man will report to despatcher giv
ing n ame and time of r eport. 

(3) For failing to report as scheduled, the following rules will 
be strictly enforced: 

First-The fir st report mi ssed in a month will be demoted one 
po int on the ex tra li st and must stand on bottom of extra li st one 
day for each hour or fraction of an hour late. 

Second.-The second report missed in a month will be demoted 
two points on the extra li st and must stand on bottom of extra 
li st one day for each hour or fraction of an hour late. 

Third.- The third r eport missed in a month will be demoted 
three points on the extra li st and must stand on bottom of extra 
li st one day for each hour or fraction of an hour late. 

Fourth.-The fo urth roll call missed in a month will have to 
report to general manager. 

A ll the above rulings subject to appeal to the gen eral manager. 
A ny employee hav ing a clear record fo r the previous two months 

wi ll be relieved from demotion for the fir st failure to report in a 
month. 

(4) Extra men not otherwise excused from mornir:g work will 
report as above. 

Extra men not reporting and sending note that they are sick 
must take two days on bottom of extra li st and must report at 
car house the day before taking place on li st . 

(5) Extra men taking straight from noon runs are not required 
to r eport until Io :59 report next day, if ext ra man has a noon run 
fo r more than one day, he must report ten minutes before it is 
time for the car to go out. Subj ect to Rule Third, Section 1st, 
2d, 3d and 4th. 

Telephonic or telegraphic messages or letters sent by mail or by 
employees will not be accepted as requests for leave of absence 
due to sickness or other causes. 

The only recognized forms of request will be by letter brought 
to car house by some person not an employee or made personally 
at the car house, n ot later than ten minutes before the allotted 
reporting time. 

Requests will be accepted only at car house. 
Employees not complying with the above will be placed at bot

tom of extra list on e day for each hour or fraction thereof for 
failing to report as above provided. 

(6) Extra man taking six-hour run at night is not required to 
report at early r eport next day, except he is booked up for a run, 
then he mu st report ten minutes before car is due to leave car 
house. Subj ect to Rule Third, Section r st, 2d, 3d and 4th. 

( 7) Extra men wi ll take runs as booked and hold until regular 
man r eturns. Subject to provision, Rule 7, regular men. 

(8) Early morning roll call at car house. See rule ( second) 
extra men. Noon ro ll ca ll is made at the ferry IO :59 a. m. daily; 
IO :50 a. m. Sunday. 

Night roll call is made at the ferry 5 p. m. daily; 4 :50 p. m. 
Sunday. 

(9) After the noon runs are given out, a ll men not excused will 
report at car house, subj ect to Rule 2, extra men. Despatcher 
will appo int five or more men, as may be required, on extra list 
not working, to report at Federal Street ferry 5 o'clock p. m. roll 
call. 

(IO) An extra man relieving a sick man for part of a nm will 
be entitled to such run until regular man return s. Subject to Rule 
7, regular men . 

(II) Extra men who have been excused from work will be 
turned down on li st same as if they had been called for a car. 

(12) Men appointed for roll calls or r eports will not be excused 
for failing to report. 

( 13) Extra men holding straight day run s, not scheduled for 
Sunday work, must report at depot Sunday morning ( as per Rule 
2, extra men). 

(Signed) THE CAMDEN & SUBURBAN RAILWAY COMPANY, 
W. E. Harrington, General Manager. 
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Instruction for Street Railway Employees 

The question of securing competent men to operate their street 
railway lines is often a perplexing one, and it is constantly con
fronting the manager. A certain amount of training is required 
for nearly all positions in street railway operation, and, while some 
of these may be filled satisfactorily after a little coaching, it is 
now generally recognized that a regular course of instruction under 
competent teachers is of great assistance. As they become familiar 
with the construction and operation of the apparatus, it is found 
that their interest in the work increases and correspondingly better 
results are secured. Many of the large companies have met this 
demand by establishing departments of instruction, and in some 
of the articles descriptive of large street railway systems which 
have appeared in the STREET RAILWAY JouRNAL, during the last 
year, attention has been called to these training schools main
tained for the instruction of employees. In the case of motormen, 
for instance, the novice is coached until he acquires a certain pro
ficiency, and "runs extras" until familiar with his duties. It is 
found that men who have the advantage of such training may be 
entrusted with cars much earlier than other s, and, other things 
being equal, they become much better motormen than those who 
have not had special training. 

This fact has encouraged the belief that the special training of 
employees in other departments connected with the operation and 
maintenance of the system would effect still further reduction of 
expenses. Thus, a trackman having practical training on the sub
jects of bonding and track returns, a car-shop employee thor
oughly conversant with the operation and proper installation of 
all types of car appliances, a pitman who fully understood the con
struction and underlying principles of motors, air brakes and trucks, 
and a dynamo tender with sufficient experience to install, operate, 
and repair any railway generator, would not only increase the ef
ficiency of the service, but would also effect a saving in the main
tenance and repair accounts. 

Admitting its need, or great desirability, how can better and 
more specialized practical training be most readily brought about ? 
For large companies to extend their educational systems to include 
all classes of employees would entail enormous expense, and neces
sitate the formation of a corps of instructors similar to the faculty 
of an established technical school. For small or medium-sized 
roads to give any education to their men, beyond such supervision 
and advice as is given a novice by an old hand detailed for that 
duty, would also be out of the question. On many roads the man
agement has found it desirable to encourage the co-operation of 
correspondence schools, as this plan enables the men to pursue 
their studies without giving up their employment, and affords them 
an opportunity of combining theory and practice in the most ap
proved manner. This plan has proved practicable in many other 
industries, and the International Correspondence School has pre
pared several special courses for street railway employees, em
bracing every feature of construction and operation, every system 
of distribution and all forms of apparatus. Methods of control are 
shown in diagram, and roadbed construction and rail-bonding are 
illustrated with numerous examples of every-day practice. The 
car-running course includes instruction on shop methods, wiring 
for lamps, motors, controllers and car appliances, all of which are 
graphically illustrated. In the accompanying cut, for instance, is 
shown the construction details of the G. E. K-2 controller with 
diagram of connections, presented in such a manner as to be readily 
understood. 

To the man who aspires to rise to the higher positions in the 
railway and lighting fields, a more extended course of training is 
offered. The electric lighting and railway course comprises a 
technical training for the position of electrical engineer, superin 
tendent of overhead or track construction, or manager with either 
a lighting or railway company. To become the electrical engineer 
of such a company, a man must thoroughly understand not only 
the entire electrical work required in a power station in connec
tion with the machinery, switchboards, electrical appliances, and 
wiring for lights, but also must be able to handle any of the prob
lems that arise in testing new apparatus for acceptance, the pro
tection and testing of cables, etc. The superintendent of overhead 
or track work must be thoroughly conversant with the best methods 
of the day, and must be able to adapt them to special situations, 
or to originate special construction that will be entirely successful. 
Every manager should have a broad understanding of all depart
ments of electrical work as applied to the plant under his charge. 

Throughout the instruction theoretical considerations are sub
ordinated to those of practical importance, but when a di scussion 
of theory is necessary, it is given in a lucid manner, so that a 
thorough comprehension of it is readily obtained. Original illus
trations and novel methods of presenting difficult points are used, 

making the instruction more effecti ve than that of the ordinary 
text-book. 

The value of this instruction is appreciated by prominent railway 
officials, and the methods employed have been a pproved by such 
men as President H . H. Vreeland and J. F . Kan e, of the Metro 
politan Street Railway Company. Mr. Kan e took the course oi 
instruction in electric railways, and he says that he fo und it in 
valuable to him in his work as chief instructor of the M etropolitan 
Street Railway Company. The electric car -running course papers 
are being used to advantage, Mr. Kane says, "in conjunction with 
my practical lectures in the instructing room." It is the purpose 

METHOD OF EXPLAINING CONTROLLER CONNECTIONS 

of this course to give a man a practical, as well as a theoretical, 
knowledge of motors and their connections. Instruction begins 
with clear explanations of the actions of an electric current, and 
how it turns the armature and makes the motor go. Every prin
ciple is presented simply, interestingly, and completely. Illustra
tions are freely used, some of them being reproductions from actual 
photographs. It enables the student to inspect his motor properly, 
operate it economically and intelligently, keep it in good repair, 
and meet emergencies in case of accidents. Operating lessons are 
given with every piece of construction explained, so as to qualify 
the student upon completing the course to direct the equipment of 
a complete modern car, and operate it safely under all conditions 
of weather and traffic. 

The same methods are employed in all branches, thus making 
the electric railway course a series of practical instructions upon 
practical subjects for practical men. 

The Kingsland Surface Contact System 

The Kingsland surface contact system, of which a sh ort section 
is in operation in Wolverhampton, England, was briefly described 
in these columns about a year ago. Since that time improve-

FIG. 1.-CONTACT BOX CLOSED 

ments have been made in the system, based on the experience 
obtained in practical work. The principal feature of the Kings
land system is the use of a mechanical switch, operated by a lever 
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from th e car, by which th e contact stud s are thrown in and o ut of 
circuit. In addition t o the usual skate fo r collect111 g th e cur
rent, which is in th e middle o f tl_le car . th ere are two striker bars 
attached to side of the car, one in a forward po sition and o ne 
in th e rear. The fir st throws th e switch lever one notch, con-

FIG 2.-CONTACT BOX WITH CASE REMOVED 

nectin g the stud in th e middle of the stree t with the main con
ductor, and th e seco nd switches the current off. 

As shown in the cross-section ( Fig. S) a slot or channel is ,pro
vided oubicle one of the rai ls by mean s of a guard rai l, making a 
shallow conduit the depth of the rai l along which the striker ba rs 
can pass fr ee ly. \Vith the exception of thi s gua rd rai l and a 

said that water is desirabl e in t hat it washes out th e slot and th e 
ou ter part of the switch box. 

Another feature of the system is that the stud in th e stree t 
contains 0, co\'ers no switch mech::111i s111 and the wearing po rtion 
can be easily and cheaply renewed. 

T he switch it self is enclo~ecl· in .a water-tight case, which is 

FIG. 4-STUD 

bolted to the under side of the rai l. a small portion of t he base 
of the rail bein g cut away to accom modate it. T he int eri or of th e 
box is shown in Figs. 3 and 6. It consists of a center r evolving piece ' 
of insulating material contai n ing a meta l r in g with three brushes, 
B. which press against the inn er circumfere nce of th e box, A. 
Th ese bru shes are set a t an angle of 120 <legs. with each other 

A 

FIG. 5 -SECTION OF TRACK, CONDUIT AND STUD FIG. 6.-SECTION OF 
CONTACT BOX 

small pit for th e switch boxes, the constructi on is the same as 
with an ordinary r ailway. 

The switch boxes are located about 20 ft. apart :rnderneath thi s 
conduit , and one of th em is illustrat ed in Figs. 1 and 2. These 
boxes project clown about 12 in s. from the base of the rail, but 
th is distance may be made less in special cases. The slot at the 
surface of the road is ¾ in s. wide. 

Fig. 2 shows a view of a sec tion box with a portion of the ra il. 
The slot rail is remov ed to show th e switch le,·er. It will also 

FIG, 3.-INTERIOR OF CONTACT BOX 

be noticed in this and in Fig. 1 that there is also a bracket at
tach ed to the rail immediately over the switch leve r. This 
bracket is fo r the purpose of preventing the lever lrom being 
tampered with by m eans of a stick or anythin g passe d clown 
through the slot. The striker bars on the car are curved so as 
to pass thi s bracket easi ly. It should also be noticed that the 
conduit contai ns no conductors, bare or oth erwi se, and that the 
switch is encl osed in a water-t ight case. In thi s way the ar
ran gement is not affected by water in the conduit ; in fact, it is 

and two contact plate s, DD, are also set at th e sa me ang le. A t 
every operation of th e swi tch the center porti on is moved one
sixth ·of a revolution. so that the co ntact p la tes, DD, will be auto
mat ically connected and disconn ected wi th th e center by m eans 
of two of the contact brushes. T his affects the altern at e connec
t ion and di sconnection of th e stud with the m ain cabl e. As the 
distance between the fro nt a nd rea r striker bars is slightly g reater 
than the actual length of th e skate. a stud is always in circuit 
before the skate actually touches it and is no t t ake n o ut of circuit 
until the skate has left it. Thi s p revents any spark in g within th e 
switch itself; a t th e sa me time the switch is des igned to break a 
large current at th e ful l potential of 600 vo lts, if necessary, without 
damage. The di stance between the studs depends upon the leng th 
of th e car, but an ave rage may be taken at 18 ft. to 20 ft. 

Arrangements are also provided by whi ch th e blow of the 
striker bar will turn the switch just th e right distance ; that is, 
120 <leg s., and al so by which -the swi tch lever is return ed to its 
normal po siti on with abso lute certainty aft er be in g struck by th e 
bar. Th e skate is suspe nded from the wh eel axles by springs and 
may be of the usual patt ern. 

----♦----
Device for Truing Commutators 

The accompanying illustration shows a tool fo r truing commu-

COMMUTATOR TRUER 

tator s while the motor is running, and which is an improvement 
over the usual method of us in g san d paper or that of turning down 
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in a la the. T he <levice is suitable for stationary motors and dyn a
mos as well as fo r railway motors. 

T he const ruction and operation o f the device can clearly be seen 
from th e illustration. It on ly remains to be sa id that the central 
cutter can easi ly be raised or lowered, and then held in place by 
means of a short lever. As thi s changes the arc subtended by the 
cutters, the truer is automatically and ve ry easily adjustable to any 
diameter of commutator. It can, therefo re, be in stantly applied 
to any commutator while the latter is running, and hav in g a three
point bea rin g, it must necessar ily cut truly. T he tool is in sulated 

' SO there is no danger of a short circuit. The abrasive used is a 
non-conductor, and no emery is used iri it s composition . The 
principle employed in thi s device is the same as that used in the 
wheel-truing brake-shoes of the Wheel-Truing Brake-Shoe Com
pany, of Detroit, Mich., which experi ence has shown is both prac
tical and economical. 

J. M. Griffin, president and manager of the Wheel-Truin g Brake
Shoe Company, who is also the in ventor of the commutator truer, 
does not pretend that it will accompl ish everything that can be don e 
with a lathe, but he believes that by fr equent use of the truer the 
commutator can be kept true, and therefo re will not require turning, 
at least as often as fo rmerly. The abrasive can be o f any des ired 
hardn ess, so as to cut rapidl y or slowly, as may be desired . 

•• 
The Old and the New 

T he accompanying illustrations show two types of ca r s recently 
shipped from the works of the J ohn Stephen son Company, of 
Elizabeth, N . J. 

T he small car is a duplicate of tho~e built by this company, 111 

SHORT J\\EXICAN HORSE CAR 

the early horse-car days, some thirty years ago, and is one of 
several built for use on a priyate plantation in l\I exico, runn ing on 
a gage of 29 in s. The body is 8 ft long and 6 ft. wide, and the 
total we ight , including running gea r, +soo Jes. 

In marked contrast to thi s 

There is a small baggage compartment at one en d, having h inged 
scat s, ;,o that it can be utili zed a s a smoker when necessary, and 
at the other end a toi let and wash room, equipped with water
cooler, etc. 

T he in side is fini shed in mahogany of plain yet elegant design, 
and is equipped with parce l rack, wrecking tool box, etc . The car 
is hea ted by the Peter Smith hot-water system, the stove being 
loca ted in the front vesti bule. The weigh t of thi s body alone is 
2 4 ,000 lbs. T he cars will be mount ed on Peckham No. 2G doub le 
trucks, and will be equipped with four G. E. No. 57 motors, equiva
lent to 200 hp. 

T he illustration s show the range of work turned out by thi s 
energetic ca r company, and prov es that, although the original 
builders of horse cars, it still keeps to the front in the larger and 
more modern methods of construction. 

•• 
International Jury of Awards for St. Louis 

The special rules and r egulat ions prov iding fo r an internat iona l 
jury, and governin g the system of making a wards at the Loui siana 
Purchase Exposition ha1 e been announced by President Francis. 
T he total numlJer of ju rors shall be approximately 2 per cent of 

INTERIOR OF MODERN INTERURBAN C AR 

th e tota l number of exhibitor s but not in excess of that number, 
and each nation having fifty exhibitors or more shall be entitled 
to r ep resentation on the jury. The number of jurors for each art 
or industry, and for each nationality r epresen t ed, shall, as far as 
practicable, be proportional to the number o f exhil.itors and the 
i1:1pcrtance of the exhibits. The duties of the jurors are carefully 

car is that shown in the two 
other illustration s, which are 
of a car built fo r the Muncie. 
Hartford & Fort ·wayne 
Railway Company, and the 
Fort Wayn e & Southwestern 
T raction Company, und er 
specifications prepared by E. 
P. Roberts & Co, eng in eers, 
of Clevelan d, Ohio. This car 
shows the very la tes t type of 
construction fo r int erurban 
electric roads. H igh speed 
and durability as well as 
elegance a nd convenience 
were the principal objects 
born e in mind in the build 
ing of these cars. T he out
side sill s are dotibl e, havin g 
a heavy steel plate between 
them. and in add ition there 

EXTERIOR OF J\\ODERN INTERURBAN ELECTRIC CAR 

are four longitudinal sill s, equally spaced, run ning the en tire length 
of the floor. T hese, together with th e double posts, doubl e siding 
and heavy platform and vestibule con struction, prO\·id e a car suit
able for the highest speed desired, and in appearance very much 
like a Pullman car. 

explain ed and their work outlin ed. T here will be three classes of 
jurors. group, department and superior. 

T he dut ies of the department juries shall be to con sider ca reful ly 
and rev iew the r eport s of the group juries. to harmon ize any differ
ences that may exist between the recommendations of the severa l 
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group juries as to awards, and to adjust all awards recommended 
so that they will be consistent with the rules and regulations. The 
superior jury shall determine finally and fully the awards to be 
made to exhibitors and collaborators in a ll cases that are 
fo rmally presented fo r its consideration. 

•• 
A Pneumatic Track Brake 

The extended use of track brakes in San Francisco, where the 
grades are probably more severe than in any other large city in 
the country, if n ot in the world, has often aroused 
curiosity as to why track b1akes were not employed to 
any greater extent in the Ea stern States. S. L. Foster, 
the electrical engineer of the Market Street Rai lway, 
of San Francisco, offered an explanation for this fact 
in a recent issue of the STREET R AILWAY J OURNAL. His 
theory was that track brakes, to be desirable, should be ap
plied quickly, and that thi s was poss ible in San Francisco, 
because in that city the lever brake was in general use. Hi s 
conclusions were that the ordinary revolving handle was not 
sufficiently quick in operation to secure the best result s with 
the track brake, an d that, consequently, on Eastern roads, 
where the room on platforms wa s limited, or considered so 
to be, the track brake would not ap pear to it s best advantage. 
T hi s difficu lty, however, certainly so far as the quick oper 
at ion of the track brake is concerned, has been overcome by 
Estler & Brothers, of London, through the design and ap
plication to a number of E nglish cars of a pneumatically 
operated track brake; or, as it is called in Englan d, a slipper 
brake. 

T he ai r pressure for thi s brake is applied by means of a 

A 

" 

SECTIONAL VIEW OF PNEUMATIC TRACK BRAKE 

short handle, which should be placed conveniently near the hand 
brake and the air pressure can be secured from any type of air com
p ressor on the market. Four shoes are fitt...d to each car, 
wh ether the car is mounted on single or double trucks. Better 
braking is oW:ained on single trucks by the use of four shoes 
t han two, as on descending inclines it has been fo und that the 
weight of the car is taken by the fr ont brakes, but when only two 
brakes are used th e weight of the car is t aken by the front wheel s 
and not by the brake shoes. 

A sectional view of th e brake is sh own and clearly indicates 
the construction. A n air cylind er is carri ed on a bracket, D, at
tached to the truck. The piston, B, of the cyl inder is connect ed 
by a swinging rod, G, to two levers, EE', which have their fulcra 
on the brack et at e and e'. The levers carry the slipper shoe, H , 
on which is fi xed a brake block of oak , beech , o r other hard 
wood. There is n othin g in the :;lipper brakes which is liable t o 
get out of o rder, but the flexible connections should be examin ed 
dai ly with the air co mpressor equipment to insure their being in 
perfec t condition, and n o car sh ould be allowed to leave the 
depot on which the sli ghtest defect in th e brake equipment has 
been detect ed. 

The brake blocks can be used efficiently until they are worn 
down to within about a quarter of ~.'1 inch of the ste el shoe, and 
then it is only a matter of a few minutes to have th em ren ewed. 

The view alreany referred to, Fig. r, and Fig. 2, which illus
trates a ca r on the Dundee Tramways, g ive a very goo d idea of 
the construction and appearance of thi s brake. Som e parti culars 
of tests recently conducted on this tramway may be of interest. 
O n a down-grade of 4½ per cent, the car was repeatedly brought 
to a standsti ll from a speed of 16 mile s an hour within 21 yds. 
from the instant when th e air brake handle was put into action. 
The stop was effected without any jolt , as the brakes seem ed to 
act like an elastic cushion. On a level, the car was brought to 

a standstill in about 12 ft. from a rpced of about eight miles an 
hour. 

An important advantage of the brake is, of course, that it does 
not skid the wheels, and is less dependent upon the condition of 
the track than a wheel brake. Owing to the fact that air pressure 
is used, the brake can very easily be employed upon cars equipped 
with the ordinary wheel air brakes, and, in fact, a number of the 
cars on the roads which are using the brakes are equipped with 
air brakes. The brake can also be used with the storage system 
of air. 

A number of the roads in Great Britain are using the slipper 

CAR EQUIPPED WITH PNEUMATIC TRACK BRAKE 

or track brake, including the Potteries Electric Traction Com
pany, the Stockport Corporation Tramways, the Dundee Tram
way and the Oldham Corporation Tramways. It has been em
ployed at Oldham, where the grades are nearly ro per cent, for 
more than twelve months, and the general traffic manager, Mr. 
Wilkinson, speaks highly of it. 

•• 
Prizes for Railway Protective Devices 

Frederick Weidl , of Dresden, calls attention to the circular 
offering prizes for protective devices for electric street cars just 
issued by the city of Dresden, the first prize for which is to 
consist of 5000 marks; the second, 3000 marks; and the third, 2000 

marks. The successful inventor will receive a royalty up to 20 

marks for a motor car and ro marks for the use of the equipment 
on a trailer, while the invention remains the property of the in
ventor. Patent Attorney Frederick Weidl will be pleased to give 
to interested parties any desired information free of cost, and all 
conditions can be obtained from his office , which is located in 
Jahnstrasse 2, Dresden. 

Opposition to Electric Line to Vesuvius 

The faculty of science in the University of Naples has for
warded to the Government an urgent protest against the proposed 
electric railway to Mount Vesuvius from the naval arsenal in the 
city of Naples, thus affording increased facilities to tourists who 
visit the crater and who have hitherto depended upon the funicular 
railway. It is contended that the proximity of the line to the 
University Observatory on Vesuvius would interfere seriously with 
the scientific value of the re<;ord.s on the seismic instrumeqts, 
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which register the slightest earth tremors, and measure their in
herent energy with the utmost precision. The faculty furth er 
urges that a powerful electri c train on the mountain even at a 
distance from the o bservatory, could not help affecting' injurious ly 
other magneto-elect r ica l scientific apparatus already insta lled or 
about to be installed th ere by the Royal Univers ity. Between 
30,000 and 50,000 persons are carried on the present railway every 
year. 

•• 
New Boiler Plants for the Pennsylvania Railroad 

The A llis-Chalmers Company ha s r eceived orders fo r a number 
of Sederholm boilers, for the Broad Street sta tion of the P enn
sylvania Railroa? in Phi ladelphia, as well as for the Juniata shops. 
1 he Pennsylvama Company made the selection a fter a most search
ing in vestiga tion, and as a result of practica l experi ence with 
pretty nea rly every boi ler manufactured. 

BOILER FOR BROAD STREET STATION, PHILADELPHIA 

These boilers have now been in successful use fo r several years 
<1 nd are distinguished especially for their perfect circulation and 
ccmplete combustion, as well as thei r great access ibility, which 
permits of a most thorough cleaning, without the time-absorbing 
process of taking off hundreds o f hand pole plates. They are in 
very general use on the sugar plantations in the H awaiian I slands, 
where the Allis-Chalmers Company has furni shed a great number 
of large high-lift pumping plants for irrigation purposes. In the 
islands the coal used is mostly Au st ral ian or Puget Sound coal, 
both kinds of which are difficult to burn without smoke, but wher
eYer these boilers are installed the plants show ;. smokeless 
chimney. 

Brill Narragansett Cars for York, Pa. 

When the Pennsylvania State Street Railway Associati on m eets 
at York, Sept. IO, four new cars will be seen o n the streets. 

whi ch will doubtless grea tly int eres t th e mem bers. T h e cars are 
worthy of careful in spection, for th ey are of a type wh ich has 
sati sfactorily solved the problem, long in th e mi nds of street ra il 
way operators and builders, o f ho w to o bta in a doub le-step open 
car without g oing beyo nd the width of th e standard single-step 
design. 

Present-day suburban and interurban se rvice demand s more 
than the sing le-step open car is abl e to fulfil. " L a rger a nd fas t er 
open cars" has been th e cry from many quarters, with th e a nswer 
always the same, " Impossibl e ! D oubl e-steps are necessary and 
th e width would be too g reat ; bes ides, th ere a re insurmountab le 
structural difficulti es, and loadin g and unloadin g wo uld be too 
slow." Last year the "Narraganse tt" type app eared, makin g large 
claims and attracting wide attenti on. Th e claims were substan
tia ted by a seaso n' s tria l and this summer several large roads in 
different parts of the country hav e a goodly number in operation. 

Th e "Narragansett" type secures th e des ired advantages wit h
out losing any of the g ood featur es of th e st andard sin g le-st ep 
car. Some of the chi ef points may be briefl y sta ted as follows: 
The width over all docs not exceed that of th e standard sing le
step open ca r ; main sill s of deep ang le- iron , to whi ch a nother 
angle-iron is bolted, t ogeth er formin g a Z-bar, not only provide 
an intermediate step, but a fford an unusually r igid support to the 
long car body; the pos ts are set m deep sockets formed in brack
ets which support the panels, and a- e bolted to si ll s and panels; 
there is ample space fo r the radi ati o n of high-speed trucks; th e 
seats are s tandard leng th, and acce~s and egress is rapid a nd 
co nveni ent. 

The York cars are 40 ft. 4:Vs ins. over th e cro wn-pieces, and 8 ft. 
r in. over the si ll s. The inside fini sh is of natural ch erry and ash, 
wi th ceilings of decorated birch. Th e cars are fitt ed with sand 
boxes, radia l draw-bars, angle-iron bumpers, " D edcnda" gongs. 
ratchet brake-hand les, and round-corner pan els. Th e trucks are 
the Brill No. 27- G. 

----♦----
Roberts Track-Laying Cars 

Several featu res of the track-laying car which is manufactured 
by the R obert s Car & \Vh eel Company, of Three Ri ve r s. Mich .. 

PRESSED STEEL WHEELS WITHOUT RIVETS OR BOLTS FO.< 
ROBERTS TRACK-LAYING CARS 

commend thi s product to contractors and railroad companies. The 
ca r is strong in every pa rt, and is equipped with the Donovan im 
proved pressed st eel wheel. This wheel, by the way, forms a very 
important element in the car. It is made from one piece of steel, 
pass ing through a series o f processes until the proper shape is 
obtained, giving th e greatest amount of streng th to the given 
amount of material. The metal, which in other processes is gen -

NEW CARS FOR YORK, PA. 
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era lly cut away, is in the wheel cut on one si de and both ends 
and bent at right angles, the center being dished. A lateral brace 
is formed which is pressed tightly again st the trea d, making a 
perfect support , ob,·iat ing all tendency to spring or crack, and 
preYcnting any ringing sound when in operation. These wheel s 
a re made without ri vet!> or bolts. 

The iron part s of the Robert s hand and push cars a re made with
out a single weld, which greatly increases their strength and dur
ability. The company equips it s cars with either roller or bra ss 
bearings, and insulated wheels are furnis hed if desired. 

•• 
Reversible Electric Car Sign 

The subject of illuminated car signs has r eceived so much atten
tion that the sign illu strated hert:with , which is of an entirely 
novel type, wi ll undoubtedly a ttract attention. It is being put on 

, Ground Gruuui.l 
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ported from below, if desired. "With this method, there is abso
lutely no possibility o f the contact box or sign support being 
affected by a ny weather, as it is entirely weather-prooi. 

The front of the sign is made o f a tran sparent substance , and 
can be changed by the int rod uction of different destination faces, 
so that any sign can be used on any route. 

•• 
Single-Phase Motors for the Washington-Baltimore Line 

Particulars are publi sh ed elsewh ere o f th e proposed electric 
railway between \Vashin gton and Baltimore. Info rmation r e-

C:u ::; ill 

S! rcet Ruilwag Joumai 

ceived after that article went to 
press indicates that single-phase 
motor s, built by the Westinghouse 
Electric & Manufacturing Com
pany, will be used. Specific details 
of th e system, as proposed by thi s 
company, are lacking, but it is 
sta ted that it avoid s the inherent 
limitations of the induction motor 
and the di sadvantages of a poly
phase system of conductors by the 
use of singl e-phase current in the 
trolley and the motors. It is stated, 
however, that the motor has a vari
able speed and characteristics that 
adapt it for railway service fully as 
well as the ordinary direct-current 
ra il way motor. 

The controlling apparatus is of a 
new type, and is said to possess 
valuable features which have not 
been heretofore atta ined in railway 
operation. while avoiding many of 
the inh erent difficulties in th e ordi
nary systems of direct-current con 
trol. 

FIG. !.-DETAILS OF WIRING FOR REVERSIBLE SIGN 

The advantages in thi s system 
th rough th e omi ssion of rotary con
vert er s and attendance fo r them: 
a lso the reduction of copper over 
tha t which would be necess itat ed 

the market by the Reversible E lect ri c Ca r Sign Comp,1ny, of Rich 
mond, Va. 

T he sign is re,·ersible or interchangeable from end to end of 
car, so that but one s ign fo r each car in se rvice is required. The 
sign is also nearly indestructible, owing to it s const ruction. and the 
poin ts of de,, tination can be readi ly changed by substi tut ing others 
in the slide a t the encl o f the sign. T he conn ection s are such that 

fo r operating direct-current mo
tor s a t 500 volt s, a re among it s notable commercial features. 
The adoption o f 1000 volt s as the motor voltage was deemed by th e 
engineers o f the railway company to be prefe rable to a higher volt
age, on the ground of general policy, a lthough there is nothing in 
the sys tem to preven t the use o f severa l times thi s voltage. A higher 
voltage would probable be used on longe r roads or where the con 
dition s made a higher Yoltage more advantageous than in the pres
ent case. The car equipm ents are designed for a normal speed of 
40 and 45 miles, and a max imum speed of 60 mil es an hour. 

Thi s system has been developed by the \Vestinghouse Electric 
and Manufacturing Company. la rgely through the work of B. G. 

FIG 3 - TOP CONT ACT CASE FIG. 2. - BOTTOM SUPPORT FIG. 4 .-FRONT OF CAR BEARING REVERSIBLE SIGN 

they cannot be a ffected by snow or sleet, and the s ign is equally 
as efficient in the day as a t night, and is visibl e a t a great distance. 

Fig. I shows one method of car wiring employed in the oper
ation of the sign. As wi ll be seen, the insertion o f the stem of th e 
sign in the dash socket th rows the lamp in the sign in seri es with 
the other lamps in the car, while one lamp can be cut out to re
duce the total number to five. F ig. 2 shows a front view of the 
sign. Fig. 3 is a view of the top contact case with the latch up. 
F ig. 4 shows the bottom support, by which the sign can be sup-

Lamme during the past few years. The final result s were so sati s
factory that the company was ready to undertake as an initial com
mercial installation a road of the size and importance of the one 
above described. The engineers of the railway company made a 
careful investigation of the system and of the motors which have 
been made and operated on the company's experimental railway 
track a t Pittsburg, and as the outcome of their investigation they 
were satisfied to place the whole matter with the Westinghouse 
Company. 
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Hydraulic Press for Assembling Commutators 

The accompanying engravings show an hydraulic press for as
sembling commutators, constructed by the West Hydraulic En
gineering Company, of London, and Bradford, Yorkshire. The 
radial press (Fig. I) consists of a heavy weldless steel ring, to 
the inside of which are bolted a number of hydraulic cylinders, 
with rams which transmit pressure to the loose die-blocks sur
rounding the commutator. This type of press is suitable for a 

FIG. I -HYDRAULIC PRESS FOR COMMUTATORS 

large range of commutators from 30 ins. diameter down to 6 ins. 
diameter. The vertical position of the commutator in the press is 
adjustable by means of a table shown in the center of the press. 
Distance-pieces of different lengths can be used to adapt the press 
for varying diameters of commutators, these distance-pieces fitting 
into pockets in the rams. A view of a commutator removed from 
the press is given in the foreground of Fig. I. In order to obtain 
a clear view, the photograph was taken of a commutator without 
lugs. 

When the ends have been machined, the commutator is placed 
on the table of the press (Fig. 2), which rises against the fixed 
tension bolt, and the retaining rings are bolted on under pressure, 
after which the die-blocks can be removed from the commutator. 
Instead of the two presses, Figs. I and 2, being separate, the press 
(Fig. 2) can be placed in the center of the radial press (Fig. r ) , in 
lieu of the rising and falling table. 

Australian Engineers in New York 

Edward Noyes and W. G. T. Goodman, of Noyes Brother s, of 
Sydney and Melbourne, spent a few days in New York last week, 
and sailed for England on the "Lucania," Aug. 30. Their visit to 
this country was made largely for the purpose of placing con
t racts for apparatus for the electric tramway system in Dunedin, 
New Zealand, for which Noyes Brothers have been appointed the 
engineers. This system is being operated by horses. It comprises 
about 20 miles of track, and has recently been taken over by the 
city from the former private owners. 

The rails will be of grooved girder type, will weigh 92 lbs. per 
yard, and will be supplied by the Societe Belge at Antwerp. They 
will be laid on ties of hard Australian wood, 9 ins. x 4½ ins. x 7 
ft. 6 ins., and spaced 2 ft. 6 ins. centers. The ties will rest on a 
ballast of 6½ ins. of broken stone. The special work will be sup
plied by the Lorain Steel Company. The bonds will be of the 
Brown plastic type. 

Thirty-four cars have been ordered from the J. G. Brill Com
pany, and all will be mounted on the Brill 21E truck. Fourteen 
of these cars will be of the Cali fornia type with closed body and 
four benches at each end, fourteen will be standard box cars with 

18-ft. body and 26 ft. over dashers, and six will be of the 0pen 

type with ten benches. The cars will be equipped with two West
inghouse No. 68 motors each. 

The poles have been ordered from the Mannesmann Works in 
Germany, and the construction will be partly single bracket, partly 
double bracket, and partly span. In the sections using the double 
bracket poles every other pole will carry an arc light. A new car 
house with a capacity of fifty-two cars has been commenced. 

The city is proposing to operate its line from a water-power 
situated some 14 miles di stant from the city of D unedin. Until 
thi s plant is completed , a temporary steam plant will be installed. 
The transmission will be at 15,000 volts to within 2 miles of the 
city, when the voltage will be reduced to 5000 for tran smission 
within the city to converter and transformer sub-station s. Con
necting with the latter , a storage-battery plant wi ll be used with 

FIG. 2.-COMMUTATOR ON TABLE OF PRESS 

accumulators of the Accumulatoren Fabrik Aktien-Gesellschaft, of 
Hagen. The generating station will contain two 600-kw gener
ators, each directly connected to a turbine and two exciters of 
25 kw each. The electrical machinery will be supplied by the 
Westinghouse Company, for whom Noyes Brothers are the 
Australian agents. 

Trenton and New Brunswick Equipment 

The Trenton & New Brunswick Railroad Company, which wi ll 
operate its cars by electricity, has decided upon the equipment that 
will be used. The cars will be of the steam-car type, 45 ft. long, 
equipped with four 50-hp motors, Christensen air brakes, arc head
lights, cross-seats, Pullman windows and aisle carpets, and the ex
teriors will be painted red. Express and freight cars will also be 
run over the road. A schedule speed of 35 miles per hour will be 
made between Milltown and the Interstate Fair Grounds, at Tren
ton, a distance of 24 miles. Each of the cars, in addition to being 
numbered, will be named after some town along or adjacent to 
the route of the road. The line runs entirely upon private right 
of way, 100 ft. wide, and the company has a steam railway char
ter, so that it may also run locomotives if desired. But one 
village is encountered between terminals, and all the traffic, or 
nearly all, will be through from Trenton to New Brunswick or 
points beyond. It has been suggested, locally, that the company 
might run excursions from Trenton to Coney Island and Manhat
tan Beach next summer, by connecting with steamers at some point 
along the Raritan. Trenton's pleasure resorts now are Willow 
Grove, Pa., and Washington Park, N. J., both near Philadelphia, 
and each more than 25 miles away, while Coney Island, by this 
route, would be but 50 miles. The opening of the Trenton & N ew 
Brunswick road will complete the trolley connections between 
Trenton and New York, and all the way to Philadelphia, with the 
exception of a break, about 2 miles long, at W est Palmyra, an d 
this will be closed during the present month. 

A party of influential gentlemen from South Australia, includ
ing Sir Edwin T. Smith and Mr. Arthur W . W are, ex-Mayor of 
Adelaide, will probably visit the United States and make a tour 
of inspection of the principal electric railways durin g October. 
The contract for the electrical equipment of the Adelaide Tram
ways has just been awarded to the Briti sh W estinghouse 
Company. 
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NEWS OF THE WEEK 

Serious Accident in Pennsylvania 
Twenty-fiye people were injured in a colli s ion between two cars 

on the Youngstown & Sharon Street Railway near Sharon, Pa., on 
A ug. 27. The accident occurred a short di stance beyond the switch 
at the car house. A ca r was going toward Youngstown, and it is 
said that it should have waited at the switch for the incoming car. 
T he heavy fog is said to have prevented the motorman from see
in g the approaching car until it was only IO feet away. 

T he car s came together with frightful force, one telescoping the 
other. A dozen men sea ted in the smoking compartment were. 
hurled through the wooden partition and landed under the wreck
age, IO feet fo rwa rd in the ca r, a nd the oth er pas sengers were 
hurled about in confusion. 

Strike on Hudson Valley Railway 
The lin es of the Hud son V alley Railway Company, operating 

between \ Varrenburg, Saratoga, Ballston, T roy and Schuyler svi lle, 
N. Y., a re tied up, because of a strike of motormen and con
ducto r s. T he st r ike was declared on A ug. 30, and two rea son s are 
given fo r its declarat ion. The company announced that on Sept. 
1 there would be a reduction in wages from $r.8o to $r.25 per day, 
and to thi s reduction the men objected. In addition to thi s, dis
sa t isfact ion among the men was arou sed because a motorman in 
charge o f a car that was in colli sion was di scharged by the com
pany. T he company said that thi s man was grossly negligent, and 
that there was no excuse for the accident. On the other hand, 
it was maintained by the discharged man that the accident was un
avoidable. H e claimed that th e brak e m echanism of the car was 
defec tive. 

To Arbitrate Chicago Railway ! roubles 
A lthough the local union of the Amalgamated Association of 

St r eet Car Employees at Chicago, by an overwhelming vote on 
A ug. 26, refu sed to accept a proposition made by Presi dent Roach 
several days ago in behalf of the U nion Traction Company and the 
Con soli dated T rac tion Company, it is very probable that an ami
cable adj ustment of the di ffe rences between the companies and 
thei r employees will be arranged. On A ug. 28, by unanimous 
vote, it was decided to submit all differ ences to arbit ration. Clar
ence Darrow, an attorney, has been selec ted to r epresent the men, 
P resident Roach will select an arbitrator fo r the company, and 
both part ies will agree to the selection of a third arbitrator. The 
time and place for the meeting of the board has not yet been 
decided. 

Growth of the Electric Railway 
T he Census Bureau has just issued some stat1 st1cs showing the 

rapidity with which the electr ic system has supplanted horse anq 
cable power. According to the Cen sus Bureau, in 1890 the street 
rai lway compan ies of the United States in operation numbered 
789, of which q4 were electric. A t that time there were 2895 
electri c ca r s in use, ou t of 32,505 of all kinds, and 1262 miles of 
track, out of 8123 . By 1899 the number o f cable car s had declined 
from 5089 in 1890 to 4250, and horse cars from 22,408 t o 1489; but 
in the mean time electric car s had increased to the number of 
50,658, and the number of miles of track to 17,969. The stimulus 
given the industry is furth er brought out by the fact that, whereas 
in 1890 the total capital and funded debt for all roads app ears to 
have r each ed $363,150,000, in 1900 the total for 871 street railway 
systems, chiefly electric, was $1,023,819,987 capital stock and $777,-
862,571 funded debt , 'making a total of slightly over $1,800,000,000, 
or just five times the fi gures of ten years before. On this vast 
capitalizat ion the return s from the operation would indicate a net 
ea rning capac ity o f fro m 4 per cent to 5 per cent. The Bureau 
quotes the ann ual report of the Metropolitan Street Railway Com
pany, of N ew Y ork , fo r the census year ended June 30, 1900, as 
indicating the saving that has r esulted from the introduction of 
electricity. A compari son is made of the cost of operation per car 
mile and electric, cable and horse. 

The Pennsylvania Tunnel 
According to report s from Philadelphia officials of the Penn

sylYania Railroad are of the opinion that there will be no difficulty 
in securing the con sent of the Aldermen of New York for the 
con struct ion of their underground road, although no action has 
been taken by the A ldermen in regard to granting the franchise 

for the con struction of the tunnel under Manhattan I sland. An 
offic er of the Pennsylvania Railroad is even quoted as stating that 
an under standing had been reached which was agreeable to all 
parti es interested, and that within a short time a new bill would 
be presented to meet wi th the approva l of the Aldermen, as well 
as the members of the Rapid Transit Commission and Mayor Low. 
Some of the changes which the Aldermen wanted in the tunnel 
bill have been complied with by the Pennsylvania, it is said, but it 
is under stood nothing wi ll be done in regard to the question of 
employing labo r. It is contended by the r ailroad officials that they 
will have nothing to do with th is. The work will be given to a 
contractor, and he wi ll be responsible for carrying out the plan s. 

The Sensational in the Daily Press 
An in stance of the injury that may be done an employee and 

employer by the publication of a sen sational newspaper story is 
furni shed a t San Francisco, where minor d ifferences between a 
street r ailway company and it s employees were so magnified and 
di storted by one of the yellow journals of that city that it was 
made to appear that a street railway strike was to be declared at 
once. T he agreement entered into several month s ago bttween 
the company in question and it s employees provides that the com
pany shall dea l with a committee of the employees when there is 
any grievance. A few days ago the officials of the company were 
visited by a committee, but the company refused to deal with it, 
becau se one of its members was n ot an employ~e o f the company, 
the agreement between the company and it s employees stating 
precisely that a committee of employees only would be dealt 
with. Now, the refusa l of the company to deal with the com
mittee was worked up into a most sensational fir st-page story, 
full of inaccuracies and entirely without foundation. A meeting 
of the street railway employees was called at once, and resolutions 
were passed deploring thi s act of the yellow journalist, branding 
the whole story as a most outrageous misrepresentation of the facts 
of the case. 

Con necting Worcester with Providence, Hartford and Boston 
With the plan for con solidating as the W orcester & Connecticut 

Eastern Street Railway Company, the vVorcester & Webster 
Street Railway, the \Vebster & Dudley Street Railway, the Wor
cester & Connecticut Eastern St r eet Railway, the Danielson & 
Norwich Street Railway, not yet built , and the People's Tramway 
Company, which companies cont rol lines from vVorcester to Nor
wich, Conn. , a tt ention is again ca lled to \Vorcester as an interurban 
railway center. N ow, in addit ion to the lines mention ed, which 
in themselves form an important system, there extend from the 
city the various suburban lines of the Worcester Consolidated 
Street Railway Company, the Worcester & Blackstone Valley 
Street Railway Company and the Westboro & Marlboro Street 
Railway Company. Then there is the Boston & Worcester Street 
Railway, under con struction between Boston and vVorcester, the 
H artford & \Vorcester Street Railway, contemplat ing a line be
tween H artford, Conn., and Worcester, and the Providence & 
\ Vorce ster Street Railway, which contemplates constructing a line 
between \1/orcester and Providence, R. I.; but on the road 
under con struction between Boston and vVorcester and those 
planned to connect W orcester with Hartford and Providence inter
est is now centered. Interest s identical with those that are back
ing the Boston & W orces ter St reet Railway are behind both the 
H artford & \Vorceste r Street Railway and the Providence & 
vV orcester Street Rail way. 

T he di stance between Providence and Worcester, as it is pro
posed to build the new road, is about 40 miles, and the fare be
tween the cities will probably be 50 cents. The run on the New 
York, New H aven & Hartford Railroad between the cities -is about 
40 miles, and the far e charged is $I.IO. Entrance· to Worcester 
wi ll be made over the lines of the vVorcester Consolidated Street 
Railway, and at Providence ent rance to that city will be made over 
the lines of the Rhode Island Suburban Railway. Locations an<l 
franchi ses have been secured for this line, and charters are to be 
app lied for at the next sessions of the Legislatures of Massachu
setts and Rhode I sland. 

For the line between Hartford and vVorcest er it is said that 
little has been done in the way of securing g rants. This line will 
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pass through a territory not so thickly settled as either the Boston 
& Worcester Street Railway, or the Providence & Worcester 
Street Railway, but the through traffic will be large. In this con
nection it is interesting to note what inducements the company 
can offer to secure through travel from the steam road with which 
it will enter into direct co mpetition. The route of the electric 
railway will be about 20 miles shorter than that of the steam road, 
but the time required to make the run on the elec tri c railway will 
exceed by one hour that which is required by steam. But fre
quency of service and a low rate of fare will compensa te fo r this 
additional time. T he fare by electric railway will be about $r.oo 
less than that by st eam, it is expected. 

The Boston & Worcester Street Railway, on which construction 
work is now progressing so satisfactorily, will pass through 
Brookline, Newton, Wellesley, Natick, Framingham, Southboro, 
Westboro, Northboro and Shrewsbury, some of the prettiest towns 
in the State. The length of the run from Boston to ·worces ter is 
40 miles, and the Boston & \Vorcester Street Railway will prac
tically parallel the lines of the Boston & Albany division of the 
New York Central Railroad. It is said that the runnin g time of 
the electric railway between the cities wi ll be two hours and the 
plan is to charge a fare of 35 cents. Through trains of the Boston 
& Albany, making no stops between points, make the run between 
the cities in a little over one hour. The fare by steam however 
is $r.oo. ' ' 

For Perpetual Street Railway Franchises in Cleveland 

The street railway interests of Ohio are intensely interested in 
the new code bill now being considered by a special session of the 
State Legis lature. The section relating to electric railway fran
chises, as provided in the code submitted to the Legislature by 
Governor Nash, provides that franchises shall be granted only 
after advertisement and competitive bidding, the bidder who gives 
the most to the city and people, either in the way of money pay
ments or lower fares or other concession, to have the franchise; 
that t.he life of such franchise shall not be for more than twenty
five years, with a revision of rates every ten years with a re
sort to arbitration if the city and company cannot agree. 

Senator Mark Hanna, president of the Cleveland City Railway 
Company, of Cleveland, has had drafted an amendment to the 
franchi se clause of the proposed code, providing that street rail
way- franchi ses shall be perpetua l, with a revision of rates every 
ten years . . The proposed amendment is attracting almost as much 
attention a:s the code itself, and there is likely to be a long con
troversy on the subj ect. The arguments in favor of perpetual fran
chises, as given by Senator Hanna in newspaper interviews may be 
summarized briefly as follows: ' 

T_hat_ it would give stability to investments in such enterprises; 
capitalists would not hesitate to invest their money, and to give to 
the public ~he highe~t class of service, as they would be sure they 
would receive a proper return from their investments. If a com
pany's franchise is to expire within a short term, and there is 
doubt of renewal on favorable terms, it will not invest money in 
improvements and exte~sions, nor hardly keep up necessary repairs, 
because of the uncertamty of any adequate return. Further, the 
bonds of a company with a perpetual franchise can be floated at 
a much lower rate of interest, because they will attract those who 
purchase for permanent investment, and will possess the stability 
of government bonds. 

The proposed ·amendment makes changes in section s 29, 30, 31, 
and 34 of the Nash code bill. The words inserted are capitalized. 
The words left out are designated by stars. The sections with the 
proposed amendments are as follows: 

Section 29- Counci l shall h ave power to grant the use of the streets or 
other public places AND TO PERMANENTLY RENEW AND GRANT 
HERETOFORE MADE AT ANY TIME BEFORE OR AFTER ITS 
EXPIRATI O:\T, to any street railway company, natural or artificial 
gas company, electric or other li ght company, water company, pneu
matic tube or package company, heat and power company, telephone 
company or any other similar corporation, and the right to use the streets or 
other public places may ex tend over, upon, along, across, or beneath the 
su r face thereof. 

Section 30--No such right shall be granted OR RENE\VED except by ordi
nance of Council * * * nor shall any such ORIGINAL grant be made ex
cept upon written application to Council from th e corporation desirin g the u se 
of the streets, and after advertisement for thirty days in som e newspaper of 
general circulation in the city or village, inviting proposal s to furnish the in
habitants thereof wi th the public se rvice proposed in the application. No ORIG
I J\'AL grant shall be made except to the company offering the best terms to 
the municipality and its inhabitants. with respect both to the compensation or 
return to be given in the way of rental ancl repairs, and the rates of charges to 
be made; and where any bid includes an offer to pay the municipality an 

annual percentage of the gross receipts of the company, such bidder, if 
awarded the grant, shall permit Counci l, or any person or persons designated 
by Counc il, to exami ne its books at any time for the purpose of ascertaining 
such gross receipts. 

Section 31-Counci l shall have power at all times to adopt police regulations 
with respect to the use of the st r eet s or other public places by such companies, 
and, at the end of each period of ten years, to regulate the price, rate of fare, 
or other charges, TERMS AND CONDITIONS for the public service, by 
agreement with the companies, WHICH PRICES, l<ATE OF FAI<E ANLJ 
OTHER CHARGES, TERMS AND CONlJITIOl'{S SHALL ALWAYS Et,: 
JUST AND REASONABLE, and every grant, AND RENEWAL OF GHANT, 
shall provide a method of arbitration to be thereafter pursued in case the 
Council and the company arc unable to agree upon such regulation of th e price 
rate of fare or other charges, TERMS AND CONDITIONS, provided, that 
the council shall have power at any time wi th the consent of the company, 
to secure more favorable terms to the municipality in the operation of any 
grant herein authorized, and any taxpayer shall have the right, in the manner 
provided in sections 1777, 1778, and 1779, of the Revised Statutes, to prevent 
a violation of this section of any abuse of the power herein conferred. 

Section 34-Extensions of existing street railway routes may be made by 
the Council of any municipal corporation to any company owning or having 
the right to construct any street railway within the corporate limits whenever 
such extension is deemed beneficial to the public; * * * and the terms upon 
which such ex tension may be made shall not be less favorable to the public 
or to the municipality than th ose imposed in the grant of the original 
route; and provided further, that before any work is done upon the streets 
or other public places over which the tracks of the company are to be extended. 
said company shall produc e to the counci l the written consent of a majority 
of the abutting property owners as required in such original grant. 

In section 3r, as designated by stars, the matter left out is as 
follows: "And n o grant shall be valid for a greater period than 
twenty-five years." 

In section 34, as designated by stars, the matter left out is as fol
lows: "Provided that the rights under said extension shall expire 
at the same time as those conferred in the original grant." 

Interurban Lines Secure Entrance to Indianapolis 

After discussing, for about two years, the question of terms for 
admitting the interurban railway lines to Indianapolis, that city, as 
previously mentioned in the STREET R AILWAY J OuRNAL, has re
cently so lved the question in a manner equally satisfactory to the 
residents of th e city and the companies seeking entrance. A 
franchise has been granted to the Indianapoli s Traction & Ter
minal Company for the erection of passenger and freight terminal 
stations, and the construction of downtown loops to be used by 
the interurban cars in reaching these stat ions , and, in addition to 
this, franchi ses have been granted to the eight interurban com
panies that were seeking entrance to the city. 

Provision is made for the payment to the city by the Indian
apol is Traction & Terminal Company for 4 cents on each car 
en tering th e city for the first eleven years, 6 cents for each car 
entering th e city for the next ten years and ro cents on each car 
entering th e city for the following ten years, and payment is also 
to be made to the city by each of the interurban companies re
ceiYing franchises of r cent for each car entering the city during 
the entire time of thirty-one years for which the franchi ses are 
granted. :t.Jnder these provisions the revenue to the city, during 
the franchises, from the car tax will be $38r,383. 

The city has fixed the freight rates to be charged by the com
panies. It is stipulated that the companies shall carry freight .. t 
rates not exceeding the rates now charged by other common car
riers for the same classes of merchandise, provided that the com
panies cannot be compelled to charge less rates than 80 per cent 
of the present publi shed rates of other common carriers. The 
city reserves the right to regulate th e carriage of freight and to 
change the routes in the city limits used by freight and express 
cars in reaching the freight terminals. 

The Indianapolis Street Railway Company is given the right to 
construct a new belt line, and it is estimated that this line if 
double-tracked, will call for the laying of eleven mdes of track'. 

Engineering Societies 

THE NEW ENGLAND STREET RAILWAY CLUB will hold 
its annual outing at Hampton Beach, Thursday, Sept. -+, r902. 
Thi s is the last outdoor meeting of the club for the year and it 
is genera lly expected that there will be a large attendance. ' 

NEW YORK RAILROAD CLUB.- The fir st meeting of the 
club for the coming season will be held on the evening of Sept. r8. 
An interesting paper is promised by Chief Engineer J. C. Bracken
ridge. of the Brooklyn Rapid Transit Company on ''Track Con
struction for Rapidly J\foying Heavy Loads in Electric Railroad
ing." The place of meeting will be announced later in the usual 
way. 
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PERSONAL MENTION 

MR. C. W. MARTI N succeeds l\fr. \V. P. Cosper, resigned, as 
general agent at Chicago of the Consolidated Car Heating Com
pany, of Albany, N. Y. Mr. Martin is ably assisted by W. S. 
Hammond, Jr. 

MR. E. W . MOORE, of the Everett-Moore syndicate, leaves this 
week for a six-week's vacation in Europe. He will be accom
panied by Mr. F. J. Vv olfe, assistant passenger agent of the New 
York Central Railway. 

MR. FRANCIS C. GREEN, former superintendent of the Con
solidated Car Heating Company, of Albany, N. Y., has recently 
been appointed general manager of the company, succeeding Mr. 
H. P. Scales, resigned. lvlr. Green has full charge of all the 
affairs of the company. 

MR. T. l\L GA TH RIGHT has resigned as general superin
tendent of the Camden Interstate Railway, of Ironton, Ohio, and 
will be succeeded by Colonel W. W. Magoon, who has been treas
urer of the company. Colonel Magoon will be succeeded by Mr. T. 
McK. Hays, who has been connected with other lines operated 
by Hon. Mr. John Graham, president of the Camden Company. 

MR. 0. W. BRAINE, who succeeded Mr. G. Fischer as electri
cal engineer of the New South Wales Government Railroad, is at 
present in London on business connected with important exten
sions now being carried on in the Sydney tramway system, which 
is owned by the New South Wales Government. Mr. Braine is 
plan ning to return to Australia by way of America, and wi ll prob
ably attend the convention of the American Street Railway Asso
ciation at Detroit. 

MR. W. 0. HANDS, superintendent o f the Northeast Division 
of the Metropolitan Street Railway Company, of Kansas City, 
Mo., has resigned from that position to accept a more lucrative 
position on the engineering staff of the company during the re
construction of the system. Mr. Hands, fourteen years a con
structing engineer , is especially fit for his new position. Mr.• 
J. W. Sherman has been appointed to succeed Mr. Hands as 
superintendent for the Northeast Division. 

MR. H. P. BRADFORD, who was formerly general manager 
of the Compania del Ferrocarriles de Distrito Federal de Mexico, 
of Mexico City, and previously was the general manager of the 
Cincinnati Inclined Plane Railway Company, has just been ap
pointed general manager of the Compagnie Genevoise des Tram
ways Eleqtriques, of Geneva. T his property, as stated in recent 
issues of the STREET RAILWAY JOURNAL, has recently been 
equipped electrically. The two largest stockholders in the com
pany are Mr. H. A. Butters and Mr. John Hays Hammond. 

CONSTRUCTION NOTES 

LOS ANGELES, CAL.-The ordinance granting the California Pacific Rai l
way Company the right to const ruct a railroad along certain public streets 
of the city of Los Angeles, to be operated in connection with the electric 
railway between Los Angeles and the city of San Pedro, has been adopted by 
the City Council. 

WATSO NVILLE, t.:AL.-W. J. Rogers, of San Jose, has applied to the 
Supervisors of Santa Cruz County for a franchise to construct an electric 
rai lway through the county. Bids for the· franchise will be received on 
Sept. 10. 

STOCKTON, CAL.-H. H. Griffiths has filed with the City Council his accep
tance of the franchise recently passed by the Council. The franchise gives 
Mr. Griffith permission to build an electric railway over the principal streets 
of the city, and it is his intention to build not only such lines as are stipulated 
by the franchise, but lines to Lodi and other suburban points. It is the inten
tion to begin work in the near future. 

SAN JOSE, CAL.-The supervisors have granted L. A. Sage a franchise for 
the construction of an electric railway from San Jose ·to Saratoga, a distance 
of 12 miles. 

NOR\VICH, CONN.-The Railroad Cimmissioners have approved the con
struction plans of the Danielson & Norwich Street Railway Company, for a 
proposed extension of its line from Killingly, through Falls Brook to Central 
Village. 

ROCKVILLE, CONN.-Thomas C. Perkins, promoter of the Rockville
Stafford Springs Electric Railway, is quoted as authority for the statement 
that the bonds on the whole proposition have been underwritten by a Boston 
house, and that the stock has been subscribed fo r and a conditional contract let 
with a Boston firm of st reet railway contractors, subject to the local company's 
being able to get the rights of way, etc. It is said that Mr. Perkins has secured 
the rights of way from the Connecticut State line to Worcester, and that he 
will begin at once securing rights of way in the Connecticut towns through 
which the road is to pass. The road will be about 40 miles long. 

INDIANAPOLIS, IND.-The Indianapolis & Eastern Railway Company has 
under construction 18 miles of road between Knightstown and Dublin, Ind., 
giving a line from Indianapolis to Dublin, a distance of 4 miles. At Dublin 
co nnections are made with the Richmond Street & Interurban Railway, th us; 
completing a line from Indianapolis to Richmond. Between Richmond and 
Eaton, Ohio, a distance of 13 miles, contracts have been let, and in the spring 

it is expected that the line between these points will be completed. At Eaton 
connection will be made with the Dayton & Western Railway, thus giving a 
through line from Indianapolis to Dayton. The Indianapolis & Eastern will 
erect its own power house, which will be equipped with two 400-kw generators. 
two 600-hp com pound condensing engines, and three 50-hp Sterling hoilers. C. · 
M. Kirkpatrick, of Greenfield, Ind., has the contract for the track work, the Car
negie Steel Compa ny has the contract for the rail s, and the St. Louis Car Com
pany has the cont ract for the rolling stock. The cars are to be equipped with 
Steel motors. The authorized capital stock of the company is $1,200,000. 
Of an authorized funded debt of $1,000,000, $700,000 has been issued. The 
officers of the company are: F. M. Fauvre, president; C. E. Coffin, vice
president; J. \V. Chipman, secretary, manager and purchasing agent; M. B. 
Wilson, treasurer; D. H . Robinson, superintendent. 

l\fADISONVILLE, KY.-It is possible that an electric railway will be con
structed from Morganfield to Sebree. It is proposed to run the line through 
the oil fields in Webster County, thence to Dixon and from there to Sebree. 
Should the project mate rialize, it will give connection with the Louisville & 
Nashville Railroad at Sebree, and the Ohio Valley at Morganfield. 

SACO, ME.-F. A. Hobart, of Boston , has informed the local interests 
identified with the Saco Valley Railroad that he has closed a contract for 
building the road. The contractor gives a bond that he will begin work upon 
the construction of the road within sixty days. The contract stipulates that 
the road shall be constructed this fall to the depot of the Portland & Rochester 
Railroad at Bar Mills where the power station is to be located. The balance 
ot the road _is to be completed as soon as possible next year. 

WATERVILLE, MAINE.-The hearing on the application of the Waterville 
& Oakland Street Railway Company for a location of its road from Waterville 
to Oakland, a distance of about 6 miles, has been closed. The Railroad Com
missioners are expected to announce th eir decision shortly. 

SANDWICH, l\IASS.-The Sandwich Street Railway Company, organized to 
build an electric railway from a connection with the Middleboro, Wareham 
& Buzzard's Bay Street Railway in Bourne, through Sandwich to Barnstable, a 
distance of 24 miles, has elected officers as fo llows: R. A . H ammond, presi
dent; C. M. Thompson, vice-president; John A. Holway, treasurer; Arthur 
Braman, clerk; C. B. J efferson, A. H. Armstrong, Thomas C. Day, William 
A. Nye, George T. McLaughlin, Fletcher Clark, James L. \Vesson, R. D. 
\Voodward, R. H. Faunce, M. D., directors. 

NO RTH ADAMS, MASS.-A franchise has been granted the Hoosac 
Valley Street Railway Company by the Williamstown Selectmen to extend 
its lines to "the Vermont State line. 

MAYNARD, MASS.-The Selectmen of Maynard have denied the petition 
of the Lowell, Acton & Maynard ~treet Railway Company for a location in 
Maynard, because of the refusa l of the company to pave between the tracks. 
The cost of paving wi ll be from $2,500 to $3,500. 

WORCESTER, MASS.-The Worcester & Connecticutt Eastern Street Rail
way Company has completed its line from Danielson, Conn., to Wau
regan, Conn. 

WORCESTER, MASS.-Brown & McLain, of Boston, e,ngineers represent
ing a syndicate, have acquired a large tract of land at Barre Falls in the town 
of Barre, with water rights on the Ware River, where they will erect a 
water-power plant for the generation of electricity. The water-power is 
estimated at 2500 hp, and the natural conditions are such that a sma11 dam 
will create a large storage reservoi r. Negotiations are being entered into with 
the \Vorcester & Holden Street Railway Company to supply power for its new 
line. 

GREENFIELD, MASS.-The Greenfield, Deerfield & Northampton Street 
Railway Company has opened its line from Greenfield to South Deerfield. 
The company has built its line from Northampton to Hatfield, but there is a 
connecting link between South Deerfield, through the town of Whately still 
to be built. The matter of a location in Whately has been taken to the 
Railroad Commissioners. 

SPRINGFIELD, MASS.-The Enfield & Somers Street Railway, a new 
feeder to the Hartford & Springfield Street Railway, has just been openea 
between Enfield a nd Somers, Conn. 

GARDNE R, MASS.-James A. Stiles, of Gardner, a well-known street rail
way man, has, with Samuel Williams and Ernest Jose, of Boston, bought the 
White Valley Street Railway, running from Bethel, Vt., a distance of 19 
miles. The road was sold at auction by the receiver, R. H. Sawyer, for $55,000. 
The street road, which was bui lt about three years ago, cost about $400,000, 
it is said. 

BROCKTON, MASS.-The Norwell & Scituate Street Railway Company has 
been organized, with a capital stock of $150,000, to build an electric railway 
from the terminus of the lines of the Old Colony Street Railway in Assinippi 
through Norwell, Greenbush, Scituate Harbor, North Scituate and Cohasset, 
connecting with the third-rail sys tem in the latter place. The distance is 15 
miles. In Scituate Harbor the line will extend to the Sand Hills, a favorite 
summer resort for residents of the inland towns, following the highway 
recently laid out a nd accepted by the County Commissioners to North 
Scituate. Henry D. Smith, of Norwell, is interested in the project. 

PLYMOUTH, MASS.-It is said that the Plymouth, Carver & Wareham 
Street Railway will form a connection at Tremont with the Middleboro, Ware
ham & Buzzard's Bay Street Railway for all points north and south, and also 
with the main line of the steam road from Boston to a11 points on Cape Cod 
and the Fairhaven branch to this city. An extension is also contemplated from 
Tremont south through Rochester, to Acushnet, connecting there with the 
lines of the Union Street Railway, of New Bedford, and the New Bedford, 
Middleboro & Brockton line of the Old Colony Street Railway Company. 

ATLANTIC CITY, N. J .-An ordinance to grant the People's Traction 
Company, of which I. A. Sweigard, formerly general manager of the Reading 
Railway, is president, the right to build an electric railway here, hi" been 
introduced in City Council. 
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