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BY EDWARD C. BOYNTON.

Oni mnany of the large steam railroad systerns in the United
States, there are certain sections which present the most favor-
able conditiotns for the substitutioni of electricity for steam as a
motive power. 'Ilhese conditions are the result of increasing
density of population, and mean that better and cheaper trans-
portation fatcilities are needed by the public than are provided by
the steamyi road.
The electric street railroads quickly took advantage of these

coniditions, aud by building lines more or less parallel to the
steamn roads, soonl aequired a large share of the local passenger
traffic. The fault with the steam road was not that the motive
power was steam, but the fare was too high and the train service
too infrequent. The whole question of the substitutioni of elec-
tricity for steam hiinges upon that one point.

In order to provide satisfactory transportation facilities, the
steami road must double or quadruple tlle number of its trains,
and reduce the fare to at most onie cent per mile. When there is
sufficient density of population, this will suirely cause a large in-
crease in the numnber of passengers carried. This increase is due
principally to the fact that many people who could seldoml afford
the expense of traveling would then make frequent trips. It is
very douibtful whether the greater number of steam trains can be
operated at a sufficient profit with the low fare. Here, then,
comnes in the change in motive power, withl the sole purpose of
decreasing the operating expenses.

I wish to call attention to two classes of local passenger traffic
81
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wlhich should be considered as distinct from each otlher. The
suburban traffic of a large city is well understood, and its char-
acteristics are usually such as would make the ehange from steam
to electricity profitable. The low fare will induce a part of the
popvilation to make their homes in the suburbs, and thus increase
the travel. But where there are competing trolley lines, the
steam road, which we will suppose has electric motive power,
needs one more facility than those tmlentioned, and that is, high
speed. Without thiat, there would be little advantage over the
competinlg lines.

It has beern proved by experience that the speed must be at
least as great as an average steam train, anid there is no douibt
that if the speed be made as high aIs the fastest steam express
train, the popularity of tl-he line would increase. It is well-known
that the business man who desires to travel from one city to
another, or to and from his residence and his place of business,
cannot be carried there too rapidly. It wouldprobably surprise
the average passenger on one of the fast steam express trains to be
told at a certain timiie that he was traveling 70 miles per hour,
and yet such speeds are reached every day, for short distances,
over a straight, level track.
The other class of traffic referred to is that existing between

cities and towns in close proximitv. Let us assume a case as an
example.

In a certain densely populated mlainufacturing state, there is a
city larger thani any other within fifty miles radius. Within
that 'radius are several townls and small cities not over twenty to
thirty miles from the larger city. These are connected by the
steam road, which maintains what is considered a reasonable train
service, and onie that is as frequent as the traffic seems to demand,
at the rate of fare charged, which is from two to two and one-
half cents per mile. The trains are quite heavy, nearly always
fully loaded, and are run fromn two to three hours apart. To-
gether with its freight traffic, such a road pays well, judged from
the steam road's standpoint. Suppose that electricity be substi-
tuted for steam in that section, and a train service consisting of
two, or three car trains ruLnning every half hour from'eaclh end,
with a mnaximuim speed of fifty to sixty miles per hour, and the
fare reduced to one cent per mile. There is no doubt in the
minds of those who have watched the development of such
cases, that the increase in traffic and low operating expenses
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would result in a far greater profit than was ever earned by that
section of the road. It is well-known that such conditions exist
on our steam railroads in many localities.

It has been said that the steam roads will begin by equLippirng
their branch lines with electric motive power, and little or noth-
ingis heard of the equipment of the myiairn trunk linie. It is nec-
essary to define what is ineant by a brainel. In a large systemn
som(o branches are 100 miles long and may be double tracked;
others are from six to forty or fifty miles in lengrth. it the as-
sumed case described above, the conditions may exist on one of
the large branches or even on the main trunk line, whielh may
have four tracks. It slhould make no difference in deciding the
questioni of equipping the part of the systeml wlich possessesthe
desir-ed conditions, whether it is on a branch or a part of the
main line. It should be fully understood that no steaml railroad
will equip any portion of its lines, except with the provisionI that
nothing shall be done which will prevent the running of steam
and electric trains over the saine track.
A well known authoritv, nearly five years ago, Tmentioned the

possibility of the equipment of one or two of the tracks of a four-
track trunk line by electricity, to carry the local traffic, and stated
that the two tracks equipped should be those used by thle freight
trains. At the presenit day that does not seemi advisable, for the
reason that thle speed of the electric trains must be equal to that
of the steam express trains, and the slow inoving freiglht trains
would seriously initerfere with the electric schedule. But it i8
unlikely tl-hat any steatlm road will equip a part of its main trunk
line uintil it has satisfied itself, as to finaTlcial results, by givinig it
a thorough trial elsewhere.
The reduction of fares combined with the use of open ears

during the hot summirrler mlonths, produiee a class of passengers
which formnerly used the electric street cars. These have been
called the )leasure riders, and they furnish a considerable pro-
portion of the receipts. Experience with open car trains has
shown that speeds of 30 to 35 miles per hour are the maximum
which should be used, oni account of the discomfort caused by the
wind pressure created by the traiu.

THE QUESTION OF EQUIPMENT.
The questions, lhow much will it cost to equip a given service

to be operated by electricity ?-and how much will it cost to
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operate it? are frequently asked. The electrical engineer is now
in a position to answer both these questions with great accuracy.
The experimenltal stage has passed, and sufficient data is at hand
to give all the information needed. It must be realized that the
operation of a steam railway by electric power introduces many,
conditions whhich do not exist in the transportation )roblein
within a great city, suclh as are operated by the elevated or sur-
face street railroads. There are no restrictions on speed or
weight of trains. Rapid acceleration is not of so much import-
anee, for the stops are muchl further apart. The trains ilust be
operated under steam rifles absolutely, and the whole equipment
mnust comply withi the laws relating to steam railway trains.
The railway company contem:iplating the equipment of a part of
its system with electric motive power lhas the choice of several
methods which should be closely studied to determine which is
best suited for the ser-vice it is proposed to operate.

These methods are:
First: The purchase of electric locomotives of sufficient power

and weight to haul its standard passenger coaches.
Second: The equipment of a number of its standard coaches

as mnotor cars.
Third: The purehase or buildinig of a sufficient nuiiber of

special light passenger coachies, some of whieh are equipped as
motor cars, and the withdrawal of its standard coaches entirely
from this service.

Fourth: Shall freight be hauled by electricity or steam?
The use of electric loconmotives for the purpose under con-

sideration depends upon several conditions. If the travel is
heavy,that is 2,000,000 passengers per year and upward,the s(rvice
frequent, the speed high, re(luiring an average train of four cars,
anid, as may be the case, the same coaches must go much further
than the electric service extends, hauled by steam, it is advisable
to use the electric locomotives hauling standard coaches. Their
principal advantage lies in their ability to performn the work of
a steam locomotive in every respect, and this is frequently a
strong point in their favor with the railway managers. They
are thus able to accomimiodate themselves to congested traffic
which usually occurs on holidays and possibly at certain times
every day, by simply increasirng the numnber of coaches hauled
as is the practice with steamn locomotives. Such locomotives
should weigh from 100,000 to 150,000 pounds, should have
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eight wlheels and four motors, so that the total weiglht is avail-
able for tractioni. They must be provided with sufficient power
to haul at least double the average train without over-heating.
They must niot only be able to performi the work of a steam
locomotive in the samie service, but should do it at a faster
sclhedulle speed. The rapid acceleration of a train hauled by
such a locomotive enables it to perform the above duty without
any increase in the maximnumn speed. In switching cars, the
ease and rapidity with wlich the electric motor can be lhandled
is a great advantage.

It is necessary to equip these electric locomotives with the best
automatic air brake systemn that can be obtained, for several
reasons. They must operate the existing brake system on the
coaches as well as the steam locomotive does. The law requires
automatic brakes and a whistle. Aul inldependenit motor corn-
pressor with a large nain reservoir is therefore almost imnpera-
tive.
The cost of repairs on an electric locomotive should be exceed-

inigly low, possibly 10% of that required by a steam locomotive
on account of the fewer mrioving parts and the entire absence of
the boiler and its necessary equipmyient.
The fact that an electric locomotive requires but one set of

controlling and air braking apparatus is a distinct advantage over
other methods of employinig electric rmiotive power. This is
evident, not only in the first cost but in the fewer parts to be
cared for.
The second method of applying electric motive power to an

existing steamn railway; the equipmLient of standard coaches as
motor cars, will appeal to all steam railwav nmanagers as the
clheapest and most convenient way to make the change. This
method has strong argumenits in its favor.
The mnotor car carries its own paying load and durinig the

houis of light travel can l)e run light, without lhauling other
coaches. A standard coach equipped with two motor trucks and
four motors will h-auil nearly as many coaches as the electric loco-
mrotive above mentioned an(d weiglhs 100,000 lbs. It will easily
handle five coaches making a six car train weighing loaded
450,000 lbs. I believe that the power consumed per passenger
carried in a train hauled by an electric locomotive will be less
thain if all the cars were inotor cars, whether run singly or in one
train.
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Let us see exactly what must be done to a standard coach to
equip it as a motor.

In most cases the conditions will be found to be such that
three or four car trains with a proper schedule will be sufficient
to take care of the nmaximum traffic. This niecessitates only two
motors for the coach. These should botll be nmounted on one
truck, and this truck complete with mnotors will have to be pur-
chased and used to replace one of the standard trucks. The
motor truck should be buiilt especially for the puirpose, a heavy
steel truck, 36 to 40-inelh, steel tired wheels, brakes of the type
that do not require brake-beams, springs bothl elliptic, and equal-
izer of sufficient strength to support the weight of half the car
body with maximnum load, and this means all standing room oc-
cupied. The size and general design of the axle in the motor
truck must be carefully considered. The author does niot believe
that steel axles 5" mninimum diameter between wlheels, are
safe. It may be that in calculating their strength and con-
sidering the entormous strains which they must withstand, the
result appears satisfactory, but experience shows that the ex-
cessive vibration at hiigh speeds will cause crystallization of the
steel and a high factor of safety miust be employed.
The wheel journals should be at least ,5-"' x 9", and the diame-

ter of axle between wheels 6k", with a larger diameter through
the axle gear.
The wheel base cannot well be mnore than seven feet, on ae-

corunt of the curves, but it is nearly all needed in order to obtain
room for motors of sufficient size. The motor should not be
supported by the truck frame in any way.

Steel bars should be placed at each side of the motors extend-
inig fromn one axle to the other, and beneath tliem, juLst inside the
wheels. These should be suspended from lugs on the motor
fraine by suitable li-nks as near the center line of each axle as
possible. The backs of the motors caii then be carried orn these
bars by meanis of other lugs on the inotor frame and springs
above and below the hugs. This method of mnotor suspension is
rapidly coming into general use and it has manv advantages. If
motors should be damaged it is simply necessary to place another
pair of wheels and axles with other motors in the same truck
frame. The motor cars ride much easier, or practically the same
as before they were equipped with motors, due to the fact that
the jarring of the imiotors is not transmitted to the car body.
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The motor car must be wired for, and furnished with a suiit-
able number of electric lights and heaters, which is a simple
matter. The same thing mnust be done for the coaches it is pro-
posed to haul. The latter should also be equipped with collect-
ing shoes connected by a wire which terminates at each end in an
electric coLipler of sufficient capacity to supply the motor-s oni the
motor car if necessary. The motor car is supplied with the
regular air brake apparatus. used by the road and piped as a
steam locomotive, except that the car is double ended and re-
quires an engineer's valve, gauge and other necessary parts at
each end.
The indeperndent motor air compressor, main and auxiliary

reservoirs, car wiring cables, main wires for collecting shoes,
rheostats and electric couplers, all go under the car in addition
to the standard equipment of a passenger coach.
A small cab should be provided at eaclh end for the motorinan

preferably inside the car, fitted with a front and side window
which can heopened to their full extent. Here are located the
air l)rake valves, the automatic governor and switch for the
compressor, the motor controller, imain switch, circulit breaker,
electric light and lbeater switchles. The bells or gongs, pilotsand
whistles at eaclh enid complete the list.
A few words about car wiring may be of initerest here.

The most careful work in wiring cars is very essential. The
author believes that the causes of nearly all the fires occurring in
motor cars can l)e traced to (lefective wirinig. There is no reason
whly sueh wiring can not be made safe. Even if the insulation
of wires and cables is of the best, they shouild be treated as bare
wires, as the insurance underwriters say, and unskilled labor does
not pay in this part of the work. The maze of iron pipes, rods
aind braces, under such cars, render it necessary to protect the
wires fromn rubbing or chafing with the utmost care. It must
not be taken for granted that the pipes, etc. remain in one posi-
tion when the car is uinder headway. The working anid strain-
ing of the car body, the swing of the trucks and brake rods and
compressioni of springs mnust be carefullly considered,- and no care
in protecting the wires however great can make them too safe.
In trolley cars the removal of the pole from the wire will put
ouLt, or render a fire easy to control, but in such cars as are under
discuission, I have not yet seen or heard of a method of cutting
off the current at or near the conitact shoes, thougli there may be
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such. It is evident therefore how helpless a train crew is when
called upon to put out a fire caused by a terrific arc under the
car. It has been proved in practice that good car wiring practi-
cally prevents such accidents. Before leaving the equipmnent
questionm, I will give sone opinions on the performance of the
motors.

For such short distances, and the initermittent work required,
the modern railway motor seems well adapted. It cani be over-
loaded, 100% frequently, without injury, for a slhort time. Most
types of these motors have but one or two serious fa-ults. One is
lack of sufficjent ventilation. During hot weather this be-
comnes a serious imatter, anid one that should be corrected by the
mainufacturters. The design of the axle bearing, is anotlher. In
street car work, the plan of using a gun metal lining in halves,
lubricated by grease or oil is fairly satisfactory, but where these
bearings eaclh become 15" long and 61" diamiieter; at speeds of
40 to 60 iniles per hour, the conditionis are different, and while
giving little trouble, the cost of repairs seems unnecessarily h-ligh.
Most of the motors are simyilar in design to the ordinary street-
railway motor, entirely enclosed by the frame, and iltended to
rtun in the mud atnd sluslh of: a city street. On the other hand
a steam roadbed is usually dry and cleain, the motors are further
above the ground, and water rarely flies above the axle. It
would seem therefore that they could be more open on top.
It has been found necessary to run througlh the hot sumnmer
months with the large covers over the commutators removed.
The construction, and especially time insulation of armatures has
reachedI such a degree of perfection, that a buirn-out is seldom
heard of in the larger motors.

I have had under my personal observation a considerable num-
beir of such motors. somne of which have been in service over two
years, making a daily miileage of over 300 iniles, and have never
had one armatnre burn out. In one case a pair of motors were
in service eight months, includinig a winter. No repairs what-
ever were made during that time, beyond the ordinary daily in-
spection, cleaning, and relnewal of carbon brushes.

In another case a pair of motors made upward of 100,000
mniles after being put into service, the only repairs being re-
newal of armature anid axle brasses, gears and pinions. As is
vell-known a frequent cause of burn-out in the past has been
duie to the wear of the armature brasses allowing the armature
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to strike the lower pole-pieces. This cause has been eliminated
by makinig the clearance between the pole-faces and the arma-
ture sliglhtly greater, possibly at th-e expenise of an increase in
weight of copper on the field magnets, and with no apparent loss
in efficiency.
The total weight of a 60-foot standard coach equipped as a

-rmotor car with two motors will be about 80,000 pounds, witlhout
passengers, of wlhich 55.000 pounds is on the drivers or motor
truck. The speed of such a motor car running light, if geared
sufficiently high, is probably only limited by its weight and the
quality of its track and road bed. Withi a stone ballasted track,
100-pound steel rails, few cuirves, and those of long radius, a
heavy car with the best steel tired whteels shoIld rui 100 miiles
per hour at full speed without difficulty.

I have mnentioned a fouir-iriotor car consisting of a 60-foot car
body weighing 100,000 pounids complete. This represents
about 800 H. P. notmirnal rating of the inotors at 650 volts direct
current, and this is the mnaximum II. P. that can be placed under a
standard coach, on trucks and wheels which do nlot necessitate
aany other changes in the existing standards of steam practice.
The motors are capable of exerting double that power for a
short time. The total cost of converting a standard coach into
a motor car with two motors is al)out $3,80(.
The third method of using electric traction in steam service,

that of the use of light motoi- cars and trailers, built for the pur-
pose, has somne advanItages. The former coaches can be used
elsewhere on the svstem as are the locoimotives. The smaller,
lighter cars are cheaper to construct, the wear on the track is less,
anld there is considerable economyiy in power. It has been pro-
posed, and no doubt will comne, that such cais will run through
the principal street of a city, on tlhe existinig street car track,
before startinig on their trip over the steain track. This would
necessitate either a trolley wire over the steam track, instead
,of a power rail, or both collecting shoes and trolley pole on the
car. There is no question but that this mtiay prove a great ad-
vantage in time. On the other hand, the cars must be used
exclusively on the line eqtuipped withi electric power. At speeds
of 50 to 60 uliles per lhour which qnust be made in order to coin-
pete successfully with the existing parallel trolley lines, the cost
of rnainitenance and repairs due to the excessive vibration will
undoubtedly be greater than that witlh standard coaches.
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The economy in power due to the reduction in dead weight
hiauled is of considerable importance, not only on account of the
smaller amounit used, but the line conductors can be lighter,
greatly reducing their cost, or the system can be extended to
longer distances at no more expense for transmitting the power.

In the future there may be a decided tendency to reduce the
weight of electric trains. In other words, it will be an attemprt
to handle a constantly increasing traffic with a lighter equipmient
in order to haul less dead weight per passenger. The engineer
who proposes to introduce suich. changes must move with the
greatest care in order not to save the weight at the expense of
strength. It should never be forgotten that the maximurn load
is " no standing room," that the straiiis on a car anid its trucks
running at 60 miles per lhouir over a steam track whiell may be
made of 70-pound rails with joints none too good, are n)ot to be
com pared with such1 as are mnet with in a city street at low speed.
An interesting problem in connection with a sirnilar equipment
has arisen witlhin the last few years, and the timiie is rapidly ap.
proaching when it must be solved. It relates to the difference
between the wlheels of street ca^rs and the steam railroad coaclhes.
Thouighi both use the standard gauge of 4'-8I" the average
street car wlheel lhas a tread 2A" wide and a flange "" deep,
while the Master Car Builders standard re(juires a tread 4" wide
and a flange 18" deep. The proI)lern is a serious one, for it
intimately concerns ti)e safety of the train. T'he steam railroad
people after 50 years experience have settled upon the above
standard, anld the electrical engineer wlho chooses to ignore their
experience in thiis, and in many otlher cases, runs a risk. There
should be no doiiht that it is unsafe to runii the small street car
wheels at higlh speeds over steam railroad tracks, with their pres-
ent form of frogs and switches ; and it is, iri fact, impossible to
run them oni steel rails weigling 90 to 100 pounids per yard on
account of tl'e \vi(le spaces in the -frogs. The (uestion may be
asked: " Is it not safe to ruin such narrow wheels on the steam
track if the latter be kept carefully to gauge, and proper frogs
for these wheels are substituted for the existinig ones?" If this
is done steam trd-tins can no longer ruIn on the road, and, as it is
necessary in order to rounid a eurve at high speed with safety,.
to spread tl-he gauge fromn 4' to I", the danger is greatly in-
creased. On the other hand, the Master Car Buiilders' wheels
cainnot run on the existing street car tracks in our cities. The
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flange is too deep for the frogs, the size of the groove on the
inside of the straight rail is larger than the city authorities
would sanction, and the outside portioni of the tread would in
many cases run on the pavemnent anid crush it down to a level
with the top of the rail. The only solution of the problem
seems to be a colm-promise wheel with about 3" tread and 1"
flange. Whether or not this is safe, only time can tell.
The fourtlh question, that of hauling freight by electric power,

shouild, of course, be decided upon at the tiine of installation, as
it may cause considerable difference in the plans for power
stations and line transmission. As the question can only refer
to local freight along the line electrically equipped, it is of doubt-
ful importance as applied to the conditions under discussion. If
the freight traffic on such lines be sufficiently heavy to necessi-
tate the use of a locomotive for several hours daily during the
hours betweein midnight aiid imorniing when there are few if any
electric passenger trains in service, it is economny to use an elec-
tric locormiotive, for it costs but little mnore to run the power
station, if it has been shut downi, and the total expense would be
somewhat less than that of a steam locomotive. The whole
question of transportation of freiglht by electric power is one
which concerns the future more than the present.

Wlhen the time arrives that long distances are electrically
equipped on our steam railways, then it becomes far more im-
portant.

POWER TRANSMISSION.
Feeders:-The transmission of electric power fornus the most

important part of the problem of the electrical equipment of a
steamn road. At the present day our railway motors all require
the direct current, anid we are therefore limited to its employ-
ment in the working conductor. By increasing its voltage from
that usually employed to 700 volts, a considerable advantage is
at once gained, and witlhout additional expense in motors or
generators. Experience has shown that the economical radius
of operation of a power station generating such a current and
delivered to the line without feeders is from 10 to 12 miles.
This refers to a heavy train service with a fairly frequenit
schedule, and an average load of 5(10 amperes on each radial
line of single track.
By the line or working positive conductor is here mneanit a steel

rail of 90 to 100 pounds per yard, well bonded, and equal in con-
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ductivity to about 1,200,000 cm. of copper. The statemenlt,
" without feeders," may be wondered at, and a few words of
explanation will be necessary.

It should be renmemberedI that the conditions are very different
fronm a street or elevated road. There may be onily two, or at
nmost three trains running. The greatest fall in potential occurs
when a train is leaving the furtlher end of the line, and this may
be somewhat less than -3- of a volt per ampere at that point,
while the average efficieniey of the line is over i5g. Again even
if the loss in the line becomes greater througlh an attempt to in-
crease the number of trains, or to extend the line, the question
of feeders depends almost wlholly on the cost of fuel. If the
initerest on the cost of feeders is greater than the saving in fuel
consumLption effected by their use, and a satisfactory train
schedule can be mainitained without thiem, it canniot be in the in-
terest of economical operation to provide tlhem. It has been said
that such feeders in connection with a so-called booster used to
overcomne the drop in the feeders, and a consequent decrease in
their weight, are the most economical. Suclh an arrangement is
undoubtedly cheaper as regards first cost, but Ihave seeni nio data
showing the cost of maintenance and depreciation of these addi-
tional mnachines, as eompared with the cost of a feeder of suffi-
cient weight to perform the work witlhout the booster, anid on
which there is practically no depreciation. Whichever method
is followed, the cost of feeders for suelh a road 'will reaeh many
thouisands of dollars, anid railway managers will imake the most
rigid investigation of traffic conditions, present aTnd prospeetive,
before deciding upon suclh an outlay.
The above stateiment shouild rnake intelligible the reason why

10 or 12 miles is considered the mnaximum radius of operation of
,a station delivering 700 volts direct current. It is hardly neces-
sary to add that a larger system extending over greater distances
should be supplied by multiphase generators, and a Ihiglh tension
transmission line coml)ine(l with the usual rotary converters, lo-
cated at suitable poinlts oni the systein. In the absence of a
practicable alternatinig current railway motor, the above system
is the only one-thlere is no choice.

In regard to the most economical material to uise as feeders,
the extremiely variable prices of botlh copper and steel, renders it
difficult at present to come to a satisfactory decision, but with
both rmietals at what we may call their norm-nal valuies, steel is
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cheaper anid nmore satisfactory. The authior believes a proper
feeder for 700 volts direct current slhould be made of flat steel
bars about 1" x 5" section, two of which are placed side by
side, bolted together with alternated joints and sup-
ported on edge in the slotted tops of small posts set in the
ground at the side of the road bed, not over two feet lhigh and
boxed in. At grade crossings the break in tlhese feeders must be
bridged by either an underground or overhead connection. In
yards and stations where there is a multiplicity of tracks it will
be frequently necessary to carry them overhead for consider-
able distances. Copper is of course used in such cases.

§11e IWorking Conductor--In considering a train service con-
sisting of heavy trains running at the speeds m-lentioned, the
trolley wire as a working conduietor will probably not come into
general use, althoulgh it is used for such a service to-day. The
cost of construction, maintenance and depreciation is greater
than that of a third rail. It has few advantages, and mnany dis-
advantages for suich a service. It is now generally conceded that
an insulated rail placed close to the track answers all require-
ments, and the author's experience slhows that t is satisfactory.
It is difficult to understand, however, why the comrrmon form of
T-rail is so generally used for this purpose unless it is due to a
desire to save mnoney by using up old rails. iA more inconve-
nient cross-section for thorough and efficient bonding could
hardly be selected. It will be admitted by all that this conduc-
tor should be so bonded that when worked at its full capacity
there should be no greater loss at the joints than elsewhere.
There are a nl]mber of standard commjercial formns of rolled steel
which are no more expenisive than T-rails that are well suited
for this purpose. A form that will permit the use of one or
more thin copper plates of arnple area of contact held at the
joints between a steel splice plate and the conductor by heavy
pressure obtained by the use of a suifficieint nurnber of bolts, is
an inexpensive and satisfactory bond. The rulie that the bond
shall be equal in carrying capacity to the conductor, and the area
of contact equal to or greater than the cross-sectiorn of the conduc-
tor is a safe one to follow.
One question which has been studied with care is of great imm-

portaniee in this latitude, and that is the effect of ice on the con-
tact surface, and how to get rid of it. Many experiments have
been tried, and few can be said to have been successful. A fur-
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ther possible advantage of the use of some other form of rolled
steel might result in the complete elimination of this trouible.
I refer to the collecting shoes having a side or under-running
cointact. This would allow the partial roofing over the conduc-
tor bv wood, which would thoroughly protect it from the
weather.

Ordinary snow-stormns and even blizzards do not interrupt the
service. I have seeni a storrn which tied uip nearly every wheel
in a nearby State, but the electric service was the last to suc-
cumb, anid even then it was not on account of the conductor rail,
or too much snow on the roadbed, but from a train running off
an ice choked frog. It has been demonstrated that motor coaches
equipped with proper steel brushes for the thlird rail and snow
plows, can go through as muchl sInow as an ordinary passenger
locomnotive. Their great advantage lies in the fact that they
can run through deep snow slowly, due to the enormDous torque
of the series motors anid the absence of reciprocating parts.
But wlhen tlle temperatuire of the conductor rail is below
freezing point, and it begins to rain, as is not infrequently the
case, a coating of ice forms o-n the contact surface wbhich closely
resenmbles enamel. No mnechlanlical m-nethod has been found to
completely rem:iove this.
As to clhemical methods, certain roads can and do use salt or

brine. It is not considered advisable to salt the road bed of such
a road as is under discussion owing to the danger of leakage
should the track becorne flooded with water. When applied at
the right time, an oil which does not solidify at a low tempera-
ture is sometimes successful, but the difficulty of applying it to
the whole road at the proper time can be appreciated.

In8ulation :-The question of insulating the positive rail of a
700-volt grounded circuit has in actual practice been] developed
to such an extent that the results obtained are reinarkable, to say
the least. If such methods as are now in use had been pro-
posed ten years ago, they would have been regarded as imprac-
ticable.

For years it was the custom to coinsider the ground a conductor
of electricity. It was of course realized that the service rails
muist be bonded in soine way, but the ground was considered to
be a great aid to the rails in returning the cuirrent. I do not
propose to deny that this is true in a crowded city where thlere
are thousands of tons of iron pipes buried but a short distance
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beneath the rails, but can we call this a ground return ? My ex-
perience shlows that the road bed of a steatn road consisting of
sand, gravel or rock ballast, when dry, is a good insulator, and
when wet there is but little differenlee. A rock-ballasted track in
particular needs no insulation whatever except the wooden ties.

I ain aware that such a statement may be regarded with douibt,
but perhaps it can be rnade clearer if we take all tlhings into
considerationi. The road rutns through an open country, the soil
is of the average composition, some of it wet, but most of it
dry. If we stand oni a wet spot and place our body in cir-
cuit froin positive to ground we receive a shock, perlaps of
maximnum voltage. This wouild apparently show the groulnd
to be a conductor, but a little thought will prove that it con-
ducted a few milli-amnperes onily. If we stand in dry earthi
or on a tie, we feel no shock. But the one test that proves
the insulation of such a line is the leakage test. From tests
made every night, for over a year, the leakage averages I

ampere per mile in dry weather to 11 amperes in wet weather,
and I am convinced that nearly all of this is in the underground
work necessary at grade crossings and switch points. The above
refers to a rail insuilated upon creosoted wood blocks attached
to the ties. A complete coverinig of snow, has little or no
effect on the leakage. The form of the positive rail nmav influ-
ence the leakage somewhiat. For example, the inverted V form
acts as a roof to shed water and keeps the contact surface be-
tween the block and rail dry. But there is in use several miles
of ordinary T rail as a positive conductor, laid on blocks of
wood 11" thick attached to the ties, not creosoted, but dipped
in ain insulating compound. No leakage is noticable here. We
can easily uniderstand that if any appreciable amount of the cur-
rent in amperes should leak through these blocks whether pre-
pared or not, they would burn up. The writer, therefore,
believes that such insulatiorn of the positive rail for the current
and voltage under discussion is ample, and much expense can be
saved by steam roads by its use.

Track Bondingj.-One of the most necessarv and at the same
time expensive parts of the work in changing existing steam
roads into an electric line, is the bonding of the service rails.
The author believes lie has done some of the heaviest bonding in
the country, and is of the opinion that there is no satisfactory
method of bonding a T-rail at present. When such bonding
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costs two dollars per joint, it becomes a very serious matter.
Bonding around the angle plate withi the bonds about two feet
long, is out of the question, for the cost of copper would be too
great, and it would be exposed. Riveting the lugs on the bonds
through the web of the rail, is not good practice, because to
secure sufficient area of conitact four holes would have to be
drilled in the ends of each rail, wlich so weakens it as to render
it unsafe. The shortest possible bonds should be used under the
base of the rail. It requires four one-incl-h holes in the base of
each rail, and we can easily see how unsatisfactory and expensive
this is, with four bonds of 300,000 cm. area for each joint of
100 pound steel. In nearly all rail bonds the principal resistance
is in the contacts. It is a sirnple matter to use suifficient copper,
but to secure a proper contact is a difficult problem. The bonds
must have the utmost flexibility to withstanid the vertical imiotion
of the rail ends, and eveu then many of theni will gradually
break oil strand by strand. What is urgently needed at the
present day is a cheap and efficient bond for a T-rail. Such a

bond, to be satisfactory, must show no greater fall in potential
than an equal length of the rail itself, when the maximurn cur-
rent is flowing through the joint. On account of the fact that
the ground is practically of no value in augmenting the con-
ductivity of the return circuit, the erntire circuit must be re-
garded as metallic, and the ground should not enter into any cal-
culations.
Power Stations.-The writer does not propose to enter into,

the stubject of the designl and arrangement of mnaclinerv in a

power station for a steam road, as there are no engiDeering
featuires wlich differ from those encountered in suchl a station in--
tended for a large street railway. An abundance of water and
cheap fuel are of course important points. Suchl power stations
can be built for from $80 to $90 per kilowatt, exclusive of the
land.
A few words about the amount of power required inay be of

interest. An important figure is the amount of power delivered
at the switchboard per train mile. It eliminates all losses due to
resistance of circuit, and current used for air cormipressors, elec-
tric lights and heaters. This figure will vary from four to six
kilowatt hours per train mile, reaching its maximum in Decem-
ber and January, due to the longer hours of lighting the cars,
the constant use of electric heaters, and the frequent running
through snow.
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The questioil of heating a staindard coach by electricity is
one that should be thoroughly uniderstood. Street car hleating
is totally different. The public demands the same tempera-
ture as is furnished by steam, whicll is 680 or 70° F. It makes
but little difference what heater is used, provided there are
enough of them. One may radiate its heat faster than an-
other, and so raise the temperature of the car more rapidly,
but it will require, in any case, from 12 to 15 kilowatts of energy
for each coach. An ordinary train consisting of a motor car and
two coaches weighing 200,000 pounds, will require, at a speed of
35 to 40 iniles per houir on a level track, about 125 kilowatts, or
about 166 Il. P., of which tihe motor car alone would consume 75
K. W., if running light. The motor will consune an average energy
of four to five kilowatt-hours per train mile, or 40 to 50
watt houirs per ton inile. Power can be produced with con-
densing engines and fuel at about $2.30 per ton, for about
.008 (<$o of a cent) per K. w. hour.

(ost of Operation:-It is most desirable in operating a heavy
electric service over a railway on which steam trains are also
operated, to arrive at a satisfactory conclusion as to the compara-
tive cost of operatinig each type of train per mile. If an electric
service is entirely substituted for one which has been operated by
steam, the railroad company is in a position to know accurately
the difference in cost of the two systems. Buit when both are
operated over the same tracks the problem becomes very com-
plex. For examnple, even if we omit the inaintenatice of the
road way, which inay be a little higher in an electric service,
there are many other items such as salaries of agents, ticket
sellers, gatemen, etc., all of which properly belong to the oper-
atin,gr department. which must be proportioned between the two
services. It may be said that the cost of operating a steami pas-
senger train has been estimated all the way from 30 cents to $1.00
per mile depending upon the length of the train and otlher con-
ditions which are seldorn alike in the different localities. The
author cannot go into this subject in detail, but will give a few
points of difference between the two services upon which an
approximate estimate can be based. A fair average cost of
running a steam locoinotive, including fuel, when coal is about
$2.30 per ton; water, wages, repairs etc. is 22 cents per mile.
The average cost of repairs to coaches may be taken at one cent
per mnile each. The wages of traiim crew, consisting of a conduc-
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tor, baggage inaster anid one brakemnan will average .05 per rnile
making, a total of 30 cents. This fngure is intended to represent
the lowest possible cost of operating a train of only three cars
by steam witlh the understanding that it is kept almost constantly
inoving for about 9 hours, and coverinig fromn 150 to 200 miles.
It is well kniown that a train rnaking but a few miles per day
cannot be ruin at a profit, either by steam or electricity, due to the
fact that cost of wages per mlile iniereases rapidly, as the crew
lhas to be paid the same in either case. A great advantage of
the electric service may be mentioned lhere. The above service
is all tl-hat can be required of one crew and one locomotive, but
the motor car can easilv make 300 to 400 miles in 18 lhours, and
as the daily service is in operation at least that long, one motor
car does the work of two locomotives. In the operation of a
similar three-ca'r train in whieh one car is a motor car, we will
assume the same crew with the addition of a motorman and omit
the locomotive. The cost per mile in wages will thlen become
6s cents, that of repairs to cars the same as before, I cent,
maintenance of motors, j cent and cost of power delivered to
train, 6 cents, making the total cost per traini nile, 14 cents for
the electric service.

ELECTRic1 LIGIhTING,.

All steam roads, which have iiitroduced electric motive power,
will consider the question of liglhting their passenger stations and
freight houses along the line. It will be found that lighting in
this way is very satisfactorv and far clheaper than the purchase
of gas or electricity from others. For lighting freight slheds,
platforms and other ouitside liglhts, the simple wiring of the
lights in groups of five or six in series, and connected directly
between the feeder or working conductor and the service rails,
lhas been found satisfactory. The occasional interruption of the
current due to the opening of a circuit breaker will shut off these
lights for a few seconds, which makes them inconvenient for in-
door lighting. For stations requiring not over 60, 16 c.p. liglhts,
.a small storage battery of 58 cells, together withi a rlheostat
aind switchboard with the necessary switches and instrum-lents
can be installed for about $900.00. Bv making the rheostat
of about 55 ohms resistance and 35 amperes capacity and con-
necting it in series with the railway current, it can be used to
charge the battery.
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The battery anid rlheostat are connected in parallel with tlle
lighiting load, and the resistance so regulated tllat the railway
current does the lighting, the battery merely acting as a regula-
tor, charging sliglhtly wlhen the voltage rises and dischargirng into
the lighting circuit when the pressure falls, duie to the Tnovement
of the trains. This maintains a practically constant voltage of
about 120 on the lighting circuit, and the battery does little or
no work except wheni the power station is shut down. The princi-
pal advanltage of this arrangetmient is that it is practically automatic
in its action, and requiires no regular attenidant. The'station emn-
ployes can hand le the switches when necessary to turn on or off the
lights. An occasional inspection of the battery is all that is ineces-
sary. The cost of such lighiting is much less than it can be pur-
chased from lighting, cormpinies. In larger stations requiriing
several hundred lights, a motor generator can be used inistead
of the rlheostat and connected to the battery and the load in
exactly the same way. Such a plant slhould have an attenidant.
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DISCUSSION AT NEW YORK, FEB. 28, 1900.

Mn. FRANK J. SPRAGUE:-Mr. Presidenit and gentlemen, P
have been asked to open this discussiorn, and I have been spend-
ing a part of the afternoon looking at a time-table. I have lis-
tened with interest to Mr. Boynton's paper, giving the principal
results of his experience on the New York and New Elhaven
road. If I have any criticisms to mnake of it as a paper, it is
that it does not treat of the subject on quite as broad lines as I
would liked to have seen. It is inore a record of what has been
creditably done, with interesting results, in connection witl
work of the New York and New Hlaven Railroad, inaugurated
at a timiie whein there was a good deal of eynicismii expressed. I
will take the liberty, if I may, of going back to a review of this
subject, and reading from lines written somiie five years ago, and
then make reference to some projects wlhiel are now in hanid.
I think, possiblv, I mighl-t suggest a title for Mr. Iloyinton's
paper, somethinlg like this: " Shall electricitv be used on steam
railways, and, if so, how far and tinder what conditions ?"

In the paper referred to I stated: "Electrical developrnent
will go on until the trolley system is almost as coinron as the
turnpike. It will establish lines of communication whichl lhave
not hitherto existed ; it will build uJ) new territory; it will act
as a feeder to great trunk-line systems, botlh for passenger and
certain classes of freight work; anid it will largely eneroach
upon special fields now occupied by the trunk lines.

"But, when we depart from this class of service and take up
what is essentially a trunk-line svstem, there are many questions
to be considered, and niot alone those of the local and express
service, buit also a most important one, wlich is rarely consid-
ered wlhen electric railways are talked of. I refer to tIme trunk-
line freight service-that is, the transportation of goods in great
bulk over long distances. One must remiernber that trunk lines,
as they riow exist, have been built up by a slow process, anid that
no very serious change from their existing conditions can be
made, conisidered from the commiercial standpoint, except after
grave deliberation and at very great expense. Unless passen-
gers and goods cani be moved over a system with increased ben-
efit to a community, or at a reduced cost, or with a comnmensu-
rate return on capital invested, an electric will not replace a
stearmi system. Of course, inI these reinarks I ignore specific
problems, such as the utilization of a storage battery and motor
in place of a locormotive, or of a imoving central station, as is
being tried on one of the Frenchf lines, or those special probleins
like the Baltimnore tulnnel, in which an electric locomotive will
be utilized for a short distance in place of the steam locoinotive;
I am considerinig the possibilities of what is generally considered
an electric system-that is, the operation of a nuimber of train
units from a central statioin.
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"If we were to refer a moment to any other system of trans-
mission of power-for example, by water or air-no one for a
momient would quiestion its limitations. We all know that any
amount of power can be so transmitted, but only with definite
losses which depend upon the pressures used, the sizes of pipes,
and the distances and amount of energy transmitted. So it is
in the transmission of electricityj which is nothing more or less
than an agent whose exact charaoter we do not know, but whose
obedience to certain empirical laws is absolute.

" It is unnecessary here to repeat the specific laws covering
such transmission; they are perfectly well known, and there is
no practical hope of their being changed, aTny mnore than the
laws of gravity. Recognizing these laws, there is a distinct lim-
itation to the distance and amnount of power which can be eco-
nomically and conveniently transmitted and distributed, no
matter how perfect the generating or receiving mnaehinery may
be; and these two particular elemnents lhave been brought very
nearly to their maximurn possible efficienev.

"It may be said-which is perfectly true-tlhat, if frotmi a cein-
tral station one can conveniently operate a Lutnber of distribulted
units over a 20-mile road, why cannot two or, for that matter, a
dozen such svstems be connected together? So they can, but
this does Inot form a trunk-line system. Of course, if we con-
sider the steam trunk-line from a passenger standpoint, the
present system has defects, and the principal one is the incon-
venience of service when considering short distances. If one is
going a long distance then it matters not so much whether the
trains are two or three hours apart in leaving; but long-distance
travel and short-distance travel have not the same requirements
so far as the passengers are concerned.

" If nothing is sacrificed, it would be preferable, of course, to
hlave smrialler units despatelied at more frequent intervals, no
matter wvhat the distance of travel, but, as I say, this is less im-
portant when dealing with long distanees than when dealing
with short ones. When trains are operated in large units, with
comparatively few units betweenr terminal points, and these at
considerable initervals, the steam locoinotive will absolutely hold
its own. When, however, these larger units are broken up, the
intervals of traiui-despatclhing can be shortened as miuch as is
consistent with satisfactory operation anid the number of units
distributed over a line made correspondingly large; then, and
then only, will electricity be used on suburban lines anid lines
connecting i portant cities.

'I have again and again advaneed the substanice of this state-
ment, anld I must here repeat and emphasize this fact-that, so
far as passenger service is concerned, considering for the moment
only economy of operation, the problem narrows itself down to
the number of train ulnits operated between terminal points.
Make that number sufficiently large, and the electric motor is
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the best, means of propulsion, whether for higlh or low speed.
Decrease this number, and you nmust rely upon steam.

Or, putting it another way, the answver to the query, will
electricity take tlhe place of steain locomotives for railway ser-
vice, is: only in part, and then onily when the niumber of units
operated between terminal points is so large that tihei resulting
economy will pay a reasonable interest on the combined cost of
a central-station systemn of coniductors and the rtiotor equiprnent,
and the traffic existing is commenisurate witlh the needs of suich
a system.

"It is perfectly truie that looking only at the time standpoint
of passenger traffic it is entirely possible and feasible even, not
onily to operate any existing street or elevated system, and mnany
of the suburban systems, but also the traffic betweeni such points
as New Yor,k and Philadelphia on a subdivided electric selrviee;
but this is niot all that is required. The niore frequeint the units
despatchled over the track, the miore exeluisive muist be that par-
ticular track for that particular service, and the larger mnuist be
the numnber of tracks to take car-e of all the varied service of a
great system.

" P,Briefly, the service inay be characterized as the transmission
of passsengers fromn one local point to anothler and the transmnis-
sion at highi speed -between principal points--that is, way anld
express service-anld the handling of freight in great rnasses
with all thle attendlant switching and distribution at way anI ter-
minal points. Considering only the tranisit needs of these various
services, a six-track railroad miight be considered desirable, and
probably would be; but thlere are many problems connected
withl such a road, to say nothing of the fact that it would often
be impossible to construct such a system on existing riglhts-of-
way. IIndependent of the matter of investment, rights-of-way,
or construction, the problems of switehing, passenger landings,
and freiglht acceptance and delivery on a six-track railroad
would be a grave one.

";Freight cannot be handled like live loads. A succession of
cars eachl with twenty or thlirty passengers, might well take care
of all the passei-ger trafflic on a road, bt-t freiglit cainnot ordi-
narily be handled in any such way, except by an enormous in-
crease of expenditure. The 30-, 40-, or- 50-ear train, pulled by
a single locotmotive, wATith a limited traini crew, presents an eco-
nomnieal transportation of freight which no system of units on
long-distance transportation can hope to equal.

"It may be contended that there is a way to create a six-track
service, and that it can be operated partly electrically and partly
by steam, and that the smlall units for way service can be run on
one ,et of tracks, the express units on anotlher, both subdivided,
and that larger freight uinits at long intervals can be ol)erated
on the third, but this proposition will not appeal with any prac-
tical force to the railroad inan, or to the electrical engineer as
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such, becauise it is absolutely vital: for successful electrical opera-
tion from a central station that the uinits slhall be divided, and
that there shall be a distributed service, and iiot a localization of
large units at long intervals at any portion of the system.

"i'Lt seems hardly niecessary to eveni refer to the quiestion of
signals, and all the difficuilties wlhich would exist if an) attenmpt
were m-lade to operate a road simultaneously witlh electricity aid
steam. Hlumtian life and its absolute dependence orn these sig-
nals, wlhicll neither natural laws, stress of accident, or conlditions,
of weathier should interfere witlh, make this of vital importance
in considering anly clhange.

iOne of the gr-eat advantages of thie electric system, as gen-
erally used, considered from a traction standpoint is the fact tllat
the motors are carried under each individual car, or, with few
exceptions, under one of two or three crs, tlhuLs giviing the ad-
vantages of a higher proportion of weilght for traction, with a
cons,esquent distribution irnstead of localization of weighlts. Wheni
motors reach thleir higlhest standard every car ean l)e rnla(le ain
individual unit, whielh can i be operated in aniy combination and
from any point of a train; buit this ad vantage instantly disappears
wlhen it is attempted to use an electric locomotive afteI the rnan-
ner' ofia steami locomrotive. That is, to put it ahead of a number
of car Iun)its wlliose aggregate weiglit nmay be frorn five to twenty-
five timrles its own. It muist, tlhen, in a large m-leasuire be limited
by identically thle sanme laws in the matter of weight anid trac-
tion as the l)resent steami systemn. Assuinino' units whiich are
commrriorn on steanm roads, suh as 1000 or 1,500 H. P., the enor-
mous loss of energAT and the variation of pressure on a line
would inake thee cost, with any possible allowable loss, entirely
impracticable.

I lhave seeni little developrmient in the last five, years to alter
those general conclusions, i)nt I amn nio less a believer tllan ever
in the gradulal and certain encroachmnent of the electric upon
steamti railways. If I were asked, however, if electric traction
will take place "under stearm railway conditions" I would say
no, except in special cases. What are steam railway concditions?
A nmore or less perfect roadbed, which gradually becormes a mrore
or less exclusive roadbed, and the more exclusive it becomes the
better it is fol electric railways; stations at predeterminled posi-
tions and distanees of signaling; operation on the same or on
separate tracks of express and local service and freiglht service,
whichl coinplicates the problermi; operation under a fixed timJe-
table. with varyinig lengths of trains, but always large u7nits, with
a tendeency to larger ones. These are essentially stean railway
conditions. MIany of tlherm are directly opposed to commnercially
successful electrical operation.
There are two things which have been brouiglht forward anid

practically developed in the past three years whjich are not men-
tioned by Mr. Boynton as having a possible use in future electric.
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railways. The first is the storage battery. Its use on the South
Side elevated in Chicago, oni which I have 180 cars in operation,
the experience on the Metropolitan road in this city, and the
general introduction on a large number of other roads anid cen-
tral stations, primarily for the puLrpose of equalization of load
and for taking a small portion of the peak load at certain hours,
warrant the statement that it is certaini to be a feature in railway
developmenit. There is no doubt in ny own mind concerning
this. Another development is the mnetlhod of cointrolling two or
miore units or cars equipped with motors from a comron souirce,
which I lhave called and it is now knowni as the "mnultiple unit "
system, subject to more or less ridicule and criticism during past
years, bllt niow being generally accepted as necessary in moderln
transportation. I do not mnean by the term " multiple unit sys-
tem" the equipment niecessarily of every car in a train, but the
equipment of two or more cars of a trairn under a simultaneous
control. Neitlher of these developrnents are mentioned or conm-
sidered by Mr. 13oynton. If there be a quiestion about this latter
proposition, let nme recite what lhas been proposed with eight or
teni roads representing mnodern work. The Illinois Central
Railway, witlh its six or possibly eight-track service, stands as ani
example to-day of the most perfect steam suburban service. For
two years and a half at least actively, and for four or five years
before that tentatively, its management has considered the appli-
cation of electricity to that suburban service. Bear in mind that
before we undertake the larger problerns we mnust take that
wlichl is at hand; that is, suburbani service 20 or 30 miles out of
the city. So,,we will consider this Illinois Central road. The
conclusion arrived at somne two anid a half years ago was that
from the standpoint of steam econorny notlhing whatever was to
be gained by the adoption of electricity under the conditions
which exist in Chicago on that road at the price thev paid for
coal and with the duty they are getting out of the engines; that
in the rnatter of speed, that was already very satisfactory on the
express service, but for the way or subuirban service electricity
offered an advantage, permitti-ng an increase fromi 18 to 23 miles
schedule speed. But all consideration of a locomnotive or a loco-
motive-car pualling a number of cars has beeni put aside for a
finality. The only thought, I think I may say fairly, which they
have had in mind is one expressed by the then Chiief Engineer
and now Assistant First Vice-President Wallace, when lie said in
effect to me, some two years and a lhalf ago, that he wished to see
the abolition of the time-table on suiburiban service, and to be able
to direct at frequent anid regular intervals the going out of train
units of one or two or ten cars, without urnnecessary switehing,
withouit a locomotive at the head to pull themi, m<sotive power and
capacity always holding like proportion to each other, with orders
to leave the termninus and get back there as quickly as possible,
wvithout waiting at any station for the time-table. He said: "I
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hope to see cars operated by a push-button." It happened at
that time that I was in Chlicago, connected with the Chicago
Soutlh Side elevated, and I told him that that was what I was
there for. Shortly after that the equipment of the South Side
road was taken up. If that road adopts electricitv they will put
on their cars not less than- 300-horse power, and those cars will
be operated in any combination from one to a dozen cars. Such
radical operationi requires, for the best duty, a storage battery to
help equalize the ioad and to take perlhaps a little of the peak.
If alternDating currents are used, with rotary transformDers deliver-
ing constant potential on the line, it is out of the question to puit
upon the sub-stations the sharp, varying loads which would be
required, without a storage battery.

T'he liverpool Overhead Railway operates at present tlhree-car
trains, with r)otors oni the front and the back car. 1'he Waterloo
and City IRailway of London operates three and fouir-car trains,
with mnotors on the fronit and back car. The Union Electric
Company of Berlin has recently submitted a projeet to the Minister
of Public Works proposing the change over from the present
steam system to an electric system, working as mnany as 12 cars in
a train, eaclh car being equipped with twvo motors of 150 ij. P.
(apacity each. The new Berlin Elevated Railway, of whichl
-Messrs. Siemens and Ilalske are the primne movers, are consider-
ing the operation of fouir and five ancd even up to ten-car trainis,
and they hlave had under consideration all sorts of miiethods-
four-car trains, withi tlhree miiotors on thie froint and on the back
ear; four-car trains, with four mrotors on the front anid back car;
five-ear trains, witlh two motors on the front and back car; ten-
car trains, withi two motors on the first and rear car and two
mlotors on a rmiiddle car, and a full multiple uniit system.

'T'he new Boston Elevatedc road will hla-ve an equipment of two
1l50 H. }'. motors per car and operate them in from two to five or
six-car trains, all under a comrnon control. The M'anhattan-
vell, none of uis can speak with any definiteness about that yet,
,and therefore I will niot prophesv.
The Brooklyn elevated will operate from three to five-car

trains, with-i two and three motor-cars in a train, and contemplate
eventually equipping every car, all under a common control. So
it would seem that in electric railways the idea of grouping
together units and controllin,g them from a common point is the
accepted engiuieering coinelusion, nio rmatter who does it or what
the specific apparatus. If a railroad is operated eitlher with one-
car units or two-car ulDitS or six-car units all the while there
would be a definite determiniation of the mnotor equipment for
that unit. If inistead of being constantly operated with one size
train units, it is operated with trains whieh are made up of a vary-
ing -number of units, then it seems reasonable to suppose that
each of those Unlits should be equipped with the power and only
with the power that is neeessary to drive them.
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Soine of you are suburbanites. I anm not, except as to mny
shops. "The advantages (or disadvantages) of New York are such
that to get ouit we have eitlher to burrow or float, go through a
tunn-iel or go over the water, and I have often to take the Dela-
ware, Lackawarnna and Westerni Railway. I picke(d up a time-
table this afternoon, and I was a little surprised at sormie of the
conclusions which a graphiic setting out of that time-table shiowed.
You kn(ow that frolml floboken tlhere is a two-track stein with
some freiglht sidings that runs to Newark and up to the Roseville
Avenrue Junction. Thenee a branchi goes to -Montelair. Fromn
Roseville avenue the main stenm of the road runs out to Sumiyit,
Morristown, Dover and oni. 'J'akirig the latest timne-tal)le, I haver
laid out tile trains on a graphic rmietlhod, l)ased on number of
trains and times of tranisit. The distanice from-l H-foboken to
Roseville Avenue is about niine miles, thence to Montclair tour
miles, and fromn ltoseville avenue to Morristown 21 myiles.
This roacI may be taken as typically representative of a suburban
service, and is right at hand. At present one crosses the ferry
every 10 or 15") mninutes and finds a train every 40 minutes or
every lhour and 10 minutes, just as one goes on the Manhattan
elevated to 1055th street and then finds trains to Yonkers any-
whiere from 10 minutes, to an lhour and 10 ninutes apart. Thie
aggregate roadway here consi(dered, is rough1ly 34 mniles, and the,
aetuial sing,le trackage about 66 miles. BetwA-een al)out five o'clocl(
in the morning and one o'clock at nighit there are 144 tiains in
operation on eithier a part or the wv-hole of the dlistanice over those'
lines from fIobolKern to Montclair, oi to AMorristown, 38 miles
away, leaving out those trains wlich go beyond Morristown. I
have considered their linit of service because it is witlhin tho
reasonable limits of transmission of an alternating current from Ca
reasonable center. Perhiaps it wouild surprise you to know that
despite thlat numbei of trains there are times-considering no
stoppages whatever at a station, but only the titme from departure
to arriving-between five o'clock in tl-he morning and onle o'clock
at nio-ht whien there is only one train oni this 66 miles of track.
That is a steamn railway condition, but not olle whieh will ever be
adhered to if the road adopts electricity. Considering thie stop-
pages of trains at tlhe differenit stations, there are probably not
less than 20 times during these hours in whlihel there is not a ear
moving in all those 144 trains that operate within the 30-mile
radiuis of iloboken-not less than 20 times withiin the day whern
there is not a wheel turning on (16 miles of track,despite the fact
that this road is suipplying 20 or 25-3 populous suburban townis. It
has been said that that road is considering the adoption of elec-
tricity. It is a perfectly practieable enigiineering problemn and
entirely feasible commnercially. As at present run there are but
frormi to 13 tr-ains in service, and fromn about 3 to 65 cars moaxi-
murn. The equipment to get the best service should be with not
less than one-half of its cars equipped with motors, and I questionji
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if it would not be better if every one of its passenger cars were,
but certainly not less than one-half.
There are two things you have got to consider in traffic. One

is to mneet the wants of the individual man. lie cares little what
anybody else wanits. He goes to a station and wants to go home
or to business. The other is to meet the collective wants of
these several men. Scattered throughout the day there is a fair
average of people who wish to travel, and at certain lhours of the
day there are large numbers of people who have a similar desire.
So we have to consider inot oIly the frequent dispatching of
trains, but the variation in size of those trains. If one-half of
the standard coaches on a road were equipped with motors under
conditions that would make it possible to operate two or a dozen
cars under simultaneous control, the cost of the car equipments
would probably not exceed one-quarter the cost of a single one of
the generating, units required for the Manhattan IRailway, in-
eluding its engine, steam piping, and proportion of building.
The power required to oDerate this 34 miles of suburban road
would be equal to about two of the Manhattan unlits, and but
very little mrrore than is being used on the South Side elevated
in Chicago.

It seems to me that the broad question of using electiricity on
a road is onie which is to be determined absolutely by the fre-
quency of service which that road will stanid, and the more the
short-distance trains are operated electrically the fewer the steam
trains going to long-distance points, which must operate over
that road. I will content myself by simply prophesying two
facts: one is that the storage battery is a rnecessity in any large
development of the application of electricity to railroads, and the
other, that the aggregation and control of two or more units in a
traini-that is, the muiltiple unit system will be the future method
of operation.
DR. CARY T. HITCHINSON:-I think AMr. Sprague lhas entirely

misunderstood the intent of this paper. I do not think it is in-
tended to discuss broadly the most economical metlhod of oper-
ating trains bv electricity, b)ut was intended as a resurne of the
author's experience in handling stubuLrban trains; and it tells what
the author has learned. There is no intimation whatever in
the paper that any consideration of the economics underlying
electric railway service was intended; but there are many
interesting results of hiis experience; amnong others, the very
low cost of repair of electrie locomotives. only ten per cent. of
that for steam locomotives. I do not think this would hold as
an average result or even an approximation. The figure of four
to six kilowatt houirs per train iDile for train service without
mentioning at all the weight of the train or the schedule is in-
definite. It is genaerally understood that the energy consump-
tion per ton-mile may vary in the ratio of 1 to 10 for different
schedules.
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There are a number of other facts of that kind that might be
discussed, in particular, thie performance of motors, etc., for
above ratio. Wlhat is the ratio?

MRI. GEORGE T. IIANCHETT :-I note in the paper that Mr.
Boynton mentions an 800-H. P. equipment of fouir motors. That
means a 200-H. P. inotor. I had the good fortune to observe the ex-
perience of a promineint company manufacturing railway motors
of that capacity. They were used in elevated work. They were
installed within a 6-foot wheel base with a 33-inch wheel. They
filled the space. There was lhardly room enough for thje brake
rods. The mnotors had to be mounted on an odd angle in order
to allow the car axle to thread through the casing between the
pole-pieces. It was founid necessary to keep these motors open
both above and below the bearing on both sides in order to safely
rate them at 200 u. P. If I remenmber correctly, the tempera-
ture rise was somethiing like 75 degrees centigrade above the
atmosphere. If those are the facts it is necessary to keep the
casings open if we are to use 200-H. P. mnotors in such work.
Such ventilation was mentio-ned by MIr. Boynton as a luxury
which might be enjoyed under certain circumstances, but I think
it is a necessity if the experience of this company is to be believed.
MK. RICH[ARD LAMB :-Speaking of open m;otors in suiburban

service, I have recently beeni calle(d upon to build a trolley linle
at Brigantine Beach, IN. J. The oceani had cut away the beach, leav-
ing the trestle out frormi the shore a dist.nce of about 200 feet.
One of their experiences was that when the tide was in and the
waves were highi they would hlave an armature short-circuited
and burned by the salt spray entering the open motor. On one
occasion they had one of their large generators in the power-
house thrown off of its foundation, from the ocean spray short-
circuitiTng an open motor on a car two rniles from the station,
the circuit-breaker having failed to work. They also had thle ex-
perience of the sanid blown into the open mnotor by the winids,
cutting away their comiimutators and journals. They tried
puttinlg what 'they called a canvas petticoat around the opening
of the motor. This raised the temperature excessively. Trhese
experiences prove the absolute necessity of using completely
encased motors in any suburban service lhaving seashore road-
beds.
MR. ELIAS E. RIES:-Mr. 13oyniton, In his paper, althouglh he

mentions and describes the various methods lhe speaks of as re-
lating to the operation of electric railways " under steami railway
conditions," it seeims has confined himself more or less to short
lengths of lines of about 10 or 12 miiles, sucl-h as are and have
for some years been successfully operated by direct or continu-
ous currents. The application of electricity to such short lines
of steam railroads I should regard as operatinig steam roads
" under electric railway conditions," rather than under steam
railway conditions. I believe that the thing which electricians
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anid engineers in general have ehiefly in mind when it comes to
the question of sulbstitutinag electricity for steanm on railroads is
the electrical operation of lonig lines, or trunk lines. That, it
seems to iue, can only be successfully accomplished when we
have arrived at the point wheni we can supply alternating cur-
rents of high tensioni for transmission purposes and convert these
into currents of lower tension for the operation of the motors.
'lhis matter is ineidentally touiched upon in Mr. Boynton's paper,
bnit very little has been said here to-niglht in regard to it. It is
a subject, however, too lengtlhy to be discussed at this late hour
and I will therefore pass it by, notwithistanding that I believe
the solution of this problem niecessarily rests uipon the adoption
of sueb a system.

Tlhere was one interesting l)Oint mentioned by Mr. Spraguie in
his discussion, stating his belief that in any rotary converter
system operated by high potential currents for long distances, it
would be necessary to comb:ine with it a storage battery. It
struck mne that tlhere was an interesting possibility in that appli-
cation when you comnie to the question of the general problem of
operating trunnk lines or long-distance railway lines withl infre-
quernt long-train service bv electricity, and that is this: The
great difficuilty in adapting, electricity to steam railway operationis
is that the preseiit steam locornotives are fairly economical because
they carry along their own generating capacity, which is not
only sufficient for, btut is applied locally to, the work of hauling
the train; they require a certain crew, limited in numlber, and
their miost economical condition of operation is to haul as heavy7
a load as the traction ability of the locomotive canl sustain. The
electric systenm, on the other hand, wlhieh requires fixed stations
for generating current that must be transmitted over the line
whethier there be only one or a dozen trains on a section, de-
mands that its generators be operated at the highest efhc'iency-
tllat is to sav, at practically full load at all times, preferably 24 1ours
out of the 24, and it would be a great waste if those generaltors,
which must necessarily be given a power capacity greater than that
required to mnove the heaviest single train at the required speed,
had to reimain idle for a period of anywlhere from one to four
or five hours at a time between trainis.

Noow, it strikes me that it is -just possible that a systern of
generating stations cotuld be combiined with a storage-battery
plant in which the battery would be used, not merely for com-
pensating for the difference between the peak of the load and
the level load; but it could be charged by gener-ators of rather
moderate power running all the time, the battery groups being
so connected as to give forth their energy for comiparatively
brief periods in large atnounts (to feed long, heavy traffic trains
running approximately under steam-rail way schedule conditions
at more or less infrequent intervals), on the principle of
the accumulator in a hydraulic system, or the flywheel in a
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punichling press, etc. In that case the current might be gener-
.ated and transmitted as a continuaouis cuirrent, feeding, at intei;vals
along the line, storage batteries connected in series, and the lat-
ter mlight be arranged to automatically discharge into thte service
or working cilrcuits in muiltiple, at ordinairy working pressures,
whenever a section is entered upon by a train, anid so on.
1 inerely mrientioni this as a passing thiouglht-that tbat seems to
be one way in whihl the existing steam-railway conditionis could
be maintained under electrical operation ,f it were desirable to
do so. I do not advance tlhis, h-owever, as a desirable soliition
by any means, as I believe it will be found better to m-iodify steamn-
railway conditions so as to confor-m to whlat has been fouind best
in electric practice. It simply occurred to ine and I thouight I
imiight mention that as anl interestinig possibility. The genieral
sub-ject is one of considerable importance, anid I am very glad,
indeed, to have heard the INSTITUTEi4 diseuss the matter so fully
this evening.
THE SECRETAuRY:-There have been some eriticisms on the

title of this paper, and whether they are just or not, I am not
certain that it shlould be left for the auitlhor to defend, because
whatever the title is, it was originially suggested to hirn, and
then after he adopted it, it was clhlanged; and, as a im-tatter of
fact, I do not tlhink he is responsible for the title at all. What
this is, anid what it was attempted to get, is some notes or, some
informnationi in regard to the operationi of trains by electricity,
over the sanme road and under the same conditions where they
lhad previously been run by steam. Perlhaps some of you mnay
l)e able to fit a title to those conditions, for that was what the
Committee on Papers was trying to get at, and it went to the
only known place in this vicinity where electric trains were
operating under those eirenuinstances.
There are certaininterestingu questions involved in sLuell a radical

change of operatinlg codclitions as noted in this paper. I served on a
railroad for two years before I went into telegraph work, and 1
have ridden on a steam railroad as a suburbanite for 33 years,
and I can speak as a practitioner in early days, and an iinterested
observer of moderin miethods. I lhave recently had an oppor-
tunity of com paring a steam express service with a fifteeni minlute
interval alnd a trolley occasionally connecting witlh it on a twenty
minutes headway. But the superintendent found that they
could not quite make the schedule under all conditions. He
said that if things were all right, that they could make the time
under twenity minutes leadway. BLt sometimnes thinigs happened
--cattle or old women or wagons got on thie track and delayed
the cars, so they chaniged the schedule to 22 minutes, iiiaking it 66
minutes in the hour, as you mighit say. It has been a )roblem
ever since tllat road changed its schedule about six weeks ago
for the people on the side streets to find out when a car would
be along.
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It appears to me that people wlho undertake to manage a ser-
vice of that kind should study the conditions of life and the con-
ditions under which people travel on the cars, as well as taking
up the technical questionis, because in this particular case there
is a great deal of traffic comes on the connectinig steam railroad.

It is not so muceh the question of the time-table as it is having
the cars run at regular initervals in eaclh hour. If they run everv
30 minutes and start oni the eveii hour, you know there is one
every half hour; tlhat is all right; all that is perfectly clear and
easy, and so it is when they ruin every 20 minutes or every 15
minutes; but when they run every 22 minutes, making a varia-
tion of six minutes in every hour, it begins to be a braini-rackinig
performance to keep track of it.

Getting down to some of the technical points that are brought
up by iMr. Boynton, he rnentioned this third rail, and the diffi-
culties of bonding with that particular form of rail, and it oc-
curred to mne that it would be a very simnple nmatter, if there was
any amount of businiess in this, to rnake a form of rail for a con-
ductor that would be satisfactory. Theni there is a question as
to the position of this tliird rail, whether it is to be outside
of the two rails or between them, or near to one, or in the
ceenter. I do not see any informrjation in the paper as to the best
position.

In regard to ice on the track, while we have comnparatively
little of it, it does not appear to me that this is an argumenit
against the use of electricity. Where it is an annoyanice, and in
certain climnates it would probably be worse than it is around
here, it appears to nie that it could be gotten over very readily
by an econiomical device. Ev-en if this could not be (lone, we-
might as well say thiat the locomotive is a failure, because
somietimes it gets snowed in, as it does, and becomnes one of the
most helpless pieces of machinery that you can imagine, when it is
packed in tlhe snow. Itegarding speed possibilities, I would like
to inquire as to the distance required for getting up the speed of
these short trains, for this reason, that a few years ago, whei
what was then a record run of 72 miles an hour, was miiade on
the Bound Brook route, that traini ran 12 miles before attain-
inig that speed. I believe there is oinly one place on that line
where the track is in suclh condition that they can mnake suclh
tinme, aTnd of course when you consider that it takes 12 miles, as
it did at that timie, why of course frequent stops mnake it prac-
tically impossible, and it appears to me that before disrnissing
the subject, we ought to consider this question of speed a little
inore. becadse it is very iinportant, as sorne of the predictions
in regard to the speed of electric locomiiotives have not been veri-
fied in practice. The probabilities are that one of the reasons is
that there are very few lines in the country that are well enough
built and have a sufficiently long streteh of reasonably straight and
level track so that they can attain the speed that we have had in
contemplation.
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MR. IHARRISON ANDERSON:-I canme here this evening as a
stranger and guest, and one of my reasons for coming was that
I am browsing around everywlhere. I camne in search of infor-
mation and instruction, anid I like my instruction very imuch as
I like my whiskey-I like it straight; and I can illuistrate what I
mxean by an experience that I had a couple of years ago in the
west, wheni I was trying to sell a very fast steamboat to Mr. J.
J. I-ill, of the Great Northern. While we were ouit on this
steamboat together, naturally, iMr. Hill instead of talking about
my steamboat was talking about his owIn railroad. I was very
williing to listen. [Ie said: " You cail write the whole secret of
successful railroad operation oIn your thlutmib nail. I have men
who have beenl in my service for twenty years aTnd have niot got
down to the fundamenital facts of successful. steam-railroad oper-
ation. It is that expenses are by the train mile and receip)ts are
by the toln mile. Tihat is all there is to suLcessful railroad oper-
ation." I eautrm lhere this evening lhoping that I would hear
sonme formtula o-f that kinid that would give mne an absolute grasp
of the suceessflul operation of electricity as replacingo, steam on
the railroads.
M-. SP,AGC,LTE:-PossiblyV I carl give the gentleman some in-

formation on th-at poinit. The Southi Side road iii Chicago, of
wlich I have spoken, was a steam r-oad operate(i by Baldwin
28-ton comipounad locormotives, hauling fromn two to five cars.
The saving, at the- preseent t;imiie is about $500 a dav for coal
alorne. They are also saving in transportationi expenses. The
actual cost of the operation of the road, texclusive of taxes and
licenses, is seven and a half cents per car mile of 22 tons average
weiglht, including passengers, and stopping at intervals of about
2,000 feet, on a schedule of 15 miles an hour.
No one here lhas spoken of the sornewhat interesting experi-

mnent made in Germany on long-distance transmission. Mr.
IReicliel, the chief engineer of the Siemens aTnd Halske Com pany,
was here a slhort time ago and hle told me of some experimnents
he had carried on ini the transmissiorn of an alternating current
at 10,000 volts over a small line, frori which the current was
taken directly to the locomotive, on whiclh was a tranisformer,
conniected with whlicll was an alternating current motor. His
object, of course, was the reduction of the cost of transmission
for spasinodic service over long distances, and with a small arc of
contact to get a large amount of eniergy from a small oveirhead
wire. I do not know lhow successful the experimi-ent was, but it
at least was tried. But oni the new Berlin elevated railroad they
are goinlg to use the continuous current at TOO volts.

I notice, speaking about the cost of some things, that $80 to
$90 was given as the cost of the central station per kilowatt out-
put. The cost in the stations laid out in this city at present is
over $200 per kilowatt, including engines, dynamos, switch-
boards and suCh proportion of the building as is required to
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cover that particular unit. There has been somiie rise ill prices
in the matter of machinery recently.
On sonme elevated roads ice is kept fromn the tlird rail by ruin-

ning a fast car or traini over thle linies on seeing tthe approaclh of
sleet. With tlle more or less reliable weather prognostications,.
it becomnes possible grenerally for a good weather man to state
wlhether h-e is going to have sleet on the track or not, and some-
times they run over the line and grease the third rail. That is
done on the Brooklyn Bridge. It is somietimes done oni the
main section of the Fiftlh Avenue road. Where there are a
number of cars in operation, and the miain current is carried from
car to car, then the shoes on the forward car are apt to break the
sleet. and those on rear cars do their duty of supplyingf the mnain
current. I have seen five cars coupled togethier in a train on a
track very heavily coated with sleet, in whiich the forward cars
broke the sleet coat completely, and there was scarcely ani arc of
any kind on the brushes which made the actuial connection, be-
cause there were so niany connected together.
MR. GEORGE F. ATWOOD:--I would like to ask Mr. Sprague

or Mr. Boynton if there has ever been any otlher form of collect-
ing shoe tried than the ordinary tvpe of shoe ?

iMR. SPRAGUE:-I do not know of any that hlas been tried in
every day use. The Union Electric company of Berlin proposed the
use of a side shoe. Sleet is not always formed oni the top of the
conductor alone. It is oftentimes formed on the side by the
wind drift. ln Boston proposals were originally made for cov-
ering the tracks with a sort of shed. I don't think that will be
carried out. The project in Berlin calls for a covered track, but
I doubt if that will be finally adopted. Where you hlave a numn-
ber of trains in operation and can connect cars, you can almost
always overcomie any sleet storin which may occur.
MR. ATWOOD:-YOU niever use a rotary shoe, a side pressing

shoe ?
MR. SPRAGUE:-Not that I am aware of. I used wheels mny-

self as long ago as eiglht years, on some experimnenits on the
Third Avenue elevated, 34th street; but the ordinary sliding
shoe is iore satisfactory.
MR. C. 0. MAILLOUX:-I would like to have Mr. Sprague ex-

plain the difference, if any, in acceleration obtained witlh his
system of multiple control. as compared with the ordinary con-
trol system. I have understood that there were advantages
claimed for it, in so much that it enables the car to accelerate
faster, or to reach its full speed sooner. This is a matter of
extreme imnportance in rapid transit, suCh as would be suitable
for an elevated road. I had occasion to study the matter two
or three years ago when they first discuissed the matter of equip-
ing the road, and discovered, much to my surprise, though it
might have been easily anticipated from theory that there are
limitations to the average or sehedule speed (in miles per hour)
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which it is possible to obtain on the elevated road, owinig to *the
limnitations of the velocity of acceleration. I was told at tlhe
time that Mr. Sprague was einabled to accelerate his cars faster.
and that by being able to do solhe was able to shorten slightly
the selhedule time between two stations.
MR. SPRAGUE:-I will give you ain exact comparison. As to

curves anid grades the Manhattani elevated and the Brooklyn
elevated are almost idenitical in their conditions, and require
about the same energy per toni-mile for any given schedule. On a
six-car train, a schedule of about 131 miles an hour, when thle
train is loaded, is barely possible with a locomotive car weighing-
about 40 tons equipped with four motors of the largest size
which are practical to put under a car. They would be rated at
600-horse power, but that is excessive rating, considering the
thermal characteristics, and they could not stand the service. If
instead of the proportion of weights on the drivers that that
loconmotive would give, these six cars are equipped, each car with
two 80-horse power motors, it would be perfectly possible to go
to a 161k mile schedule, or if equipped with two 50-horse power
motors, making the saine aggregate motor capacity on a six-car
train which it is possible to get witlh a locomotive car, a 15 mile
schedule can be mrade with tlle distributed motor equipmnent,
with identically the same power at the central station as would
be required to niake a schedule of 13, miles with the 600-horse
power localized on one car.

If the schedule of 131 miles were onily required with the dis-
tributed motors, there would be a reduction of about a million)
and a half dollars in. the cost of delivering current to the car-
shoe.

These are biriefly the results of a good many calculations whicht
have been made with reference to roads with these particular
conditions. The reason is that there are three kinds of work;
lifting of a car on an up-grade, which is independent of th6e
schedule; simiple traction, which is so much per ton, and is also
perfectly independent of the sehedule, except as the air pressure
affects it; and inertia, which is put into a car and tlhrowin away in
braking. If you cani get a car up to a certain speed, cut off the
current, and then coast to a stop, it would be just as well to run
the car that way as to go to somne less speed, then run along at
a constant speed, and coast without any braking to a stop. The
energy put into a car for the purpose of getting up speed varies
as the square of the speed, so that the differenee in inertia energy
between 20 and 25 miiles is as 400 to 625. Under the conditions
existing on the elevated railroads here and in Brooklyn, and for
quite a range of schedules, the energy per ton-m-ile varies nearly
as the cube of the schedule speed. It ruins up rather rapidly.
About the most economical speed with the existing station di,,-
tances stops and grades is about 16 mniles.
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MR. BOYNTON:-There have been so many criticisms on this
paper that it is impossible to reply to them all in the slhort time
that is left. I would say that I was rnuchl interested in Mr.
Sprague's address on the subject, and lhave gained considerable
information. I amrl not quite able to associate the milultiple uniit
system of control with every condition of stearn railroading. But
there is no doubt that for mnost of the suburban conditions of
traffic in cities it is applicable.
The traffic with whlielh perhaps I have had more to do than

any other is not exactly simnilar to suburban traffic. It is a
traffic that does niot consist of a great many trains running on
frequent schedule. If one goes to a steamirailway mnanager
and proposes to equip a certain section of his line with electricity,
onie can tell himil all the different nmethods of employiing
electrical apparatus, buit lhe will inquire abouit dollars and cents.
lie will place that at the bottorm o-f every proposition you bring
up. If lhe lhas a million passenjgers to transport from:n one plae.
to another in, a year and yoou tell hhina that you can do it for conisid-
erably less tllan it is costing, tlieni he will listen to wlhat you have
to say witlh interest. Nearly every one wTitll wlhon I h-iave come in
contact in railroad btusiniess emnplhasizes that point. Of course it
is the practical place to look. That is thie prineipal reason wlhy
a sentence in the paper reads as follows: " It is conisidereld
probable that a given- number of passengers can be transported
cheaper with an electric locoinotive hauling a train of idle cars,
thani if all the cars or two or three of themn were motor cars."
The pr-obability is that the total weiglht of the train would be less.
The above statement is merely an- opinion, for no tests have
ever beeri rnade of the two systerns, where the trains are coin-
posed of stalndard steam railroad coaches. It wouild seemn as if
thie locomotive train would be considerably lighter as it is
relieved of the weight of mnany mnotors and equipments.

I differ slightly fromn Mr. Sprague in one other particular.
Mr. Spragrue remarked that he did not tlhink that electric trac-
tion would take place under what are now known as steam rail-
way conditions; that is, it will not take place in the future under
existing steam railway metlhods. I think it will liave to begin
in that wavy and perhaps gradually develop into a inultiple unit
system afterwards if traffic warrants it. There are a nurm:ber of
roads that are running unider steam r-ailway conditions; electric
trains and steam trains running on the same track; with some-
times only two minutes leeway between the electric and the
steam trains. A practical point brought out by one or two
speakers, that the service slhould require no time table, is a very
important point. If the trainis run at regular intervals, like 5,
10, or 15 minutes headway, no time table is necessary then,
and the public appreciates it.
The use of storage batteries is undoubtedly going to increase.

ft is going to increase in more than one way. I have spoken of
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a road that is run without feeders. We are at present installing
a storage battery on the end of the Iroad, connecting it right
across the end of the line. Tlle train service is suclh that that
battery can be kept fullv chiarged by utilizinig the current when
no trains are on that end of the line. Its tendency is of course
to even up the potential along the line. Suichi a metlhod of feed-
ing a railroad, if yotu chloose, is miuch cheaper as regards first
cost than putting in a feeder of iyetal.

In regard to sorne of the othier criticisms, 1 am obliged to Mr.
Pope for clearing -up the title of the paper. The object in
writing it was simply to brinig out a discussion of various points.
As to some of the figures in the paper, I did not thlink it was
necessary to add a foot note to the effect that an ermployee of a
corporation, such as I arm, is not always allowed to give out ex-
act figures. Tlherefore, if I eaid from four to six kilowatt hour's
per train mile, and tl)e actual figuLres obtained from tests witl-l a
wattrmieter, voltmeter anid anmmeter on a train was 5.1; I
prefer to say four to six instead of 5.1. and by carefuilly reading
certain parts of the paper, it will l)e seen thlat the lengthl and
weiglht of tlie trains, under consideration are stated with sufficient
clearness. Whlen it is said that power stations are built for $80
or $90 a kilowatt, perlhaps I might say that I have seen one built
for $88-a large onie at tlhat, witlhin three Years.
MR. SPRAGUE:-I did not mean to sav that the multiple unit

system was the one systein applicable to all conditions of rail-
way work. A great many conditions mnust necessarily be met in
specific cases. What I had more particularly in mind was the
handling of suburban passenger service, whiclh is the first ele-
mental step from trolleys into steam railroad fields, and also I
would not have it understood that I do not believe in the thor-
ough practicability of operating steamn cars over the same tracks
as electries. I have had 50 of each on the same tracks.
Mn. RIES :-I should like to have Mr. Boynton inform us if

he will, as to the frequency of the traiTn service on the particular
line which he refers to, and of which he has charge. That is to say,
how mriany trains are actually driven fronm the generating station
at the same time, wletlher there is an} lull worth speaking of be-
tween them, or whether the sehedlule is so arranged that the gen-
erating station has a practically constant load upon it at all times.
That would tlirow some considerable light on the subject of the
advantage on the line in. question, of the train unit operationls,
that is, as to the relative merits of individual small units or long
train units.
MR. BOYNTON:--I would state that I have a general super-

vision of several lines, and they are all different. The heaviest
ono, anid the one that carries the most passengers, is per-
haps more referred to than otlhers. The train service oni that line
is half hourly, and to reduce it to the basis of the paper it means
a half-lhour train from each end of a 10-mile run passing in thb
middle. But there are other portionis of the road dependent
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upon thie same power station, so that in tlle sumrner, with the
eiectric. heaters off, thle load will vary perhaps from 200 atmperes,
whichl practicaljy means onie train, to 600, whieh practically
means four trains, and of course the starting of that number of
trains will run this up considerably higher for a few moments.
Mr. Pope and others have mentioned the subject of ice on the
rail, and it is with us a most important suibject, and 1 thiink to
almost all railroads using this kind of a rail. Ordinary sleet, the
slhoes anid stiff wire brushes will scrape off; there is no doubt
about that. But there is a kind of sleet which I tried to describe
in the paper (perlhaps I did not succeed), whichl we will call a coat
of varnish, and you eannot get it off witl-h an ax. You can chop
it, and do anything you please to it, anrd it sticks like a brother.
Nothing will move it, apparently, until the temnperature changes
and it loosens up, and if I amn not mistaken, some of our elevated
roads this wirnter hlave been tied up more than once fromr that very
cause. Take that kind of ice and strike it with a knife or an
ax, and you make a slot across it, wlichl shows just wlhere the
edge struck it. Strike it in half a dozeni other places, and you
make half a dozen marks, and the sleet between the marks is
sttuck just as tight as it was before, and that is the kind of sleet
wlhiel is hard to remniove. Sleet that you can strike a blow, and it
will fly off, gives no trouble. Upon such questions as this depends
thie successful operation of the road, anid when the weather or
some otlher unforseen circumstanice ties up the roa(d for a few
lhours, it is rather humiliating, to say the least.

I have recently been experimentinig on m-lethods of removing
sleet from the track, usinlg various substances upon the contact
surface of the rail to prevent the ice fronm sticking to it, no
matter what the temperature is. I have seen the railroad
freeze up ini five ininutes when it was raining. I have seen
a car go througoh and tlle niext car behind it was stopped. I
have recently tried a piece of tool steel consisting of a plate
tllree-quarters of an inch tlhick arid perhaps ten inelhes square,
sliding in grooves, controlled by a lever, by which you can
push the plate down on the top of the rail in a vertical posi-
tion. As far as we have tested such a thinu it takes everytlhing
off tlle rail, almost including a chip off the steel rail, and it
keeps itself sharp, so that it looks as if the problem was pretty
nearly solved; but there are certain matters that lhave to be
perfected, for instance, it is almost absolutely necessary to slide
the plate vertically, just as near the vertical as you dare, and
then it will cut anid will keep itself sharp, but if it is back of the
vertical it loses a good deal of its cutting power, and it must
also be so arranged that wlhen it strikes a joint or a break
in the rail, it can back off and jumIlp over and come forward
again, which can be done by means of powerful springs. Those
little points seem u-nimportant, but they are vital in runining a
road, and I am not aware that they have been solved yet.

[Adjourned.]
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DISCUSSION AT CHICAGO, FEBRUARY 28, 1900.
MR. BION J. ARNOLD:-We recognize in Mr. Boynton's paper

,a careful anal)ysis of the relative advantages of steam and electric
traction, and a concise digest of the present practice in constant
potential direct current railway work. Inasmuch as the paper
gives the results of Mr. Boynton's experience on a heavy direct
culrrent line, it is of special interest and benefit to electiical
engineers, and should be to railway officials contemplating the
equipment of their lines electrically.

Ilowever, owinig to the, present state of transitioni, being as
we are, betweein the direct current road and the alternatinig cur-
rent road, it is h-ardly safe for any one to take a positive stanid
and assurne that we are going to confine ourselves in tlhe future
to a direct current road. Mfr. I3oynton's paper seems to point
*ont many difficulties for which he is seeking solutions, that
would not be present in case the alternating system were
adopted. I refer especially to rail bonding; to the question of
working conductors, and the feeder systemri. It is possible tl-at
in the near future we shall see the direct curirent largely aban-
doned for new construction, and our long distance roads operat-
ing with alternating inotors, probably at mueh higlher voltages
than at present seemii practicable. In fact, it seems essential
to increase thie trolley voltage. if we are going, to hiandle the
heavy trains mentioned by Mr. Boynton, at hligh average speeds.
When we consider that in order to make an average speed of 45
rniles an hour with a train weiglhing 100 tons, stopping an aver-
age of once every three miiiles, it requires a maximum capacity
Of 1600-horse power on each train, it will readily be seen that
the amount of cuirrent at 700 volts becomes greater than can be
carried by any reasonable arnount of copper, and by any known
means of contact shoes or trolley wheels. This also applies to
the bonding of the rails. For this reasoni the only practicable
way is to increase the voltage of the working conductors, thus
cutting dowvii the current, and the cost of transmission lines.

Regarding the cars, it occurs to iye that the most probable
solution will be the adoption of heavy cars for through traffic,
equipped witlh motors designed especially for long runs and few
stops, and lighter cars for the local or feeder service; this being
practically the style of equipment that is adopted by steamn rail-
roads for similar work. Eaclh car would be a motor car in itself.
If the heavy train should ever be used for high average speed,
a-nd nurnerous stops,. it seems necessary to equip eaeh axle of
each car witlh motors, for the reason that it is impossible to get
sufficient adhesion to accelerate the train rapidly from but two
pairs of traction wheels on each car.

MI{. R. H-I. PIEI-ICE:I agree witlh Mr. Arnold that this paper is
most interesting as showing the present state of the art; but it
seems extreinely doubtful if it will enable us to draw any gen-
eral conclusions as to what will be done in the near future in
electrical railroading.
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In figurinI over a num)ber of propositions where it has been
proposed to use electric'ticfor heavy trains at a. hiigh rate of
speed, f have always been forced to the coneluision that it was
econornical to resort to polyphase tiansnmission for distances con-
siderably less tlhan 10 or 1.2 mriles. I believe inl most cases
we will reaclh the linmit at about one-lhalf that distance. The dis-
tance at wilich you can transmrlit witlh (lirect current in many
cases is slhortened up by grades wlich call. for heavy current, in
cases like tl-hose mentioned by Mr. IBoynton, or evTni tflose men-
tioned by Mr. Arnlold. Of course irn eaclh special case the dis-
tance at whl-ielh it is economical to transmit with a direct current
depenids upon the grades, and also uponl the cost of produlcing
power in that locality.

Altl-houglh it is trie as Mr. Boyntoni says that up to the preseint
tirne it lhas been imnpossible to operate trains with-i alternating
curreiit mnotors, it seemos as if the possibility of a solution of this
problem in the near futuire ouglht to be considered in designitng
an electric road of this kind; an(l I am inclined to believe that
the equipment of a road to-day witlh polyplhase generators of low
freqtuency miay be considered a conservative step in view of the
possiible, and not improbable, develop-ments of the alternating
current motor in the near future. Of course such a system at
present would mean the use of sub-stations with rotary trans-
formers, as; referred to by Mr. Boynton.

Inasmttchi as 1 stand in Mr. Boynton's place here this even-
ing it is hlirdly beconing in mne to criticise any of his statements,
l)ut it would seem as if there might be a difference of opinion on
some of hiis conclusions as to the best methods of obtaining cer-
tain results. In speaking of the matter of feeders, lhe comes to
the conclusion that steel is cheaper and i-ore satisfactory. r
doubt if experience lhas shown this to be so. Where steel has
been used for feeders in the past, second-hand rails have fre-
quently been used, and wlhen you consider the difficultv of bond-
ing these, as fully explained by Mr. Boynton, it is evident that
these rail circuits have been very poor conductors. There seems
to be a great scarcity of data on this subject. I note that onie of
the leading auithorities assutmes that a steel rail will have a coni-
ductivity of one-sixtl that of copper, of equal weiglt; and tlh:is
figure has often been takeni for granted by railroad mnen. 1
note, lhowever, that in a paper whlieh was readnot long ago before
the Institution of Electrical Engiineers of Great Britain the
figures showed that the conductivity of steel was in many cases,
only one-tenth or one-tw-elfth that of copper. WhJ-eni the resist-
ance of the bond is taken into consideration and the cost of bond-
ing, w.hich Mr. Boyntoni says is $2 a joint for heavy bonding,
I thiink it probable that many of the steel circuits Which lhave
been lput up, lhave proveni more expenisive than copper wouild
have been. At the present market price it seenstlhat alurminiuin
is cheaper tlhan copper, and probably clheaper tlhan, steel.
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In regard to the electric lighting of stations, it seems to me
that arr-enterprising electric liglht company could fur-nislh a satis-
factory light cheaper than the railroad comipaniy could do it by
the method sliown lhere. This mnethod con-templates the use of
120 volts for liglhting, and the tlhrowiing away of the difterence
between that and ablout 700 volts in resistance. wlhlich would
make an efficieney of only about 20 per cent'., discarding the loss
in tl-he battery, anid at tlle samie time calling for an investrnent of
$900 on a 60-liglht plant which would le all investm-went of about
$300 per kilowatt. There are othier sniecessftl ways of producing
cheap lights at present.

This reminds me of one case wlihere a stationi agent very eare-
fully figuired out how mueh lhe could save over the nise of gas
by purchlasing electric light fromi a local coinpany. Ile sent his
report in to headquarters, and was informyied that after figuring
it over they lhad come to the conielusion that lie could save still
more by burning kerosene, and therefore lhe should diseontinue
the use of gas.
MR. GEO. Mf. MAYER :-I move a vote of thanks to Mr. Boyn-

ton for hiis very able, instructi-ve and interesting paper.
Mlotion carried unanimously, and the meeting adjourned.

[COMMUNICATE'D AFTER ADJOIJRNMENT BY Al. H. GERRY, JR.]

The paper of Mr. E. C. BoInton contains much interesting
information and is a valuable addition to the literature of this
snbject. Its title, however, suggests to the wvriter the pertinent
question, which lhas often occurred to him in considering electric
traction problemis, whether it is well to follow too closely the
precedents established by practice in railroadiing under the pres-
ent steam locozmotive conditionis. Certainly, practice long estab-
lislhed and demnonstrated as correct, should not be lightly cast
aside withouit good reason, but in this case it is well also to con-
sider the changed conditions which electric power introduces.
Modern railroading is the result of a vast amount of practical

experience in adaptinig direct 4team power to the economical
transportation of freighlt an-d passengers. It is both interesting
and instructive, however, to remember that the early atteinpts
at steam locomotion were in the line of traction enginies, and
were directed to adapting the new imotive power to comrmon
roads and wa(goni conditions. Even after steaim was applied to
the early tramways, we can trace from the old prints the natural
attemrlpt to adapt tlhei stage coach to the niew order of things.

Everyone is famuriliar witlh the later metamorphose of the street
railway. We have seeni the small horse car, without trucks, and
ruinning on light flat rails, pass away, and its place taken by the
modern electric car on the heavy, track construction of to-day.
The new notive power nmade possible a desirable change in op-
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erating conditions in the direction of better and more efficient
service, and this in turn, has hiad its effect, and has extended the
businiess to its present vast proportions. This development has
been due, not to a savinig of so mnuch per car miiile, but to the
greatly increased traffic resulting from the better and faster
service.

All this applies to steam railways in a cer-tain degree. The traffic
on many lines is b)ecoming congoested at times, and there is
an ever-increasing demnand for faster service b)oth foi freight
and passengers. The speed of all freight trains and the num-
ber of fast freight trains in service has increased en)ormously in
late years, and there is an ever growing demand for such service,
as railway traffic-men know. To meet these conditions the rail-
roads are adopting very heavy locomotives in order to obtain
sufficient power and traction, and have been fuirther forced to
reduce the weiglht of their fast passenger and freiglht trains.
Now, this sacrifices economy, because in operating under loco-
motive conditions the heaviest traini is always the cheapest train.
Speed, however, is deemanded, and it is impossible to obtain loco-
mTlotives of sufficient power and traction to haul the heavy trains
at hiigh speeds. Even if locomotives of vastly greater weight
and power could be obtained, and the track and bridges myade
sufficiently strong to support them, still a point in speed is soon
reached when the weight hauiled behind the locomotive becomes
too small to be prolitablv handled ; that is, the weight of the
locomotive and tender becomes abnormally great, cornpared with
the train. It is possible to obtain from steam locomYlotives,
about any practicable speed (seventy or eighty nmiles are common
enoughi), but tlhe difficulty is to accelerate and haul a train of
sufficient weight to make it pay. Ilere we reach the limit of
profitable speed with locomotive power.
The entire weiglht of engine and tender is of course dead

load, anid in fast service becomes of great importance.. The
writer averaged the train weights, the engine and tender weights,
and the speeds fromn the fastest passeniger train in service on
eaclh of ten representative American roads, and found the aver-
age speed at about forty iniles per hour, and the locomotive and
tender weights about forty per cen-t. of the weight of the train
behind the tender. In special fast mail service, and sometimes
in suburbani passenger service, the percentage is even greater.
The writer called especial attention. to this matter of locomotive
traction and dead weight in a paper before this INSTITUTE in
1897.*

Aniother consideration of importance is the accepted fact
among railroad men that to successfully handle a large number
of trains, it is essential to keep the average speed niearly the
same ; the greater the number of trains, the more iinportant this

*TRANSACTIONS, 1897, vol. xiv., p. 353.



1900.] C00MMUNICA TION. 123

becomes. Hence, of late years there lhas been a general speed-
ing up of all trains, and this speed problem is one of the miost
seriouis which railroad imien have to face.
Now, what relation has the above to the question of electric

motive power? Just this, that there is a call at the present time
for an improved service, and that it is becoming more and more
difficult with steam locomiotives to keep pace with the ever-
increasing demands of railway transportation. Hence, there is a
field for electrical motive power, in a direction where it is
known to have great advantages.

Electrical traction means centralization of the power generat-
ing macliinery. The more this centralization takes place, the
greater the advantage. Electrical transmission has developed
until fifty or sixty miles is an entirely practicable distance for
transmitting power. Tllus the generating stations may be from one
hundred to one hLndred and twenty miles apart, and this dis-
tance is sufficient for all practical purposes. The chief difficulty
is not now in generating or transmitting tlle power as alternating
current, but in its utilization in railMway motors. To make use of
direct current motors, involves the establislhment of rotary-con-
verter sub-stations, and this not only introduces serious complica-
tions, but it counteracts to a material extent, the advantages
gained by long distance transmission. rT'he first great need at
this time, in connection witlh the introduiction of electric power
on long railway lines, is the adaptation of the alternatiing motor to
this service. That this can be done the writer has no doubt
whatever. The subject has not had the wide consideration which
it merits, in view of the possibilities it would open up for the
introduction of electric motive power. There seems to be quite
a genleral impression among engineers who have not especially
considered the inatter, tllat there is some inherent reason wlly an
alternating current motor cannot be used. Such impressions are
erroneous. The induction motor has simply not been especially
developed in tllis line. It is certainly about the best all-around
motor for power purposes, and by virtue of its remarkable simn-
plicity and other desirable qualities, it is especially fitted for the
heavier and faster railway service. The double conductor re-
quired is nlot a serious objection, except, perlhaps, on overhead
trolley lines. An induction motor is, in many respects, a much
more flexible machine than the ordinary series railway motor,
and it can be so designed as to give a better form of speed and
torquie cnlrve for most kinds of railway service. There are diffi-
culties in the matter of control, but they are relatively less than
those which have been more or less successfully met in the case
of the series direct current motor. It should be borne in mind
that the induction motor has been developed thus far as a station-
ary motor with special view to obtaining constant speed, high
efficiency and high power factor. To adapt the inductive motor
to railway purposes, will of course require a considerable amount
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of development work, but in view of the great benefits to be
derived, it would seem to be justified. Whenever the alternat-
ing current motor is perfected for railway work, all the otlher
problemns in connection with the transmission and distribution
of power tlhrough the transforiners can be quiite readily solved.

In regard to the methods of applyingfo the motors to the train,
the writer holds to thle opiniion that for genieral purposes the loco-
motive construction should he abandoned, and the motors placed
on the cars (preferably on every car, biut not necessarily so), and
controlled fromn the head of the train. This is both theoretically
and practically the best method, and will especially apply to the
railway conditions mentioned in the first part of this discuission.
Railway motors may yet be as simple as air-brake apparatus, and
when this comnes there will be a great development in applying
electric power to standard railwavs. It is the alternating current
motor that we need now.

If electric power is ever applied largely to standard railways
the writer fully believes it will work a revolution in railway
methods, and that there will be a decided change in the design
of rolling stock. Such great and important changes must come
slowly, still the general adoption of electric motors may not be
as far off as we suppose at this time.

Helena, Mont., March, 1900.
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[[COMMUNICATED AFTER ADJOURNMHENT BY CARL KINSLEYJ]
In cominon with all those who lhave occasion to compare capa-

cities, I am exceedingly interested in the method proposed by
Dr. Pupin. Since the timiie of Maxwell we lhave understood that
absorption is due to the heterogenous nature of the dielectric, but
the measurement of the capacity where we have such a dielec-
tric, as for instance, long cables, is difficult and the results still
uncertain. The apparatus exhibited was connected as used by the
Gott muethod of measuring capacity wlhen a direct currenit is em-
ployed. This has been found to be probably the miost satisfac-
tory of the many possible metlhods wlhen there is trouble with
absorption and leakage. But instead of using a sine wave such
as Dr. Rtowland (Phli,losophical Yaga-ine, January, 1898) used
with his dynamoineter zero power methods, an induction coil is
enpltoyed whichl gives a wave rich in overtones. The effect of
absorption can be expressed by assuining a resistance in series
with the condenser. How largely this depends on the period
was shown by Dr. Peniman, (Pltilosop/dccd Jlilaazine, Janu-
ary, 1898, p. 70) who found in onie case at a frequency of 14.0
comlplete periods per second an appareit resistance of 139.6 ohms,
while at a frequency of 131.1 the apparent resistance was onlv
5.2 ol-hms. The imiiportanice therefore of kniowing the exact perl-
odicity of the current used and of hlaving a high period is ap-
parent.
When the Gott method of mneasuring capacity is used, the

effect of both absorption and leakage is to increase the apparent
capacity. The standard, a mica conidenser, has negligibly small
absorption. Tlle longer the interval of charge is taken the
greater becoines this apparent increase of capacity. This is
strikingly showni in the case of the following cable, which is en-
tirely typical. Two rubber insulated wires of the cable were
used. Their insulation resistance was high. About one-half
mile was unarmored and trenched, while one-half mile, which
was armored, was lying in New York harbor. The lowest capa-
city was obtained by a buzzer and telephone. In the second ob-
servationi the interval was estimated at one-fourth second, the
charging key being merely tapped to close the circuit, while the
galvanometer remained coninected.
From the slhape of the curve it is seen that when the time in-

terval is small it rnust be determined accurately. With commer-
cial condensers of the beeswax-rosin type, the variation of ap-
parent capacity with timie of charge is not so pronounced. Cer-
tain ones that are rated at one-third microfarad each show that
value after a five seconds charge while after a one-fourth second
charge their value is 0.292 M.F. and with a buzzer 0.287
M.F.

For scienitific accuracy the electromotive force should be a sine
function of known period.
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When the capacity of cables and condensers for telegraph
service is to be deternmined, the imeasurement with an alternating
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FIGo. 3.--Capacity of Cable with Varyin)g Time of Charging.

current wvill not give the ta1ue that mulst be used in calculations.
Uni-directional charging for a suitable time interval will give



1900.] COMMUNICA1'ION. 127

better values. Possibly there exists a definite relation between
the values obtained by alternating, and those usually found with
direct current charging. A careful correlation of the various
einpirical methods heretofore used and the proposed alternating
current methods of measuring capacities would be of great value
to both the practical engineer and the laboratory experimenter.
The actual capacity changes but little, if at all, wlth a change,

of frequency. In commercial condensers (oi 'alternating current
circuits) the heating is usually caused by the absorption. Rosa
and Swith (Physical Review, January, 1899) came to that con
clusion though they quioted Boucherot (L'Eclairage Electrique,
February 12, 1898) who found that the leakage current alone was
responsible. In faulty cables it is quite probable that a good
deal of energy will be dissipated by the leakage current. This
would have the effect of resistance-in parallel with the capacity
and it will be unaffected by the periodicity of the current. lt
may be possible to separate the apptarelnt resistance of absorption
fromn the dielectric resistance by varying the frequency. The al-
ternating currenit method is the only one that can be used when
there is bad leakage. Withi a btuzzer, for instance, when even
5000 ohms of non-inductive resistance is bridged across the cable
terminals, already mentioned, the capacity rose to 0.075 M.F. in-
stead of the 0.070 found with thie high insulation resistanee. No
direct current method could be used at all under those trying con-
ditions. The great value of the proposed method of determin-
ing the capacity is shown by the preceding illustration and
it should be made one of the regular inethiods for mnaking-
such measuremnents.

Governor's Island,
N. Y. Harbor, March, 1900.


