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To all whom it may concern: 

O 

thereon. 

Beit known that I, ELIAS E. RIES, a citizen 
of the United States, and a resident of New 
York, in the county of New York and State 
of New York, have invented certain new and 
useful Means for Removing Sleet, &c., from 
Electrical Conductors, of which the following 
is a specification. 
My invention has for its object the removal 

of sleet, snow, ice, &c., from railway-tracks, 
more particularly from the contact-rails or 
supply-conductors that are usually employed 
on electric railways for supplying energy to 
the motors on the cars or trains traveling 

Such contact-rails or supply-con 
ductors are ordinarily located overhead in 
the form of trolley-wires, or underground in 
the case of underground-conduit electric rail 
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ways, or they are located along the road-bed 
itself either between or at one or both sides 
of the track-rails, as in the case of third-rail 
electric-railway systems, whether the same 
b) located on the surface or on elevated struc 
tl res. In ail such cases these contact or sup 
ply conductors being necessarily naked or 
ul insulated in order to permit of -electrical 
contact being made there with by the trolleys, 
shoes, brushes, or other current - collecting 
de lices with which the motor cars or trains 
are equipped are more or less exposed to the 
elements. 

In the winter season it has been found in 
the operation of overhead - trolley, under 
ground-conduit, and third-rail electric rail 
ways that the exposed contact-surfaces of the 
supply-conductors when subjected to mois 
ture at times when the surrounding atmos 
phere is even a few degrees below the freez 
ing-pint would cause a condensation of such 
moisture thereon in the form of sleet, which 
interferes with the proper operation of the 
system It is also found that after a fall of 
rain, hail, or snow the moisture necessarily 
deposited upon the exposed line conductors 
would freeze and incase the same with a crust 
of ice and dependent icicles, which prevent 
electrical contact of the shoes or other cur. 
rest-collectors with the supply-conductors, 
since sugh coating acts not only as a fairly 
good insulator, but also serves to prevent 

fering with the running of cars and in many 
cases tying up all traffic on the road. 

It is my aim to maintain the efficiency of 
an electric system, and particularly of an 
electric - railway system, by preventing the 
accumulation on such an exposed conductor 
of ice, sleet, snow, &c., or by removing the 
same after a partial accumulation of such 
substance. I accomplish this result by heat 
ing the exposed conductor to a suitable tem 
perature for melting and evaporating any 
rain, ice, snow, &c., which may fall or accu 
mulate on the conductor. The desired elee 
vation of temperature is obtained by passing 
through such conductor a suitable electric 
current. Any electrical system capable of 
raising the temperature of such an exposed 
conductor to the desired point at any hour 
of day or night without interfering with the 
transmission of the regular electric current 
such, for example, as the usual-motive or 
working current for propelling cars on a line 
of railway-should be so organized as to re 
move translating devices or motors, fed by 
the regular current from the influence of cur 
rent designed to heat the exposed conductor. 
The principal feature of my invention, 

therefore, is the provision of two paths or cir O 9 
cuits for current flowing in the system, one 
of these paths being the regular circuit 
through which the working current flows, 
while the other path is a circuit through which 
a current of different character is passed, this 
current being preferably of large heating ca 
pacity, usually an alternating current of low 
potential and large volume or amperage. As 
the exposed conductor forms part of the regu 
lar or working circuit, it will be evident that 
in order to be heated up by another current 
of different character it should also form part 
of the circuit through which such heating 
current flows, and in my present system the 
two principal electric circuits have a common 
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conductor formed by the exposed conductor 
or third rail of the system, this exposed con 
ductor usually constituting one side of each 
circuit and permitting the simultaneous trans 
mission therethrough of two currents of en 
tirely different characters, one of which is the 
regular or working current for supplying the 

mechanical cout act of the collecting-shoes translating devices or motors of the system, 
with the contact-rails, thus seriously inter- while the other is a current of entirely differ 
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ent character capable of heating the exposed 
conductor to the proper point for preventing 
or removing accumulations of sleet, snow, 
&c., without in anyway interfering with the 
transmission of the main electric current or 
with the proper operation of the translating 
devices supplied by such current. 

In applying my invention to an electric 
railway system I have found that it is feasi 
ble to eliminate the traffic-rails as a factor 
from the heating-circuit, since these can be 
kept sufficiently cleared from deposits of sleet, 
ice, and snow by the regular traffic over the 
line, assisted in the case of a heavy fall of 
snow by the ordinary mechanical appliances 
now generally used for clearing the road-bed 
of such accumulations. In accordance with 

748,881 
train having on the car a traveling heating 
circuit one side of which is a portion of the 
third rail included in the working circuit. 7o 
Fig. 4 is a diagrammatic view similar to Fig. 
1, illustrating a preferred construction for 
heating an exposed conductor or third rail, 
the entire heating circuit in this view being 
divided into a plurality of sections each of 
which has a separate source of current for . 
economically heating the different sections. 
Fig. 5 is a plan of a modification of my in 
vention, illustrating the manner in which 
three third rails may be connecteti and heat 
ing-current supplied thereto. Fig.6 is a dia 
grammatic view illustrating third rails di 
vided into sections heated by transformers 
connected in parallel and arranged in groups 
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my present invention, therefore, I utilize only adapted to be energized separately. Fig. 785 
the contact-rails in my heating circuit or cir 
cuits, and I do this in such a manner as will 
permit of the transmissioh of the low-tension 
heating-currents preferably employed by me 
over the saithe, without in any wise interfer 
fering with the simultaneous transmission 
through the same of the regular propelling 
currents that are fed by said contact-conduc 
tors into the motor-circuits and are thence 

I am fur 
thermore enabled by my invention to pro 
duce the necessary heating - currents with, 
comparatively speaking, a very small fraction 
of the total electrical energy that would be 
otherwise required. This latter feature, as 
will hereinafter more fully appear, I accom 
plish by cross-connecting the two supply-con 
ductors of contact-rails of, say, a double 
track road at certain intervals, and thus sub 
of comparatively short lengths or sections. 
In order to still further reduce the consump 
tion of electrical energy-that is to say, in 
order to prevent the placing of too great a 
load upon the generators at the power station 
or stations of the line-I preferably provide 
means, as will subsequently appear, for heat 
ing different sections or groups of sections 
successively instead of simultaneously. I 
also provide other novel features of construc 
tion and arrangement, as well as operation, 
by means of which additional advantages and 
economies are gained and whereby my im 
proved system may be readily and economic 
ally installed. 
In the drawings accompanying this specifi 

cation, and forming part of the present appli 
calion, Figure 1 is a diagrammatic view illus 
trating three simple combinations of elec 
trical devices for supplying a working cur 
rent and a heating-current 'separately or si 
multaneously to a main circuit and a heat 
ing-circuit having a common conductor. Fig. 
2 is a similar diagrammatic view illustrating 
the division of the rails of a third-rail system 
into sections of different widths, any one of 
which sections may be heated independently 
of the others. Fig. 3 is a side elevation of a portion of a third-rail system, illustrating a 

is a detail illustrating diagrammatically 
means for supplying polyphase currents for 
heating exposed conductors. Fig. 8 is a de 
tail illustrating automatic means for control 
ling the supply of the heating-current. Fig. 9o 
9 is a detail illustrating a switch and a Coun 
ter-electromotive-force device for controlling 
the current supplied to a heating-transformer. 
Fig. 10 is a cross-sectional detail of the traf 
fic-rails and third rail of a third-rail system. 95 
Fig. 11 is a detail illustrating a current-crl 
lecting shoe for making contact with the 
third rail. 

Similar characters designate like patts in 
all the figures of the drawings. 
My invention may be embodied in any elec 

trical system in which it is desired to heat 
one of the conductors of an electric circuit, 
whether for the purpose of removing a light 
coating of dew, rain, sleet, or snow or a heav 
ier coating of ice, &c., and it may be applied 
to any system in which such conductor is ex 
posed to the elements, although its principal 
use will be found to be in connection With 
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the exposed or, working conductors of an IIo 
electric - railway system. It is peculiarly 
adapted for use in third-rail systems, because 
of the great surface exposed to the elements by 
such a conductor and the consequent neces 
sity for removing such a non-conducting and 
contact-preventing medium as sleet or thick 
ice from the exposed working conductor. 

In the case of a single-track system the third 
rail will of course be connected in a suitable 

stituting part of the regular working circuit; 
but as it is usual in third-rail installations to 
provide two or more tracks with correspond 
ing working conductors or third rails I pre 

tracks by connecting the third rails of the two 
tracks by cross-conductors and to provide at 
a point or or close to the track structure or 
line of way means for supplying a suitable 

In Fig. 1 I have illustrated a simple type 
of electrical system for supplying a working 
or motive current to the main circuit aid for 
supplying, preferably simultaneously there. 

heating-circuit, while at the same time con-. I2O 

fer to form a heating-circuit common to both I 25 

electric current directly to the heating-circuit. I3o 
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with, a current of different character, prefer 
ably of low potential, high amperage, and 
large heating capacity to an auxiliary or heat 
ing circuit. In this view 2 designates a source 
of energy for supplying single or poiyphase - 
alternating current, this being the primary 
current on many electric railways, and 3 and 
4 designate the usual mains or feed-wires. 
Three substations are also shown as supplied 
with power from the main power-station, and 
at these substations suitable electrical appa 
ratus is employed for supplying the different 
sections of the road with the working car 
rent and for also supplying heating-current 
to the exposed working conductors or third 

The two tracks shown are designated 
by 5 and 6, respectively, and the third rails 
corresponding thereto are indicated at 7 and 8. 
In the construction shown in this view these 
third rails are divided into sections of any de 
sired length-say about two thousand feet 
each section of the road preferably having 
the opposite third rails thereof directly coa 
nected at at least one end thereof by a heavy 
cross-conductor, such as the cable 9. In Fig. 
i the ends of these sections opposite the cross 
conductor 9 are connected in various ways to 
indicate the different means which may be 
readily used with existing types of third-rail 
systems. In the first section of this view the 
system is so organized that the same source 
of energy may supply the working current to 
the motive circuit and also the heating-cur 
rent to the auxiliary or heating circuit. In 
this embodiment, however, which is intended to illustrate merely an emergency application 
of my invention, the current is turned off 
from the working circuit when it is desired 
to pass current through the heating-circuit. 
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This current is the usual direct or continu 
ous current, delivered by a substation rotary 
converter i0, connected to the feed-wires 3 
and 4, fed by the alternating-current gener 
ator 2. The wires 11 and 12, leading from 
this converter, pass to the two-way switch 13, 
the arms of which coöperate with three ter. 
terminals, to which are connected three heavy 
bus-wires 14, 15, and 16, the first of which is 
connected to a cross-conductor or cable 17 for 
bonding the ends of the wires of the two tracks 
nearest the substation, while the bus-wires 
15 and 16 are connected directly to the third 
rails 7 and 8 of the first section. According 
to the positions of the switch 13, as indicated 
in dotted and full lines, current is passed 
either through the two working circuits, which 
include the track-rails, or through an auxil 
iary heating-circuit only, which includes the 
third rails of the working circuits, but ex 
cludes the track-rails thereof and the motors 
on the vehicles controlled by such working. 
current. 
In the second section (shown in Fig. 1) a 

substation rotary converter 18 is connected 
to the feed-wires 3 and 4 by means of con 
ductors 19 and 20, and the heavy conductors 
21 and 22 of the secondary circuit are con 

3 

nected, respectively, to the track-rails 5 and 
to the second section of the third rail 8, con 
tinuous current of relatively high teasion be 
ing supplied by this converter to the work 
ing circuits of the second section of the sys 
tein. In this second section the heating ef 

7. 

fect is not obtained by passing the whole of 
the direct current from the substation di 
rectly through the heating-circuit to the ex 
clusion of the track-rails of the working cir 
cuit, as is done in the first section, but re 
sults from the use of a rotary converter, which 
transforms a portion of the alternating line 
current into a direct, current of lower poten 
tial, high amperage, and large heating ca 
pacity and feeds such low-tension current 
directly into the heating-circuit to the exclu 
ision of the track-rails of the working circuit. 
The primary of this rotary converter, which 
is designated by 23, is connected by suitabie 
conductors to the inai; working circuit, con 
nection being made herein to the conductors 
19 and 20, and the secondary of the converter 
is connected by heavy conductors or bus 
wires 24 and 25 to the second sections of the 
third rails 7 and 8, at the ends thereof oppo 
site the cross-conductor or bond-cable 9. The 
switch 26 is preferably placed in the main 
circuit to said converter in order that current 
may be turned off from the converter, except 
at such times as it may be Enecessary to heat 
up the rails 7 and 8 to prevent or remove ac 
cumulation of sleet or other substance there 
on. This mode of heating the working con. 
ductors or third rails is preferable to that, 
shown in the first section, as it is more eco 
nomical and does not involve the turning of 
of the current from the working circuit or circuits. 
In the third section of Fig. 1 a substation 

converter 27 is connected to the mains 3 and 
4 by conductors 28 and 29 and is connected 
in the working circuit of the third section in 
the same manner as the substation-converte. 
18. The heating-current in this case, how 
ever, is obtained from a static transformer 30, 
the primary of which is connected to the 
main supply-circuit and is controllied by a 
switch 31, while the secondary of the trans 
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former is connected to the thiri rails and 8 . 
at the beginning of the third section by co 
ductors 32 and 33. The efficiency of this 
mode of heating the third raii, is approxi 
mately the same as that of the second section, 

It is desirable to subdivide the heating-eur 
rent in all cases in order that the necessary 
heating effect may be obtained without mak 
ing too sudden and heavy a demand on the 
source of energy. This stabdivision may be 
made in various Ways, one of which is illus 
trated in Fig. 2. Here the track-rails are 
designated by 5' and the Working conductor 
or third rail by 7. 
lengths of the track-rails and the third railcon 
ductors, such as 35, 36, and 37 and 38, 39, and 
40, are connected thereto. A source of direct 
current, such as the gan Arator-2', is connected 

At different points in the 
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to bus-bars dia.n.d42, the conductors 35,36, and 
37 beiaggonnected to i.i.e. for aer of these is 8 
bars, wihile a conductor $3raayeon2rect the end 
of the third rail a nearest the generator it. 
the bus-bar 42 through a normally open 
switch 44, which may be closed when it is de 
sired to permit the passage of the cury'eat 
through the third rail for heating it. The 
feeders 38, 39, and 40 are all normally con 
nected in circuit with the bus-bar 42 through 
switches 45, 46, and 47. When it is iesired 
to pass a heating-current through the third 
rail 7, the switch 44 is closed and the switcies 
45, 46, and 47 are all opened, hereby cora 
elling the entire return - current to pass 

through the third rail and heat the same with 
out passing through the feetlers 38, 39, and 
40. When this is to be done, the generator 
2 may be speeded up to compensate for the 
drop in potential due to the resistance of the 
iong third rail. Traveling connection with 
the third rail is made through the usual eur 
rent-collector or shoe 50, with one or more of 
which shoes each motor-car is customarily 
rovided. 
In Fig. 3 I have illustrated 3, inodification 

of my invention in which the track-tails are 
designated by 5' and the working conductor 
or third rail by 7'. in this view the auxiliary 
or heating circuit instead of being a fixed 
section or block of the whole system is a traw 
eling circuit, which is carried on and noves 
with the vehicle or train which is propelled 
by the working current. For the purpose of 
converting the inigh-tension direct current of 
the working circuit, into a current suitable 
for use in the heating-circuit a rotary con 
verter, such as 23', is placed on the vehicle 
and connected to receive curreat, from the 
working circuit through the current-collector 
or shoe 50' in the usual manner. A short, lo 
cal or heating circuit may be formed by con 
necting the secondary of this converter in 
circuit with said shoe and with another shoe 
at the rear of the car or train, such as the shoe 
50", from which a conductor 51 passes to the 
other tertainal of the secondary of the con 
verter, the shoe 50' being in circuit with one 
of said terminals. A part of this local trav 
eling heating-circuit is of course common to 
the main working circuit, as in the systeins 
previously described, and a very economical 
heating of the third rail is possible with this 
apparatus, as by its use the length of the con 
ductor to be heated at any one time is reduced 
to a minimum. This short heating - circuit, 
may be used to advantage on pilot or con 
struction trains. For nearly all purposes, 
however, I prefer to heat the exposed coin. 
ductor or third rail substantially in the man 
ner illustrated in Figs. 4, 5, and 6, in which 
three variations of the same general system 
are shown. In Fig. 4, 5' and 6' designate 
the down-track and up-track of a two-track 
third-rail system, and 7" and 8' represent 
the corresponding third rails. These third 
rails are preferably connected throughout, so 

{ha :, each foiling E. c.323i E233 SeoEditigiQi, Y. 
the two third rails gia, cross-boréisi ::g sy 
iyaeans of heavy cabis; 3', at Eitainie iates' 
wais. These iteysis 332d 22 of Rece553, rise 
be equal, a di girls: gttgaay be de 3raisi éd. 
by the general ag. LEre of the systern & & a gives. 
point or on a give: E2ction, sections clos9 to 
stations or coatsiri g upgrades, 3 lives, or 
switches being preferably sinoriter than 350&e 
on eyel streicheg of the road in order that the 
exposed conductor of such 3ection 3 stay be 
cleared quickly by the higher degree of heat 
automatically developed in these sections. 
In the construction shown in Fig. i. the worl:- 
ing circuit is supplied with direct current 
from a substation rotary converteil.0', which 
is fed with alternating current froin as al 
ternating generator 52 through feed-wires 53 
and 54. The secondary of this rotary co 
verter is connected by meang of conductor 55 
to the rails 5' and 6' of the two tracks and 
by means of conductor 56 to the cross bond 
or cable 9', that connects the two third rails 
7' and 8'. At the ends thereof shown in 
the drawings the system has a closed irack 
circuit, through the heavy bond a wire 17'. 
I, will be observed that by this arrangetinent 
all the track-rails ars borded or connected 
together, so as to for in one side of the work 
ing or railway circuit, while all the third 
rails of the ayategi are iikewise electrically 
connected togethea, 30 as to fol's the gthe 
side of the working circuit, as is now the 
usual practice in third-rail systeras. The a 
ternating current, transmitted overie Alaira: 
or feed-wires 53 and 54 is of higi, goier tia: 
and in the working circuit of Exe aiviay 
system is transforined by the rotary cor 
verter 10' into a direct current aiso having 
a relatively high potential. a tie as Stig 
circuit, however, this alternating starteit is, 
transformed into azi alternating c Errett of 
lower potential and high airporage having 
great (heating capacity by means of step 
down static transformers, such as 30' of any 
suitable type, the primaries of thegg traig 
formers being connected, 29 by a 3838 of co 
ductors 57 and 58, to the feed-wires or mains 
53 and 54, while the secondaries are connect 
ed directly to the exposed conductors or third 
rails 7' and 8'. One of the most important 
features of ny systein with respect to eco 
omy of operation is the node of Stiplying 
heating-current to the heating-circuit, includi 
ing the third rails. This prefer to accomplisi. 
by feeding directly into sich exposed con 
ductors a transformed current of low poten 
tial and large heating capacity at such points 
in the system as will result in a minimum 
drop of potential owing to the relatively ow 
resistance of each branch of the heating-cir 
cuit. Preferably each closed circuit formed 
by sections of the third rails 7' and 8', con 
nected by cross-bonds 9', is divided into at 
least two parallel branches in order to reduce 
the resistance, and the ineating-current ig fed 
directly into each brancis-as, for example, 
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by means of transformers (shown in Fig. 4) 
which are located at approximately the cen 
ters of each section or block of the heating. 
circuit. The courses followed by the two 
branches of the current flowing from and to 
the secondary of each of these transformers 
are indicated clearly by the arrows in Fig. 4. 
In most cases the length of each section or 
block of the heating-circuit may be, say, two 
thousand feet on straight and level sections, 
so that each of the branch circuits fed by their 
common transformer will be about a thousand 
feet in length ordinarily, which will resultina, 
great saving as compared with such a section 
of the heating circuit fed from one end there 
of and not subdivided into parallel branches. 
When the sections or blocks of the heating 
circuit. are made shorter than this-say one 
half or one-fourth the length of the ordinary 
section, as will preferably be the case on up 
grades, at starting-points, &c., for reasons 
that will hereinafter appear-it is apparent 
that the heating effect will be produced much 
more quickly than on a long section. The 
extent to which it is necessary to heat these 
exposed conductors or third rails depends 
chiefly upon the temperature of the surround 
ing atmosphere; but ordinarily it will not be 
necessary to raise the temperature of these 
conductors more than 10 Fahrenheit, as sleet 
and ice are the principal substances to be re 
moved from the exposed conductors, and 
these ordinarily form when the temperature 
is but a few degrees below the freezing-point. 
A temperature elevation of ahout 6 Fahren 
heit will usually be sufficient, and this tem 
perature elevation can be obtained by the 
expenditure of about thirty-five-horse power 
of electrical enegy per minute for a block 
containing four thousand feet of the ordinary 
third rail, which weighs approximately one 
hundred pounds per yard and has a cross 
sectional area of about 9.8 square inches, 
with a conductivity approximately one-sev 
enth of that of a bar of copper of equal area, 
and can be maintained by about one-sixtieth 
part of the energy required to produce such 
an initial rise in temperature owing to the 
capacity of the rail for storing or retaining 
the heat produced therein. 
The greatest economy and the greatest 

practicable distribution of the extra load on 
the generator result from the use of such a 
system as that illustrated in Fig. 4, with the 
lengths of the sections properly proportioned 
to the gradients, starting-points, &c., and 
from the application of heating-current to 
such sections separately or successively in 
such a manner with regard to the degree of 
elevation of temperature developed thei'in 
as to haat up the more important short sec 
tions first and in a relatively short time and 
the longer sections afterward somewhat more 
slowly, and such currents may with advan: 
tage be appied intermittently or in regu 
lar succession instead of eontinuously to the 
several sections, so as to still further reduce 

or distribute the load on the power station 
It will be evident, that by this method and by 
the proper utilization of the heat-storage ca 
pacity of the third rails themselves the extra 
or emergency current consumed in the heat 
ing-circuit is distributed over a longer time 
interval in that it is only used for short pe 
riods of time on each section and that the 
sum of these periods represents not only a 
moderate expenditure of energy, but the 
requisite power for removing the sleet, &c., 
is developed without imposing too great or 
sudden a load on the generating or trans 
forming station, as might be the case if it 
were attempted to clear the entire line simul 
taneously and within a brief interval of time 
a procedure that I have found is as unneces 
sary as it is uneconomical. 

In Fig. 5 I have illustrated a modification 
of the invention adapted for use in connec 
tion with three main circuits or track-cir 
cuits, the exposed conductors or third rails 
only being shown, together with means, for 
supplying current thereto, as in other re 
spects the system is substantially the same 
as that shown in Fig. 4. In this view, Fig. 5, 
the third rails 7 and 8 of the down-track and 
the up-track have between them a third rail 
60, which is the working conductor of the 
circuit for a center track, such as is ordi narily used for express-trains on an elevated 
or underground third-rail system. These 
third rails are connected by cross-bonds 9 to 
form two closed parallel heating-circuits di 
vided into corresponding closed sections. 
Current may be supplied to these sections in 
any suitable way before described; but pref 
erably a transformed alternating current of 
low potential, high amperage, and large heat 
ing capacity is supplied to the various sec 
tions, the different branches of each section 
either having separate transformers connect 
led directly in each branch, as at 30°, or a sin 
gle transformer having a divided secondary 
being connected at the terminals of the sec 
ondary to the two outer rails and divided at the 
center of the secondary for connection to the 
center rail 60 to divide the current translated 
by the secondary between the two branches 
of the section. - 

In Fig. 6 have illustrated another modifi. 
cation in which the heating-circuit is divided 
into sections by the cross-bonds 9, which 
sections are fed with heating-current by trans 
formers 30° similar to those shown in Figs. 4 
and 5. The primaries of these transformers 
instead of being connected in a single circuit 
are connected in groups in parallel in differ 
ent circuits, any one of which may be closed 
as desired, while the others remain open. In 
this view one wire 61 of each primary is con 
nected to a common conductor 62, while the 
other wires of the primaries are connected in 
pairs or groups to different conductors, the 
copductors 63 being connected to the con 
duc or 64, the conductors 65 to the conductor 
(36, and the conductors. 67 to the conductor 
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88, each group being in parallel to redice 
the registange, and each of the cond actors 
64, 38, and 68 being separately connectible 
in circuit with the source of energy, such as 
the alterating generator 52', by means of a 
Switc. 70, movable onto any one of the coli 
tacts 71, 72,78, and 74 as may be desired. 
regard this method of connecting sections 

in circuit separately as the most economical, 
because not only is the resistance of each 
section 'educed to the minimum by the prope' 
proportioning of the length of each section in 
accordance with the grade and other condi 
tions and by the division of each section into 
'so parallel branches of equal resistance fed 
by a divided heating-circuit, but the extra 
load on the generator is kept down as much 
as possibie by heating different groups of 
sactions of the road at different times, and 
thus distributing the extra demand for energy 
over a considerable period of time. To re 
Emove a thick coating of ice or other substance 
guickly, an alternating heating- current of 
relatively high frequency may be employed, 
thg 'skin effect.’ of which will cause the sur 
face of the rail to be heated first, which will 
result in the removal of practically all such 
coating before the body of the rail is heated 
up to any considerable exte). 

in Fig. 7 I have illustrated at 75 a poly 
phsse-generator of the “star type having 
separate switches 76, 77, and 78 for three con 
duetors 79,80, and 81 leading therefroin, over 
which the currents of different phase may be 
transmitted for heating different, Axposed con 
ductor's or third rails. 

Initig. 8 have illustrated how the primary 
of a heating-transformer, such as 30', aay 
be automatically connected in eircuit, with 
an alternating generator, such as 52, by 
Imeans of an automatic.switch 82, operated ia 
this case by a solenoid-magnet 88, controlled 
in any suitable manaer and from any desired 
point. 

in Fig. 9 have ill tistrated how the current 
from an alternating generator, such as 52, 
may be passed either in series or divided and 
passed in parallel through the divided pri 
inary of a trainsformer, such as 30°, is a visaga, 
switc. 84 for changing the coanections of 
the primary sections 85 and 86 of the trans 
former fron series to parallei, or vice versa, 
an ind tactive resista age 87 being also con 
Rected in circlif, with said switch and tie 
sprimary of the titansforiner. This arrange 
ament of divided primary winding for tie 
transformaers is useful it places where it is 
desirable in emergencies to produce a more 
rapid clearing of the third-rail section (by 
connecting the primary coils in parallel) than 
would be effected by the normal or series’ 
connection alone. It may also be employed 
for rapidly elevating the rail to the requisite 
initial temperature, after which the radiation 
losses may be taken care of and the rail main 
tained at the desired temperature by restor 
i11g the Saries connection. It will be obsery ed 
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that the heavier secondary windings of the 
transformer are permanently connected across 
the third-rail sections, as I find this to be an 
advantage even in seasons when tile heating 
curret, or currents are not likely to be lised, 
as in Siaminer, &c. 
The third rail of each track may of course 

be of any suitable construction and located 
in any well-known manner either at the side 
of the track ei' between the track-rails, as 
illustrated in Fig. 10. It will also be obvious 
that Iny invention may be applied equally 
well for the removal of sieet, &c., from over 
head wires and for the pirpose of evaporat 
ing moisture from, and thus improving the 
insulation of, exposed conductors whether the 
same is used for electric - risilway or other 
pl"poses. 
Although the problem of removing ice, 

show, &c., from exposed conductors, such as 
those of a third-rail systein, may appear at 
first sight to call for the expenditure of such 
an amount of electrical energy as to inter 
fere with the proper operation of the system, 
it will be evident that when such removal is 
made in the annot described herein there 
will never be any abnormal load on the power 
hoise due to the use of an abnormal amount 
of current for heating purposes, because by 
dividing the system into sections of different 
iengths, heating those sections in the order 
of their in portance either separately or in 
groups, varying the period during which the 
heating-current is turned into the rails of a 
section, according as it is more or less impor 
ant, to clean that section quickly or thor 
oughly, and by utilizing the heat-storage ext 
pacity of the rails, which adtmits of a rapid 
heating of the section in a very short time 
and a gradual radiation of the heat stored, 
which radiation will extend over a compara 
tively joing period of time, my improved sys 
tein may be employed with the expenditure 
of a very small percentage of additional en 
ergy over that required for traction purposes 
and without materially increasing the load 
on the power-house. 
What clai) is 
1. The combination with a pair of electric 

circuits having a common conductor, of neans 
for supplying to said circuits electric currents 
of different character's one of which currents 
is of iage heating capacity. 

2. in an electric-sailway system, the combi 
nation with a pair of electric circuits having a 
common third rail exposed to the elements, of 
means for supplying to said circuits electric 
currents of different characters one of which 
currents is of large heating capacity for heat 
ing said third rail. 

3. In an electric-railway system, the combi 
nation with a pair of electric circuits having a 
common conductor, of means for supplying to 
one of said circuits a motive electric current 
of high potential and to the other of said cir 
cuits a heating-current of low potential, and 
an electric moto; in traveling electrical con 
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nection with said cominon conductor and con 
trolled by said motive current and unrespon 
sive to said heating-current. 

4. The combination with a pair of electric 
5 circuits having a common conductor, of means 

for simultaneously supplying to said circuits 
electric currents of different characters one of 
which currents is of large heating capacity. 

5. The combination with a pair of electric 
to circuits having a common conductor, of means 

for supplying to said circuits electric currents 
of different characters one of which is an al 
ternating current of low potential and high 

tamperage and large heating capacity. 
15 6. The combination with a pair of electric 

circuits having a common conductor, of means 
for simultaneously supplying to said circuits. 
electric currents of different characters one of 
which is an alternating current of low poten 

20 tial and high amperage and large heating ca 
pacity. 

7. The combination with a pair of electric 
circuits having a common conductor, of means 
for supplying to cne of said circuits a continu 

25 ous electric current of high potential and to 
the other of said circuits an alternating cur 
rent of low potential. 

8. The combination with a pair of electric 
circuits having a common conductor, of means 

3o for supplying to one of said circuits a continu 
ous electric current of high potential and to 
the other of said circuits an alternating cur 
rent of low potential and high amperage and 
large heating capacity. 

9. The combination with a pair of electric 
circuits having a common conductor, of trans 
lating devices connected in parallel in one of 
said circuits and in traveling electrical con 
nection with said common conductor, and 

4o means for supplying to the circuit containing 
said translating devices an electric current 
capable of translation by said devices and to 
the other of said circuits a current of different 
character. W r 

i0. The combination with a pair of electric 
circuits having a common conductor and with 
translating devices connected in parallel in 
one of said circuits, of means for supplying 
to the circuit containing said translating de 

5o vices an electric current capable of translation 
by said devices and to the other of said circuits 
a different current of large heating capacity. 

i1. The combination with a pair of electric 
circuits having a common conductor, of trans 

55 lating devices connected in parallel in one of 
said circuits and in traveling electrical con 
nection with said common conductor, and 
means for supplying to the circuit containing 
the translating devices an electric current 

6o capable of translation by said devices and to 
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ihe other of said circuits a different current 
of arge heating capacity. 

12. The combination with a pair of electric 
circuits having a common conductor, of trans 

65 lating devices connected in parallel in one of 
said circuits and in traveling electrical con 
nection with said common conductor, and 

meaus for supplying to the circuit containing 
said translating devices an electric current 
capable of translation by said devices and 
for simultaneously supplying to the other of 
said circuits a different current of large heat ing capacity. 

13. The combination with a pair of electric 
circuits one of which is relatively short as 
compared with the other and has a conductor 
common to the other, of means for supplying 
to said circuits electric currents of different 
characters. 

14. The combination with a pair of electric 
circuits one of which is relatively short as 
compared with the other and has a conductor 
common to the other, of means for supplying 
to said circuits electric currents of different 
characters the current supplied to the shorter 
of said circuits being of large heating capacity. 

15. The combination with a main electric 
'circuit, of a plurality of auxiliary electric cir 
cuits each shorter than said main circuit and 
each having a conductor common to a portion 
of the main circuit, means for supplying elec 
tric current to said main circuit, and means 
for supplying to said auxiliary circuits elec 
tric current of a different character from that 
supplied to the main circuit. 

16. The combination with a main electric 
circuit, of a plurality of a taxiliary electric cir 
cuits each shorter than said main circuit and 
each having a conductor common to a portion 
of the main circuit, means for supplying elec 
tric current to said main circuit, and means 
for supplying to at least one of said auxil 
iary circuits simultaneously with the supply 
of the main current an electric current of dif 
ferent character and large heating capacity. 

17. The combination with a main electric 
circuit, of a plurality of auxiliary electric cir 
cuits each shorter than said main circuit and 
each having a conductor common to a portion 
of the main circuit, means for supplying elec 
tric current to said main circuit, and means 
for supplying to said auxiliary circuits sepa 
rately but simultaneously with the supply of 
the main current electric current of different 
character from the main current and of large 
heating capacity. 

18. The combination with a main electric 
circuit, of a second circuit divided into a se 
ries of successive auxiliary or block circuits 
each of which has a conductor common to a 
portion of the main circuit, means for supply 
ing electric current to said main circuit, and 
means for supplying to said auxiliary circuits 
electric current of a different character from 
that supplied to the main circuit, 

19. The combination with a main electrie 
circuit, of a second circuit divided into a se 
ries of successive auxiliary or block circuits 
each of which has a conductor common to a 
portion of the main circuit, means for sup 
plying electric current to said main circuit, 
and means for supplying to said auxiliary 
circuits in any desired order but simultane 
ously with the supply of the main current 
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electric carrent of a different character from 
the main current and of large heating ca 
pacity. 

20. The combination with a pair of electric 
circuits having 3 cominion cond actor, of means 
for supplying electric current to one of said 
circuits, and a converter for Sippying to said 
other circuit a different, current of large heat 
ing capacity. . 

21. The combination with a pair of electric 
circuits having a common conductor, of means 
for supplying a continuous electric current 
to one of said circuits, and a rotary converter 
controlled by said continuous current adapt 
ed to supply to said other circuit a low-poten 
tial alternating current of large heating ca 
pacity. 

22. The combination with a main electric 
circuit, of a plurality of auxiliary electric cir 
cuits each shortei Shan said main circuit and 
each having a conductor common to a por 
tion of the main circuit, means for supplying 
electric current to said inai in circuit, and coin 
verters connected in said a txiliary circuits 
for supplying thereto electric current of a 
different character from that supplied to the 
main circuit. 
23. The combination with a pair of electric 

circuits having a common conductor, of means 
for supplying electric currett to one of said 
circuits, and a converter connected in said 
other circuit to form two parallel branches of 
Substantially equal resistance supplied by 
said convertier with a different current of 
large heating capacity. 

24. The combination with a main electric 
circuit, of a second circuit divided into a se 
ries of successive sections having normally 
closed circuits and each of which has a con 
ductor connon to a porticin of the main cir 
cuit, means for supplying electric current to 
said hair circuit, and a series of coverters 
connected respectively at the centers of said 
sections and each dividing its section into 

45 two parallel branches of substantially equal 
resistance supplied by said converter with 
current of different character from that sup 
pied to said main circuit, and of large heat 
iing capacity. 

25. The combination with a main electric 
circiit, of a second circuit divided into a se 
ries of successive sections ui via tying lengths 
and having normally closed circuits and each 
of which has a conductor coraimon to a por 
tion of the main circuit, means for supplying 
electric current to said main circuit, and s, 
series of convertiers connected respectively at 
the centers of siRidi sections and each dividing 
its section into two parallel branches of sub 
stantially, equal resistance supplied by said 
convertor with current of different character 
from that supplied to said main circuit and 
of large heating capacity. 

26. The combination with a pair of electric 
circuits having a common conductor one of 
which circuits is normally open, of Rhea as for 
supplying electric cirraat io the other cir 
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cuit, means for supplying a different current 
of large heating capacity to said normally 
open circuit, and means for automatically 
closing said normally open circuit at a prede 
termined time. 

27. The combination with a main electric 
circuit, of a second circuit, divided into a se 
ries of Successive sections each of which has a 
conductor common to a portion of the main 
circuit, means for supplying electric current 
to said main circuit, a series of converters 
connected respectively in circuit, with said 
Sections, and means for energizing said con 
verters selectively. 

28. The combination with three electric cir 
guits two of which have conductors common 
to the third, of ineans for supplying electric 
current to said first two circuits and for sup 
plying to said third circuit current of different 
character and large heating capacity. 

29. The combination with three electric cir 
cuits two of which have conductors common 
to the third, of means for supplying electric 
current to said first two circuits and for si 
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multaneously supplying to said third circuit 
current of different 
ing capacity. 

30. In an electric-railway system, the com 
bination with a pair of electric circuits each 
embodying a third rail, of a third circuit 
formed by connecting said third rails, and 
meals for supplying to said first two circuits 
electric current of one character and to the 
third circuit, electric current of different char 
acter and large heating capacity. 

81. In an electrie-railway system, the com. 
bination with a pair of electric circuits each 
eabodying a third rail, of a third circuit 
for led by connecting said third rails, means 
for Supplying to said first two circuits electric 
current of one character, and a converter in 
said third circuit for supplying thereto elec 
tric current of different character and large 
heating capacity. 

32. in an electric-railway system, the coms 
bination with a pair of electric circuits each 
embodying a third rail, of a third circuit 
for ined by connecting said third rails and di 
vided into a plurality of sections by cross 
conductors, means for supplying te said first 
two circuits electric current of one character, 
and a series of converters one for each sec 
tion of said third circuit for supplying to said 
sections electric current of a different char. 
acter from that supplied to the first two cir 
cuits and of large heating capacity. 

33. In an electric-railway system, the com. 
bination with three electric circuits each em 
bodying a third rail, of two other circuits con 
nected in parallel and formed by connecting 
said third rails, means for supplying to said 
first three circuits electric current of one 
character, and means for supplying G said 
last two circuits a, transformed current of 
large heating capacity. 

34, in an electric-railway system, the com 
bination with three electric circuits each gin 

character and large heat 
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bodying a third rail, of two other circuits con 
nected in parallel and formed by connecting 
said third rails, means for supplying to said 
first three circuits electric current of one 
character, and a converter having a divided 
secondary connected with both of said last 
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two circuits for supplying thereto a trans 
formed current of large heating capacity. 

35. In an electric-railway system, the com 
bination with a working circuit and a heat 
ing-circuit having a common conductor, of an 
electric motor in said working circuit and in 
traveling electrical connection with said cona 
mon conductor, and means for supplying to 
said, circuits electric current for operating 
said motor and for heating said circuit. 

36. The combination with a pair of electric 
circuits having a common conductor, of means 
for supplying electric current to one of said 
circuits and for simultaneously but intermit 
tently supplying to the other of said circuits 
electric current of different character and 
large heating capacity. 

37. In an electrict railway system, the com 
bination with a pair of electric circuits em 
bodying a common third rail, of means for 
supplying to one of said circuits an electric 
current of one character and for rapidly sup 
plying to said other circuit at intervals a cur 
rent of large heating capacity for quickly 
heating up the whole body of said third rail 
to a relatively high temperature. 

38. In an electric-railway system, the com 
bination with the traffic-rails thereof, of work 
ing conductors, and a source of current for 
heating the working conductors or portions 
of the same independently of the traffic-rails. 

39. In an electric-railway system, the coin 
bination with traffic-rails forming one side of 
the working circuit, of one or more supply 
conductors forming the other side of said cir. 
cuit, and a source of current for heating the 
supply conductor or conductors or portions 
thereof independently of the traffic-rails. 

40. In an electric-railway system, the com 
bination with the traffic-rails thereof, of a 
supply - conductor, therefor, and means for 
heating successive portions or sections of said 
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supply-conductor independently of the traffic 
rails. - - 

4. In an electric-railway system, a system 
of supply-conductors divided into closed elec 
tric circuits, and means for intermittently 
heating the said circuits separately from a 
common source of current-supply. 

42. In a syster of removing sleet, ice and 
other deposits from electric-railway conduc 
tors, a railway having a track provided with 
a working conductor electrically divided into 
sections of unequal lengths according to the 
relative importance of the track-sections to 
becieaned, and current-supplying means con 
nected and adapted to raise the respective 
temperatures of the conducting-surfaces to 
be cleaned to such a point, that a several 
sections will be freed from said: {}osits in 
prearranged order in accordance with their 
relative importance or the require; thents of 
traffic. 

43. A system of removing sleet, ice and 
other vaporous deposits from electric supply 
conductors, such as third rails of electric rail 
ways, comprising a source of electrical en 
ergy, a series of local circuits into which the 
said supply-conductors are divided, and means 
for passing heating - currents through said 
local circuits separately and intermittently 
or at recurring time intervals whereby the 
conducting - sections under treatment are 
caused to absorb or store part of the heat gen 
erated therein and to continue to give out a 
portion of the same for the purpose of re 
moval of the deposit during the intervals be 
tween successive applications of the heating 
current thereto, and whereby line total load 
at aily one time upon the source of energy is 
reduced and the total loid distributed over a 
longer time intervai. 
Signed at New York, in the county of New 

York, and State of New York, this 24th day 
of August, A. D. 1903. 

S. E. RIES. ETIA r 
Witnesses: 

EDGAR. A. FELLOWs, 
C. S. CHAMPION. 

50 

55 

65 

IS 

85 

9 O 


