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9 Claims.
Our invention relates to apparatus.for railway
train communication systems, and particularly to
apparatus for railway train telephone systems.
. We shall describe certain forms of apparatus
Y embodying our invention, and shall then - -point
ou} the novel features thereof in claims, . - .
A feature of our invention is the provision: of
novel and improved train-carried ‘apparatus for
reception of communication current in electrified
territory of a railway with minimum annoyance
due to noise energy. A further feature of our
invention is the provision of receiving apparatus
for railway train communication systems which
can be set either for best operation in electrified
territories or for best operation in steam terri-
tories. Other features and advantages of - our
invention will appear as the specification pro-
gresses,
. In railway tram communication systems, it
20 has been proposed to include the track rails in
the circuit used for transmitting the communi-
cation current between a station located on a
train 'and another station such as, for example,
a wayside station or a station located on another
train or on a second vehicle of the same train.
When the two stations are located on the same
train, they may, for example, be located on the
locomotive and caboose of a freight train. To
send current from a location, an electromotive
3D force correspondmg in frequency to that of the
communication current is produced in the track
rails, and as a result of such electromotive force
communication current flows in the rails from
the point where the electromotive force is pro-
duced by virtue of the rail-to-ground impedance
and the ground path., This communication cur-
rent flowing'in the rails causes an energy transfer
to be effected to neighboring parallel conductors
by virtue of the distributed conductance and dis-
tributed mutual inductance between the rails and
such conductors. Such energy transfer causes,
in turn, communication current to flow in the
paralieling conductors by virtue ¢f their distrib-
uted impedance to ground. In multi- track rall-
ways, the track rails of the tracks other than the
rails of the track to which thé current i 1s ongmally
supplied serve as conductors for carrylng the
c¢ommtinication current. Espemally is tms true
0 in electrified zones where the rails are cross con-
nected and the rails of the dlﬁerent tracks all
Serve as a patt of a common rail return circult
for the propulsion current Hence, commumca—
tion current supphed to the rails of ahy one track
of a multi-track railway is present in the rails
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of the adJacent tracks and other parallehng con-
ductors. _,. »
. In telephone systems for. rallway trains, it has
been _proposed to use a carrier telephone current, ..
the carrier of Wth‘h is of a frequency high enough 9
to be substantlally free from interference by cur-
rent of commerclal _power frequencies, high
.enough to be above the highest voice frequencies
to be transmltted and low enough to be substan-
tlally free from electromagnetm wave radiation.
For example the telephone current. may: be the
upper 51de band of a_carrier of 7000 eycles per
second modulated w1th voice frequenc1es extend-
ing from 500 to 2500 cycles, the telephone current o
thus ‘having a frequency range of 7500 to 9500 15
cycles

. In such telephone systems, an mductor coil
mounted on a _yehicle of a train, .such as the
Gaboose . of & freight ‘train, in 1nduct1ve relation-
ship_ W1th the track ralls 1nduct1vely receives an
electromotive force, when telephone current: is
supplied: to, the ra11s at a remote locatlon such
as, for example, the locomotive of the freight
e n.', Extraneous ma.gnetlc fields ex1st along a

io

20

25

celver or loud speaker especxa,lly since ampllﬁers
are used in the _receiving .apparatus. In general,
it may be sa1d that; such extraneous maghetic
fields are strongest in the neighborhood of the
rails. Thus _the 1 ratlo of telephone energy to
norse energy p ked,up by a train-carried induc-
i ferent, positions. of the inductor
on: the train and is ordinarily, the best for an in-
ductor mounted relatlvely hlgh on the vehicle:
‘In electnﬁed terntorles of a multi-track railway,
espemally where alternatmg current is ‘used for
propulsion purposes, the magnetic field. resulting
from the propulsmn current contains. frequency

components that may produce noise in the re-

ceilying apparatus of the train- ‘teléphone system :
and we have f nd that such nhoise energy is pres-

ent for all pos ions within the clearance limits .
for rallway trams and Wlthm whlch limits any

tram-carned mductor must, of course, be mount- -
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i for ind ”c 1ve relatlonsmp to the
ils, of adJa.cent :

fied zones, we have dis-

tovéred that with an inductor carried at the 55




‘10

15

20

25

30

35

40

45

2

height of a few inches above the top of the rails
and in a horizontal plane (axis perpendicular)
the telephone energy to noise energy ratio is rel-
atively high and telephone communication can
be effectively accomplished in electrified zones
with minimum annoyance due to the propulsion
current. The height of the 1nductor ‘above the
top of the rails may be varied but the préferred
height is confined within relatively narrow limits.
The height may vary from around six inches up
to around fourteen inches.
we have discovered that best results are obtained
when the inductor is p051t1oned at the height of
the order of ten inches.

rails for the inductor and a height of the order

of ten inches is preferred. To illustrate the ad-'

vantage obtained for an inductor positioned ac-
cording to our discovery, under certain given op-
erating conditions the noise energy for a horizon-
tal inductor positioned above the rails at the
height of the order of ten inches was reduced to
about one-tenth of that picked up by the induc-
tor mounted at the same height and disposed in
a vertical plane. “The telephone energy picked
up by the inductor positioned- at the height of
ten inches above the top of the rails in a hori-
zontal plane was reduced to about one-half of
that picked up by the induetor disposed in the
vertical plane, and thus the net advantage for
the induector in a horizontal plane at a height of
the order of ten inches above the top of the rails
was of the order of five.

According to our- discovery, we provide train-
carried communication receiving apparatus com-
prising ‘a pair of inductor coils mounted on a
vehicle of the train, one -centered over one rail
at the height preferably-of the order of ten
inches and the other centered in-like manner
over the other rail. Hach of the two inductor
coils possesses relatively -low ‘mutual induction
with the rail directly beneath:but relatively high
mutual induction with the other rail of the same
track and with the ralls of adjacent tracks.
Such inductor coils pick up telephone energy of
sufficient magnitude that-telephone communica-

tion can be  satisfactorily accomplished with
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minimum noise interference. - When thecaboose
or other vehicle of the train on which the com-=
munication equipment is-located is to be oper-
ated over both steam and ‘électrified -zones of a
railway, the receiving apparatus of ourinvention
is preferably provided with ‘two pairs of inductor
coils, one pair mounted -above the rails in the
manner set forth above for best operation as
found to exist in electrified zones and the other
pair’ of “inductor coils mounted relatively hlgh
(roof) on the vehicle and in a vertical’ plane for
best eperation” as found to ex1st 1n steam terri-
tory. -

For a better understanding of our- invention,
reference may be had to the accompanymg draw-
ings in-which Pig. 1is a dlagramma,tlc view of
o stretch of electrified terrltory of a ‘four-track
railway, the general distribution:of the propul-
sion current in the track rails being illustrated.
Fig. 2'is a dla.gram 1llustrat1ng the magnetlc
fields created by the propulsmn current for. the
rallway of Fig. 1 and the relatlonshlp of such
magnetic fields with respect to. a pair ‘of frain-
carried inductor coils embodying our “invention.
Fig. 3is a dxagrammatlc view of the stretch of
railway of Fig. 1 with the,gen_eral vdlstribution

2,134,416

. In our-explorations

Tt will be understood, -
therefore, that the posmon of the inductor is an
essential element but thaf cur invention is hot.
limited to any exact height above .the top. of the .. -

of communication current illustrated when a
train occupies a particular one of the tracks.
Fig. 4 is a diagram illustrating the inductive
relationship of train-carried inductor coils em-
bodying our invention with respect to the mag-
netic field created by the communication current
under’ the ‘operating condltlons of Fig. 3. Fig. b
is' & diagrammati¢ view of a preferred form of

_receiving apparatus embodying our invention.
" Fig. 6 is a diagrammatic view of a modification-

of the apparatus of Fig. 5 and which apparatus

. also. embodies the invention. Figs. 7, 8 and 9

are diagrammatic views of train-carried appa-

‘ratus embodying the invention for operation
.over either electrified territory or over steam
“territory.

In_ each of the several views like reference
characters designate similar parts.
* Referring to Fig. 1, the reference characters
IW, 3W, 2E and 4E represent the tracks of a
four-track railway, tracks IW and 3W being
ordinarily used for westbound fraffic and tracks
2E and 4E for eastbound traffic as indicated by
double pointed arrows.  As here shown, the

-track rails of each track are divided by the usual

insulated rail joints to form .-track sections as
required for double rail track circuits for a way-
side and/or cab signal system.. Taking the east-

‘bound track 2E, for example, three full sections

2E2, 2E3 and 2E4, and the adjacent ends of two
sections 2E{ and 2E5 are shown, and it will he
understood that the full length of track 2E is
formed: into similar consecutive- track sections.
In like manner, the other tracks are formed into
consecutive track sections. An impedance bond
is. provided at each insulated rail joint location
in accordance with usual practice for conducting
propulsion current around the insulated rail
joints but substantially blocking the flow of the
track circuit ‘current of the signal system. Again
looking at track 2E by way of example, im-
pedance bonds 10,11, 12 and 13 are provided one
at ‘each junction of the track-sections.

‘The track rails.of ‘each: of the four tracks are
included in a common rail return circuit for the
propulsion current.by means of cross connec-
tions or bonds interposed hetween the mid termi-
nals of the various impedance bonds. The par-
ticular-arrangement of cross connections is im-
miaterial and is shown in Fig. 1 as that found in
‘present-day use. - At location A, the mid termi-
nals of the impedance -bonds for the four tracks
are all connected by a cross connection {4, which
is-also connected with a. ground electrode 15.
At the next insulated rail joint location Bto the
left, no cross connections are used. At the next
location C to: the left, a cross connection 16 is
connected between the mid terminals of the im-
pedance bonds of tracks {1W. and 3W, and a cross
connection 171.is connected between the mid
terminals of the impedance bonds for the tracks
2E and 4E, the cross connection 1T being further
connected with-a ground electrode 18. At the
next location Al to the left, the arrangement is
similar to that at location A.

- It is-to be understood that:our 1nvent10n is
not limited to a four-track railway or to a rail-
wa,y the track rails of which are formed into
insulated track sections. As a mmatter of fact,
the insulated rail joints may be so arranged as
to form the rails of each track into sections as
required to provide single rail track circuits for
the way51de signal system. The track layout of
Fig. 1 will serve, however, to illustrate the many
places where the invention is useful.
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Propulsion current dis supplied to: the. tracks
of Fig. 1 by a generator ‘G, one terminal of which
is :connected through the usual feeder network
(not:shown) with the trolley ‘wires Tor. the -dif-
ferent fracks, only the one trolley wire TWI
associated with track IW being shown for the
sake of simplicity, and it will be understood-that
each of the other tracks is provided with a .simi-
lar trolley wire. The other terminal of the
generator G is connected with each track rail
of the four tracks over.a cross connection 19,
The propulsion current supplied by the. gener-
ator G may be either direct current or alternat-
ing current, and it is here assumed to be an
alternating current of 25: cycles per second..

A train FT is indicated schematically:on track

IW, the two ends of. the train occupying the
sections IW3 and IW4, respectively. The train
FT may be of any makeup and, for example,
it may be a freight train of which 20 .designates
the forward vehicle or locomotive and 21 desig-
nates the rear vehicle or caboose. The reference
character 22 designates the:controHer mecha-
nism of the locomotive 20 for .governing the
supply of current from the trolley wire:'TWI to
the motors 23 for driving the locomotive, cur-
rent being collected from the trolley wire TWI
by the usual trolley wheel or pantograph col-
lector 24. Propulsion current.used to -drive the
locomotive 28 returns to the generator G over
the rail return circuit, equalizing in the rails
of the different tracks due to the cross connec-
tions. Furthermore, the propulsion current
used by other locomotives, not shown, on the
other tracks, either within the stretch shown in
Fig. 1 or outside of said stretch, returns to the
generator G through the rail return. circuit. .Sin-
gle pointed arrows have been added to Fig. 1 to
indicate the general distribution of the propul-
sion current, the direction of the arrows indi-
cating the relative direction of the flow of cur-
rent at a given instant.

Because the propulsion current is strongly in-
clined to be distributed equally in -all the rails
of the track, and is also distributed to the differ-
ent trolley wires through the medium of the
usual feeder system, a strong magnetic field
is created. Such magnetic field has frequencies
equal to the fundamental and harmonic fre-
quencies of the propulsion current and contains
other frequencies such as those due to commuta-
tion ai the locomotive motors.. Looking at Fig.
2, the lines 25 illustrate the magnetic flux lines
created about each individual rail of the four
tracks by the propulsion current, the arrows
placed on lines 25 indicating the direction of
the flux lines at a given instant. The lines 26
llustrate the magnetic flux lines encompassing
the two rails of each of the four tracks due to
the vpropulsion current flowing in both rails of
each track in the same direction, and again, the
direction of the arrows placed on “these lines
indicate the direction of the flux at a.given in-
stant.” The lines 27 illustrate the magnetic flux
which encompasses the four tracks as a whole,
The lines 38 and 39 indicate the thagnetic fiux
lines created about the trolléy wires -of -the dif-
ferent tracks. It is clear that the magnetic
fields created by the propulsion eiirrent, as il-

lustrated in Fig, 2, permeate the space occupied

by .a train on any one of the tracks, and an
inductor mounted on a train within the usual
clearance limits for railway trains is more or
less inductively influenced by these fields, the

energy thus induced in such inductor -having -

3

components. corresponding «in frequencies:to the

fundamental, harmonics and other frequencies
of the propulsion current.. Certain of these fre-
quency. .components, particulatly those due to
commutation, fall within the pass band of ‘the
upper side . band ‘telephone current referred ‘to
hereinbefore, and consequently may cause noise
at the iloud ~speaker :of such telephone system.
~“‘The reference :characters Cl :and C2 of Fig. 2
designate  two - inductor :coils .disposed one over
one itrack rail of the track #W and the other
disposed over the other track rail of track 1W.

10

These :inductor -coils are disposed with their -

axes vertical. “We have -found that inductor
coils.iCl and C2 disposed in a horizontal plane
(axes perpendicular), .a few inches gbove the
top of the rails, as shown in Fig. 2, give a mini-
mum response to ‘the influence ‘of the  magnetic
field created by the propulsion -current. .The
function of “the inductor coils Cl and iC2 and
their relationship to the propulsion current mag-
netic ‘field -will be further discussed hereinafter.

Referring to Fig. 3, the track layout and the
ireight train F'T occupying the westbound track
IW are the-same as in Fig. 1. Looking at the
train FT, the locomotive 20 and the caboose 21
are provided with communication equipment in-
cluding transmitting apparatus TA on the lo-
comotive and receiving apparatus RA on the
cabgose.. The transmitting apparatus TA and
the receiving -apparatus RA may be any one
of several well-known forms and each is shown
conventionally for the sake of simplicity. Tt is

deemed sufficient ‘for this application to but.
Assuming .

briefly. describe these apparatuses.
telephone communcation is to be effected be-
tween the locomotive 20 and the caboose 21 by
means of the upper side band telephone ¢urrent

15

20

25

80

86

referred .to - hereinbefore, the transmitting ap- -

paratus TA includes a source of carrier current
of 7000 cycles per second, means for modulating
the carrier by voice frequencies, and a filter for

_selecting the upper side band and substantially

suppressing the lower side band and the carrier.
The output. side -of the transmitting: apparatus
TA-is conductively coupled with the track rails
over wires 28 and 29 which are connected with
the rails by béing connected to the journal bear-
Ings of.the rear and forward pairs of wheels of
the locomotive, respectively. In order to effect
a more equal distribution of the communication
current supplied to the track rails, each -of the
wires 28 and 29 would be connected in multiple
to both journal bearings of the respective pair of
wheels. Hence, when the transmitting appara-
tus TA is made active, communication current
flows in that section of the rails between the
forward and rear pairs of locomotive wheels.
This communication current produces an elec-
tromotive force. across the section of, rails be-
tween the forward and rear pairs of Iscomotive
wheels, and .as a result of such electromotive
force the telephone current flows in the rails

both in advance of and to the rear of the loco- -

motive in the well-known manner. The tele-
phone current will also flow in the rails of the

‘other tracks due to the cross connections be-

tween the tracks and due to the distributed mu-
tual inductance and conductance between the
rails -of the track |W occupied by the train and
the rails of the other tracks. Arrows have been
added to Fig. 3 to illustrate the general distri-
bution of the telephone current when supplisd
to the track IW. adjacent the locomotive. 20.
These arrows would indicate the direction of the
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flow of current at a given instant: As the train
T advances, -distribution of the telephone cur-
rent not only advances with the train but also
changes due to the relative position of the loco-

_motive with respect to the cross-connections,

‘etc. A portion of the communication current
flowing in the track rails will reach the location
of ‘the caboose 2l. ~The magnitude of the cur-
rent adjacent the caboose depends upon the at-
tenuation of the current due to ballast resist-
ance and other conditions. ‘At a distance of the
order of one mile (usual- freight: train length),
the magnitude of the telephone current is suffi-
cient for effective telephone communication. It
is clear from Fig. 3 that by the very nature of
the circuit involved the telephone current is not
distributed in the rails of the several tracks in
an orderly fashion. At least, it is not distributed
in an orderly fashion to the same extent as the
propulsion current. "It will be understood, of
course, that our invention is not limited to use
of a carrier telephone:current of  frequencies
here assumed, and other frequenmes can be
used.

The receiving apparatus RA 1nc1udes an ampli-
fier and a demodulator which are operative when
carrier telephone current is supplied to its input
terminals to produce in its output circuit a cur-
rent containing the voice frequencies only. Re-
ferring to Fig. 5 as well as to Fig. 3, the input
circuit for the receiving apparatus RA includes
two inductor coils Cl and C2. As viewed in Fig.
5, this input circuit can be traced from the lower
left-hand input terminal of the receiving appa-
ratus RA over wire 3[, condenser 32, wire 33,
coil Cl, wire 34, coil C2, wire 35, condenser 38,
and wire 31 to the lower right-hand input ter-
minal of the apparatus RA. The ocutpub circuit
of the receiving apparatus RA is connected
through a transformer Tl with the operating
winding of a loud speaker LS, as will be readily
understood by an inspection of Fig: 5. Hence,
telephone current picked up by the inductor coils
Cl and C2 is amplified and demodulated at the
receiving apparatus RA, and the voice frequencies
originally modulating the carrier current at the
transmitting apparatus TA are reproduced at the
loud speaker LS.

The inductor coils Cl and C2 are preferably air
core windings of relatively large central area and

are mounted on the caboose, one centered over:

one track rail and the other centered over the
other rail. As shown in Fig. 5, the coils Cl and
C2 are disposed in a horizontal plane at a height
of d inches which may vary from six to fourteen
inches and is preferably of the order of ten inches
above the top of the rail. As previously stated,
we have discovered that inductor coils Cl and C2
when so constructed and so positioned inductively
receive telephone current energy with minimum
annoyance due to the magnetic field. created by
the propulsion current. In Fig. 4 there is illus-
trated the inductive relationship as it appears
to exist between the inductor coils Cl and C2
and the magnetic field created about the rails of

the tracks of Fig. 3 by the telephone current sup-

plied to the rails of the track IW from the trans-

‘mitting apparatus TA of locomotive 20. It is to

be noted from Fig. 4 that the position of each
inductor coil is that for minimum mutual induc-
tion to the rail directly beneath and for effec-
tive mutual induction with the other rail of the
same track and with the rails’ of the adjacent
tracks.

It follows from the foregomg discussion that

2,184,416

télephone commiumication is accomplished be-
tween the locomotive and the caboose of the train
PT of Fig..3 through the medium of the ap-
paratuses. TA and RA and the track rails, the
receiving apparatus being free to a large degree
at least from noise energy prevailing in the elec-
trified zone due to the characteristics of the in-
ductor coils. (It is clear that by providing trans-
mitting apparatus on the caboose of the train
PT and:receiving apparatus on the locornotive
two-way. telephone commumca,tlon can be ac-
complished.

In territories such as are shown in Figs. 1 and
3 where ‘double rail track circuits are used, an
advantage is obtained in the telephone noise ratio
when the inductor coils' Cl-and C2 are connected
to oppose each other in response to a uniform
vertical magnetic field. This connection allows
the electromotive forces induced in the two coils
to aid when the telephone currents in both rails
of the track occupied are in phase and in the
same direction as is usually the case with a train
on the track. In electrified territory where single
rail track circuits are used, however, we have

. found better results to be obtained when the in- .

ductor coils are connected to add their effects as
produced by a uniform vertical magnetic field.
This, the preferred connection for the inductor
coils depends upon the track characteristics.

Again, we have found some advantage in the
telephone noise ratio on the outer track of a
four-track road results from & slight tilt of the
inductor coils, -about 20° from - the horizontal
toward the outside of the track, as illustrated in
Fig. 6. In Fig. 6, the inductor coils are other-
wise kept in the same position described here-
inbefore. However, good results can be obtained
on the outside tracks of a four-track road with
the coils exactly homzontal as illustrated in
Fig. 5.

Referring to Figs. 7, 8 and 9, the caboose 21 is
equipped with two pairs-of inductor coils. Coils
Cl and C2 of one pair are mounted on the
caboose in the manner already explained. In-
ductor coils C3 and C4 of the other pair are
mounted on the caboose roof to one side of the
cupola. The coils C3 and C4 may be arranged one
on one side ‘of the cupola and the other on the
other side of the cupola, or both may be placed
on the same side, as desired. We have found,
however, that in steam territory a preferred ar-
rangement for such roof coils is for the coils to
be disposed on the same transverse center line
and each an equal distance from the longitudi-
nal center line of the caboose. The entire receiv-
ing apparatus on the caboose would preferably
be symmetrically disposed about the center line
of the caboose, as illustrated in Fig. 9. The coils
C3 and C4 are preferably air core windings and
are positioned each in a vertical plane and are
series tuned by condensers loca.ted adjacent each
coil. ’

A~ double-pole double-throw switch 40 is pro-
vided for selectively connecting the two pairs of
inductor coils in the input circuit of the receiving
apparatus RA. Looking at Fig. 7, the coils Cf and
C2 are included in the.input circuit when the
switch 40 is closed to the left. With the switch
40 closed to the right, the roof coils C3 and C4
are included in the input circuit.

It follows that with the switch 40 closed to the
left as viewed in Fig. 7 the receiving apparatus
of the caboose 21 is conditioned for best opera-
tion when the caboose is to bz operated over
electrified territory. With the switch 40 closed to

10

15

30

35

40

60

65

70

%



10

15

20

25

30

40

45

50

55

60

65

70

75
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the-right, the receiving apparatiis is ¢onditioned
for best operation when the caboose’ is to be
operated: over steam territory. = e
. Although we have herein shown ahd described
only certain forms of apparatus embodying: our
invention, it is understood that varicus changes
and modifications may be made therein within
the seope-of the appended- claims without ‘de-

‘parting fromr the spirit and: scope of our inven-

tion. -

Having thus described our-inverition, - what we
claim is: - ) : o

L. In combination, a railway track, a train,
transmitting apparatus located along the track to
cause a periodic communication curtent to fiow
in the track rails, receiving apparatus: responsive
to such current mounted on a vehicle of the train;

an inductor mounted on said - vehicle directly

above one of the track rails, said inductor dis-
bosed with its axis vertical and bositioned at a
height of the order of ten inches above the top of
the rails for inductively receiving an electromo-
tive force due to the current supplied to the’ rails.
by ‘the transmitting apparatus with minimum

interference from extraneous magnetic fields, and-

circuit means to connect said
receiving apparatus. " o

2. In' _combingtion, a rallway track, a train,
transmitting apparatus located along the track to
cause a periodic communication current to flow
in the track rails, receiving apparatus responsive
to such current mounted on a vehicle of the train;
an inductor mounted on said vehicle comprising
two coils of relatively large central areas and otie
of which is ¢entrally’ positioned above one rail
and the cther one of which is centrally positioned
above the other rail, said coils'disposed in a hori-
zontal plane for minimum induction to the rail
directly beneath and for. relatively large induc-
tion. to the. other rail of the track and said coils
carried at a height of the order of ten inches
above the top of the rails for small inductive re-
sponse to noise energy magnetic fields existing
about the rails and effective inductive response
to the magnetic field caused by the current flow-
ing in the rails due to the transmitting apparatus,
and circuit means to connect said inductor coils
with the receiving apparatus.

3. In combination, an electrified zone of a rail-
way track the track rails of which are bonded to
serve as a return circuit for propulsion current,
a train, transmitting apparatus located along the
track to cause a periodic communieation current
to flow in the track rails, receiving apparatus re-
sponsive to such communication current mount-
ed on a vehicle of the train, two inductor coils
mounted cn said vehicle one directly above one
rail and the other directly above the other rail,
said coils disposed in a horizontal plane at a
height of the order of ten inches above the top of
the rail for minimum inductive response to the
bropulsion current and effective inductive re-

inductor with the

sponse to the communication current flowing in .

the rails due to the transmitting apparatus, and
circuit means to connect said coils with the re-
ceiving apparatus.

4. In combination, an electrified zone of a
multi-track railway the track rails of which are
bonded and cross connected to serve as g common
return circuit for propulsion current, a train
occupying one of the tracks, a source of propul-
sion current for operating the train, communica-
tion equipment including transmitting apparatus
operative to supply a periodic communication
current mounted on one vehicle of the train and

S5
receiving ‘apparatis respotisive to:such commi=
nication current mounted: 6n-a-second vehicle of
the train; means to-couple the transmitting appa-
ratus-with: the rails'to'causé communication cur-
rent to flow in the rails of the-tracks, two-indiictor
coils moulited on ‘said'second: vehicle one over one
rail ‘and the éther over the other rail; said coils
disposed h*a horizontal plane at o height of the
order of ten-i
fluence-dué to-the Propulsion current and: to-in-
duectively reéceivirig: an -electromotive force-in re-
sponse te-the' communication’ current flowing in
the rails of thé-differént tracks ‘due to the trans-
mittifig apparatus, and circuit means to connect
said inductor coils: with the recsiving apparatus.
" 5. In ‘combination;, an ‘electrified zone of a
multi-track railway ‘the track rails of whith are
bonded and cross connécted to' serve as a retirn
circdit: for “propulsion’ current and each track
provided with a trolley” wire, a generator- con-
nected with said trolley wires and said return rail
cifetit to supplyan alternating current for-oper-
ating trains over said zone and which” current
tends to-equalize in the rails of the different
tracks, & train on one of said tracks; communica-~
tion equipment including transmitting apparatus
mounted on one 'vehicle of the train and receiv-
ing apparatus mounted on & Second: vehicle of
the train, said transmitting apparatus operative
to supply ‘a-carrier; telephone current and said
receiving apparatus operative ‘to demodulate and
reproduce the voice frequencies of such telephone

‘inches ‘for minimum inductive in- -

i
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current, means to couple the transmitting appa-

ratus to the track rails to cause. the telephone
current to be distributed: in the rails of the dif-.

ferent tracks:by virtue,of the distributed rail-to-

ground’ conductance and the Cross” cohnections,
and an circuit Tor said receiving apraratus
ineluding “twor
second yehicle one centered over one rail and the
other centeéred overthe other rail for inductively
receiving an electro-motive force due to the dis~
tribution of the telephone current in the rails of

_ the different tracks, and said coils disposed in a

horizontal plane at a height of six to fourteen

inches above the top of the rails to effect best

telephone to propulsion current noise energy
ratio. :

6. In combination, an electrified zone of g
multi-track railway the track rails of which are
bonded and cross connected to serve as a return
circuit for propulsion current and each track pro-

vided with a trolley wire, a gencrator connected -

with said trolley wires and said return rail circuit
to supply an alternating current. for operating
trains over said zone and which current tends to

inductor “coils mounted -on said.
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equalize in the rails of the different tracks, a train =

on one of said tracks, communication equipment
including transmitting apparatis located along
the tracks and receiving apparatus mounted on
a vehicle of the train, said transmitting appa~
ratus cperative to supply o carrier telephone cur-
rent and said receiving apparatus operative to
demodulate and reproduce the voice frequencies
of such telephone current, means to -couple the
transmitting apparatus to the track rails to cause
the telephone current to be distributed in the rails

of the different tracks; and an input circuit for -

said receiving apparatus including an inductor
comprising two air core windings of relatively
large central areas, said windings mounted on
said vehicle one centered over one rail with its

axis vertical and the other centered over the other :

rail with its axis vertical and each winding car-
ried at a height of the order.of ten inches for

60

65

70

75




10

15

20

25

30

35

6

receiving an electromotive force due to the tele-
phone current distributed over the rails of the
different tracks with a. minimum amount of noise
energy due to the distribution of the propulsion
current over the rails. )

7. In combination, an electrified. zone of a
multi-track railway the track rails of which
are bonded and cross connected to serve as a re-
turn circuit for propulsion current and each
track provided with a trolley wire, a generator
connected with said trolley wires and said re-
turn rail circuit to supply an alternating current
for operating trains over said zone and which
current tends to equalize in the rails of the dif-
ferent tracks, a train on one of the outside tracks
of said tracks, communication equipment includ-
ing transmitting apparatus mounted on one ve-
hicle of the train and receiving apparatus mount-
ed on a vehicle of the train, said transmitting ap-
paratus operative to supply a carrier telephone
current and said receiving apparatus operative
to demodulate and reproduce the voice frequen-
cies of such telephone current, means to couple
the transmitting apparatus to the track rails to
cause the telephone current to be distributed
in the rails of the different tracks by virtue of
the distributed rail-to-ground conductance and
the cross connections, and an input circuit for
said receiving apparatus including two air core
coils of relatively large central areas mounted
on said vehicle one centered over one rail and
the other centered over the ‘other rail, and said
coils positioned at a height of the order of ten
inches above the top of the rails and tilted about
20° from the horizontal toward the outside of
the track for inductively receiving an -electromo-
tive force due to the distribution of the telephone
current in the rails of the different tracks with
best telephone to propulsion current noise energy
ratio.

8 In combination, a raﬂway vehicle adaptable

2,184,416

of operation over either steam or electrified terri-
tories of a railway, receiving apparatus mounted
on said vehicle operative to reproduce the voice
frequencies of a telephone current, a first and a
second inductor mounted on said vehicle, said
first inductor mounted relatively high on the
vehicle and in a vertical plane. for inductively
receiving an electromotive force due to such tel-
ephone current flowing in the track rails in
steam territory, said second inductor mounted
in a horizontal plane directly over a track rail
at the height of six to fourteen inches above the
top of the rail for inductively receiving an elec-
tromotive force due to telephone current flowing
in the track rails in electrified territory, and
means to connect either said first or said second
inductor with- the receiving apparatus.

9. In combination, a railway vehicle adaptable
of operation over either steam or electrified ter-
ritories of a railway, receiving apparatus mount-
ed on said vehicle operative to reproduce the voice
frequencies of a telephone current, a first and a
second pair of inductor coils. mounted on said ve-
hicle, said first pair of coils’ mounted relatively

high on the vehicle and in a vertical plane for in-

ductively receiving an electromotive force due
to such telephone current flowing in the rails in
steam territory, said second pair of coils mount-
ed one over one rail and the other over the other
rail and each disposed in a horizontal plane at a
height of the order of ten inches for inductively
receiving an electromotive force due to the tele-
phone current flowing in the rails in electrified

“territory with minimum interference due to the

propulsion current, and means for connecting
either the coils of the first pair in series or the
coils of the second pair in series with said re-
ceiving apparatus. B :
WILLARD P. PLACE.
PAUL N. BOSSART.
LARS O. GRONDAHL.
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