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My invention relates to communicating
systems for railway trains, and has for an ob-
ject the provision of means for signaling be-
tween spaced. points on a train, or between

5 two trains, or between the train and a way-
side station, that will be substantially im-
mune from interference due to currents flow-
ing in the traffic rails and to foreign space
magnetic fields. : :

1 will described certain forms of appara-
tus embodying my invention, and will then
point out the novel features thereof in claims.

In the accompanying drawing, Figs: 1
and 2 constitute a diagrammatic view of one
- 15 form of apparatus embodying my invention.

10

Fig. 3 is a magnetic field diagram showing

the relationship between the apparatus of my
invention and the magnetic fields set up
about the traffic rails by current flowing in
20 the same direction in the two rails. Fig. 4
is a diagram showing the effect of a current
flowing in opposite directions in the traffic
rails as far as the apparatus of my invention
is concerned. Fig. 5 is a diagrammatic view
25 showing one method of applying the control-
ling conductor to a given track layout, while
Fig. 6 is a diagrammatic view showing a sec-
ond method of arranging the controlling con-
ductor to a similar track layout. ‘

Similar reference characters refer to simi-

lar parts in each of the several views. . .
Referring to Figs. 1 and 2 the reference
character 2 indicates a conductor fastened to
the top of the ties 3 of a railway approxi-
35 mately halfway between the two traffic rails
1 and 1* for the full length of the railway.
This conductor 2 should be of ‘sufficiently
large size so that it will withstand the me-
chanical abuse it will be subjected to. It may
0 or may not be insulated, but it does not need
to be. Preferably it should have a resistance
not- greater than its inductive reactance at
the frequency of the signaling: current to be
used, but this condition . will' in practice
45 always be realized in any conductor having
proper mechanical strength; for example, a
copper clad steel wire of say one-fourth inch
in diameter. , ' SR
When my invention is to be utilized for
50 communicating between two spaced points on

the same train, for example, between the lo-
comotive and the caboose of a freight train,
the apparatus as indicated: at point A in Fig.

"2 will be located on.the locomotive and simi-

lar apparatus as shown at B will be mounted
in the caboose. If communiecation is to be
carried on between two different trains then
the apparatus at A will be installed on one
train and that of B on the second train:
When communication is to be between a way-
side station and a train then the apparatus of

A will be on the train and that of B at the

wayside station. In the latter case, of course,
the wayside apparatus must be installed with
proper clearance for all rolling stock of the
railway. In this case the pick-up coils cor-
responding to coils 4 and 5 will be beneath
instead of over the conductor 2 and greater
efficiency can be obtained by positioning them
closer to the wire 2 since no clearance below
the wire is necessary. S e
~ 4,5 and 6 are inductor coils provided at
each location and installed in an inductive
relation with the conductor 2. The coils 4
and 5 are each preferably but not necessarily
provided with a magnetizable core and are
mounted with their axes transverse to the
trackway -at an acute angle with the hori-
zontal plane in such a manner that the axes
intersect approximately at the vertical center
line of the traffic track. Coil 6 extends trans:
verse to the trackway in a horizontal posi-
tion but at a considerably greater distance
above the conductor 2 than the coils' 4 and 5.
Coil 6is necessary only for adjusting against
space-uniform fields and is not required to
balance out currents in the traffic rails. Un-
der those conditions where practically all the
interference comes from the traffic rails, coil
6 may be eliminated. The manner of posi-
tioning these coils will be fully discussed later
on in the specification. The coils 4, 5 and 6
are connected in series in‘such a manner that
the electromotive forces induced in the coils
4 and 5 by current flowing in the conductor
2 at any given instant will'add their effects,
while that induced in coil 6 will oppose that
of coils 4 and 5. Likewise, when current is
supplied to:these coils from a local generator
to be referred to later the two coils 4 and 5
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act together to induce an electromotive force
in the conductor 2, while the coil 6 due to
its connection in the circuit will oppose the in-
fluence of coils 4 and 5. The position of coil
6 with respect to the conductor 2, however,
will render its influence small in comparison
with that of the coils 4 and 5 as will appear
later. These coils 4, 5 and 6 are connected
through a tuning condenser 7 to either a re-
celving circuit or a transmitting circuit as the
case may require. With the contact 8 in the
position as shown in Fig. 1 the coils are con-
nected to the input side of a filter F through
which current is passed to an amplifier AM
whose output actuates a loud-speaker LS or
other indicating devices. With the contact
8 lowered to its dotted line position the coils
4,5 and 6 are connected to the output of a
generator (¢ of carrier current whose output
1s preferably modulated in the usual manner
by a modulator. M. The frequency of gen-
erator (X may be of any convenient frequency;
such as five thousand cycles per second. The
frequerncy of the modulator M should be with-
in the audible range if a loud-speaker is to
be utilized as the indicating device and in
fact when spoken messages are to be trans-
mitted the modulator M will take the form
of a voice transmitter and the modulation
will be that of the voice frequencies. The
filter F', amplifier AM, loud-speaker LS, gen-
erator G and modulator M may take any of
many well-known forms for such devices and
as their specific form constitutes no part of
my invention they are indicated in the draw-
ings diagrammatically only. The contact 8
may be manually operated between its two
positions so that an operator can connect
the. coils 4, 5 and 6 to- either the receiving
means or to the transmitting means at will,
or contact 8 may be automatically operated
and the. receiving and transmitting means
alternately connected to the inductor coils.

The conductor 2 forms one side of a closed
circuit- which is completed. through the
ground by virtue of the distributed imped-
ance between conductor 2 and ground and the
ground path. This distributed impedance be-
tween the conductor 2 and the ground is
visualized by dotted lines in Fig. 1 by a ca-
pacity 10 to ground 9 and aleak resistance 11.
The approximate paths taken by the current
are indicated by the broken lines of Fig. 2.
The mianner whereby current induced in a
conductor will flow through the closed circuit
formed by the distributed impedance and the
ground is fully deseribed and claimed in the
L. O. Grondahl application for Letters Pat-
ent, Serial No. 450,135, filed May 6, 1930, for
electric train signaling system, and it is
thought not necessary to repeat the discussion
in detail in the present application.. It is
to be noted, however, that in the above-men-
tioned application the two traffic rails in pax-
allel act ag the metallie conductor whereas in
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my system the special conductor 2 is em-
ployed. Inthecase where aspecial conductor
such as 2 1s employed the shunt capacity 10 is
relatively more important than the resistance
11 since the leakage between the conductor
2 and ground will be much less than where the
traffic rails are used.

It is apparent, therefore, that with the
apparatus at A of Fig. 2 mounted on the lo-
comotive of a train and placed in its trans:
mitting condition, modulated carrier current
from its generator G will be induced in the
conductor 2 by means of the coils 4, 5 and 6.
This induced current will flow in the closed
circuit formed by the conductor 2, the dis-
tributed  impedance between the conductor
and ground and the ground path.. With the
apparatus at B of Fig. 2 placed in its receiv-
ing condition the current in conductor 2 will
induce an electromotive force in its coils 4,
5 and 6 which when passed through the filter
F.and amplified by the amplifier AM will ac-
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tuate the loud-speaker LS. It is understood, -

of course, that the filter F' at B is tuned to
pass current at the frequency of the current
supplied. by the generator G and modulated
by M at location A. With the contacts 8 of
locations A and B reversed then the appa-
ratus at B will supply current from its gen-
erator G modulated by its modulator M to
the conductor 2 which will flow in the closed
circuit formed by the conductor, the distrib-
uted impedance and ground and current will
now be induced in the coils 4, 5 and 6 of loca-
tion A. With the filter F of location A tuned
to pass current at the frequency of the gen-
erator G and modulated by M at B this cur-
rent picked up by the inductor coils at A will
be amplified by the amplifier AM and made
to actuate the loud-speaker LS or other in-
dicating devices. With synchronized opera-
tion of the two contacts 8 an alternative ex-
change of messages can be carried on between
the apparatus of locations A and B.

Fig. 5 shows diagrammatically a track
layout to which the conductor 2 as shown by
dash lines is applied. This layout consists

-of the main tracks 12 and 13, crossovers: 14

and 15, siding 16 and a spur track 17. The
distributed shunt capacity between the con-
ductor 2. and -ground is .visualized in the
drawings by showing condensers in dotted
lines at several points.. Suppose a train with
locomotive 18 and a caboose 19 occupies the
main track 12 ds indicated and that both the
locomotive 18 and caboose 19 are equipped
with apparatus as shown-at A and B of Fig.
2, respectively. - During certain instances in
the operation of my system the caboose appa-
ratus will induce a current in the conductor

2 which flows in the conductor 2 towards the

locomotive: 18. - At the switch 20 there is
a tendency for this current to pass along the
conductor 2 for the siding 16 and then back
to the conductor 2 for the main track 12 at
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the switch 21 at the opposite end of the siding due to possible branches or loop circuits.

and thereby complete a short circuit loop
that might prevent the control current from
Ieachmg the locomotive.. For this reason
an impedance 22 is connected in series with
the siding conductor 2 and chosen of such
value that the control current at switch 20 is
approximately equally divided between the
two parallel paths. That is to say at least
half of the current will flow along the con-
ductor 2 towards the locomotive 18 from the
switch 20. Again at the switch 23 of the
crossover 14 an impedance 24 is placed in
series with the conductor 2 through the cross-
over and chosen of such a value that the sig-
nal current flowing in the conductor 2 of the

main track 12 will divide substantially equal-
ly between the p‘lth through the crossover 14,
conductor 2 of track 18 and the crossover 13
back to the cenductor 2 at the-caboose 19, and
the path leading along the conductor 2 of
track .12 to the Tocomotive 18. Thus by ‘in-
serting the several impedances in the conduc-
tor 2 as shown in Fig. 5 a suflicient current
will flow through the normal path to insure
reliable opemtlon of the system. The imped-
ances 22, 24 and 25 may be resistances if de-
sired, however, if the signal current is to be
moduhted at the voice frequencies so that
the current in the conductor 2 has a wide
range of frequencies it would be better to
use inductive reactance since it will then vary
in impedance the same as conductor 2. At
the end of the spur track 17 there is located
an impedance 26 between the conductor 2 and
ground of a value equal to that of say about
five thousand feet of track.  An alternate
method for the spur track would be to con-
nect conductor 2 directly to ground at 27
and insert a resistance 28 in series Wlth the
conductor 2 at the switch 29 leading from
track 13 to the spur 17.

Fig. 6 shows another method of arranging
the conductor 2 through this track lay rout.

5 Here the operation of each switch is mfide

to actuate a common switch circuit controller
32 in the usual manner. Contacts of the
switch circuit controller connect the conduc-
tor 2 to the route set up for traffic and dis-
connects it from other routes as w'll be read-
ily understood by an inspection of Fig.
In this arr angement. the end of the conduec-
tor 2 for the spur track 17 is preferably con-
nected to ground directly since 11; would nob
be co‘wected to the main track of conductor
2 unless the switch 29 is set for the spur. In
the case it is desired to operate on the siding
16 at a time When both switches 20 and 21
are set for the ma'n track, shunt unpeflanc
30 and 31 should be connected hetween: the
hductor 2 for the siding 16 and ground
ne‘u each switch as shov‘n in Fig. 6. “ hLile
tl*e arrangsment shown in Fig, 5 wi'l have

less first cost the wrang‘ement of Fig. 6 re--

sults in practically no loss of control current

These two Figs. 5 and 6 will serve to illus-
trate how the spe01a1 conductor 2 may be
applied to track layouts Anvolvmtr CrOSSOVers,
siding and spur tracks.

T will now point out how my system is
made practically immune to the influence of
currents in the traffic rails and to foreign
space magnetic flelds. As stated above the
coils 4 and 5 are to-be mounted transverse
to the trackway and at an angle to the hori-
zontal plane and just ‘above the required
clearance to the track, as shown in Fig. 1
When two equal currents flow in the same
direct'on in two parallel conductors such as
the rails 1 and 1%, the lines of flux follow the
so-called Cassinian ovals as sketched about
the rails in Fig. 3. It will-be noted that at

‘the halfway pomt between the two rails 1

and 1* there exist substantially no magnetic
flux. The oval lines-33 in Fig. 3 illustrate
the boundary between the region where the
flux lines surround only onera’l and the re-
gion where they surround two rails. Tt will

be recalled that the conductor 2 is to be

located midway between the rails and thus
it is placed at a point where it will have.ap-
proximately no- electromagnetic induction
with the rails 1 and 1* carrying equal paral-
lel currents and -hence chancms in these two
currents w'll cause no Voltqoe to be induced
in the conductor 2. No induced current will
therefore flow in the conductor 2 that might
influence the coils 4 and 5. It will be further
seen from Fig. 8 that the ansle at which the
coils 4 and ‘5 are mounted is such that the
axis of each winding is substantially at right
angles to the average flux .created by. the

parallel currents ﬂowmcr in the ra'ls 1 ard
1a and hence no voltafre will be mduced in
the coils 4 and 5 dlrecm_v as a result of the
parallel currents in the traffic rails. Tt wiil
appear from Fig. 3 that the locating of the
coils 4 and b at a point where no voltage will
be induced in them by current flowi 11‘0 in the
traffic rails in parallel is not critical as their
positions can be readily adjusted both zs to
their horizontal distance from the center
of the track and as to the angle at Whlch *hﬂv
are mounted.

Tt follows, therefore, that coils 4 and 5 are
positioned to be influenced by magnetic fields
created by a-cutrrent-in the: confluctoi 2 &s
indicated by the circular lines in -F'g. 3 and
vet are so positioned as to be practically im-
mune from the influence of the magnetic
fields created about the trafiic rails as the
result of equal currents flowing in the same
direction in the two rails. At the same time

Mne

the position of the conductor 2 is-such thaf 12

it lies at a point where it has approximately
no electromagnetic induction with the raile
1 and 1® carrying equal parallel currents and
hence changes in these currents will cause no
voltage to be induced in the conductor 2
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that might in turn influence the coils 4 and 5.

Fig. 4 shows the effect of a current flowing
in opposite directions in the two traffic rails,
such for example as the usual track circuit
current. The dash lines with their arrows
show the approximate direction of the flux
lines for a given instant. It will be noted
that these lines give small npward compo-
nents as-represented by the lines 12 and 13
along the axes of the coils 4 and 5, respec-
tively. No matter at what angle the axes of
the coils 4 and 5 may be so long as they are
symmetrical with respect to the center line
of the track these upward components repre-
gent the induction of the flux lines about the
rails created by current flowing in opposite
directions in the two rails and both will he
either upward or both downward at any
given ‘nstant. But the coils 4 and 5 are con-
nected to add the voltage induced therein
by current flowing in the conductor 2. That
is to say, coils 4 and 5 are aiding when the
flux in one coil is upward and the flux in the
other coil is downward at any given instant.
It follows that the effect ¢f a current down
one rail and back the opposite rail wil be
cancelled by the opposing of the two equal
induced voltages in the coils 4 and 5. It is
to be seen, therefore, that the coils 4 and 5
are so connected as to be practically immune
from the electromagnetic fields created about
the rails by a current flowing down one rail
and back the opposite rail.

Any distribution of currents between the
two rails may be considered as made up of an
equal current in the same direction in each
rail -and another current down one rail and
back the other. In the foregoing discussion
it has been shown that my system is bal-
anced for either alone, and hence by the prin-
ciple of superimposing of linear effects it is
balanced for any combination of these cur-
rents. For example ten amperes in one
rail and six in the other may be considered as
a parallel current of eight amperes in each
rail and two amperes circulating down one
rail and back the other. Acain ten amperes
in one rail alone can be considered as five am-
‘peres in each rail in the same direction and a
circulating current of five amperes. )

"Considering next a changing magnetic
field uniform in space, such for example as
that which might be created by a transmis-
sion line. or nearby generator, the axes of
coils 4 and 5 will be each perpendicular to
the component of the space magnetic field
parallel with the track and hence they will
have no induction with that component. To
the vertical component of any space magnetic
field the coils 4 and 5 are symmetrical and
will oppose each other due to the fact that
they are so connected that they add their ef-
fects when the induction of one is upward
and that of the other downward at any given
instant.

1,900,418

The coils 4 and 5 will have, however, in-
duction with the mutually perpendicular
component of the space magnetic field that is
transverse to the trackway and the voltage
induced in the coils 4 and 5 will be in a
direction to add their effects. It is to bal-
ance out this component of the space mag-
netic field transverse to the trackway that the
coil 6 is provided. Coil 6 is located symme-
trically with respect to the two track rails
with its axis transverse to the trackway and
is preferably placed in the same vertical
plane as the coils 4 and 5. Tt will be recalled
that the coil 6 is so connected in the circuit
with the coils 4 and 5 that the voltage in-
duced therein by current flowing in the con-
ductor 2 opposes the induction in coils 4 and
5 and for this reason is located at a consid-
erably greater distance from the conductor
2 than the coils 4 and 5 so that its induction
with 2 will be much less than either of the
other coils. I prefer to so locate coil 6 that
it does not reduce the normal value induced
in the coils 4 and 5 by more than say twenty-
five per cent which loss I have found can be
sustained and yet have reliable operation of
the receiving apparatus. On the other hand
the transverse component of the space mag-
netic field will be substantially uniform for
all three coils and coil 6 in this instance is in
a position to be much more effective than
either coils 4 and 5 due to the fact that its
axis is parallel to this transverse component.
I propose to so proportion the windings of
these coils, and the size of their cores, that
the induction of coil 6 from this transverse
component of the space magnetic field will
be substantially equal, to the combined indue-
tion of the coils 4 and 5 to the same compo-
nent. By such proportioning of the coils the
influence of the transverse component of the
space magnetic field is balanced out. To
this end coil 6 may be an iron core coil; the
same as the coils 4 and 5, of proper section
and number of terms to insure a balance. I
prefer to employ an air core coil for coil
6 since it may then be built with a much
lower factor and hence smaller power loss
than an iron core coil. Coil 6 is not needed
for sending and it may be switched out of
circuit at that time with a resultant increase
in the voltage induced in 2

Such a system as here disclosed is substan-
tially immune to effects of any distribution
of any currents in the two traffic rails and at
the same time immune to the effects of any
space-uniform magnetic field.

Although I have herein shown and de-
scribed only certain forms of apparatus em-
bodying my invention, it is understood that
various changes and modifications may be
made therein within the scope of the ap-
pended claims without departing from the
spirit and scope of my invention.
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Having thus described my invention, what

Iclaim is:

1. Train signaling apparatus including,
three windings mounted on a train disposed
5 in inductive relation with a single trackway
conductor characterized by the fact that two
of said windings add their inductive effects
created by current flowing in said conductor
while the third winding opposes, said third
winding so positioned and proportioned as
to cause but a relatively small cancelling of
the induction by current in the conductor
while balancing out the induction of said
first two windings due to any space-uniform
magnetic field. ’ '

2. Train signaling apparatus including,
three windings mounted on a train disposed
in inductive relation with a conductor locat-
ed midway between the two traffic rails char-

[%4

0 acterized by the fact that two of said wind-

ings add their inductive effects created by
current flowing in the conductor while the
third winding opposes, said two windings so
positioned as tobe practically immune to any
distribution of current in the traffic rails,
while said third winding is so positioned and
proportioned as to cause but a relatively
small cancelling of the induction by current
in the conductor while approximately bal-
ancing out the induction due to any space
magnetic field of foreign origin.

3. Train signaling apparatus including,
three windings mounted on a train disposed
in an inductive relation with a conductor ex-
tending along the trackway characterized by
the fact that two of said windings add their
inductive effects created by current flowing
in the conductor while the third winding
opposes, said windings so positioned and pro-
portioned that there will be but a small can-
celling by the said third winding of the
electromotive forces induced in the wind-
ings by current in said conductor but that
the electromotive forces induced in the wind-

5

trackway will be substantially balanced out.

4. Train signaling apparatus including,
two windings mounted on a train disposed
in inductive relation with a conductor lo-

. cated midway between the two traffic rails,
said windings connected in series in such a
manner that the electromotive forces induced
therein by current flowing in the conductor
are additive, and said windings so positioned
with respect to the traffic rails that they are
approximately immune to the fluxes created
by any distribution of current in said traffic
rails. '

5. Train signaling apparatus including, a
conductor extending along each track of a
railway and mounted on the ties to form with
the distributed impedance between said con-
ductor and ground and the ground path a
closed circuit for signaling, and means asso-

5 ciated with each switch ‘leading” from the

0

5

0

‘the conductor. -

ings by fluxes from sources adjacent the

5

main track of the railway to prevent a por-
tion of the conductor for the main track
from becoming short-circuited by the con-
ductor for the auxiliary track leading from
the switch. ‘ o
6. Train signaling apparatus including, a
conductor extending along each track of a
railway and mounted on the ties to form with
the distributed impedance between said con-
ductor. and' ground and the ground path a
closed circuit for signaling, and an imped-

70

oy
o

ance connected 1n-series with the conductor .

for an auxiliary track leading from a switch
of the main track to prevent the short-cir-
cuiting of a portion of the conductor for the
main track by the conductor for the auxiliary
track. - S

7. Train signaling apparatus including, a
conductor extending along each track of a
railway to form with the distributed imped-
ance between said conductor and ground and
the ground path a closed circuit for signal-
ing, and means operated by each switch -of
the railway to connect the conductor the way
the track is set up for traffic and to discon-
nect the conductor from other branches of

8. A control system for railway trains
including, a transmitting circuit and a re-
ceiving circuit at each end of the trainj a
closed trackway circuit comprising a_single
conductor extending along the trackway, the

distributed impedance between said conduc-

tor and ground and the ground path; an in-
ductor at each end of the train disposed in
inductive relation to said conductor, means
at each end of the train to conneet the induec:
tor at the same end to either the transmit-
ting circuit or to the receiving circuit at

that end of the train; and means for each

receiving circuit for amplifying the control
signals transmitted from the opposite end
of the train. e

9. A control system for railway trains in-
cluding, a transmitting circuit and a receiv-
ing circuit at each end of a train; a clesed

trackway circuit comprising a single con-
ductor extending along the trackway, the.

distributed impedance between said conduc-
tor and ground and the ground path; three
windings connected in seri®ds at each end of
the train disposed in inductive relation with
the said conductor and arranged to be sub-

stantially immune to the influence of mag-.

netic fields created by currents flowing in
the traffic rails and to space magnetic fields
created by nearby scurces, and means at each
end of the train to connect the three wind-
ings at the same end of the train to either
the transmitting or receiving circuit at that
end of the train for communicating signals
between the two ends of the train. - o
~'10. A control system’ including, a trans-
mitting device and a receiving device at each
of two spaced locations; a closed: circuit ex-

90

95

105

i1o

130



10

15

20

25

30

35

40

45

50

55

60

65

6

tenchn g between sald two locatlons compns-
ing a qmdle conductor, the. distributed im-
peda,nce between said conductor and ground
and the ground path ; three windings al cach
location connected in series chsoosed in in-
ductive relation with the conductor and ar-
ranged to be substantially immune to the in-
fluence of space magnetic ﬁelds created by
nearby scurces, and means at each location
to connect the three Wmqus .of a location
to either the transmitting device or the re-
ceiving device at the same location for com-
municating signals between the two loca-
tions.

11. A control system 1nclud1ng, a trans-
mitting device and a receiving device at each
of two spaced locations; a closed eircuit ex-
tending between said two locations compris-
ing a single conductor, the distributed im-
pedance between said conductor and ground
and the ground path ; three windings at each
location disposed in inductive relation with
sald conductor and arranged that two of said
windings add their inductive effects pro-
duced by current flowing in said conductor
wkhile the third winding opposes, said wind-
ings so positioned and proportioned that
there is but a small cancelling by the said
third winding of the electromotive forces
induced in the windings by current in said
conductor -but the electromotive forces in-
duced in the windings by fluxes from sources
adjacent the conductor are substantially bal-
anced out, and means at each location to con-
nect the three windings of a location to either
the transmitting device or the receiving de-
vice at that location for communicating sig-
nals between the two locations.

12. A control system for railways includ-
ing, a single conductor extending along the
trackway and positioned to be substantially
immune to the influence of magnetic fields
created by currents flowing in the traffic rails,
transmitting means for inducing in said con-
ductor a signaling current which flows in
both directions in the conductor from the
point of induction and returns through the
distributed impedance between said conduc-
tor and ground and the ground path, and a
receiving means responsive to current flow-
ing in said conductor due to said transmit-
t1n0' means for controlling a signaling de-
vice.

13. A control system for r‘xilwwys includ-
ing, a single conductor. extending along the
trackway “and positioned to be subs’tantlallv
immune to the influence of magnetic fields
created by currents flowing in the , traffic rails,
transmitting means for inducing in said
conductor a signaling current which flows
in both directions in the conductor from the
point of induction and returns through the
distributed impedance between said conduc-
tor and ‘jground and the ground path, and a
receiving means including a pair of wind-

1,900,412

ings disposed in inductive relation with said
conductor and which are so positioned as to
be substantially immune to the influence of
the magnetic fields created by currents flow-
ing in the traffic rails but responsive to cur-
rent flowing in said conductor due to said
transmlttm(r means for controlling a sig-
naling device.

Tn testi mony whereof I affix my signature.

PAUL N. BOSSART
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