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My invention relates to train control systems,

and particularly to systems of the type in which

a train is equipped with apparatus to be con-
trolled by coded current or by non-coded cur-
5 rent flowing in the trackway.

Systems are well known in which the train
carried apparatus is selectively responsive to al-

ternating current supplied to a conductor in the

trackway and coded at different frequencies to
produce a plurality of indications on the train.
One such system in which the train carried appa-
ratus is capable of displaying four distinctive
indications including a clear indication is dis-
closed in TUnited States Patent No. 1,986,679
granted to Lloyd V. Lewis on January 1, 1935.
It is also well known that train carried appa-
ratus of the type described may be arranged to
respond also to uncoded current flowing in the
trackway by including on the train a modulator
which periodically varies the energy received
from the trackway when uncoded current is flow-
ing therein, to cause the train carried equipment
to display a clear indication. One such arrange-
ment is shown in the copending application for

United States Patent Serial No. 218,137 filed by
Trank H. Nicholson on July 8, 1938, upon which

my present application is an improvement.

One object of my present invention is to make
the train carried modulator dependent for its
operation upon the reception from the trackway
of uncoded train control current of the proper
frequency so that the train carried apparatus will
not respond improperly to currents of other fre-
quencies which may be present in the trackway
and will not interfere with the intended opera-
tion of the equipment when the trackway is sup-
plied with coded current.

Other objects of the invention are the provi-
sion of appsratus for protecting against false
operation under various conditions, for facilitat-
ing the changeover from code to non-code oper-
ation and for simplifying the testing of the train
carried apparatus.

Still other objects and purposes will be pointed

5 out in detail during the following description.

I shall describe several forms of train- control
systems embodying my invention, and shall then
point out the novel features thereof in claims.

In the accompanying drawings, Fig. 1 is a dia-
grammeatic view illustrating one form of train
carried apparatus embedying my invention.
Figs. 2, 3 and 4 are diagrammatic views illus-
- trating various modifications-of a portion of the
apparatus shown in Fig. 1 and also embodying

my invention.

Fig. 5 is a diagrammatic view

(ClL. 246—63)

showing a modified form of train carried appa-
ratus embodying my invention in which a modu-~
lator is actuated directly from the output of the
train carried amplifier. Fig. 6 is a diagrammatic
view illustrating certain. modifications of the
system shown in Fig, 1 and also embodying my
invention. |

" Similar reference characters refer to similar
parts in the several views.

Referring first to Fig. 1, the apparatus illus-
trated is generally similar to that shown in the
Lewis Patent No. 1,986,679 and the Nicholson
application Serial No. 218,137 identified above
and comprises a receiver R located in inductive
relation with the trackway and in which coded
current which may be assumed to be of a fre-
quency of 100 cycles per second of uncoded cur-
rent which may be assumed to be of a frequency
of 140 cycles per second may be induced. The
receiver is connected through a receiver circuit
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|, with the primary of a transformer T, the

secondary of which forms part of a filter F' the
output of which is delivered to the grid circuit
of an amplifier tube El.

The plate circuit of tube EI is connected

25

through the interstage transformer T2 with the -

grid circuit of a second tube E2 having its plate
circuit delivering current fo a load winding here
shown as the primary of a transformer T3, the
secondary of which is connected with the oper-
ating winding of a master relay MR. 'The fila-
ments of the electron tubes El and E2 are sup-
plied with energy from terminals B32 and C
of a suitable source of energy not shown in the
drawings and the plate circuits of these tubes
are supplied with energy from terminals B300
and C of a suitable source of high potential.

The train carried apparatus also includes a
cutover switch 8 which will usually be operated
manually by the engineman and which is ar-
ranged when in the position illustrated in the

- drawings to condition the train carried apparatus
for response to coded wayside current. When
the switch S is moved to the dotted line posi-
tion the train carried apparatus is conditioned
for operation by non-coded wayside current.

The receiver circuit | is tuned by means of
condenser 2 to resonance at the frequency of the
non-coded current to which the apparatus is in-
tended to respond (assumed for purposes of illus-
tration to be 140 cycles per second), and the
filter F' is also tuned to resonance at this fre-
quency by means of a condenser 3.

When the cutover switch S is in the “code”
position- as shown, contact 4 connects another

40

50

55




10

15

20

25

30

35

40

45

50

60

65

70

75

2
condenser 5 in the receiver circuit to tune this
circuit to resonance at the frequency of the
coded current which in the present instance is
assumed to be 100 cycles per second. Under this
condition also contact 6 of the cutover switch S
connects a condenser T in the filter circuit to
tune the filter also to resonance at the frequency
of the coded current, that is, 100 cycles per
second.

With the cutover switch in the position illus-
trated therefore coded current induced in receiv-
er R will be supplied through the receiver circuit
i and the filter F to the first stage tube El, will
be amplified by this tube and will be amplified and
detected by tube E2 and will operate relay MR
at the frequency of the coded variations in the
received current. The master relay MR may
control train carried governing means in- any
well-known manner. As here shown the master
relay supplies energy to decoding equipment
designated generally by the reference character D
and including a decoding relay A which is ener-
gized to illuminate & clear signal 8 in response
to a particular code which I shall term the
“clear” code. ' ’ )

When the cutover switch S is moved to the
dofted line position contacts 4 and 6 are open and
condenser 5 is then removed from the receiver
circuit.and condenser Tis removed. from the fil-
ter: circuit so that both the receiver circuit and
the filter are tuned to resonance at the frequency
of the uncoded current supplied to the track-
way. A modulator M is provided with a contact
9 connected in parallel with contact 6 of the cut-
over switch and with a contact 18 connected in
parallel with contact 4 of the cutover switch.
Contacts 9 and 10 are operated, when the modu-
lator is actuated, to periodically detune (for the
frequency of the uncoded current) the receiver
circuit- and the filter by connecting condensers
5 and 1, respectively, in those circuits, and this
results in periodic variation of the current de-
livered by the receiver to the first stage tube El.
The modulator is arranged to. preduce this. peri-
odic variation at the frequency of the code which
operates relay A and the uncoded current varied
by the modulator M therefore also operates. re-
lay A to produce on the train a clear signal in
response to uncoded current in the receiver.

It may happen, through inadvertence, that the
cutover switch S is:left in or moved to the non-
code position while the train is in code- territory.
Under these circumstances, if the modulator is
actuated, the operation of the modulator con-
tacts, in periodically varying the tuning of the re-
ceiver circuit. and. the filter, would distort the
received codes, and might even cause the train
carried apparatus to display an indication less
restrictive than that corresponding to the re-
ceived code. ’

This is undesirable and to prevent its oceur--

rence I prefer-to control the modulator M by the
receiver current so that the modulator can be ac-
tuated only when the train carried equipment is
actually receiving uncoded current of the proper
frequency. In the modification shown in Fig. 1,
I produce this desirable result by the provision
of a control relay CO.connected through a recti-
fier 11 and a. transformer T4 in series with the
by-pass condenser i2 which is connected across
the plate circuit of the second stage amplifier
tube E2. The-transformer T4.is shunted by con-
tact 13—I13a of the cutover switch when this
switch . is. in the code position, and under this
condition of course relay CO is deenergized.

2,160,669

When the cutover switch is moved to the non-
code position, however, the opening of contac}
13— 3¢ opens the shunt around transformer T4,
and relay CO then receives energy in accordance
with the alternating current component of the
output of tube E2. If non-coded current is being
supplied by the receiver the energy thus supplied
to. relay CO will be sufficient to energize it, and
current will then be supplied over contact {3—I3b
of the cutout switch S, front contact 14 of relay
CO and the driving contact 15 of the modulator
M to actuate the modulator.

It should be pointed out that the false or im-
proper operation explained above takes place only
as a result of modulator operation when uncoded
current is not being received, but with the ap-
paratus shown in Fig. 1 the modulator is actu-
ated only when the receiver is delivering 140 cycle
current to.the amplifier and the apparatus there-
fore prevents the undesired operation because re-
lay CO can be energized to actuate the modu-
lator only when uncoded current of the proper
frequency is delivered by the receiver.

Under certain conditions there may be induced
in the receiver R substantial amounts of current
of frequencies different from either the coded or
uncoded current to which the apparatus is in-
ténded to respond. These stray currents might
charge the condenser in the receiver circuit to
such an extent that when the modulator alter-
nately connects and disconnects condenser 5 the
interchange of electrostatic energy between con-
densers 2 and 5 might cause shock excitation of
the filter F* to a degree sufficient to falsely oper-
ate the clear signal 8 by improperly operating
the master relay MR and the decoding relay A.
With apparatus. embodying my invention how-
ever, since the modulator cannot operate except
when uncoded current of the proper frequency is
being received, false operation due to these stray
currents. is effectively prevented.

One advantage of the step-down. transformer
T4 is to improve the temperature regulation of
the reetifier L1 by making it. possible to more per-
fectly match the.impedances of the elements in-
cluded in the output circuit of the second stage
tube E2.

In actual practice I have found that the energy
available to retain relay CO. in its operated posi-
tion after the modulator has commenced. its op-
eration is materially less. than the energy avail-
able to pick up relay CO when uncoded current
is. first. supplied to the apparatus and before the
modulator commences. its.operation. This is due,

in part at least, to the fact that the modulator, :

during a portion of each of its. cycles, detunes the
circuits. through which. energy is supplied to the
amplifier, and hence reduces the energy supplied
to relay CO. In order to make sure that relay CO
is maintained energized after the modulator
starts a stick circuit is. provided from terminal
B32, over front contact 16 of the decoding relay
A, front contact IT of relay CO, a protecting re-
sistance 18 and the winding of relay CO to
terminal C.

In operation, when uncoded current is first
supplied: to. the receiver the energy delivered by
the second stage-tube E2 is sufficient to pick up
relay CO and start the modulator. While the
reduction in energy supplied to relay CO as a
consequence of the coding action of the modulator
upon the.receiver circuit and:the filter may cause
relay CO to.release, and thereby deenergize the
modulator, the modulator is constructed to
“coast” or operate through a number of cycles
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after its energizing circuit is opened. One form
of modulator which will operate in this manner
is disclosed in United States Patent No. 1,858,876
issued May 17, 1932, to P. N. Bossart, and this
“coasting” characteristic of the modulator is
preferably accentuated by connecting a rectifier
31 across its operating winding, While the modu-
lator is “coasting”, relay MR will be operated
through a sufficient number of cycles to energize
relay A. When the modulator comes to rest, the
steady uncoded energy will again pick up relay
CO, before relay A releases, and the stick circuit
for CO will thereafter maintain relay CO fully
energized after the modulator starts, in spite of
the reduction of the energy supplied to relay CO
from the plate circuit of B2 as a consequence of
the periodic variation in the current delivered by
the receiver.

The relay CO, instead of being connected across
the plate circuit of the second stage amplifier F2
as in Fig, 1, may alternatively be connected in se-
ries with the by-pass condenser {2 across the load
circuit of the tube as shown in Fig. 2. In this
modification the input terminals of the rectifier
t1 gre connected in series with the condenser 2
across the primary of the output transformer T3
through contact 13—I13b of the cutover switch
S when the switch is in the non-code position.
When the switech S is in its code position, as
shown, the relay CO is disconnected from the
output circuit of the tube E2 and relay CO is then
deenergized. Another modification illustrated in
Fig. 2 is that the modulator M is controlled solely
by its own driving contact 15 and the front con-
tact 14 of relay CO and is not governed by a con-
tact of the cutover switch S, as in Fig. 1.

If desired the relay CO may be permanently
connected into the circuit for tube E2 as shown
in Fig. 3. With this arrangement the relay CO
will be energized by either coded or non-coded
current but actuation of the modulator requires
both that relay CO be energized and that the
cutover switch S be in its non-code position.

In the modification shown in Fig. 4, relay CO
is. provided with two windings, the upper one of
which is connected, through: contact 13—13b of
the cutover switch S, in series with the primary of
the output transformer T3. With this arrange-
ment relay CO is energized by the direct current
component of the second stage plate current in-
stead of the A.C. component as in Fig. 1. Since
the relay CO has no rectifier and hence is not slow
acting, the relay would “pump” or follow the
periodic variations in the amplifier cutput when
the modulator is operated. To prevent this, a
holding circuit is provided for the lower winding
of relay CO including front contact 16 of the de-
coding relay A, front contact 11 of relay CO and
the limiting resistance 18. Thus in the same
manner as previously explained 'in connection
with PFig, 1, even though relay CO releases after
the modulator M starts, the modulator will
“coast” through several cycles and this will pro-
duce a number of cyclic operations of the master
relay sufficient to pick up relay A and complete
the holding circuit for relay CO the next time
relay CO picks up.

One advantage of the modification shown in
Fig. 4 is that since the relay CO is included in
series with the high inductance primary of the
transformer T3, the relay is immune to false
energization from ripple output in the direct cur-
rent filament supply. In systems of the type
here contemplated the flaments of the tubes are
generally energized from a train carried headlight

generator and current thus generated frequently
has a substantial ripple component.

Another advantage of the modification shown
in Fig. 4 is that no rectifier is required in the
energizing circuit for relay CO.

Referring now to Fig, 5, the apparatus is gen-
erally similar to that shown in Fig. 1, but the
modulator M, from which the driving contact is
omitted, is at times supplied through its rectifier
1§ with energy directly from the output circuit
of the second stage tube E2 in the place of the
master relay MR which, is then disconnected from
this cireuit. The modulator MI periodically
varies the tuning of the receiver and filter circuits
and in addition supplies periodically varied cur-
rent to the decoder D when the system is re-
ceiving uncoded current and the master relay MR
is disconnected from the amplifier.

When the cutover switch S is in the code posi-
tion, .as illustrated, a repeater relay CP is en-
ergized over contact 20 of the cutover switch, and
energy is supplied to the decoder D over the con-
tact of the master relay MR and contact {9—i%a
of the cutover switch from terminals B32 and C.
Under these conditions the modulator Mt is dis-
connected from the amplifier output circuit, con-
denser 7 is connected to the filter circuit over
front contact 21 of relay CP, and & condenser §A
in the receiver circuit is shunted by front contact
22 of relay CP. The receiver circuit and the
filter are then tuned to resonance at the fre-
quency of the coded current, and if current of
this frequency is supplied to the receiver, the
master relay is operated in accordance with the
code to operate the decoding equipment D as ex-
plained in connection with Fig. 1.

If, however, the cutover switch S is moved to
the non-code position; the repeater relay CP is
deenergized and energy is disconnected at con-
tact 19—18a from the contact of the master re-
lay MR. At the same time the closing of contact
19—19b of switch S connects energy to the
decoder D over contact 23 of the modulator ME.

The opening of front contact 21 of relay CP
disconnects condenser 1 from the filter circuit
and the opening of contact 22 of relay CP
ruptures the shunt path around condenser ba
in the receiver circuit and under these conditicns
both the receiver circuit and the filter are tuned to
resonance -at 140 cycles per second, the fre-
quency of the uncoded current.

Furthermore the opening of front contact 24
of relay CP disconnects the master relay from the
secondary of the output transformer T3 and sub-
stitutes for it at back contact 24 of relay CP the
modulator M! which is now connected through
rectifier {1 directly with the amplifier cutput.
The opening of front contact 25 of relay CP dis-
connects the by-pass condenser {2 from the plate
circuit of the second stage tube H2 so that this
tube now operates as a “class B” amplifier ingfead
of as a detector. The modulator Mi therefore re-
ceives energy only when uncoded current is in-
duced in receiver R and the receiver circuit and
the filter are tuned to resonance at this frequency.
If uncoded current is being induced in the re-
ceiver modulator Ml swings its armatures to the
right, and its contact 26 detunes the filter and its
front contact 27 detunes the receiver circuit to
the 140 cycle non-code current. This reduces the
energy supplied by transformer T8 to the modu-~
lator and the modulator armatures swing to the
left, thereupon restoring the tuning of the re-
ceiver circuit and the filter and again increasing
the second stage amplifier tube output to a

3.
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4
point sufficient to energize the modulator through
another cycle. This sequence of eperations con-

tinues and the modulator Mt therefore operates
cyclically. . The contaet 23 of the modulator now

supplies energy periodically to the deceder so that.

the governing apparatus is caused to display a
clear indication.

It will be noted that in Fig. 5 the relay Mt
serves not only as a modulator to periodically
tune and detune the receiver circuit and filter
but this relay also serves, when the cutover switch:
is in the non-code position, as a master relay to
supply periodically varying current to the decoder
for the operation of the train carried governing
apparatus.

Referring now to. Fig.. 6, I have shown a modi-
fied. form of the apparatus, generally similar to
that illustrated in Fig. 1, but provided with cer-
tain additional circuits for relay CO which are of
particular utility when the train carried appara-
tus is being subjected to test operations. In Fig.
6, the cutover switch S has only two: contacts,
one of which, 28—28a, is closed in: the code: posi-
tion for shunting. transformer T4 and thereby
deenergizing relay CO. The - other contact
23—28h of switch S is closed in the non-code
position and supplies energy to a repeater relay
CP and to the actuating circuit for the modu-
lator M over front contact 4 of relay €O and
the driving contact !5 of the modulator. When
the switch S is in the code position relay CP
is deenergized and the receiver circuit and the
filter are then tuned to the frequency of the
coded current as in Fig. 5.- When the switch S is
‘moved to the non-code position relay CP is en-
ergized and the receiver circuit and the filter are
then tuned to resonance as in. Fig. 5:to the fre-
queney of the non-coded: current.

Relay CO is then actuated by energy received
from the output circuit of the second stage tube E2
and the energization of relay CO completes the
actuating circuit for the modulator M which by
its contacts 9 and 10 periodically tune and de-
tune the receiver circuit and.the filter to produce
cyclic operation of the master relay MR for the
purpose of selectively energizing the decoding
relay A.

1t .should be noted: that contacts 28a and: 28b
of the switch S “overlap” in order to make sure
that in movement of the switch from the code po-
sition to the non-code position the repeater relay
P will become energized before relay CO.is in-
serted in the output circuit for the amplifier.

Tt is customary in testing train carried appa-
ratus of the type here involved to place the re-
ceiver adjacent a conductor- to- which uncoeded
current of 140 cycles is supplied, and then to
gradually increase the- value of this current. and
note the response of the train carried apparatus.
In following this procedure, when the rail -cur-
rent is increased to an amount. just sufficient to
operate relay CO, modulator M is actuated and
this produces periodic tuning -and detuning of
the receiver circuit and the filter as pointed out
above. It may happen that this periodic varia-
tion in the amplifier input will reduce the ampli-
fier cutput energy below that required to main-
tain relay CO energized, whereupon relay CO
will release and deenergize modulator M. The
modulator will gradually come to rest, whereupon
the increased energy available in the amplifier
due to the fact that the periodic variation in its
input has ceased will again. pick up: relay CO.
The apparatus will go through: this cycle repeat-
edly and thereby cause flashing of the clear signal

2,160,669

lamp: controlled by decoding relay A. This is un-
desirable and in order to prevent its occurrence I
prefer to adjust the parts so that the pick-up
value-of relays CO is:below that required for oper-
ation.of the master relay. With this arrangement
the master relay will not operate to cause flash-
ing of the clear signal lamp unless the rail cur-
rent, is raised: te an amount sufficient to make
sure that the modulator action will not cause re-
lay CO torelease. g

Furthermore I provide relay CO with two auxil-
iary circuits, one a stick circuit which may be
traced from terminal B32 over front contact 16
of the decoding relay A, limiting resistance (8,
front contact. 29 of relay CO, winding of relay CO
to terminal C, and the other circuit being identi-
cal with that traced above except that contact
30 of the modulator M is connected in parallel
with front contact 29 of relay CO. With this ar-
rangement, if the rail current and hence the cur-
rent induced in receiver R is sufficient to actuate
the decoding relay A, an auxiliary circuit for re-
lay CO is closed either over front contact 29 of
relay CO, or over contact 30 of the modulator, to
hold the relay energized independently of the en-
ergy received. from. the amplifier output.

Furthermore I prefer to place the contacts 9
and 10 of the modulator, which when closed de-
tune the receiver circuit and filter for uncoded
current, -on the same side of the modulator as
the driving contact 15. With this arrangement,
when the modulator actuating circuit is. first
closed, the armature will. swing in one direction
(to the right as represented in the drawings) and,
after contact 15 opens, will swing back in the
other direction to again close the driving contact
and energize the modulator winding for the sec-
ond time before contacts 9 and 10 are closed.
This insures that the modulator will be fully en-
ergized and, as explained in connection with Fig.
1,.will coast long enough to positively energize re-
lay A, even though the energy supplied to CO from
tube E2 is reduced below the value necessary to
retain CO energized.

I have therefore provided apparatus which will .
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facilitate testing of the equipment in that flash-

ing of the clear signal is prevented and unde-
sired release of relay CO is suppressed.

Although. I have herein shown and described
only a few forms of train control systems em-
bodying my invention, it is undenstood that
various. changes and modifications may be made
therein: within the. scope of the appended claims
without departing from. the spirit and scope of
my invention,

claim. is:

1. In a train control system, the combination,
with a receiver to-be energized by modified or un-
modified current flowing in the trackway and a
traffic control device supplied with energy from
said receiver and responsive to the influence of
modified current, of a modulator for modifying
the unmeodified current induced in said receiver
to simulate the effect. of modified current and
cause response of said device, and means for con-
trolling said modulator in accordance with the
energy supplied by said receiver,

2. In a. train control system, the combination,
with. a receiver to be energized by modified or un-
modified current flowing in the ftrackway, an
amplifier and: governing means controlled by said
amplifier and responsive to.modified current sup-
plied to the amplifier, of circuit means for con-
necting said receiver with the input terminals of

50
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said amplifier, and modulator means controlled
by said amplifier for controlling said circuit
means to modify unmodified current supplied
from said receiver to cause response to said gov-
erning means,

3. In a train control system, the combination,
with a receiver to be energized by uncoded cur-
rent flowing in the trackway, an amplifier, circuit
means cohnecting said amplifier with said re-
ceiver and governing means controlled by said
amplifier and requiring coded current for its oper-
ation, of modulating means for periodically
changing the tuning of said circuit means to
cause the response of said governing means, and
means controlled by said amplifier for actuating
said modulating means only if the energy sup-
plied by said receiver is above a predetermined
value,

4. In a train control system, the combination,
with a receiver to be energized by modified cur-
rent of one frequency or unmodified current of a
second frequency flowing in the trackway, an
amplifier, circuit means for connecting said re-
ceiver with said amplifier and tuned to resonance
at said one frequency, and governing means con-
trolled by said amplifier and responsive to coded
current, of a cutout switch having two positions,
means controlled by said cutout switch in one
position to tune said circuit means to resonance
at said second frequency, modulating means for
periodically changing the tuning of said ecircuit
means, and means effective when said switch is
in said one position and controlled by said am-
plifier to actuate said modulating means provided
only the average value of the current of said
second frequency in said amplifier is above a
predetermined minimum.

5, In a train control system, the combination.

with a receiver to be energized by uncoded cur-
rent flowing in the trackway, an electron tube,
governing means controlled by the plate circuit
of said tube and responsive to coded current, and
circuit means connecting said receiver with the
grid of said tube, of a relay receiving energy from
the plate circuit of said tube, and modulating
means controlled by said relay for periodically
varying the tuning of said circuit means to mod-
ify the current supplied by the receiver to said
grid for operation of said governing means.

6. A train control system comprising a receiver
to be energized by uncoded alternating current

" flowing in the trackway, an electron tube, circuit
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means for energizing the grid of said tube from
said receiver, governing means controlled by the
plate circuit of said tube and responsive to coded
current, a rectifier having its input terminals
supplied with energy from the alternating com-
ponent of the plate current of said tube, a relay
connected with the output terminals of said rec-
tifier, and a modulator controlled by said relay
for periodically varying the tuning of said cir-
cuit means to code the current supplied to said
governing means.

7. A train control system comprising a receiver
to be energized by uncoded alternating current
flowing in the trackway, an electron tube, circuit
means for energizing the grid of said tube from
said receiver, governing means controlled by the
plate circuit of said tube and responsive to coded
current, a transformer having its primary sup-
plied with energy from the plate circuit of said
tube, a relay connected with the secondary of
said transformer, a rectifier interposed between
said secondary and said relay, and a modulator
controlled by said relay for periodically varying

5

the tuning of said circuit means to code the cur-
rent supplied to said governing means.

8. A train control system comprising a receiver
to be energized by uncoded alternating current
flowing in the trackway, an electron tube having
a grid circuit energized by said receiver, a decod-
ing relay controlled by energy in the plate cir-
cuit of said tube and selectively responsive to the
supply of coded current to said grid circuit, a
second relay, means for energizing said second
relay in accordance with current in the plate cir-
cuit of said tube, a stick circuit for said second
relay including a contact of said decoding relay,
and modulating means controlled by said second

relay for periodically varying the current supplied
by said receiver for actuating said decoding relay.’

9. A train control system comprising a receiver
to be energized by uncoded alternating current,
an electron tube having a grid circuit energized in
accordance with the current induced in said re-
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ceiver, a master relay, a plate circuit for said tube

including a load winding for controlling said re~
lay, a by-pass condenser connected across said
load winding, a rectifier having its input termi-
nals connected in series with said by-pass con-
denser, a second relay connected with the output
terminals of said rectifier, a modulator con-
trolled by said second relay for periodically vary-
ing the uncoded current-induced in said receiver,
and decoding means confrolled by said master
relay and selectively responsive to coded current
in said receiver.

10. A train control system comprising a receiv-
er to be energized by unceded alternating cur-
rent flowing in the trackway, a traffic -control
device responsive to coded current, circuit means
for energizing said device in accordance with the
current in said receiver, a relay, a cutout switch,
means controlled by said switch for at times plac-

‘ing said relay under the control of current sup-

plied to said circuit means by said receiver, and
modulating means controlled by said relay for
controlling said circuit means to code the cur-
rent delivered by said receiver. ‘

11. A train control system comprising a receiv-
er to be energized by uncoded alternating current
flowing in the trackway, a traffic control device

" responsive to coded current, circuit means for en-

ergizing said device in accordance with the cur-
rent in said receiver, a relay, a cutout switch,
means controlled by said switch for at times plac-
ing said relay under the control of current sup-
plied to said circuit means by said receiver, and
modulating means controlled by a contact of said
relay and by a contact of said switch for periodi-
cally varying the current delivered by said re-
ceiver.

12. A train control system comprising a re-
ceiver comprising a receiver to be energized by
uncoded alternating current flowing in the track-
way, a trafiic control device responsive to coded
current, circuit means for energizing said device
in accordance with the current in said receiver,
a relay constantly connected to be influenced by
eurrent supplied to said circuit means by said
receiver, a modulator for periodically varying
the current delivered by said receiver, a cubout
switch, and a circuit controlled by said switch and
by a contact of said relay for actuating said mod-
ulator.

13. A train control system including a receiver
to be energized by uncoded alternating current
flowing in the trackway, an amplifier including a
first stage tube and a second stage tube, a decod-
ing relay controlled ‘by said second stage tube
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6
and responsive to the supply of coded current to
the grid of the first stage tube, circuit means for
connecting said receiver with the grid of said
first stage tube, a second relay, means for sup-
plying to said relay a current in accordance with
the direct current component of the second stage
tube plate current, a stick circuit for said second
relay controlled by a contact of said decoding re-
lay, and a modulator controlled by said second
relay for coding the current delivered to said cir-
cuit means by said receiver.

14. A train control system including a receiver
to be energized by uncoded current flowing in the
trackway, an electron tube having a grid circuit
energized in accordance with the current in said
receiver, decoding apparatus responsive to coded
current and controlled by the plate circuit of said
tube, a modulator for coding the current deliv-
ered by said receiver, and means for supplying ac-
tuating energy to said modulator from the plate
circuit of said tube.

15. A train control system comprising a re-

ceiver to be energized by coded current of one.

frequency or by uncoded current of a second fre-
quency flowing in the trackway,.an electron tube
circuit means for energizing the grid of said tube
in response to currenf in said receiver, a load
winding in the plate-circuit of said tube, a master
relay, decoding apparatus controlled by said mas-
ter relay, a cutout switch, means controlled by
said switch in one position to tune said -circuit

means o resonance at.said one frequency and to

energize said master relay from said load winding,
a by-pass condenser connected around said load
winding through a contact of said switch. closed
in .said .one position, a .modulator, means con-
trolled by said switch in another position for tun-
ing said eircuit means to resonance at said second
frequency, and for energizing said modulator
from said load winding, and means controlled by
said modulator for periedically detuning said cir-
cuit means for said second frequency and for
supplying periodic - current ito -said -decoding
.means. -

16. A train control.system comprising a receiv-
er to be energized by uncoded current flowing in
the trackway, governing means responsive. to
coded- current, means for supplying said govern-
ing means with energy in accordance with the
current in said receiver, a relay, means for sup-
plying current to said relay in accordance with the
energy supplied to said governing means, a modu-
lator controlled by said relay for coding the cur-
rent delivered by said receiver, and an energizing

2,160,869

circuit for said relay controlled by said modu~
lator. ’

17. A train control system comprising a receiv-
er to be energized by uncoded current flowing in
the trackway, governing means responsive to
coded current, means for supplying said govern-
ing means with energy in accordance with the
current in said receiver, a relay, means for sup-
plying current to said relay in accordance with

the energy supplied to said governing means, a -

modulator controlled by said relay for coding
the current delivered by said receiver, and an
energizing circuit for said relay contrelled by said
modulator and by said governing means.

18. A train control system comprising a receiv-
er to be energized by uncoded current flowing in
the trackway, governing means responsive to cod-
ed current, means for supplying said governing
means with energy in accordance with the cur-
rent in said receiver, a relay, means for supply-
ing current to said relay in accordance with the
energy supplied to said governing means, a mod-
ulator controlled by said relay for coding the
current delivered by said receiver, an energizing
circuit for said relay controlled by said govern-
ing means and including & contact of said modu-
lator, and a stick circuit for said relay including
a front contact of said relay and controlled by
said governing means but not by said modulator.

19, A train control system comprising a re-
ceiver to be energized by uncoded alternating
current flowing in the trackway, an electron tube,
means including a circuit tuned to resonance at
the frequency of said alternating current for en-
ergizing the grid of said tube in accordance with
energy delivered by said receiver, a master relay
receiving energy from the plate circuit of said
tube, a decoding relay controlled by said master
relay and responsive to cyclic operation. of the
master relay,.a control relay and a rectifier,
means including said rectifier for supplying en-
ergy .from the plate circuit of the tube to said
control relay, a modulator controlled by said con-

trol relay for periodically detuning said. circuit

means for said alternating current to produce
cyclic operation of said master relay, an energiz-
ing circuit for said control relay including a con-
tact operated by said. governing means .and a
contact of said modulator, and a stick circuit for

said control relay including a front contact of’

the control relay and a contaci operated by said
governing means, . -
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