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12 Claims..

" My *hvention relates to coded control ciréuits
for use in Systems of railway signaling and it has
special reference to the employment by such cir-
cuits of the “coded feed back” operating prin-
ciple that first was disclosed by Frank H. Nich-
olson, United States Patent No, 2,021,944 (issued
November 26, 1935), and that also is shown' by
numerous later patents and applications of com-
mon ownership herewith..

Generally stated, the object of my invention is
to increase the utility and broaden the range of
application of “coded feed back” control circuits
of both the track and the line type.

A more specific object is to impart to the “feed

back’ portions of such circuits the “master code”
operating advantages that are inherent in ‘con-
trol circuits of the “polar impulse” type which my
United States Patent No. 2,282, 099, dated May 5,
1942, discloses and claims.

Another object is to render both' the feed back
and ‘the master code relays of such cireuits

10

highly immune to false operation by “foreign

current? that may be present in: the circuit, con-
ductors.

Another object is to ehmlnate operatmg diffi-
culties due to persistence of “storage energy”
and/or generation of “kick back” energy in the
conductors following each pulse of both master
code and feed back energy that is supplied there-
to.

A further object is to provide improved fa-
cilities for impressing the pulse feed back energy
~upon the circuit conductors: and for receiving
that energy from those conductors.

A still further object is to' organize the im-
proved facilities in such manner that the result-
ing “coded feed back’ control circuits are readily
usable in signaling systems of the “frequency
code” and other types of commerc1ally proven
practicability.

In practicing my invention, I attain the above
and other objects and advantages by: (1) em-
ploying recurring pulses of “master code” energy
that have positive and negative polarities in al-

ternating sequence and that are of relatively-

short individual duration; and (2) by utilizing
intervening pulses of “feed back” energy that also
have positive and negative polarities in alternat-
ing sequence-and that also are of short individual
duration.
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I shall describe several forms of “coded feed '

back” control circuits which  embody my inven-

tion, and shall then point out the novel features

thereof in- claims. . These illustrative embodi-
ments are disclosed in the agcompanying draw-
ings in which:

Fig. 1 is a diagrammatic representation of a
track type of control circuit that incorporates
the improvements of my invention and that is
organized to form part of an automatic block
signaling system having “coded feed back” ap-
proach lighting control; v

Fig. 2 shows the “miaster” and “feed back”
codes for the circuit of Fig. 1 and indicates the
manner in which those codes are produced by
joint operation of the circuit relays; = -

Fig. 3 illustrates modified entrance end ap-
paratus and modified exit end apparatus for the
track circuit of Fig. 1; and

Figs. 4, 5 and 6 show apparatus suitable for
repeating both the “master’” and the “feed back”
energy pulses around the insulated joints of &
cut section. :

In the several views of the drawmgs ‘like refer-
ence characters designate corresponding parts.
Referring first to Fig! I, the improved control

- circuit organization of my invention is there dis-

closed in association with a ‘coded track circuit
system of ‘automatic block signaling for & rail-
way track [—2 over which it will be assumed that
traffic moves in the single direction indicated
by the arrow, or from left to right in the dia-
gram. The protected stretch of this track is. di-
vided into the customary successive sections by
insulated rail joints 3 and the rails of each sec-
tion form part of a track type of control cir-
cuit whmh normally is capable of transmitting
energy between its two ends but which. at times
is rendered incapablée of such transmission..

The “polar impulse” frequency code. track circuit
of Fig. 1

In this view of Fig. 1, reference characters II
and IIT respectively designate the entrance and.
the exit ends of one.of these track sections.
This particular section is il-lustratively shown as -
being a full signal block in- length: and its: en-
trance end is guarded by the usual wayside sig-
nal SIL.

Control of this signal is effected through the

. medium of “polar impulse” code facilities which

duplicate those. shown. in. Fig. 3 of my: issued
United States Patent No. 2,282,099 earlier re-
ferred to. . .

At the exit location III thoses facilities utilize
a source of positive polarity energy TP and a
source of negative polarity energy TN; & coding
relay CR having a-contact 5 which repeatedly
picks up and: releases for' the: purpose of:connect-
ing-in: recurring code. pulse. mahner the section

55 Tails first’ with. the positive. source. TP and then

with the negative source TN; a repeater relay
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CP energized over a contact 6 of device CR and
having a contact T which shortens the pulses of
both positive and negative energy that are im-
pressed upon the section rails; a pair of code
transmitters 188CT and T5CT having contacts
189 and 15 which respectively operate at the rates
of 180 and 75 times per minute; and a code de-
tecting relay H having a contact 1T which when
picked up assigns the driving circuit of coder
relay CR to transmitter contact {80 and which

when released transfers the driving circuit to.

transmitter contact 15.

At the entrance location II the “polar impulse”
facilities utilize a track relay TR of the “polar
stick” code following type which has its winding
~ connected across the rails and which holds its
contacts to the left during each positive polarity
pulse of winding received energy and to the
right during each negative polarity pulse of the
received energy; a decoding transformer DT
which receives primary current under the con-
trol of a pole changing contact -8 of the track
relay; a code detecting relay H which is of the
direct current delayed release type and which
is energized from the decoding transformer sec-
ondary over a rectifying contact 9 of the track
relay; a code distinguishing relay D which is
energized from transformer DT through a fre-
quency selective unit 180DU and which picks up
only when relay TR follows the 180 or high speed
code; and contacts 18—19 through which de-
coding relays H—D select the indication that is
displayed by wayside signal SII.

In the form shown, this signal is of the well-
known color light type. Its “clear” lamp G is
lighted when the relays H—D are both picked up;
its “approach” lamp Y is lichted when relay
H is picked up at a time that relay D is released;
and its “stop” lamp R is lighted whenever relay
H is released.

In the “polar impulse” track circuit combina-
tion of Fig. 1, the earlier described exit end or
location IIT apparatus operates in the following
manner. With the track section in advance of
jocation ITT vacant, contact 17 of relay H assigns
coding relay CR’s driving circuit to transmitter
contact 180 and thus causes the relay’s contacts
5§ to operate at the high speed or 180 code
rate.

Each pick-up or front closure of contact 3
produces a “positive” period in the “master code”
energy pattern that is represented in Fig. 2.
During the continuance of the energy pulse which
defines that period, the positive source TP main-
tains rail | positive with respect to rail 2. This is
done over a conhection extending from the posi-
tive terminal of source TP through front contact
5 of device CR, conductor i, the track rails |
and 2, conductor i3, a current limiting impedance
{2, and contact 1 of device CP in its right or
“reverse” position (shown dotted) back to the
negative terminal of source TP.

Upon each release of the coding contact §
thére is produced a “negative” period in the
master code energy pattern of Fig. 2. During the
continuance of the energy pulse which defines
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that period the negative source TN maeaintains -

rail 2 positive with respect fo rail I, This is
done over a connection that extends from the
positive terminal of source TN through contact
71 of relay TP in its left or “normal” position
(shown in full lines), impedance 12, conductor
43, track rails 2 and I, conductor i1, and back
contact 5 of device CR back to the negative ter-
minal of source TN.
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As the specification of my issued United States
Patent No. 2,282,099 more fully explains, the re-
peater relay CP is a code following device of the
“polar stick” or magnetically toggled type. Flow
of energy over device CR’s front contact 6 through
the left portion of relay CP’s winding moves con-
tact T to the left or normal position, while flow of
energy over CR’s back contact & through the right
portion of the relay CP’s winding shiits contact
1 to the right or reverse position. Once, more-
over, contact T reaches either of these two posi-
tions, it there remains continuously until the
winding of relay CR receives energy of the op-
posing polarity. -

As my isstied United States Patent No. 2,282,-
099 further explains: (1) each back contact clo-
sure by coder relay CR thus causes the repeater
device CP to shift-its contact 7 from the left or
normal to the right or reverse position; and (2)
each front contact closure by device CR thus
causes relay CP to shift contact T from its right or
reverse position back to the left or normal posi-
tion. Each of these shifts is accompanied by a
short delay during which each of the rail supply
circuits earlier traced is completed. In conse-
quence, the recurring pulses of positive polarity
energy supplied from source TP are rendered
much shorter than the recurring code periods
which those pulses define and the intervening
pulses of negative polarity energy from source
TN likewise are rendered much shorter than the
intervening code periods which those pulses de-
fine.

This will become more apparent upon reference
to Fig. 2 wherein: (1) the elevated portions of
the “CR” patiern designate picked up conditions
of contacts 5—8, while the depressed portions of
the same pattern designate released conditions-
of those contacts; and (2) the elevated portions
of the “CP” pattern designate a normal or left
closure of contact T, while the depressed portions
of that pattern designate a reverse or right closure
of the same contact. .

If, for example, contacts 5—& of device CR
reach their picked up position at point @, then
the repeater relay contact 7 will begin moving
from its right to its left position at the slightly
later point b. Likewise, if contacts 5—&6 reach
their released position at point ¢, then repeater
relay contact 7 will begin movement from its left
to its right position at the slightly later point d.

Each of the positive pulses of master code
energy. supplied from source TP will, therefore,
be of the relatively short duration designated at
a—>b in Fig. 2, and each of the negative pulses
supplied from trackway source TN will have a
corresponding shortness designated by c—d in
Fig. 2. As compared with the total length a—c
and c—e of the “positive” and “negative” code
periods which the just named pulses respectively
define, the duration of rail energy application will
be seen o be relatively short.

-In being transmitied over the section rails to
entrance location II, each positive polarity pulse
of. master code energy causes the track relay
TR to move its contacts to the left or “normal”
position and each negative polarity energy pulse
causes the relay to shift the contacts to the right
or “reverse” position. Each of these shifts takes
place rapidly and requires only a short applica-
tion of energy to the relay winding.

This action is shown by the “TR” portion of
Fig. 2. There the elevated portions of the pat-
tern designate left or normal closures of the
track relay contacts, while the depressed por-
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tions of the pattern designate right or reverse
contact closures. From Pig. 2 it will be seen that
cperation of the track relay TR is exactly the
same as were each of the positive pulses of master
code energy to be prolonged for the full dura-
tion of the “positive” code periods and each of
the negative pulses to be prolonged for the full
duration of the “negative” code periods.

In the entrance end organization shown, such
a code following operation by the track relay
TR causes the detector relay H to hold its con-
tacts continuously picked up regardless of wheth-
er that operation be at the high speed or 180
code rate or at the low speed or 75 code rate.
In either event, the winding of relay H receives
(from source terminals “plus” and “minus” and
through transformer DT) code frequency pulses
of energizing current which hold contacts (T—{§
picked up.

In the case of code distinguishing relay D,
however, pick-up occurs only when the track re-
lay TR follows code at the 180 or high speed
rate. And finally, stoppage of rélay TR’s code
following operation causes relays H and D both
tc release.

From the foregoing description of the “polar
impulse” coded track circuit apparatus of Fig, 1,
it is apparent that a three indication automatic
block signaling system may be provided by equip-
ping each of a plurality of consecutive track sec-
tions with this Fig. 1 apparatus and arranging
that the entrance end relay H of each section
determine (by means of contact {71 as shown at
location ITI) the rate of pulse recurrence of the
polarized “master code” energy that is supplied
to the exit end of the rear adjoining section.

Fach traln passing through such a signaled
stretch of track sets up its own following protec-
tion in the three indication automatic block man-
ner which my issued United States Patent No.
2,282,099 explains in detail. )

Approach control apparatus of Fig. 1
Coded ftrack circuits of the “polar impulse”

t¥pe just described provide a most desirgble form '

of block signal control and when organized into
a complete “frequency code” system, they offer
a number of important advantages. As the spec-
ification of my United States Patent No. 2,082,099
miore fully sets forth, these include a lowering of
the power requirements of the track circuits, a
raising of the immunity to false operation by
foreign currents, an elimination of operating dif-
ficulfies due to storage energy persistence, a low-
er'ing of code distortion effects, and an improve-
menyt in shunting sensitivity. All of these advan-
tages are, of course, in addition to the obvicus
elimination of all signal control line wires.

In many instances it is further desirable to
approach energize the wayside signals SII, SIIT,
etc., and certain other traffic governing devices
of the complete system. To meet this need, I
have evolved the non-line-wire approach control
combination which in one preferred form is fur-
ther shown by the diagram of Fig. 1.

This combination utilizes the “coded feed
back” operating principle of the earlier named
Nicholson United States Patent No. 2,021,944,
and the Fig. 1 form thereof requires that the
“polar impulse” track circuit combination earlier
described be supplemented by certain apparatus
which will now be named.

At Fig. I’s exit location III, this supplemental
apparatus includes: (1) an approach relay AR

having a contact 21 which keeps wayside signal-

&
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SIII deenergized at. all times except when a train
approaches the signal location over the rails of
section IT——IIT; (2) a detector relay KR which
controls the energization of relay AR through
the medium of contacts 28—24 and an interposed
transformer AT; and (3) circuits over which the
winding of relay KR is connected in energy re-
ceiving relation with the section rails {—2 dur-
ing the “off” portions of the master code’s posi-
tive and negative periods. .

At Fig. 1’s entrance location II, the supple-
mental apparatus includes: (1) a source of posi-
tive polarity “feed back” energy KP and a source.
of negative polarity “feed back” energy KN;
(2) a repeater device RP for -track relay TR
which is energized over that relay’s contact 25;
and (3) circuits including contacts 26—271 of
device RP and contact 28 of device TR over
which sources KP and KN are selectively con-
nected with the section rails I—2 during the
“off” portions of the master code positive and
negative periods.

Entrance end relay RP has response charac-
teristics similar to those earlier explained for
the exit end repeater CP. Flow of current over
device TR’s left or “normal” contact 25 through
the left portion of relay RP’s winding causes

 contacts 28-—2T to move to their left or normal
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position. Similarly, flow of current over relay
TR’s right or “reverse” contact 25 through the
right portion of relay RP’s winding causes con-
tacts 28—27 to shift to their right or reverse
position. )

For g purpose later to be made evident, each

. such shift is accompanied by a short period of

response delay. During this delay, one or the
other of the “feed back” sources KP—KN is
connected with the section rails and as g result

those rails are supplied with intervening pulses

of “feed back” energy that have positive and
negative polarities in alternating sequence and
that are of short individual duration.

The character of these “feed back” energy
pulses will best be understood upon reference
to Fig. 2. From that figure it will be seen that
each positive pulse of “master code” energy is
followed by a negative pulse of “feed back”
energy and that each negative pulse of “master
code” energy is followed by a positive pulse of
“feed back” energy.

The manner in which these feed back pulses
are supplied  will now be explained. Under
vacant conditions of track section IT—III, the
track relay TR moveg its contacts 25—28 from
their left to their right and from their right to
their left positions repeatedly and in respective
step with the pick-ups and releases of coder relay
CR’s contacts 5-~8 at the section exit. At times
this contact movement takes place at the high
speed or 180 code rate and at other times at the
low speed or 75 code rate.

In either case, each left positioning of relay
TR’s contacts 25—28 is followed after g brief
time interval by g transfer of repeater device
RP’s contacts 26—27 from their right to their
left positions. Similarly, each movement of the
track relay TR’s contacts 25—28 to their right
positioning is followed after a brief interval by
a transfer of repeater device RP’s contacts

. 26—27 from their left position to their right po-

sition. )

Again referring to Fig. 2, if the track relay
contacts reach the left positions at instant k,
then the repeater relay contacts will leave their
right positions at the somewhat later instant i;
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if the track relay contacts return to their right

positions at instant m, then the repeater relay.

contacts will leave their left positions at the
somewhat later instant n; and so on.

Upon each left positioning of the track relay
contacts, the section rails are supplied with a
negative polarity pulse of feed back energy.
This supply is over a circuit which extends from
the positive terminal of feed back source KN
through right contact 26 of device RP, conductor
30, track rails 2 and I, conductor 31, the wind-
ing of relay TR, conductor 32, left contact 28
of device TR and conductor 33 back to the nega-
tive terminal of source KN,

This negative feed back supply continues for
the time (see k—I of Fig. 2) required for the
repeater device RP to open its right contact.
As shown in Fig. 2, this time-is relatively short.
The direction of feed back current flow through
the winding of track relay TR is, moreover, such
as - to continue contacts 2528 in thelr left
posmons

Upon each right positioning of the track relay
contacts by a pulse of negative polarity “master
code” energy, the. track rails are supplied with

a positive polarity pulse of “feed back” energy.

10

156

20

This supply is over a circuif extending from the -

positive terminal of source KP through right

- contact 28 of device TR, conductor 32, the wind-

ing of device TR, conductor 31, track rails { and
2, conductor 38 and left contact 26 of device RP
back to the negative terminal of source KP.
Completion of that circuit continues only for
the relatively short time desighated at m—n in
Fig. 2, and interruption results when repeater
relay’ RP- shifts contacts 26—27 away from
their left positions. This causes the positive
feed back pulse to be of the relatively short du-

30

35

ration illustrated. During that pulse, moreover,

the flow of feed back current through the wind-
ing of track relay TR is in the direction which
urges that relay’s contacts 2528 more firmly
into their newly established right positions.

. In the manner just stated, therefore, each
response of the track relay TR to a positive pulse
of “master code” energy causes the rails to be
supplied with a negative pulse of “feed back” en-
ergy, and each response of the track relay to a
negative pulse of “master code” energy causes the
rails to be supplied with a positive pulse of “feed
back” energy.

For assurmg proper connection of the track re-
lay with the section rails during each reception of
a “master code” energy pulse, use is made of the
repeater device RP’s second contaect 21. Through
the medium of this contact and the track relay’s
contact 28, there is established between conduc-
tors 30 and 32 a current path over which the
track relay winding is energized by each positive
polarity pulse and by each negative polarity pulse
of master code current that is received at the
entrance location II. .

‘Referring again to Fig. 2, it will be seen: (1)
that following each rail-supplied pulse of nega-
tive polarity “feed back™ energy, contacts 27—28
of relays RP—TR both occupy their left posi-
tions; and (2) following each positive pulse of
rail supplied “feed back” energy, contacts 27—28
of devices RP—TR both occupy their right- p051—
tions.

. Under the condition first stated, there is:com-
pleted for the winding of track relay TR a master
code energizing path that extends from section
rail 2, through -conductor 80, left contact 27 of
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device RP, conductors 35 and 33, the left confact
28 of device TR, conductor 32, the winding of
relay TR and conductor 3{ back to section rail 1.
It is over this path that a succeeding negative
polarity pulse of master code current energizes the
track relay TR.

Under the condltlons second stated above, there
is set up for relay TR a master code energizing
path which extends from section rail I, through
conductor 31, the winding of relay TR, conductor
32, right contact 28 of device TR, conductor 36,
right contact 27 of répeater RP, and conductor 30
back to rail 2. It is over this path that a suc-
ceeding pulse of positive polarity master code cur-
rent energizes the track relay TR.

Once established, moreover, each of the connec-
tions just traced remains intact until the track
relay TR shifts its contacts in response to the re-
ceived master code energy. When that happens,
the connection is, of course, broken at contact 28
and the winding of relay TR then becomes mo-
mentarily disconnected from the seetion rails.
The track relay energization which preceded that
disconnection is; however, sufficient to complete
the transfer of contact position and in conse-
quence, relay TR follows code in the same man-
ner as were its eircuit conductors 39 and 32 to be
continuously joined together.

At the exit end IOI.of the Fig. 1 track secmon
the just described “feed baeck” energy pulses are
impressed upon the winding of the detector relay
KR in a manner which will now be explained.

This detector relay KR is a code following de-
vice of the “polar biased” type and it responds as
noted - below. In the absence of current flow
through the relay winding, contacts 23-—24 oc-
cupy the released position shown dotted; flow
of current through the relay winding in the direc-
tion of from left to right (see the small arrow)
picks contacts 23—24 ‘up to the position shown in
full lines; and flow of winding current in the op-
posite direction of from right to left urges con-
tacts 23—24 downwardly into their released posi-
tion.

Relay KR’s winding is connected with the track
rails over conductors {3-—14, pole-changing con-
tacts 33—40 of the master coder relay CR, con-
tacts 50 and § of devices CP and CR, and conduc-
tors If and 13. Over this connection each pulse
of “feed back” energy that is received from
entrance sources KP—KN picks up relay KR’s
contacts while each pulse of “master code” energy
that is supplied from exit sources TP-—TN keeps
those contacts released.

The stated pick-up of relay KR’s contacts 1s
effected by received “feed back” energy of both
the positive and the negative polarity. This is due
to the pole-changing action of coder relay CR’s
contacts 39—40. Because of that action all re-
ceived feed back pulses of either polarity flow cur-
rent through relay KR’s winding in the arrow-
indicated direction of from left to right.

Looking first at the “positive” feed back pulses,
it has already been seen (from Pig. 2) that each
such pulse makes rail [ positive with respect to
rail 2 and is accompanied by a closure of .coder
relay CR’s back contacts plus a closure of repeater
relay CP’s right or reverse contacts, In appearing
between the rails at the exit location III such
positive feed back potential thus picks up relay
KR over a path extending from rail | through
conduetor ti, device CR’s back contact 5, con-
ductor 54, ‘device CP's right contact 50, conductor
52, dev1ce CR’s back contact 39, conductor 14, the



2,362,419

winding of relay KR, conductor 13, device CR’s
back contact &8, and conductor 13 back to rail 2.

Looking next at the “negative’” feed back pulses;
it has already been seen (also from Fig. 2) that
each such pulse makes rail 2 positive with respect
forail I and is accompanied by a closure of coder
relay CR’s front contacts. plus..a closure of re-
peater relay CP’s left or normal contacts. In
appearing betwéen the rails at location IIT such
negative feed back potential thus picks. up the
detector relay KR over & path extending from rait
2 through' conductor 13, device CR’s front con-
tact 89, conductor 14, the winding of relay KR,
conductor 5, device CR’s front contact 40, con-
ductor 52; device CP’s left contact 50, conductor
53, device CR’s front contact 5, and' conductor {1
kack to rail ¢, C

As long, therefore, as Fig. 1’s track section

IT—IIT remains vacant: (1) recurring pulses of
bositive and negative polarity feed back energy
are received from the rails at the location of relay
- RR; . (2) .that relay is by each of those pulses
caused to pick up its contacts 28--24 and at the
end. of each of those pulses it is aliowed to release
these contacts; and (3) in. that way the detector
relay XR'is operated in.code - following manner by
feed back pulses which are transmitted thereto
from entrance sources KP—EKN.

Nor is this action in any way interfered with
by the pulses of “master code” energy with which
the. rails are supplied by sources TP—TN at the
detector relay location. From Fig. 2 it is seen
that each of these pulses of master code energy
has a polarity -which. is opposite to that of the
feed back. pulse. which immediately  follows it
That is, each positive puise of feed back energy
is immediately. preceded by a negative pulse of
master code energy - while -each. negative pulse
of feed. back energy is:immediately. preceded by
a. positive pulse of master. code energy,

During, therefore; the. code. periods in which
the detector relay KR is. picked up by positive
feed back energy,-the-master energy potential
earlier impressed thereon is of negative polarity
and serves only to urge relay KR’s contacts more
firmly into their released positions. . Likewise,

10
‘feed back” approach control facilities will have
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during the code periods.in which the detector re- -

lay KR is-picked up by a negative feed back
bulse, the. master energy potential earlier im-
pressed thereon is of positive polarity and serves
only to urge relay ¥R’s contacts more firmly into
their released positions. - .- S .

The detector relay KR is, accordingly, respon=
sive to and only to feed back energy that is re-
ceived over the -rails from. entrance sources
KP-—EN. Because of its “polar-biased” charac-
teristics, that relay KR cannot be picked up by
master code energy which further is impressed
therean by exit sources TP—TN. TUnder occu-
pied section -conditions, - therefore; ‘the master
code -energy. which then.continues to be im-
pressed on relay KR- can:never move the con-

_ tacts of that relay.out of their released position. .

Code - following, operation on the: part of de-
tector relay KR thus can occur only when Fig.
1’s section JI--IIT i§ vacant. . Such opération re-
sults in the approach relay AR receiving recur-
ring pulses of energizing éurrent which hold con-
tact 21 continuously picked up.  Such approach
relay energy is-derived from source terminals
“plus” and “minus” and is transmitted to. the

. velay winding over pole changing contact 23, the
interposed transformer AT, and:a, rectifying con-
tact 24, . o oo i .
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In the event, however, that the detector relay

KR’s contacts.23—24 remain in one position con- .-

tinuously, energy transmission through trans-
fermer AT’ then ceases and the approach relay
AR releases its contact 2. By such release,
lighting current is supplied to wayside signal
SIIL. - Optionally, of course, any other function
of approach control might be performed by con-
tact 2.

The ‘mode of operation of my improved “coded

hecome more or less apparent from the foregoing
description of the entrance and exit end ap-
paratus which the Fig. 1 track circuit utilizes.
At all times, the continuously operating coding
and- repeater devices CR—CP connect the sec-
tion rails | and 2 alternately with the positive
and negative exit end sources TP and TN and
theéreby produce a “master code” having the
“polar impulse” character which the upper por-
tion of Fig. 2 shows.

In being received at the section entrance, the
energy pulses of this master code operate track
relay TR in conventional code following manner,
Aided by repeater- device RP, that relay alter-
rately connects the section rails 1 and 2 with the
negative and -the positive polarity sources KN
and KP and thereby produces a “feed back”
code having the “polar impulse” character that
is represented by the lower portion of Fig. 2.

In being received at the exit location III, the
erergy pulses of this feed back code operate
detector relay KR in the code following manner
earlier described. - -As a result of such operation,
the approach relay ‘AR holds. contact 2{ con-

‘$tinuously picked up. and thereby maintains way-

side signal SIII normally deenergized.: Such de-
energization continues as long as the track sec-
tion TI—IIT remains vacant. : :

In the event now that a train comes into the
section, the usual shunting action of its wheels
and axles cuts off transmission of “master code”
energy to the entrance end track relay TR and
also. discontinues transmission of “feed back”
energy to. the exit end detector relay KR.. In
consequence, relay KR ceases to pick up and re-
lease contacts 23—24 but it allows those contacts
to. remain continuously released.

As & result, transformer AT now discontinues
all transmission of pick-up energy to relay KR
and causes that. relay to release contact 21.
That release, of course, connectg wayside signal
SIII with its lighting source and thereby causes

that signal to display the particuiar indication - -

which is selected by decoding equipment H—D,
This release of the approach relay -AR contin-
ues until the train moves out of section TI—IIT.
When that happens, master code energy is again .
transmitted to. entrance end track relay TR, the
section rails are once more supplied with feed
back. pulses, and by those pulses the exit- end
detector relay KR is again operated in code fol-
lowing manner, By that operation, the detector
relay contacts 23-—24 restore the supply of pick=
up current to the approach relay AR. That relay,
in turn, again picks up contact 21 and thereby
restores  the wayside signal SITI to its normally
inactive -condition. : ‘
Direct current track circuits of the “coded feed
back™ type frequently have to safeguard their
“feed back” energized relays against false oper-
ation due to induetive “kick back” energy which
may be generated in the track rails when those
rails are shunted by a train. In the track cir-

5 cuit of Fiz. 1 such so-generated’ “kick baek”
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energy appears in rails {—2 at the end of each
“on” period pulse of wunidirectional current
which master code sources TP—TN impress
upon those rails over contacts 5 and 7 of coding
devices CR and CP. _

Direct current track circuits employing “de-
tector” relays of the type shown at KR in Fig. 1
can experience serious operating difficulties due
to such “kick back” energy and one early pro-
posal to overcome such difficulties forms the
subject of assignee’s United States Patent No.
2,286,002 which issued to Frank H. Nicholson on
June 8, 1942. :

As the specification of that patent sets forth in
considerable detail, “kick back” energy of the
type here considered results from the inductance
of the track circuit plus the conductance of the
rail-to-rail ballast and its effect is to continue
for a short interval after each disconnection of
direct current sources TP—TN from the section
rails the flow of current in those rails in the same
direction as the so-disconnected source had
established.

When, therefore, the rails of Fig.
IT—III are shunted by a train, each “on” period
pulse of master code current which sources
TP—TN impress upon those rails may be fol-
lowed by a “kick back” energy pulse which
though relatively short still is long enough to
overlap the early portion of the succeeding “off”
code period (see Fig. 2). Current due to these
overlapping pulses thus may reach relay KR over

(]
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conductors 11 and 13, contacts 5, 80, 36—40 of '

devices CR—CP, and conductors 14—15.

If of sufficient magnitude such “off” period
“kick back” current may falsely cause relay KR
to follow code even though the approach relay
AR controlled thereby should stay released until
the train has cleared the section.

In order to guard against such false operation
of detector relay KR the exit end apparatus of
Tig. 1 may be supplemented by a reactor 55.
Preferably this reactor is organized in the same
basic manner as my copending application for
Letters Patent of the United States Serial No.
455,170 discloses and claims, and it then serves to
keep relay KR’s winding connected with the sec-
tion rails during the master code “off” periods
when coding devices CR and CP are shifting
-their contacts 5 and 50.

Such connection enables advantage to be taken
of the inductive characteristics of relay KR's
winding plus those of the reactor 55. The effect
of such characteristics is to generate a local “kick
back” voliage at the end of each passage of uni-
directional current through the reactor and re-
lay winding. That effect is, of course, produced
by the collapse of magnetic flux which accom-

_panies each disconnection of the named elements
from their D.-C. energizing source. i

By the added reactor 55 there is established for
relay KR’s winding a path over which each pulse
of master code energy from exit sources TP and
TN flows current through the winding of KR in
the direction of from right to left. In the case
of each “positive” pulse, such flow is from the
positive terminal of source TP over device CR’s
front contact 5, through reactor 55, device CR’s
front contact 498, conductor i5, the winding of
relay KR, conductor i4, device CR’s front con-
tact 29, conductor 3, impedance 12 and device
CP’s right contact 7 back to the negative fer-
minal of source TP; in case of each “negative”
pulse such flow is from the positive terminal of
source TN, through device CP’s left contact T,
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impedance 2, conductor 13, device CR’s back
contact 46, conductor 15, the winding of relay
KR, conductor {4, device CR’s back contact 38,
reactor 55, and device CR’s back contact § back
to the negative terminal of source TN.

As earlier explained, such right-to-lef{ cur-
rent flow through relay KR’s winding is ineffec-
tive for picking up relay KR and thus it does not
interfere with the desired code following re-
sponse of that relay to the “feed back” code
pulses which are applied thereto under vacant
section conditions. It does, however, render the
relay immune to false pick-up by master code
“kick back” energy which may be applied there-
to following each disconnection of exit sources
TP——TN from the section rails. .

Upon each of these disconnections: (1) the
section rails I—2 tend to flow through the wind-
ing of relay KR a master code “kick back” cur-
rent in the direction of from left to right; and
(2) the energy of self-inductance in relay KR’s
winding plus that in reactor 53 tends to continue
the flow therethrough of current in the opposite
or right-to-left direction.

These currents directly oppose each other and
by choosing the magnifude of the winding’s plus
reactor’s “kick back” current to slightly exceed
that generated in the rails, relay KR is effective-
Iy held released following each disconnection of
master code sources TP—TN from the shunted
rails.

In practice, reactor 55 may take the form of
an adjustable element which is set at such a
value as to produce the relation just expressed.
Should relay KR’s winding itself be capable of
producing all of the counter inductive effect that
is needed, then the reactor 55 may be replaced
by a resistor (not shown) or other impedance.
Most code following relays of commercial de-
sign are, however, found to require some counter
inductive supplement when employed as is de-
vice KR at location III of Fig. 1 and for this rea-
son use of the represented reactor for element
55 ordinarily will be preferred.

At Fig. 1’s entrance location II no “kick back”
neutralizing reactor is provided for the reason
that none is there needed. In preventing track
relay TR from falsely being picked up by kick
back energy that following each disconnection
thereof from feed back sources KP—KN may
be present in the rails, this location II organ-
ization of PFig. 1 utilizes the expedients of as-
signee’s United States Patent No. 2,286,002 to
Nicholson.

Trackway current originating in each of
sources KP—KN passes in series through the
winding of relay TR in such direction as to hold
that relay’s contacts in the position to which
they were biased by the pulse of master code
energy last ‘received from exit end source TP
or TN. As any resulting kick back current in
the section rails flows in the same direction
through the relay winding it cannot produce false

.relay operation and hence no neutralizing re-

actor is needed for the relay TR of Fig. 1.
The modified combination of Fig. &

The just described “coded feed back” track
circuit organization of Fig. 1 incorporates only
one of several possible structural arrangements
which may be utilized to perform the explained
functions. In Fig., 3, I have represented a gen-
erally equivalent frack circuit combination
wherein both the enfrance end apparatus and
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‘the exit end -apparatus 1s modxﬁed a5 $0- cer-
tain of its defails, . . -~

As in the organization oT Fxg 1, the \complete
combination of Fig. 3 utilizes-the basic “polar im-
pulse” track circuit elements earlier described
‘as being identified with my issued United States
Patent No. 2,282,099. . These elements comprise:
(1) at the section exit IIT—coder and. repeater

.relays CR and CP, positive and negative sources -

TP and TN of “master code” trackway :energy,
-and rail supply circuits.in ‘which -these sources
are included; and (2) at-the section entrance
end Il—a code following track relay TR of the
“polar stick” type which:is operated by “master
code” energy ‘transmitted thereto over the sec-
tion rails and which selects . (through decodlng
apparatus not shewn in- Fig. 3) the 1nd1cat10n
which signal SIT displays.

As in the organization of Fig. 1, also, the com-

plete track circuit combination of Fig, 3 further

uses “feed back” elements which comprise: (1)

at the section entrance II—a repeater deviee RP -

for track relay TR, positive -and negative sources
KP and KN of “feed back” trackway energy, and

10

,,1!:)

rail-supply circuits: in which these sources. are

selectively included; and (2) at the section exit

III—an approach relay AR which governs the

energization of signal SIIL, a detector relay KRl
which controls the -energization of relay AR,
and circuits over which relay KR receives “feed
back” energy from the section rails;

At Figs. 3's exit end III; the coder and nepeater
relays CR—CP .are broadly -equivalent to the
similarly designated elements of Fig. 1.  ‘The
same is true of master -enérgy sources TP—TN
and the circuits over which devices -CR~-CP-se-
lectwe]y connect these sources in energy supply-
ing relation with the section rails: 1—2,

At Fig. 3’s entrance .end II, the feed back
sources KP—KN also have a, close correspondence
to the similarly designated elements of Fig. 1
but differ in the manner in which they are.con-
nected with the sectlon rails 4-—2.

Whereas in' Fig. 1 these sources Supply feed
back current t0. the rails OVEer -a Sseries .connec-
tion with the winding of track relay TR, in.Fig.
3 the feed back supply c1rcu1ts are connected
in parallel withthe track relay winding and thus
impress their energy upon the track rails in a
somewhat more direct manner. The supply con-
nection for both sources may- -optienally. include a
current limiting impedance-43.

A further difference between the Fig. 3 -and
the Fig. 1 organizations is that -each receptmn
by the track relay.of a 'nosmve pulse -of master
code energy is followed by a connection with the
Section rails of the positive “feed back” source
KP instead of the negative source KN .and thag
each reception by the track relay TR -of a neg-

=5

«:m

ative pulse -of master code -enérgy is followed by .

& connection -of the track rails-with ithe negative -
“feed back” source KN 1nstead of the posltwe‘

. Source KP as in Fig. 1.

Each .of these positive feed back nonnecbmns
results from a positioning of the ‘track relay
contacts 25—-28 to the left: There is:then com-
pleted for the section rails. a feed back: supply
circuit that extends from the positive terminal
-of source KP through iconductor 44, left .contact
28 of device TR, conductors 45 and 81, track
rails | and 2, conductor 30, impedance 43 right
contact 25 of device RP,and cenductor 46 back
1o the negative terminal -of source KP. ;

Once completed, this connection remains m—

‘”- conduetance of therail-to-rail ballast; it is likely

i
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Jeft or normal position. When that happens, the
pulse of positive feed hack energy is interrupted.
During its continuance, however, this pulse ener-
-gizes the track relay TR in a .direction tending
to-hold contacts 25—28 in their just esta,blished
-normal or left position.

Each of the eatlier named negative feed back
energy -supply connections iS established ‘upon
movement of track relay TR’s ‘contacts 25—28
to their right or reverse position. Such movement
completes for the section rails a negative feed

‘back supply circuit -which extends from the posi-
#ive terminal of source KN through normal con-
-tact 28 of repeater RP, impedance 43, conduetor’

80, track rails 2 :and 1, conductors 8! and 45,
. and the reverse contact 28 of relay TR back to
the negative terminal of source KN.
Omnce established, this negative supply connec- .
tion continues until relay RP. shifts its contacts
away from the left or reverse pesition and thereby
discornects source KN from the rails.  During
the continuance of each so-supplied pulse of
negative feed back.energy, the track relay ‘TR
is energized in the direction which holds its con-
‘tacts 26—28 in ‘their newly established right or
reverse position. : )
“By-this unique correlation of the feed hack and
master code ‘enérgy polarities the -entrance end
feed back supply facilities of Fig. 3 function in .
the desired manner without interfering with the
master code operation-of the code following track
Such lack of interference, quite obvi-
-ously, results only'when each positive pulse of
redeived master code -energy is immediately fol-
towed by a positive pulse of supplied feed back
energy, and each negative pulse of received mas-

Yer cede energy is followed by a negative pulse

of supplied feed back energy.

* Im the Fig. 1 onganization, Wherem ‘the feed
back energy flows serially threugh the track relay
winding, a corresponding lack of interferenceis
achieved by use of the inverted polarity master
code and. feed back energy relation which Fig. 2
vrepresents. When ‘using the series track relay
eonneaetion of g, 1, that inverted relation is-es~
sendial -ard the coinciding master code and feed

dack polarity relation .of Fig. 3 ‘cannot -directly be

substituted therefor.

In this “coinciding polarlty” orgamzatmn of
Fig. 3.t is sometimes desirable to supplement the’
basicentrance end combination just described by
a reaetor 86 organized as per my copending ap-
plication for Letters Patent .of the United States
Serial Ne. 455170. Buch a reactor keeps relay.

. TR’s winding connected with the track rails dur-

ing the -master code “off” periods when “feed
hack” energy pulses from sources KP—KN are
being applied to the rails; its function isto -Safe~
guard track relay TR against false response due
to inductive “kick back” energy that.may be pres- -
ont in the track rails immediately following the
feed back pulse ends. _ ; ‘

As previously-explaired relative o Fig. 1's exit
end reaetor 58, such “kick back” energy results
from the inductance of the track circuit plus the

f0 e present in the.rails of a shunted track sec-
tion at the end of each direct current energy
Ppuse that is impressed t‘lereon and when so gen-.
erated its effect is to continue for-a short time
after each disconnection of the D.-C. source from
the rails the flow of current in the same direction

~aswas established by that source.

If in the entra,nce -end organization of Fig. 3

tact until repeater RP shifts its contact 26 to the ’IB such “kiek back” energy persists after each Qis-
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connection of feed back sources KP and KN from
the section rails it will, therefore, flow current
through relay TR in such g direction as falsely to
shift that relay’s contacts from the position es-
tablished by the immediately preceding pulse of
“master code” energy that was received over the
rails. Under operating conditions of Fig. 3’s
track section II—ITI such false contact shifting is
objectionable and the purpose of added reactor
56 is to make it impossible. .

By that reactor 56 there is established for re-
lay TR’s winding a connection through'which
each rail-applied pulse of feed back energy flows
unidirectional current through that winding.
The direction of this flow is: (1) from left to
right in the case of each feed back pulse from
positive source KP (which makes rail i positive
with respect to rail 2) ; and (2) from right to left
in the case of each feed back pulse from negative
source KN (which makes rail 2 positive with re-
spect to rail {). In both instances the path.of
flow for this relay winding current includes con-
tacts 26 and 28 of devices RP and TR, impedance
43, and reactor 56.

In each instance, moreover, this “feed back”
current passes through relay TR’s winding in the
same direction as did the “master code” trackway
current to which relay TR responded immediately
before connecting Fig. 3’s source (KP or KN) of
feed back current to the rails. This is because
each of Fig. 3’s positive pulses of supplied feed
back energy (rail | positive with respect to rail 2}
is preceded by a positive pulse of received master
code energy and each of Fig. 3's negative pulses
of supplied feed back energy (rail 2 positive with
respect to rail i) is preceded by a negative pulse

of received master code energy. In Fig. 3, there-

fore, the desired code following response of track
relay TR to received master code energy is in no
way interfered with by reactor §6.

In rendering track relay TR immune to false
operation by rail “kick back” energy, that reactor
58 makes use of the before described unidirec-
tional current which flows through the inductive
turns of the reactor and of relay TR’s winding
during each and every pulse of feed back energy
with which the rails are supplied by sources
KP—EKN. Such current builds up magnetic flux
around those turng and in being interrupted at
each feed back pulse end the resulting collapse of
that flux generates a local “kick back” current in
the winding and reactor. By that local current,
relay TR is prevented from shifting its contacts
in response to trackway “kick back” energy.

Thus, upon each disconnection of Fig. 3’s posi-
tive source KP from the section rails 1—2: (1)
those rails tend to flow through the winding of
relay TR a feed back energy “kick back” current
in the direction of from right to left; and (2)
the energy of self-inductance in relay TR’s wind-
ing plus that in reactor 56 tends to continue the
flow therethrough of current in the opposite or
left to right direction. These currents directly
oppose each other and by choosing the winding’s
plus reactor’s “kick back” current to slightly ex-
ceed that generated in the rails relay TR will hold
its contacts to the left, under the conditions
stated. .

Similarly, upon each disconnection of the neg-
ative source KN from Fig. 3’s rails: (1) those
rails tend to flow through the winding of relay
TR a feed back energy “kick back” current in

the direction of from left to right; and (2) the .

energy of self-inductance in relay TR’s winding
plus that in reactor 56 tends-fo continue the flow
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therethrough of current in the opposite or right
to left direction. The latter current overcomes
the former and thus holds relay TR’s contacts to
the right, under the conditions stated.

Should relay TR’s winding itself be capable of
producing all of the counterinductive effect that
is needed for the above, then the added reactor
56 may be replaced by a resistor (not shown).

In order that the operating sensitivity of Fig.
3’s code following track relay TR will not be im-
paired by this added reactor 56 provision is made
for by-passing that reactor whenever a “master
code” energy pulse is being received. Such by-
passing is effected by contacts 21—28 of devices
RP and TR. Those contacts establish around
reactor 56 a current path over which relay TR's
winding receives each positive polarity pulse and
each negative polarity pulse of master code en~
ergy that reaches location II.

This reception takes place in the following

manner. Immediately after each rail-supplied
pulse of positive polarity “feed back” energy, con-
tacts 21—28 of relays RP—TR both occupy their
left or normal positions and immediately after
each rail-supplied pulse of negative polarity “feed
back” energy contacts 21—28 of devices RP—TR
both occupy their right or reversed positions.
" Under the condition last stated there is com-
pleted for the winding of relay TR a master code
energizing path which extends from section rail {
through conductors 31 and 56, relay TR’s right
contact 28, conductor 61, device RP’s right con-
tact 27, conductor 67, the winding of relay TR
and conductor 38 back to section rail 2. Itisover
this path that a succeeding positive polarity pulse
of master code energizes the track relay TR.

Under the condition first stated above there is
completed for the winding of relay TR a master
code energizing path which extends from section
rail 2 through conductor 30, the winding of relay

‘TR, conductor 61, device RP’s left contact 2T,

conductors 74 and 44, relay TR’s left contact 28,
and conductors 45 and 31 back to section rail f.
It is over this path that a succeeding pulse of
negative polarity master code energy flows cur-
rent through the winding of track relay TR.

Once established, moreover, each of the con-
nectiong just traced remains intact until the
track relay TR shifts its contacts in response to
received master code energy. When that hap-
pens the connection is, of course, broken at con-
tact 28 and the winding of relay TR then be-
comes momentarily connected with the secfion
rails through reactor 56. The frack relay ener-
gization which preceded that contact shift is,
however, sufficient to complete the transfer of
contact position and in consequence relay TR
follows code in the same manner as were reactor
56 not included in ifs circuit cornductor 31.

Looking next at the exit or location IIT “feed
back” facilities of Fig. 3, it will be seen that they
too are basically similar to the corresponding
facilities of Fig. 1 but differ therefrom with re-
spect to the circuit over which the detector relay
KR! is connected with the section rails {—2.

As in Fig. 1, this detector relay is a code fol-
lowing device of the “polar biased” type and by
it the slow release direct current approach relay
AR is controlled in precisely the same manner
as in Fig. 1. Contact 21 of Fig. 3’s relay AR is,
therefore, held continuously picked up as long
as the detector relay KR1 follows code, and re-
leases only when contacts 23—24 of the detector
relay remain in one of their two positions con-
tinuously.
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In the exit organization of Fig, 3 the winding.

of detector relay KR is coninected with the sec~
tion rails over conductors. i4—15; pole changing
contacts 4849 of the code repeater relay €P,
a third contact 50 of that relay, contact 5 of
coder relay CR. and conductors 1§ and #3. Over
this connection each pulse of “feed back” energy
that is received from. entrance sources KP—EKN
picks up relay KR I’s contaets 23—24 while each
pulse of “master code” energy that is supplied
from exit sources TP—-TN keeps those contacts
‘released.

As in the orgamzatlon of PFig. 1 the stated!

piek-up of relay KR I’s contacts is effected by re-
ceived “feed back” energy of both the positive
and the negative polarity. Centributing to that
response is the pole changing action of code re-
peater relay CP’s contacts. 48—49 and because
of that action all received feed back pulses of
either polarity flow current through relay’ KR's

winding in the arrow~indicated direction of from
left to right.

.~ Looking first at Fig. 3’s “positive” feed back
pulses, each such. pulse makes rail | posmve with
respect to rail 2 and is accompanied by a. closure
of coder relay CR’s front contacts plus a closure
of repeater device CP’s left or normal contacts.
In appearing between the rails at the exit loca~
tion IIT such positive feed back potential thus
picks up detector relay KRI over a path exfend-
ing from rail 1 through conductor {1, device CR’s

front contact 5, conductor 53, device CP normal
contaets 50 and 48, conductor 14, the winding of
relay KR, conductor | 5, device CP’s riormal con-
tact 49; and conductor l 3 back to rail 2.

) Lookmg next at Fig, 3’s “negative” feed back
pulses, each such pulse makes rail 2 positive
with respect to rail { and is -accompanied by a
closure of coder relay CR’s back contacts plus a
closure of ‘repeater device CP’s right or reverse
contacts. In appearing between the rails at the
exit location ITI such Hegative feed back poten-
tial thus picks up detector relsy KRI over a

path extending from rafl 2 throush conductor

13, device CP’s reverse contact 49, conductors
5% and 14, the winding of relay KRI, ¢conductor
15, device CP’s reverse contacts 48 and 50, cori-
" ductor 54, device CR’s back contact 5, and c¢on-
ductor 1t back to rail 1.

~ As long, therefore, as Fig. 3%s tra.ck section
II—IIT remadins vacant: (1) recurring pulses of
positive and negative polarity feed back energy

are received from the rails-at the location of re~

lay KRI; (2) that relay is by each of those pulses
caused to pick up its contacts 28-—24 and 4t the
end of each of those pulses it is allowed to re-
lease those contacts; and (3) in that way the
detector relay KRt is operated in code follow-’
. ing manner by feed back pulses which are trans-
mltted thereto from entrance sources KP—KN.

Nor is this action in any way interfered with:
by the pulses of “master code” energy with which

the rails are supplied by sources TP-TN at the
detector relay location. As already seen, each

of Fig. 3’s pulses of master code energy has a
polarity which is the same as that of the feed
back pulse which imrnediately follows it.  "That
is, each positive pulse of feed back energy fs im-
mediately preceded by a positive pulse of master
code energy while each negative pulse of feed
back energy is immediately preceded by a nega-
tlve ‘pulse of master code energy.

“However, between each master eodé pulse and’
the feed back pulse which immedistely follows’
it there- oceurs in the position. of code repeater:

(>
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relay CP’s contacts & shift which terminates the
master .code pulse arxd which is completed before
the succeeding feed back pulse is received at
location III. Incident to each such shift the

- connection of detector relay KRI’s winding with

the section xpails F—2 is pole cha.nged (at con-
tacts 48—49 of device CPR).

In consequence: (1) each muster code pulse
of positive polatity energy which is impressed
upon the winding of detector relay KRI just be-
fore such 4 shift flows current through that
winding in a direction which is opposite to that
established by positive polarity feed back energy
just after the shift; and (2) each master code
pulse of negative polarity energy which is im-
pressed upon detector relay KRi’s winding just
before such a shift flows current through that
winding in a direction which is opposite to that
established by negative polarity feed back energy
Just after the shift. Master code pulses of both
the positive and the negative polarity thus be- _
comie 1neﬁect1ve for operating Fig. 3’s detector

. relay KR,
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Under Vacani; section conditions, accordmgly,
detector relay KR1 is responsive to and omly to
feed back energy which is received over the rails
from Fig. 38's entrarnce sources KP—KN and, be-~
cause of its “polar-biased” characteristics, it
canrot be picked up by master code ehergy which
further is impressed thereoni by  exit sources
TP—TN:. Under oceupied  section conditions,
therefore, the master code energy pulses which
then “continue ‘to be impressed on relay KR
cannot pick up the contacts of that relay and
serve only to urge.those contacts miore ﬁrmly
into their released positions.

Code following -operation on the part of de-
tector relay KR! thus occurs only when Fig. 3’s
section II--IIT is-vacant and &s a result of the
recurring pulses of positive and negative polarity
feed back energy which then fiow forwardly over
Such code following opers=
tion causes the approach relay AR to hold its
contact 21 continuously picked up. By this hold-
ing, the approach governed wayside signal SIIT
Is ‘maintained inactive as long as the track sec-
tion  II—III remains vacant.

Entry of a train into that section discontinues
the feed back energy transmission, catses detec-
tor relay KR I to cease following code and therebhy
releases contact 21 of approach relay AR. By
that release, the spprosch governed signal SEIT
is connected with its lighting source and caused
to display the particular indication that is selected
by decoding apparatus H--D.

When the train moves out of the section, feed

- back energy is again transmitted to relay KRi,
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coritacts 23—24 thereof once miore follow cdde
and relay AR again is picked up. By such pick-
up, signal SIII is once more. restored to its nor-
mally inactive state.

By the earlier described resctor 56, Flg‘ 3 S ety
trance end track relay TR is rendered ifmmune
to false operation by “kick back’ enérgy that
may- be present inv the rails following edch dis~
connectioti of feed back sources KP—KN there-
from

At Fig. 3's exit location III no comparab]e
“kick back” neutralizing reactor-is meeded and
hence none has been shown. Thereason for this
lack of need lies in the polarity relation which:
Fig. 3’s pulses’ of feed back and master code
energy bear to each other.” Unlike the organiza-
tion of Fig. 1 wherein each entrance-end. received
pulse of master code energy is followed by a feed.
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back pulse of opposing polarity (see Fig. 2), the
Fig. 3 combination is so set up that each received
master energy pulse is followed by a feed back
pulse of the same polarity.

- At Fig. 3’s exit location III, therefore, each
master energy pulse that is supplied under va-
cant section conditions is immediately preceded
by a received feed back pulse of the opposite
polarity, and connections of Fig. 3’s detector
relay (KRI) winding with the rails are so set
up that current due fo each of those received
feed back pulses flows through that winding in
the arrow-indicated direction of from Ileft to
right.

Relay KRI’s winding is also energized during
each pulse of master code energy that exit end
sources TP—TN supply to the rails. As has been
seen, however, such energization flows winding
current in the direction of from right to left
and hence is ineffective for picking up relay KRl.
“Kick back” energy which may follow each dis-
connection of sources TP—TN from the rails
would, of course, reverse this direction of flow
were the connection of relay KRI’s winding with
the rails to remain unchanged. -

At the end of each master code pulse, however,
that connection is reversed by contacts 5—50—
48—49 of devices CR—CP and any current due
to rail “kick back” energy that reaches relay
KRI's winding thus also flows therethrough in
the right to left direction and hence also is inef-
fective for producing relay pick-up.

In consequence, the track circuit of Fig. 3
is inherently immune to false operation of its exit
end detector relay KRi{ by rail kick back energy
and hence no reactor corresponding to Fig. 1’s
element 55 need be used therewith. :

- Cut section . facilities of Fig. 4

In certain instances it may be desirable to sub-
divide the main signal block IT—-III of the Figs.
1-3 systems into two or more track sections.
Typically, such subdivisions will be occasioned
by requirements of excessive block length, high~
way crossing control or other equally well-known
reasons.

In the event of such subdivision, means must
be provided for repedting into the rails of each
rear section the “master code” energy pulses
that are supplied to the rails of each forward
section and for repeating into the rails of each
forward section the “feed back” energy pulses
that are supplied to the rails of the rear section.
In a system of the type shown by Figs. 1 and 3,

moreover, the repeated pulses must have not only.

the same timing but must also be of alternately
opposite polarity. ) :
Pacilities for performing such code repeating
functions are illustrated in Fig. 4. There a block
subdividing or cut section location ITa is shown as
being occasioned by insulated joints 3 which are
interposed between the entrance and exit loca-
tions of a signal block which has the character
represented at II—III in each of Figs, 1 and 3.
Operated by the positive polarity “master code”
energy that is received from the forward section
rails 1-—2 is a code following track relay TRP;
operated by the negative polarity “master code”
energy that is received from the forward section
rails is a second code following track relay TRN;
operated by the positive polarity “feed back” en-
ergy that is received from the rear section rails
{a—2a is a third code following track relay KRP;
and operated by the negative polarity “feed back”
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energy that is received from the rear section rails
is a fourth code following track relay KRN.

Controlled by a coding contact 57 of relay TRP
is a positive source TP of master code energy for
the rear section rails; controlled by a coding con-
tact 58 of relay TRN is a negative source TN of
master code energy for the rear section rails;
controlled by a coding contact 59 of relay KRP
is a positive source KP of feed back energy for
the forward section rails; and controlled by a
coding contact 58 of relay KRN is a negative
polarity source of feed back energy for the for-
ward section rails, .

Each pulse of positive polarity master code en-
ergy that is received from the forward section
rails at location IIe¢ picks up relay TRP over a
circuit extending from rail | through conductor
62, back contact 59 of relay KRP, back contact
60 of device KRN, conductor 63, a back contact 54
of device TRN, conductor 65, the winding of re-
lay TRP and conductor 66 back to rail 2. During
each of these pick-ups, relay TRP’s contact 57
causes source TP to supply the rear section rails
with a pulse of positive polarity master code en-
ergy. The supply circuit extends from the posi-
tive terminal of source TP through a current
limiting impedance 68, conductor 69, the rear sec-
tion rails le—2a, conductor 19, front contact 57
of relay TRP and conductor 7i back to the nega-
tive terminal of source TP.

Each forward section pulse of negative polarity
master code energy that is received at location
IIa picks up track relay TRN over a circuit that
extends from rail 2 through conductors 66 and
12, the winding of relay TRN, conductor 13, back
contact 74 of device TRP, conductor 63, back
contacts 60 and 59 of devices KRN and KRP and
conductor 62 back to rail . During each of these
pick-ups contact 58 causes source TN to supply
the rear section rails with a pulse of negative
polarity master code energy. The supply circuit
extends from the positive terminal of source TN
through conductor 18, front contact 58 of relay
TRN, back contact 87 of device TRP, conductor
10, the rear section rails 2a—Ia, conductor 69,
and impedance 68 back to the negative terminal
of source TN. :

Each positive polarity pulse of feed back energy
that is received from the rear section rails at
location IIa picks up track relay KRP over a
circuit extending from rail ia through conductors
69 and 71, the winding of relay KRP, a back con-
tact 18 of device KRN, conductor 18, back con-
tacts 58 and 57 of devices TRN and TRP and con-
ductor T80 back to rail 2a. During each of these
pick-ups contact 58 causes source KP to supply
the forward section rails with a pulse of positive
polarity feed back energy. The supply circuit
extends from the positive terminal of source KP °
through conductor 8i, front contact 59 of relay
KRP, conductor 62, forward section rails | and 2,
conductor 66, and impedance 88 back to the nega-
tive terminal of source TP.

Each negative polarity pulse of feed back en-
ergy that is received from the rear section rails
at location IIa picks up track relay KRN over a
circuit extending from rail 2¢ through conductor
10, back contacts 51 and 58 of devices TRP and
TRN, conductor 79, a back contact 82 of device
KRP, conductor 83, the winding of relay KRN
and conductor 89 back to rail fa. During each of
these pick-ups contact 60 causes source KN to sup-
ply the forward section rails with a negative po-
larity pulse of feed back energy. The supply cir-
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cuit extends from the positive terminal of source:
KN through impedance 80, conductor 66, forward:
rails 2 and I, conductor 62, back contact 59 of de-

vice KRP, front- contact 60 of relay KRN and
conductor 84 hack to the negative terminal of
source KN. :

5,

In addltlon‘ to repeating the coded energy in: -

the manner just deseribed, the cut section facili-
ties” of Fig. 4 are capable of repeating steady
energy of either positive or negative polarity and
of either the master code oz the feed back variety.
Without. interfering with the: complete system op-
eration, the Fig. 4 cut section: facilities may,
therefore, be interposed between.the entrance
and: exit ends IT and IIT of the “coded feed. back”
track circuit of either of Figs. 1 or 3.

' Cut section facilities of Figs. 56

" In’ installations where inductive “kick back”
energy in substantial.quantities is generated in
the rails the just described apparatus of Fig. 4

may be replaced by one or the other of the cut:

section equipments of' Figs. 5 and 6. These two

equipments safeguard their relays against false:

response to “kick back” energy such as has been
described re reactors 55 and 56 of Pigs: 1 and: 3.

The equipment of Fig. 5 is designed. for use
with coded track circuits of the Fig. I type where-
in each received pulse of master code energy is fol-
lowed by a supplied feed back pulse of opposing

polarity; the equipment of Fig. 6 is designed for .

use with track circuits of the Fig. 3 type where-
in each received pulse of master code energy is fol-
lowed by a supplied feed back pulse of the same
polarlty

Looking first at Fig. 5, it shows a cut Tocation
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ITe interposed between the entrance and exit lo-

cations of Fig. 1’s signal block IT—III.. .
Installed at this cut location are: (1) a code
following track relay TRe which has the same

“polar stick” characteristics as does entrance end’

device TR of Fig. 1 and which is operated by

“master code” energy pulses of both positive and-

negative polarity that are received from Fig. 5’s
«- forward section rails 1—2; (2) a repeater device
RPa for relay TRa which is energized ovVer that
relay’s contact 25 and which repeats each of relay

TRa’s operations in the same manner as ex=

plained for entrance end device RP of Fig. 1; and

(3) a code following track relay KRa which has' *

the same “polar biased” characteristics ‘as does
exit end device KR of Figs. 1 and 3 and which is
operated by “feed back’ energy pulses of both

positive -and negative polarity that are: recelved.

from Fig. 5’s rear section rails (a—2a.

Further utilized by the cut section facilities of
Fig. 5 are:
code energy which at proper times is connected

with- the rear section rails {a—2a over contacts:

86—87 of devices TRa—RPa; (2) a negative

source TN of master code energy which at other
times is connected with the rear section rails.

over the same contacts; (3) a positive source KP
of feed back energy which at proper timeg is
* connected with the forward section rails 1--2 gver

contacts 26 and 88 of devices RPa and KRa; and’

(4) a negative source KN of feed back energy

40

(1) a positive source: TP of master -

60.

which at other times is connected with the for-. -

ward section rails over contacts 26 and 89 of the
just named devices.
Each pulse of positive polarity master code en-
. ergy that is received from the forward section
rails at Fig. 5’s location II¢ moves the contacts
of track relay TRa to the:left. Such movement:
results from an energization. of that relay over

%

& path: from rail i through conductor 9t, the:

winding of relay ‘TRa, conductor 2, back contact:

88:of device:KRa,. and conductor 93 back to rail.

2, During each of those left positionings of re-:

lay. TRa’s contacts-and: hefore repeater RPa shifts

its. contacts to-the left, source TP supplies the:

rear section rails with: a: pulse: of positive polarity

master .code: energy.,. The: supply path extends:

from the positive terminal- of source TP through: -
device TRa’s: left contact 86, conductor 94, the:
rear section rails. la—2gq, conducter 95; a. cur-

rent limiting impedance 86, conductor 9%, and de=

vice RPa’s right contact 81 back to- the negatwe

terminal of source: TP, :

_Each forward: section pulse of negative: polanty
master code energy that is'received at Fig..5% 1o
cation ITg moves. the contacts of track relay TRa;
to the right.  Such:movement results from an: en-
ergization of ‘that relay over a path from rail 2.
through conductor 93, device- KRa’s. back: con-:
tact: 88, conductor: 92 the winding: of relay TRa:
and: conductor 81 back to:rail |. During each of
those- right. positionings of relay TRa’s. contacts.
and before-repeater RPa shifts its contacts to the:
right, source. TN supplies the rear section rails-
with a pulse- of negative:polarity master code en-.
ergy.  The supply path extends from.the posmve
terminal of source TN, through device RPa’s. left:
contact. 81, conductor: 97, impedance 96,. the rear,
section - rails 2ap—la, conductor- §4, and. devme
TRa’s right contact 86. back to the. negative. ter-:
mlnal of seurce TN,

- Each positive polarlty pulse of feed, back eners:
gy that is received from. Fig, 5’s rear. section
rails at location ITa picks up track relay KRag:
over a circuit, extending from. rail ia through
conductor 94, device TRa’s: right contact. 38;.con~:
ductor 98, device RPa’s. right contact 99, con-
ductor 100 dev1ce TRa’s right.contact 10, con~
ductor | 4 the winding of relay KRa,. conductm
I8, device TRa’s right contact 102, .conductor I03
and conductor 85 back. to- -rail. 2¢.: Durihg each.
of these p1ck-ups contact, 88 causes-source KP to
supply the forward.section rails. with a pulse.of

+ Dbositive. polarity feed. back.energy. The supply.

path extends from the positive terminal of source.
KP through device RPa’s right contact, 26,.a cur-
rent limiting impedance 106, conductor 92 device
TRa’s- winding, conductor 81, the forward sec-.
tion rails. 1—2, conductor. 83, and device. KRa’s
front.contact. 88 back to the negative terminal of
source KP..

Each negative polarlty bulse. of feed. back en-
ergy that is received from Fig. 55 rear section: -
rails at location IIa alse picks up track relay
KRa. -In this case, however, the pick-up circuit.
extends from rail 2a. through conductor 85, con-
ductors I 03—104, device TRa’s. left contact’ ot
conductor- i4,. the winding. of relay KRd, con-.
ductor. 15, device TRa’s left contact 102, conduc- .
tor 108, device RPa’s left contact 99; conductor '
165, devme TRa’s. left contact 88, and conduictor
94 back to raid ta. During. each of these pick-
ups. contact 89 causes source KN to supply the
forward:section rails with.a. pulse of negative po-
larity feed back energy.. The supply path. extends:
from: the positive terminal of source KN threugh:
device: KRa's. front- contact 89, conductor 93, the-
forward- section: rails 2—I, conductor 91,. dev1ce

0; TRe’s winding, conductor 92, impedance 106, and.

device RPa’s: left contact 26 back to the negatlve
terminal of source KN.

‘The Jjust examined cut section. facilmes of. F1g.
5 thus are effective - to repeat.both “master code’”
and ‘feed back? energy pulses:of both. polarltles_
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and they fhay, therefore, be interposed between
the entrance and exit ends IT and III of Fig. 1's
coded track circuit without in any way interfer-
ing with that circuit’s operation.

When rail “kick back” energy of the character
earlier described is encountered in objectionable
magnitude Fig. 5’s basic code repeating combina-
tion may be supplementted by a reactor 55 which
prevents detector track relay KRg from fasely
responding to such energy under shunted condi-
tions of the rear section rails. As in the case of
Fig. 1’s similarly designated element, this re-
actor 55 is organized as per my copending appli-
eation for Letters Patent of the United States
Serial No. 455,170 and it keeps relay KRa's wind-
ing connected with rails la—2a at and following
the end of each master code energy pulse.

Such connection causes each pulse of master
code energy that is applied to rails la—2a by

sources TP—TN to flow unidirectional current o

through the winding of relay KXRa. Thus, scurce
TP flows current through that winding over a
path which includes device TRa’s left confact
86, reactor 55, device TRa’s left contact 102,
conductor 15, the winding KRa, conductor 14,
device TRa’s left contact 101, conductors 04—
103, impedance 96, conductor 97, and device RPa’s

right contact 87; likewise, source TN flows cur-.

rent through the same winding over a path which
includes device. RPe’s left contact 87, conductor
97, impedance 96, conductor 103, device TRa’s
right contact 102, conductor 15, the winding of
KRa, conductor 4, device TRa’s right contact

101, reactor 59, and device TRa’s right contact
86. :

In both instances the direction of this current
flow through relay KRa’s winding is from right
to left and in consequence relay KRa is held re-
leased for the duration of each supplied master
code energy pulse.

In addition this right to left flowing current
renders relay KRa immune to false pick-up by
master code “kick back” energy which may be
applied thereto following each disconnection of
sources - TP—TN from the rear section rails
la—2a.

Upon each of those disconnections: (1) rails
ia—2a tend to flow through the winding of re-
lay KRa a master code “kick back” current in the
direction of from left to right; and (2) the en-
ergy of self-inductance in relay KRa’s winding
plus that in reactor 55 tends to continue the flow
~ therethrough of current in the opposite or right
to left direction.

“These currents directly oppose each other and
by choosing the magnitude of the winding’s plus
reactor’s “kick back” current to slightly exceed
that generated in the rails, relay KRa is ef-
fectively held released following each disconnec-
tion of master code sources TP—TN from rails
la—2a.

In the case of Fig's 5’s master code frack relay
TRa, no “kick back” neutralizing reactor is need-
ed and hence none has been shown. Like device
TR of Fig. 1, this track relay TRa utilizes the
kick back safeguarding expedients of assignee’s
United States Patent 2,286,002 to Nicholson.
Trackway current originating in ‘each of Fig.
5's feed back sources KP—KN passes in series
through the winding of relay TRa in such di-
rection as to hold that relay’s contacts in the
position to which they were moved by the pulse
of master code energy last received from rails
1—2. As kick back current from those rails fiows
in the same direction through the relay winding
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it cannot produce false operation of relay TRa
and hence no neutralizing reactor is needed
therefor.

Referring now to Fig. 6, I have there shown

' eut section apparatus which is generally equiva-

lent to that of Fig. 5 but which differs therefrom
by being designed for use with track circuits of
the Fig. 3 type wherein each received pulse of
master code energy is followed by a supplied feed~
back pulse of the same polarity.

Like Fig. 5, the apparatus of Fig. 6 includes:
(1) a first code following track relay TRa of the
“polar stick” type which is operated by “master
code” energy pulses of both positive and nega-
tive polarity that are received from the forward
section rails 1—2; (2) g repeater device RPa for
that master track relay TRa; and ¢3) a second
code following track relay KRa of the “polar
biased” type which is operated by “feed back”
energy pulses of both positive and negative po-
larity that are received from the rear section
rails la—2a.

Like Fig. 5 also, the apparatus of Fig. 6 further
utilizes: (1) positive and negative polarity sources |
TP and TN for supplying master code energy to
the rear section rails fa—2a; and (2) positive
and negative polarity sources KP and KN for
supplying feed back energy to the forward sec-
tion rails 1—2.

Tn operation of this Fig. 6 apparatus, each

.pulse of positive polarity master code energy that

is received from the forward section rails at
location ITg moves the contacts of track relay
TRa to the left. Such movement results from
an energization of that relay over a path from
rail -1 through conductor 91, the winding of re-
lay TRe, conductor {98, a back contact 109 of .

- device KRa, and conductor 83 back to rail 2.

During each of these left positionings of relay
TRa’s contacts and before repeater RPa shiits
its contacts to the left, source TP supplies the
rear section rails with a pulse of positive polarity
master code energy. This supply is from the pos-
itive terminal of source TP, through device
TRa’s left contact 86, conductor 94, the rear sec-
tion rails fa—2a, conductor 95, impedance 96,
conductor 97 and device RPa’s right contact 87
back to the negative terminal of source TP.

Each forward section pulse of negative polarity
master code energy that is received at Fig. 6’s lo-
cation TIa moves the contacts of frack relay TRa
to the right. Such movement results from an
energization of that relay over a path from rail
2, through conductor 93, device KRa's back con-
tact 109, conductor 188, the winding of relay
TRe, and conductor 9f back to rail {. During
each of those right positionings of relay TRa’s
contacts and before repeater RPa shifts its con-
tacts to the right, source TN supplies the rear
section rails with 4 pulse of negative polarity
master code energy. This supply is from the
positive terminal of source TN, through device
RPa’s left contact 87, conductor 91, impedance
96, conductor 95, the rear section rails 2a—Ia,
conductor 84, and device TRa’s right contact 86
pack to the negative terminal of source TN.

Bach positive polarity pulse of feed back en-
ergy that is received from Fig. 6’s rear section
rails at location Ila picks up track relay KRa
over a eircuit from rail {g through conductor 94,
device TRa's left contact 102, conductor {15, the
winding of relay KRa, conductor {4, device TRa’s
left contact 191, eonductors 104—103 and conduc-
tor 85 back to rail 2¢. During each of these pick-
ups contact 88 causes source KP to supply the
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forward section rails. with a pulse of positive
polarity feed: back energy.. The:supply path ex-
tends from. the positive terminal of source KP,
through device RPa’s left contact 28, conductors
92—91, the forward section rails I——2 conduc-
tor 93, device KRa’s. front contact 89, and a cur-
rent limiting impedance ({1} back to the negative
-terminal of source KP..

Each negative: polarity pulse of feed back en-
ergy that is received from Fig. 6’s rear section
rails. also picks’ up: track relay KRa at location
ITo, - Im this’case, however, the pick-up circuit
extends from rail 2’ through conductors 95 and

103, device: TRa's ‘rightcontact 102; conductor.
15, the winding of relay KRa; conductor 14, de- 15

vice TRa’s right. contact. 184, and conductor. 94
back to rail te. During each of these pick-ups

10

contact 88 causes source KN to supply the for- -

ward: section rails with ‘& pulse of negative po-

larity feed back energy.” The supply path extends

from the positive terminal of source KN through
impedance 142, device KRa’s: front contact 88,
conductor 93, the forward section rails:2—f, ¢on-
ductors 91—92, and device RPa’s right contact
26 back to the negative terminal of source KN
The- just examined: cut section: facilities of Fig,
6 thus are effective to repeat both “master code”
and: “feed’ back” energy pulses of both polarities
and. then: may, therefore, be interposed between

the entrance and éxit ends IT and IIT of Fig:-3's 3

coded track circuit without in any. way interfer-
ing with that circuit’s operation.

When rail “kick back”™ of the character earlier
described’ is encountered in objectionable mag-

nitude; Fig. 6’s: basic: code-repeating combination

may: be supplemented: by a reactor 56 which pré-
vents master track relay TRa from falsely re-
sponding: to such energy under shurnted condi-
tions of the forward section rails.” As in the case

of Fig. 3’s similarly designated element, this re- *

actor 56 is organized as per my copendmg appli-
‘cation for Letters. Patent of ‘the United States
. Serial No. 455,170-and it keeps relay TRa’s wind-

-8
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ing' connected with rails 1—2 at and followmg .

the end of each feed back energy pulse.

Such: connection causes each pulse of feed back -

energy that iIs applied to rails t—2 by sources
.KP—EKN to flow unidirectional currént through

the winding of relay TRa.  Thus, source KP. flows .

current through that wi‘nding ih the direction: of
from left to right-and ovér-a path which in-

cludes device- RPa’s left contact 26, conductor 92, .

the winding of relay TRa, reactor. 56, conductor

50

~ praach: governed,

93, device KRa’s front-contact 88 and impedance .

1. Such current keeps relay TRa’s contacts to
the left. .

Source KN also flows' current through relay
TRe’s winding but in the direction of from right
toleft. This flow is over device KRa’s front con-

tact 88. conductor 93, reactor 56; the winding of °

relay TRa, conductor 92 and device RPa’s' right
contact 26. By it relay ’I’Ras contacts are kept
to the right. ’

* In each instance this feed: back produced cur-

rent. flow renders relay TRae immune to false op- ‘g

eration by rail “kick back” energy which may be
applied thereto following each disconnection of
feed back sources KP—T{N from the forward sec-
tion rails {—2. :

Upon each such dlsconnectlon of the p051t1ve
feed back source: KP: (1) rails 1-—2 tend to flow
through the winding.of relay TRa a trackway
“kick back” current in the direction  of from
right to left; and (2) the energy of self-induct-
ance in relay TRa’s winding plus that. in reactor

‘55
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56 tends: to continue the flow therethrough of
eurrent: in the opposite. or left.to right direction.
The latter current may be chosen to overcome
the former and following each disconnection of
feed back source KP from the forward section
rails:it then holds relay 'I‘Ras contacts to the
left.

- Upobn each such dlsconnectmn of. the negative
feed back source KN (1) rails [—2 tend to flow
through the: winding of relay TRa. a trackway
“Kick back’ current in the directiony of from left
to: right; and (2) the. energy of self-inductance
in relay ' TRa’s winding plus that in reactor 5%
tends. to continue-the flow therethrough of cur-
rent: in- the opposite or right to left direction.
The. latter current may be chosen to overcome
the: former and following each - disconnection
of feed back source KN from the forward section
rails:-it. then. holds: relay TRa.s contacts to. the
right.

In the case of F1g 6’s Ieed back detector relay
KRa; no. “kick back” neutralizing’ reactor -is
needed and hence none -has been shown. - Like
device: KR of Fig. 3, this detector relay-forms
part. of -a: comblnatlon which is inherently: self-
profecting -against-false relay operation by kick .
hack energy that may be 1mpressed thereon from
rails. ta—2a. " -

. In the track c1rcu1t of F1g 3 with Whlch the
Fig. 6 cut.section equipment is designed to be
used; each entrance-end received pilse of master
code energy is followed by a feed back pulse of
the same polarity and relay KRa of Fig: 6 thus
is the counterpart of Fig. 3’s- relay KRI. ' The
reasons why the latter cannot falsely be operated
by. rail kick back energy- have already been ex-
amined in detail. - Those same reasons apply to
relay KRa of Fig. 6 and hence no reactor cor
responding to Fig. I’s element: 55 need be pro-

~vided therefor

Summary

From the foregomg it will be seen that the im-
breved-“coded feed: back” track circuits of my
invention are of broad utility and that their ap-

* plication is by no. means: restricted to the ap-

preach lighting uses which are herein shown by
way of illustration... While, moreover,. the ap-
proach control facilities of Figs. 1 and 2 have
been explained in “polar impulse” systems where-
in: the lights of wayside- signals- only are: ap-
it will be understood: that
these facilities have equal utility when used with
approach: : control combinations. which provide
for other comparable functions instead of or in
addition to the:illustrative one here illustrated.
By these. improved. “coded feed back” track
«c1rcu1te a. number of important advantages are
cifered: and to - these attention will now -be
directed. -
. Pirst, the “master code” operating advantages
of my issued United States Patent No. 2,282,099's

““polar “impulse” coded comtrol circuits are im-

parted to the “feed back” portions of the com-
plete eircuit combination. As breviously stated,

. these operating advantages 1nclude a lowering of

75

power requlrements
features.

-Second, both  the feed back and the master
code relays KR and TR of the. circuit- are
rendered: highly immune to false -operation by
“foreign currents” that may be present in the
circuit conductors. Each of the named relays
can be operated only by energy in the track rails
which. is.-of ‘pericdically ‘reversedq polarity (see

plus urther des1rable
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Fig. 2). Unless foreign current present in the
rails is of that special character it, quite ob-
viously, cannot produce false relay operation.

Third, “storage energy” difficulties are elimi-
nated to a greater extent than has been possible
in the past. Energy stored in the track ballast
and rails following each application of code pulse
energy (either master or feed back) thereto re-
tains the polarity of the applied pulse and the
potential thereof can progressively build up only
when successive applied pulses are of the same
polarity. By my alternate reversals of both
master code and feed back pulse polarity (once
more see Fig. 2) I keep the level of storage
potential far below that which is effective for
producing false operation by either the master
code track relay TR or by the feed back detector
relay KR.

Fourth, both the feed back detector and the
‘master code track relays KR and TR are rendered
immune to false operation by “kick back” energy
that may be present in the rails. Depending
upon the circuit details this immunity is
achieved: (1) by the series relay expedients of
United States Patent No. 2,286,002 to Nicholson,
as for device TR of Fig. 1 and device TRa of
Fig. 5; (2) by the neutralizing reactor expedients
of my copending application for Letters Patent
of the United States Serial No. 455,170, as for
Cevice KR of Fig. 1, device TR of Fig. 3, device
KRa of Fig. 5, and device TRa of Fig. 6; and (3)
by the inherently self-protecting organization of
this invention, as for device KR{ of Fig. 3 and
device KRa of Fig. 6.

In addition to thus improving the operating
characteristics of “coded feed back” control cir-
cuits per se, I have provided improved facilities
for impressing the pulsed “feed back” energy
upon the circuit conductors and for receiving
that energy from those conductors; and I have
organized the improved facilities in such manner
that the resulting “coded feed back” control cir-
-cuits are readily usable in signaling systems of
the “frequency code” and other types of com-
mercially proven practicability.

Although the several improvements of my in-
vention have been shown and described as form-
ing part of “coded feed back” control circuits
of the track type, it will be obvious that these
improvements are not restricted thereto but that
they also have utility when applied to control
circuit combinations of any other form wherein
the conductors lose their normal energy trans-
mitting capability under certain conditions only.

Thus, instead of being track rails as shown,
the control cireuit conductors i—2 may also take
the form of line wires which connect master en-
ergy supply and feed back receiving equipment
(see devices CR—CP—KR. at location III in Figs.
1 and 3) at one end of the circuit with master
energy receiving and feed back supply equip-
ment (see devices TR—RP—KP—KN at loca-

tion IT in Pigs. 1°.and 3) at the other end of the’

cireuit.

When used in a control circuit of the line con-
ductor type just deseribed, each of the improve-
ments herein disclosed will function in exactly
the same manner as when used with the track
type of control circuit that is herein illustrated.
My invention is, therefore, one of broad utility
and is not to be restricted to the specific forms
of application that I have shown by way of
illustration.

Although I have herein shown and described
only three forms of “coded feed back” control
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circuits embodying my invention, it is under-
stood. 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.

Having thus described my invention, what I
claim is:

1. In combination, a control circuit that in-
cludes a pair of conductors which normally are
capable of transmitting energy between given
and opposite ends of the circuit but which at
times are rendered incapable of such transmis-
sion, mean sincluding a coding device at the
given end of said circuit for supplying said con-
ductors with master code energy in the form of
recurring “on” period pulses that are separated
by “off” period intervals and that have posi-
tive and negative polarities in alternating se-
quence, a first code following relay at the oppo-
site end of said circuit connected with said con-
ductors during said master code “on” periods
and having a contact which moves to & normal
position upon each reception of a positive po- '
larity master code pulse and to a reverse posi-
tion upon each reception of a negative polarity
master code pulse, means governed by said first
relay contact and effective during code followmg
operation thereof for further supplying said con-
ductor with feed back energy in the form of
pulses that recur in step with said master code
“off” periods. and that have positive and nega-
tive polarities in alternating sequence, a second
code following relay at said given circuit end
having an operating winding and being provided
with a contact which picks up when given direc-
tion current is passed through said winding buf
which stays released when that winding receives
opposite direction current or no current at all,
means governed by said coding device for es-
tablishing from said conductors to said second
relay winding a connection which is direct dur-
ing each master code “off”’ period of odd number
and reversed during each master code “off” pe-
riod of even number and over which each con-
ductor-transmitted pulse of said positive polarity
feed back energy and of said negative polarity
feed back energy flows given direction current
through said second.relay winding and thereby
picks up said second relay contact, and appara-
tus controlled by said second relay contact and
distinctively responsive according as that con-
tact is or is not being repeatedly shifted between
its said picked up and released positions.

2. In combination, a control circuit that in-
cludes a pair of conductors which normally are
capable of transmitting energy bhetween given
and opposite ends of the circuit but which at
times are rendered incapable of such transmis-
sion, positive and negative sources of master code
energy at the given end of said circuit, a coding
device which repeatedly connects said circuit
conductors first to said positive source and then
to said negative source and thereby produces a
master code made up of recurring energy pulses
which have positive and negative polarities in al-
ternating sequence, a repeater relay for said cod-
ing device which interrupts each of said conduc-
tor-to-source connections early in the code period
that the connection defines and which thereby
causes.each of said master code pulses to be fol-
lowed by an “cff” period interval, means located
at the opposite end of said circuit and operated
by the there received received pulses of said mas-
ter code energy for further supplying said con-
ductors with pulses of feed back energy that
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recur in step with said master code “off” periods
and that have positive and negative polarities in
alternating sequence, a3 tode following detector

relay at said given circuit end having an operat- .

ing winding and being provided with & contact
which picks up when given direction.current is
passed through said winding but which stays re-

leased when that winding receives opposite direc~

tien current or no current at all, connections

jointly controlled by said coding device and by -

said repeater relay for bridging said detector re-
lay winding directly across said ‘circuit conduc-
tors during master code “off”-periods of odd num-
ker and reversely across said conductors during
master code “off”” periods of even number where-
by each conductor-transmitted pulse of said posi-
tive polarity feed back energy and of said nega-
tive polarity feed back energy flows given direc-
tion current through said detector relay winding
and thereby picks up said detector relay contact
and whereby each conductor-supplied pulse of
.said positive polarity master code energy and of
said negative polarity master code energy fibws
opposite direction current through said relay
winding and thereby is ineffective for picking up
said relay winding, and apparatus controlled by
said detector relay contact and distinctively re-
sponsive according as' that contact is or is mot
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conductor-supplied pulse of said positive polarity

master code energyiand of said negative polarity -

master code energy flows opposite @irection .cur-~

‘rent -through said -detector relay winding: and
. thereby is ineffective for picking up said ‘detec-

tor relay contact, and -apparatus  controlled by
said detector relay contact and. distinctively ‘re-
‘sponsive according as ‘that.contact -is .or is not
being repeatedly shifted between 1ts sald :p1cked
up and released positions. .

4. In -combination, a control c1rcu1t that in- .
cludes & ‘pair of .conductors which normally are
capable of transmitting energy between  given
and .opposite . ends of the circuit but which at
times are rendered incapable-of such transmis-
sion, positive ‘and mnegative sources of ‘master
code energy :at the given end -of said circuit, a

" coding device having ‘a contact which repeatedly

20

connects said cireuit conductors first to said posi-
tive :souree and then to said negative source and.

- thereby produces -a master .code made up of re-

25

being repeatedly shifted between 1ts sald plcked-'

up and released positions.

3. In combination, & control cxrcult that in-
cludes a pair ‘of corductors which normally are
capable of transmitting energy between given and
opposite ends of the circuit but which at times

are rendered incapable :of such transmission,

positive and negative sources of master code en-
ergy at the given end of said circuit, g coding
device having a first contact which repeatedly
connects said circuit conductors first to-said posi-
tive source and then to .said negative source and
thereby produces a master code made up of re-
curring energy pulses which have positive and

negative polarities in alternating sequernce, a re-"
peater relay for said coding device having a con-

tact which interrupts each of said conductor-to-
source .connections early in the code period that
the connection defines and which thereby causes
each of said master code pulses to be followed by
an “off” period interval, means lccated at the
opposite end of said circuit and operated by the
there received pulses of said master code energy
for further supplying said conductors with pulses
of feed back energy that recur in step with said
master code “off”” periods and that have positive

and negative polarities in alternating sequence,

a code following detector relay at said given cir-
cuit end having an operating winding and being
provided . with a contact which picks up when
given direction current is passed through .said

winding but which stays released when that -

winding receives opposite direction current or no
current at all, second and third contacts of said
coding device which operate in synchronous rela-
tion with respect to that relay’s said first contact

and which in cooperation with said repeater re- ¢

lay contact bridge said detector relay winding
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directly across. said circuit conductors during -

master code “off” periods of odd number and re-
versely across said conductors during master
code “off” periods of even number whereby each
conductor-transmitted pulse of said positive po-
larity feed back energy and of said negative
polarity feed back energy flows given direction
current through said winding and thereby picks
up said detector relay contact and whereby each
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eurring pulses ‘which have positive and megative
polarities in alternatlpg ‘sequence, a repeater re-
lay for said coding device having a first contact
which . interrupts each of -said -iconductor-to-
‘source -connections early in the code period that
the connection defines and which thereby causes
each of said master code pulses to be followed by
an. “off” peried interval, means located at the:-op-
posite -end -of said -circuit- and operated by the
there received pulses of said master code energy
for further supplying said conductors with pulses
of feed back emergy that recur in step with said
master code “off” periods and-that have positive -
and negative polarities in alternating sequence,
a code following «detector relay -at said given cir-
cuit end having an operating winding and being
provided with a -contact which picks up ‘when
given direction current is passed through ‘said
winding but which stays released - when that
winding receives opposite direction current .or
no current at all, second and third contacts of
said repeater relay which operate in synchronous
relation with respect to that relay’s said -first
contact and which in cooperation with said cod-
ing - device contact bridge said detector. relay’
winding directly ‘across said -circuit conductors
during master code “off” periods of odd number
-and reversely across said conductors during mas-
ter code “off” periods of even number whereby
each conductor-transmitted pulse of said positive
polarity feed back energy and of said negative
polarity feed back energy flows given direction
current through said winding and thereby picks

up said detector relay contact and whereby each

-conductor-supplied pulse of said positive polarity
master code energy and of said-negative polarity
master code energy flows opposite ‘direction -cur-
rent through said detector relay winding and
thereby is ineffective for picking up said detector
relay contact, and apparatus controlled by said
detector relay contact and distinctively respon-
sive according as that contact is or is not being
repeatedly shifted between its:said plcked upand -
released positions. :

5. In combination, a contiol circuit that in-
cludes a pair of conductors which normally. are -
capable of transmitting energy between given
and - opposite ends ‘of the circuit but which at
times are rendered incapable of such transmis-
sion, means ‘at the given end of said circuit for

supplying said conductors with master code en- -

ergy in the form.of recurring “on” -period pulses
that are separated by “off” period intervals and

that have positive and negative polarities in'al-
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-ternating sequence, a code following relay at
‘the opposite end of said circuit having a winding
which is connected with said conductors and be-
.ing provided with a contact which responds to
each winding-received pulse of said positive po-
-larity master code energy by moving to a first po-
siticn and which responds to each winding-re-
ceived pulse of said negative polarity master code
.energy by moving to a second position, positive
and negative sources of feed back energy at said
opposite circuit end, means including said. relay
contact and effective upon each of said first po-
sitionings thereof for connecting said negative
source with said circuit conductors by way of
said winding and in such manner as to pass
through the winding current that continues said
contact in said first position and that impresses a
‘pulse of negative feed back energy upon those
conductors, means also including said relay con-
tact but effective upon each of said second po-
sitionings thereof for connecting said positive
source with said circuit conductors by way of
said relay winding and jn such manner as to
pass through the winding current that continues
said contact in said second position and that im-
-presses a pulse of positive feed back energy upon
those conductors, a repeater device for said relay
‘which interrupts each of said feed back supply
-connections before the end of the master code
“off” period during which that connection occ-
curs, and apparatus at said eircuit’s given end
-controlled by the said polarized feed back pulses
which are there received and selectively respon-
sive according as said reception does or does not
take place.

6.-In combination, a control circuit that in-
cludes a pair of conductors which normally are
capable of transmitting energy between given
and opposite ends of the circuit but which at
-times are rendersd incapable of such transmis-

sion, means at the given end of said circuit for.

supplying said conductors with master code en-
-ergy in the form of récurring “on” period pulses
‘that are separated by “off” period intervals and
that have positive and negative polarities in al-
“ternating sequence, a code following relay at the
-opposite end of said circuit having a winding
‘which is connected with said conductors and
being provided with a contact which responds to
each winding-received pulse of said positive po-
larity master code energy by moving to 2 first
position and which responds to each winding-
received pulse of said negative vpolarity master
code energy by moving to a second position, posi-
tive and negative sources of feed back energy a$
said opposite circuit end, means including said
relay. contact and effective upon each of said
first positionings thereof for connecting said
negative source with said circuit conductors by
way of said winding and in such manner as to
pass through the winding current that continues
said contact in said first position and that im-
-presses a pulse of negative feed back energy upon
‘those conductors, means alse including said relay
contact but effective upon each of said second
positionings thereof for connecting said positive
-source with said circuit conductors by way of said
relay winding and in such manner as to pass
through the winding current that continues said
contact in said second position and that im-
presses a pulse of positive feed back energy upon
those conductors, a repeater device for said relay
which interrupts each of said -feed back supply
connections before .the end of the master code
“off” period during which that connection oc-
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curs, a contact of said repeater device which upon
each of said feed back supply interruptions con-
nects said relay winding in direct energy receiving
relation with said circuit conductors, and appa-
ratus at said circuit’s given end controlled by the
said polarized feed back pulses which are there
received and selectively responsive according as
said reception does or does not take place.

7. In combination, a control eircuit that in-
cludes a pair of conductors which normally are
capable of transmitting energy between given and
obposite ends of the circuit but which at times
are rendered incapable of such transmission,
means at the given end of said circuit for sup-
plying said conductors with master code energy
in the form of recurring “on” period pulses that
are separated by “off” period intervals and that
have positive and negative polarities in alternat-
ing sequence, a code following relay at the oppo-
site end of said circuit having a winding which
is connected with said conductors and being pro-

-vided with a contact which responds to each

winding-received pulse of said positive polarity
master code energy by moving to a first position
and which responds to each winding-received
pulse of said negative polarity master code energy
by moving to a second position, positive and
negative sources of feed back energy at said op-
posite circuit and, means including said relay
contact and effective upon each of said first posi~
tionings thereof- for connecting said positive
source with said circuit conductors whereby to
supply them with a pulse of positive feed back
energy that continues said contact in said first
position, means also including said relay contact
but effective upon each cf said second position-
ings fthereof for connecting said negative source
with said circuit conductors whereby to supply
them with a pulse of negative feed back energy
that continues said contact in said second posi-
fion, a repeater device for said relay which inter-
rupts each of said feed back supply connections
before the end of the master code “off” period
«during which that connection occurs, and appa-
ratus at said circuit’s given end controlled by the
said polarized feed back pulses which are there
received and selectively responsive according as
said reception does on does not take place.

8. In combination, a section of railway track,
means including a coding device at the exit end
of said section for supplying the section rails
with master code energy in the form of recurring
pulses that are separated by “off” period inter-
vals, means located at the entrance end of said
section and operated by the there received pulses
of said master code energy for further supplying
said conductors with pulses of feed back energy
that recur in step with said master code “off”
periods and that have positive and negative po-
larities in alternating sequence, a code following
detector relay at said section’s exit end having
an operating winding and being provided with a
contact which picks up when given-direction cur-
rent is passed through said winding but which
stays released when that winding receives oppo-
site direction current or no current at all, means
governed by said coding device for establishing
from said rails to said detector relay winding a
connection which is direct during each master
‘code “off” period of odd number and reversed
during each master code “off” period of even
number and over which each conductor-trans-
mitted pulse of said positive polarity feed back
energy and of said negative polarity feed back
energy flows in said given-direction current
through said relay winding and thereby picks
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up said relay contact, and apparatus controlled
by said detector relay contact and distinctively
responsive according as that contact is or is not
being repeatedly shifted between its said picked
up and released positions.

9. In combination, a stretch of railway track
arranged into first and second sections that ad-
join at a common point, means at the remote

end of said second section for supplying the sec~ .

ond section rails with master code energy in the
form of recurring pulses that are separated by
“off” period intervals and that have positive and
negative polarities in alternating sequence, means
at the said point of section junction for repeat-
ing into the rails of said first section each pulse
of said master code energy that is received at
that junction point and for coinciding the polar-
ity of each repeated pulse with that of the re-
ceived pulse by which it is produced, means lo~
cated at the remote end of said first section and
controlled by the said repeated pulses of master
code energy that are there received for further
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11.'In a coded track circuit Signa.lling system

" for railroads, a code transmitting and receiving

[
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means comprising, a code following track relay,
a source of energy, a transmitting relay oper-
able to its opposite positions at any desired code
rate, a two position polarized timing relay, circuit
means for operating said timing relay to an op-
posite position upon each operation of said trans-
mitting relay to an opposite position, and means
including contacts of said transmitting relay and
said timing relay to normally conneéct said track
relay across the rails of a track section but act-
ing upon each operation of said transmitting re-
lay to disconnect said track relay from said rails
and momentarily connect said source across said
rails until said timing relay is operated.

12. In combination, a stretch of railway track

- arranged. into first and second sections that ad-
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-supplying said first section rails with recurring -

pulses of feed back energy that coincide with the

“off”” period intervals of isaid repeated master.

code and that have positive and negative polar-
ities in alternating sequence, further means at
the said point of section junction for repeating
into said second section rails during the “off”
period intervals of said second section master code
the pulses of said feed back - energy that are
there received from said first section rails and
for coinciding the polarity of each repeated pulse

with that of the received pulse by which it is.
produced, and apparatus controlled by said re-

peated feed back pulses and distinctively respon-

sive according as those pulses are or are nof be-

ing received at the remote end of said second
section.

10. In a coded track circuit signalling system

" for railroads, a section of railway track, means

for applying to the rails at one end of the sec--

tion time-spaced impulses of opposite polarities
alternately, a.two-position polarized relay con-
nected across the rails at the opposite end of
said section, means responsive to each operation
of said polarized relay for applying an inverse
code pulse to the track rails, and means at said
one end of said track section distinctively con-
trolled in accordance with the presence or absence
,of said inverse code pulses.
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join at a common point, means at the remote end
of said second section for supplying the second
section rails with master code energy in the form
of recurring pulses that are separated- by “off”
period intervals and that have positive and nega-
tive polarities in alternating sequence, means -
at the said point of section junction for repeat-
ing into the rails of said first section each pulse
of said .master code energy that is received at
that junction point and for causing said repeated

. pulses to have positive and negative polarities in

alternating sequence, means located at the re-
mote end of said first section and controlled by
the said repeated pulses of maester code energy
that are there received for further supplying
said first section rails with recurring pulses of

-feed back energy that coincide with the “off”

period intervals of said repeated master code and
that have positive and negative polarities in al-
ternating sequence, further means at the said
point of section junction for repeating into said
second section rails during the .“off” period in-
tervals of said second section master code the

"pulses of said feed back energy that. are there

received from said first section rails and for caus-
ing said repeated pulses to have positive and neg- -
ative polarities in alternating sequence, and ap-
paratus controlled by said repeated feed back
pulses and distinetively responsive according to
those pulses are or are not being received at

0 the remote end of said second section.

HOWARD A, THOMPSON.




