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4 Claims.

This invention relates to centralized traffic
controlling systems for governing traffic on rail-
roads, and it more particularly pertains to the
communication part of such systems.

8 In centralized traffic controlling systems of the
type contemplated by this invention, the switch-
es and signals are distributed at field stations
throughout the territory and are governed from
the control office by means of the transmission

10 of controls over a two-wire line -circuit intercon-
necting the control office with the several field
stationis. Indications relating to the condition
of the switches and signals, as well as track oc-
cupancy and unoccupancy conditions, are trans-

15 mitted over the same two-wire line circuit to
the control office.

The two line wires connecting the control office
with all of the field stations comprise a single
circuit, which serves the purpose of carrying the

20 impulses used to select the required station and
for transmitting controls to the selected station,
as well as carrying the impulses used to identify a
calling station in the office and transmitting in-
dications therefrom.

28 The present invention is of the station selec-
tion coded simplex type, that is, the system is
operated through cycles during each of which a
station selection control code may be trans-
mitted, followed by the transmission of control

30 codes to the selected station.

For the transmission of controls, a predeter-
mined number of impulses of selected polarities
are placed on-the line circuit for operating the
step-by-step apparatus in the control office and

35 at the field stations in synchronism through cy-
cles of operations, irrespective of the polarity
of the impuises. The distinctive polarity of the
impulses of each series make up a code combina-
tion which determines the particular station to

40 be selected and the controls to be transmitted
thereto.

One feature of the present invention resides in
the manner in which the line circuit apparatus is
checked or locked in its energized or deener-

45 gized condition, until the apparatus affected by

the energization and deenergization of the line

responds.

Another feature of the present invention re-
sides in the circuit arrangement provided for
checking the continuity of the circuits including
the channel circuits which select the code jump-
ers and the control relays at selected stations, to
maintain the station selecting relay circuit com-
56 plete and to provide a circuit for energizing the

)

(CL 177—353)

line repeater relay, as will be pointed out in
detail in the following description.

Still another object of the present invention is
the lockoul arrangement provided at the field
stations, whereby the lockout function is effec- §
tive during the first deenergization of the line
circuit at the beginning of a cycle initiated from
the field station, that is, only a very short in-
terval of time is required tc provide the lockout
function and this time is that which is also 10
provided for initiating the system, all as will be
explained in detail later in the description.

A further feature cof the present invention is
the provision of a line repeater stick relay at
each station, cooperating with the stepping re- 15
lays for checking the response of the stepping re-
lays before the circuit condition is changed to
effect the next required step.

Another feature of the present invention re-
sides in the manner in which indications are 9¢
transmitted from a transmitting field station to
the control office, by means of polar impulses
applied to the line circuit, the polarity of which
is determined at the field station from energy
applied to the line circuit in the control office, as 2§
will be specifically pointed out later in the de-
scription.

Still another feature of the present invention
resides in the manner in which a rectifier or
valve at the transmitting field station is con- 30
nected in the line circuit; to allow (+) energy
which . is first applied to the line in the control
office, to find a path through the transmitting
station or not; and if the rectifier is so connected
in the line that current is not allowed to flow in 85
response to the (4) energy applied thereto, the
office changes to a (—) energization.

A further feature of the present ‘invention,
shown as a modification, resides in providing an
over-balance or an under-balance in a Wheat- 49
stone bridge circuit, one arm of which includes
the line circuit, for operating a polar line relay in
the office to one position or another for selec-
tively recelving indications.

Another important feature of the present in- 45
vention resides in a compensating arrangement
for maintaining the line circuit in approximate
balance when the communication system is in a
condition of rest, sc that the proper margins
may be provided for the over-halance and under~ §g
balance, in accordance with the indications to be
transmitted.

A further feature of the present invention re-
sides in the. provision:of a pair of thyratron
tubes, or tubes of the gas. filled, arc discharge &5
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type, for selectively detecting the over-balance
and the under-balance condition of the line-cir-
cuit in. accorda.nce with indications to be trans—
mitted.

These characteristic features of the present
invention thus briefly stated, and other features

of the present embodiment will be explained

more in detail in the following description of one
arrangement for carrying out the invention,
while ~ various other characteristic
functions and advantages of a system embodying
this invention will be in part pointed out and in
part apparent as the description progresses.-

In describing the invention in detail, reference

-will .be made to the accompanying drawings, in

which those parts having similar features and

" functions are desighated throughout the draw-
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ings by like letter reference characters,’ which

are generally made distinctive either by reason
of distinctive exponents representative of their
location in the system, or by means of preceding
numerals representative of their order of opera-
tion during a cycle and in which:—

Figs. 1A and 1B (with Fig. 1A placed above
Fig. 1B and with- correspondingly numbered

_lines in alignment), illustrate the apparatus and
‘cireuit arrangement of the preferred form of the

present invention, employed in the confrol office
for providing means whereby the operator may
select the stations and govern the switches ahd
signals at the selected stations; and also for pro-

-viding means whereby indications may he re-
" ceived from the various ﬁeld stations throughout -

the territory.

Figs. 2A and 2B (with Fig. 2B placed below
Fig. 2A and with correspondingly numbered lines
in alignment), illustrate the apparatus and cir-
cuit arrangement employed at a typical field
station for receiving the polar control impulses
applied to the line circuit, for causing the sta-
tion stepping mechanism to operate in synchro-
nism with the office stepping mechanism and for
providing the control code combinations. = Figs.
92A and 2B also illustrate the apparatus and cir-
cuit arrangement employed at the field station
for providing for the transmission of indications
to the control office.

Fig. 3 illustrates a small’ portlon of the appa-
ratus and circuits employed in the control office
and at the field station for transmitting and re-
ceiving indications by means-of the over-balance
and under-balance Wheatstone bridge method.
The circuits and apparatus illustrated in Fig. 3
represent certain modifications of similar appa-
ratus shown in the preferred embodiment and it
will be later explained how the preferred ar-
rangement is modified to provide the aoperation
obtained in the Fig. 3 modification.

Fig. 4 illustrates the apparatus and circuits
applied to the line circuit of the over-balance and
under-balance Wheatstone bridge arrangement,
whereby a compensator maintains the resistance
value of the line at an approximate fixed value,
by adjusting the value of a compensating resist-
ance in the control office, up or down, during the
normal condition of the communication system.

Figs. 5, 6 and 7 illustrate the different condi-
tions of the line circuit, shown in schematic form
for the purpose of obtaining a better picture of
the circuit arrangement of Figs. 3 and 4 under
various conditions. )

Fig. 8 illustrates the apparatus and circuit ar-
rangement employed for receiving indications by
the over-balanced and under-balanced Wheat-

features
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stone bridge method, by the use of gas filled, arc
discharge tubes.

For the purpose of simplifying the drawings
and facilitating in the explanation, various parts
and circuits have been diagrammatically shown
and certain conventional illustrations have been
employed. For example, the various relays and
their contacts are illustrated in a conventional
manner and symbols are used to indicate the
connections to the terminals of batteries or other
sources of current, instead of showing all of the
wiring connections to these terminals. Further-

- more, the circuit for operating relay CD in Fig.

10

1A is not shown in detail, since it is immaterial

just how this relay is controlled for an under-
standing of the present invention.

15

The symbols (4) and (—) are employed to -

indicate the positive and negative terminals, re-
spectively, of suitable batteries or other sources
of direct current and the circuits with which
these symbols are used always have current flow-
ing in the same dlrectwn that is, from (+4)
to (—).

The symbols (B+4) and (B—) are employed to
indicate the positive and negative terminals re-
spectively of a suitable battery or other source of
current, having a mid-tap (CN) and the circuits
with which these symbols are used have current
fiowing in one direction or another, -in accord-
ance with whether the connection is to be (B+)
or (B—).

The detailed circuit arrangement and the op-
eration of the present system may be more
readily understood by considering the drawings,
in connection with typical operations. explained
in detail in the specification.

Control office equipment.—The control ofﬁce
includes a control machine having a group of
control levers for each field station, only one of
which (SMI.) is shown in Fig. 1A, since the

control transmitted by other levers, when pro-.
vided, will be understood from the typical ex-

ample to be described with respect to the oper-
ation controlled in accordance with the position
of lever SML. The customary miniature track
layout, corresponding to the actual track layout
in the field, together with the various indicat-
ing lamps, or the like, and the apparatus and
circuits required to accomplish the desired func-
tions with which this apparatus is related, all
have been omitted from the present drawings for
the sake of simplicity.

Each group of control levers representing . a
field station has associated therewith a starting
putton' STB, a change relay CH. and a code
determining relay CD which cooperate with re-
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50

lays C, LC and CDS common to all the groups .

to initiate the system ‘into operation. For ex-
ample, code determining reiay CD selects jump-
ers 13 and 14, as well as lever SML, and is picked
up when the system is at rest if its relay CH is
picked up. Similarly, each of the other code
determining relays (not shown) are controlled
by their respective relays CH to select the code

jumpers and control levers of their station, all:

of which has been shown in detail in the prior
application Ser. No. 640,062 filed October 28,
1932, now Patent No. 2,082,544 dated June 1;
1937. This prior disclosure also shows the con-
templated interlock between the several code
determining relays which allows only one to be
picked up for any particular cycle of operation.
These features have been omitted for the sake
of simplicity in the present disclosure.

Positive and negative code relays PC and NC
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are for the purpose of applying positive and nega-
tive impulses to the line circuit in accordance
with the control code required. Line relay F is
of the biased-to-neutral polar type and, since
it is connected in series with the line circuit, it
responds to the impulses apvlied to the line cir-
cuit by positioning its polar contacts to their
neutral positions when the line is deenergized, to
their right-hand positions when the line is ener-
gized with a positive impulse and to their left-
hand positions when the line is energized with
a negative impulse.

Line repeating relay FP repeates the impulses
applied to the line circuit from the control office,
this relay following the operations of line relay F
during each control cycle. Slow acting relays
SA and SB and quick acting relay SC are for
the purpose of defining the bounds of an operat-
ing cycle, that is, these relays are all picked up
during the conditioning period at the beginning
of a cycle, are held up during the impulsing
periods of the cycle and are released during the
clearing out period at the end of the cycle. Re-~
lay SA is again picked up after the clearing out
period, when the system is restored to normal
and remains picked up until the initiating or
start interval at the beginning of the cycle, when
it is released and then picked up as above de-
seribed.

Associated with the line and line repeating re-
lays is a bank of stepping relays, comprising
half-step relay VP and stepping relays {V, 2V
and LV, Relay OC is picked up at the beginning
of each cycle and is maintained energized
throughout the cycle as long as impulsing con-
tinues. In the event of a trouble condition, which
causes the system to stop with the line deener-
gized, relay OC is released for restoring the sys-
tem to normal.

Relay FC is the station start relay, this relay
being picked up when the system is initiated
from a field station and stuck up throughout
the suceceeding cycle, it then being released dur-
ing the clearing out period at the end of the
cycle.

Relay IE is an indication impulse relay, being
operated during an indication cycle for applying
energy to the line circuit from line battery LB.
Resistance R is for the purpose of providing a
uniform circuit path for energizing relay FP,
unhder conditions when neither relay PC nor NC
is connected in series with relay FP.

Positive negative relay PN and retest relay RT
cooperate in providing the indication code, as
will be explained in detail. Transfer relay TF
and transfer repeater relay TFP are for the pur-
pose of effecting a second operation of the step-
ping relay bank during an indication cycle. only.
Pilot relay {PT is for the purpose of illustrating
how the two indication . codes per step are dis-
tinctively registered.

Most of the relays of Pigs. 3, 4, 5, 6 and 7 cor-
respond to similarly identified relays in Figs. 1A,
1B, 2A and 2B, but having distinguishing ex-
ponents to indicate that they belong to a modi-
fication. The purpose of other relays and appa~
ratus will be explained in detail when considering
the operation of the circuits with which they are
associated. i

Field station equipment—The field station
illustrated in Figs. 2A and 2B is typical of all
stations of the system and may be adapted for
use at any location by merely connecting cer-

_tain code jumpers in certain positions to arrange
't

for the desired codes, but for convenience in the

3

description it is assumed that this is the first sta-
tion on the line by reason of the distinctive ex-
ponents employed. R

The track switch, switch machine, switch ma-
chine control relay, signals and signal control re-
lays are not shown on the drawings, since. the
method of controlling the track switch and sig-
nals by polar impulses applied to the line cireuit
is immaterial to an understanding of the present
invention and may be the same as disclosed in
Patent No. 2,082,544 dated June 1, 1937.

The communication part of the system, to
which the present invention is more closely re-
lated, includes a line relay F! of the three-posi-
tion, biased-to-neutral, polar type, together with
its quick acting repeating neutral relay FP1, quick
acting line repeating stick relay FPPS! and re-
peating relays SA!, SB! and SC!, all for a pur-
pose which will be pointed out in detail.

The field station includes a bank of stepping
relays, comprising half-step relay VP! and step-

ping relays (V! and 2V!, also transfer relay TFL

and transfer repeating relay TFP!, these relays
being operated in synchronism with and for a
purpose similar to corresponding relays in the
control office. ‘ :

Compensating resistance R! is employed for
the purpose of compensating for the line beyond
a sending station, when this sending station ener-
gizes the line in towards the control office for
starting the system and for providing the lockout
feature. Relay CH! is provided to register a
change in any of the traffic controlling devices
at the station or a change in the position of the
track relay, and the like, so that the system may
be initiated for the transmission of indications.
The operating circuits of relay CH! have been
omitted, it being understood that this relay re-
leases in response to a momentary deenergiza-
tion of ifs stick circuit, the manner in which this
is accomplished being disclosed in Patent No.
1,852,402, .

Lockout relay I:0! is provided to detertnine
when this field station is to transmit its indica-
tions. Whenever the lockout relay is picked. up,
the associated field station is permitted to trans-
mit its indications. Station selecting relay SO1
is. provided for illustrating station selection for
controls, this relay being picked up at the illus-
trated station (and at all other stations connected
to the system) at the beginning of a control cycle,
after which those SO relays at non-selected sta~
tions are dropped out, with only that one at the
selected station remaining picked up throughout
the complete control cycle.

Relay CHP! is a repeater of relay CH! and its
function will be described in connection with the
lockout feature. Resistance IR! is a resistance
which compensates for the resistance of the appli-
cation or control relays which may be connected
to bus (1@, so that the constants of the FP and
SO relay circuits will not vary when the check
circuits of these relays are effective, irrespective
of whether the check is effected through a con-
trol relay or not, all of which will be described in
detail later in the description. )

Line opening relay OP! is for the purpose of
providing the line lock and step check feature,
above mentioned, the detailed manner in which
this is accomplished being pointed out later in
the description. Resistance IR3 cooperates in
the operating circuit of relay OP!, whereby a. con-
tact closed in the neutral position of line relay
P! is not required, as will be apparent from the
description of the operation of the line lock. feg-
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ture. ' Resistance 1R? is for the purpose of pro-
viding a path for normally energizing relay FP!

_during the normal condition of the system.

. Relays PC! and NC! are for the purpose of
providing the polar indication coded impulses,

by connecting valve RCT! in the line in normal

and reverse order. -Switch machine relay SMR!

is of the polar magnetic stick type and is for the.

purpose of illustrating how control relays-at a

selected station are distinctively controlled by the

polar control impulses following the station se-
lection code. -
o Operation

The system of the present invention is normally
at rest, from which it may be started into a cycle
of operations from-the control office, when new
controls are to be transmitted, or from a field
station when new indications are to be trans-
mitted. - In the event:that new controls and new
indications are ready to be transmitted at the
same time, then the system functions to give the
control office preference, in a manner which will
be later described. . )

- For convenience in describing the operation of
the present system, an operating cycle will be di-

vided into a number of impulse periods separated -

by time spaces and these impulse periods will be
referred to as “on” periods of the cycle, with the
time spaces being referred to as “off” periods of
the cycle.

-Normal conditions.—The line ecircuit is nor-
mally energized with what may be conveniently
referred to .as (—) energization, over a circuit
which may be traced from the (4) terminal of
line battery LB in the control office, back contact
23 of relay PC, front contact 21 of relay NC,
return line conductor, through the tie at the end

station, back contact 121 of relay LO!, hack con-

tact 120 of relay OP!, winding of line relay P,
line conductor, winding of line relay F, front con-
tact 22 of relay NC and back contact 20 of relay
PC, to the (=) terminal of battery LB. It will
be understood that the:line circuit includes re-

lays -and contacts at other field stations in the-

system (when provided), similar to those traced
for the field station illustrated in Fig. 24A.
Relays FP and NC are normally energized in
series over a circuit extending from (4), wind-
ing of relay FP, contact 24 of relay F in‘its left-
hand position, back contact 25 of relay C, back
contact 26 of relay SC, winding of relay NC, back
contacts 21, 28 and 29 of relays VP, {V and 2V
respectively, to (—). The above described ener-
gizing circuit for the line effects the energization
of relays F, F! and the line relays the other sta-
tions connected to the line circuit. = Since a (—)
energization is normally applied to the line cir-
cuit, it will be assumed that current flow in.this
direction over the line is effective to operate the
polar contacts of the line relays.to the left.
Relay SA in the control office is normally ener-

gized over a circuit extending from (+), back -

contact 32 of relay LV, back contact 50 of relay
SB, front contact 34 of relay NC and winding of.
relay SA, to (—).- All other relays in the control
office are normally deenergized.

All relays at the illustrated field station are de-
energized except relays CH! and F!, energized as
previously described and relay FP! which is nor-
mally energized over a circuit. extending from
(4, winding of relay FP!, contact (30 of relay
1 in its left-hand position, back contact 131 of
relay ‘SC!, front-contact 132 of relay CH! and
resistance {R3, to (=),

2,169,479

Manual start—For the purpose of considering -

the operation of the present system, it will be
assumed that the station illustrated in Figs. 2A
and 2B is selected in response to the operation
of starting button STB of Fig. 1A. It will fur-
thermore be assumed that switch machine lever
SML is positioned to the left for controiling the
operation of the track switch (not shown) at the
illustrated station to its normal position.

The actuation of button STB closes an obvious
cireuit for picking up relay CH. Relay CH sticks
up over a circuit extending from.(4), back con-
tact 35 of relay CD, front contact 36 and winding
of relay CH, to (—).
up over a circuit extending from (4, back con-
tact 37 of relay SC, back contact 38 of relay FC,
back contact 39 of relay C, upper winding of
relay LC, front contact 40 of relay CH, to (—).

Relay LC closes a pick-up circuit for relay C
from (+4), through a circuit including back con-
tact 37 of relay SC, back contact 38 of relay FC,
upper winding of relay C, front contact 180 of

~relay LC, to (—).

The picking up of relay C closes a pick-up cir-
cuit for the relay CD from (), through a circuit
including back contact 8T of relay SC, back con-
tact 38 of relay FC, front contact 39 of relay C,
back contact (8¢ of relay CDS, front contact 182

- of relay CH, upper winding of relay CD, to (—).

As soon as relay CD picks up, a stick circuit is
closed from (+), through a circuit including
front contact 183 of relay LC, winding of relay
CDS, front contact {84 of relay CDy, lower wind-
ing of relay CD, to (—). Tt is apparent that
relay CDS is in series in this stick circuit-and im-
mediately picks up opening back contact 181 to

prevent the picking up of more superior CD re-

lays (not shown) should their- relays CH (not
shown) he picked up. ;

The picking up of relay CD shifts the stick
circuit of relay CH from back contact 3§, through
front contact 35 of the make-before-break type,
back contact 61 of relay 2V (or the stepping relay
next to relay LV), to (—). .

The picking up of relay C, effects the release

10

Relay LC is now picked = -

15

20

25

30

of relay NC because its previously described ener- -

gizing circuit is opened at back contact 25 of
relay C. Relay PC is now picked up over a cir-
cuit extending from (+), winding of relay FP,
contact 24 of relay P in its left-hand position,
front contact 25 of relay C, back contact 42 of
relay SC, front contact 43 of relay SA, winding
of relay PC and over the above described circuit

50

including the contacts of the stepping relay bank,

to (—) at back contact 29 of relay 2V.

The release of relay NC and the picking up of
relay PC changes the (—) energization of the
line to a () energization by reason of pole
changer contacts 20, 21, 22 and 23. .This change

in energization of the line circuit switches the

polar contacts of the line: relays from their left
to their right-hand positions,.

Relay OC is now picked up over a circuit ex-
tending from (4), back contact 32 of relay LV,
pack contact 50 of relay SB, back contact 34 of
relay NC, front contact 44 of -relay PC and wind-
ing of relay OC, to (—). Relay OC closes a

- stick eircuit for itself extending from (4), back-

contact 32 of relay LV, front contact 45 of relay
¥P, front contact: 46 and winding of relay OC,
to (—). 'This stick circuit is intermittently in-
terrupted by the release of relay FP during the
following impulses, but due to the slow acting
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its picked up position as long as these impulses
continue at the required rate.

Relay SA is released because of open front con-
tact 34 of relay NC. The release of relay SA
effects the release of relay FPC, because its above
described circuit is now open at front contact 43
of relay SA. The release of relay PC deenergizes
the line circuit to mark the end of the start or
initiating period and the beginning of the condi-
tioning “off” period.

The line relays release in response to the de-.

energization of the line circuit and relay FP is
released because contact 24 of relay F assumes
its neutral position. Relay SA is now picked up
over a circuit extending from (<), back contact
4T of relay FP and winding of relay SA, to (—).
Relay SB is picked up over a circuit extending
from (4), front contact 48 of relay OC, back
contact 49 of relay FP, front contact 68 of relay
SA, and winding of relay SB, to (—). Relay SC
is picked up over a circuit extending from (1),
back contact 32 of relay LV, front contact 50 of
relay SB and winding of relay SC, to (—).

- Relays C and LC remain stuck up in multiple
over a circuit that was completed by the picking
up or relay OC and which extends from (),
back contact 32 of relay LV, front contact 5
of relay OC, back contact 52 of relay ¥C, front
contact 53 and lower winding of relay C, to (—);
and through - -back contact 52 of relay ¥FC, front
contact 41 of relay LC, lower winding of relay
ILC, to (—).

The picking up of relay SC closes a circuit for
picking up relay PC which extends from (4-),
front contact 855 of relay SC, front contact 54 of
relay C, back contacts 58 and 59 of relays 2V
and !V respectively, front contact 60 of relay CD,
code jumper I3, winding of relay PC and over the
above described circuit including the contacts
of the stepping relay bank to (—) at back c¢on-
tact 29 of relay 2V. This picking up of relay PC
marks the end of the conditioning “off” pericd
and the beginning of the first “on” period.

Impulsing and stepping operations—When re-
lay PC picks up to mark the beginning of the
first “on” period, as previously described, a (+)
energization is applied to the line circuit for ac-
tuating the polar line relays to the right. Re-
lay FP is now picked up over a circuit extending
from (), winding of relay FP, contact 24 of re-
lay P in its right-hand dotted position, front con-
tact 64 of relay C, front contact 42 of relay SC
and resistance R, to (—).

Relay VP is now picked up over a circuit ex-
tending from (4), front contact 85 f relay OC,
front contact 68 of relay SB, front contact 67
of relay FP, back contacts 78 and 7! of relays
2V and iV respectively, winding of relay VP and
back contact 286 of relay TF, to (—). Relay
VP closes a first stick circuit for itself extending
from (+), front contact 65 of relay OC, front
contact 85 of relay SB, front contact 12 of relay
VP and back contacts 78 and T! to the winding
of relay VP.

Relay PC is now released, because of open back
contact 27 of relay VP, which marks the end of
the first “on” period and the beginning of the
first “off” period, by deenergizing the line circuit.
The line relays release in response to the line
circuit deenergization and relay FP is released
because of open contact 24 of relay .

A second stick circuit is now closed for relay
VP which extends from (<), front contact §5
of relay OC, front contact 66 of relay SB, back
contact 67.of relay FP, front contact 73 and wind-
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ing of relay VP and back contact 280 of relay
TF, to (—). Relay IV is now picked up over
a circuit extending from (4), front contact 65 of
relay OC, back contact 75 of relay FP, front
contact T4 of relay SB, front contact 76 of relay
VP, back contact 18 of relay 2V, winding of relay
iV and back contact 289 of relay TP, to (—).
Relay 1V is stuck up over a circuit extending
from. (+), front contact 65 of relay OC, front
contact 18 and winding of relay IV and back
contact 288 of relay TF, to (—). Af this time
it will be pointed out that the other stepping
relays 2V and the like, are stuck up, when picked
up, over a similar circuit including their front
contacts 80, and the like,

Relay NC is not picked up over a circuit ex-
tending from (-), front contact 55 of relay SC,
front contact 94 of relay C, back contact 58 of
relay 2V, front contact 89 of relay 1V, front con-
tact 83 of relay CD, code jumper 14, winding of
relay NC, front contact 21 of relay VP, front
contact 28 of relay iV and back contact 29 of re-
lay 2V, to (—=).

The picking up of relay NC applies a (—) ener-
gization to the line circuit for actuating the line
relays to the left.
over a circuit extending from (1), winding of
relay FP, contact 24 of relay F in its left-hand
position, front contact 25 of relay C, front contact
42 of relay SC and resistance R, to (—).

Relay VP is now released because its first stick
circuit is open at back contact Tl of relay IV
and its second stick circuit is open at back con-
tact €7 of relay FP. Relay NC is now released
because of open front contact 21 of relay VP.

The release of relay NC deenergizes the line to
mark the end of the second “on” period and the
beginning of the second “off” period, at which
time the line relays are released. Relay FP is
released because of open contact 24 of relay P.

Relay 2V is now picked up over a circuit ex-
tending from (4-), front contact 65 of relay OC,
back contact 15 of relay FP, front contact 74 of
relay SB, back contact 76 of relay VP, front
contact 88 of relay IV, winding of relay 2V and
back contact 280 of relay TF, to (—).

Relay PC is now picked up to apply a () ener-
gization to the line to mark the end of the sec-
ond “off” period and the beginning of the third
“on” period, resulting in the picking up of the
line relays. The circuit for picking up relay PC
extends from (4), front contacts 54 and 55 of
relays C and SC, front contact 58 of relay 2V,
front contact 86 of relay CD, lever SML in its
left-hand position, winding of relay PC, back con-
tact 27 of relay VP and front contact 29 of relay
2V, to (—). :

In response to the energization of the line and
the picking up of the line relay in the office, re-
lay FP is picked up over the previously described
circuit including contact 24 of relay F in its
right-hand dotted position. Relay VP is now
picked up over its previously described circuit,
but which now extends through front contact 19

of relay 2V and front contact 67 of relay FP. The .

first stick circuit of relay VP is completed and
relay PC is released, because of open back contact
27 of relay VP.

This deenergizes the line to mark the end of
the third “on” period. The end of the third “on”
period is the beginning of the ‘clearing out”
period, at which time the line.is deenergized and
the line relays are released. . Relay FP is re-
leased because of open contact 24 -of relay F.
Relay LV is now picked up -over the previously

B
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described pick-up circuit for the other stepping
relays, but which now extends through front con-
tact 18 of relay 2V, back contact IT of relay FC
and lower winding of relay LV, to (—). A stick

‘circuit is closed for relay LV which extends from

(+4), front contact 87 of relay SB, front contact

-88 ‘and upper winding of relay. LV, to (—).

It is to be noted that the picking up of step-
ping relay 2V (or the stepping relay next to relay
LV, in case there are a greater number of step-
ping relays) opened the stick circuit for relay
‘CH. " So that the opening of back contact 32 of
relay LV deenergizes the stick circuits for relays
C and LC so that these relays are released and
open the stick circuit for relay CD at front con-
tact i83. Relay SC is also released at this time
because of open back contact 32. Since relay LV
does not select a channel circuit for controlling
the PC and NC relays, neither of these relays
is picked up during the “clearing out” period to
again energize the line, consequently relay FP
remains down and the stick circuit for relay OC
remains deenergized, at open front contact 45 of

relay FP, for a sufficiently long interval of time -

to allow relay OC to release.
The release: of relay 'OC and the consequent

-.opening of its front contact 65 effects the release

of all of the stepping relays, except relay LV, but
including relay VP. The opening of front con-
tact 48 of relay OC deenergizes relay SB and this
relay releases affer an interval of time meas-
ured by its: slow acting characteristics. It will
first be assumed that no office start condition is
stored at this time, therefore the system goes into
its normal condition with relay .SA remaining
picked up. This is because relay SA remains en-
ergized. at back contact 41 as long as relay FP
is down, then relay NC is picked up to complete
the above described normal energizing circuit for
relay SA at front contact 34 before SA has time
to release.

Relay NC is picked up during the “clearing
out” period, after the stepping relays have re-
leased and after relays SC, C-and OC have re-
leased, but before relay SB releases, over a circuit
extending from- (1), winding of relay FP, front
contact 89 of relay SB, back contact 90.of relay

OC, back contact 25 of relay C, back contact 26 of
_relay SC, winding of relay NC, back.contacts 27T,

28 and 29 of relays VP, {V and 2V, to (). This
circuit also effects the picking up of relay FP.

With relay NC thus energized, a (—) energiza-
tion is applied to the line circuit for actuating
the polar line relays to the left, which completes
‘the above-described normal energizing circuit for
relay NC at contact 24 of relay F in its left~-hand
position. This (—) energization of the line re~
stores the system to its normal condition, relay
LV being released when relay SB releases, as pre-
viously mentioned, to open the stick 01rcu1t for
relay LV at front contact 87.

Polarity selection of zmpulses —In the above ex-
ample, it has. been pointed out how relays PC and

"NC are picked up to mark the end of an “off”

period and the beglnnmg of an ‘“on” period and
how. they are released to mark the end of an “on”

“period and the beginning of an “off” period. Re-

lay NC is- always -picked up during the “clearing
out’ period to provide the next (—) normal en-

ergization of .the line circuit.and relays PC and

_'NC' are. selectively picked up to provide (—) or

75

(+) energlzatlons of . the line in accordance with
the code jumper connectlons and lever posmons,

~as pointed out in the above example.

- In the event that jumper 13 is in its alternate

2,160,479

dotted line position, then relay NC is picked up
to make the first “on” a (—) energization instead
of a (4) energization. The same applied- to
jumper i4, which is selected when relay IV picks
up during the first “off” period, for selecting the
PC or the NC relay, for determining the polarity
of the second “on” period.- This operation oc-
curs on each step of the cycle for determining the
code to be applied to the line circuit, by select-

ing the PC or the NC relay during “off” periods, -

for determining whether the line will be ener-
gized with a (4) or a (—) impulse durlng suc-
ceeding “on” periods.

It will be understood that this arrangement

may be extended for as many steps as:desired,

with stepping relays being picked up during the
“off” periods and the VP relay being shifted from
one position to another during the “on” periods.
It is therefore believed unnecessary to point out
in detail how the line is energized with the (4)
and (—) impulses under the various additional

20

conditions, since the above typical example will .

indicate how such a selection is provided. .

Line lock, step check and station selection.—As
above explained, line relay F! at the illustrated
field station responds to the “on” and “off” pe-
riods the same as line relay P in the control of-
fice. During the initiation part of the cycle, when
relay F!is shifted from its left to its right-hand
position, relay SO! is picked up over a circuit ex-
tending from (4-), winding of relay FP!, contact
130 of relay F! in its right-hand dotted position,
back contact 112 of relay SC! and upper winding
of relay SO!, to (—). . A stick circuit- is now
closed for relay SO! extending from (4), back
contact 113 of relay FPPS!, back contact 175 of re-

25
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35

lay SB!, front contact 114 and lower winding of -

relay SO, to (—).

When relay F! releases, at the beginning of the
conditioning “off” period, relay FP! (normally
energized as previously described), releases be-
cause of open contact 130 of relay F.
is now picked up over a circuit extending from
(+), back contact 115 of relay SB!, back contact
116 of relay FP!, winding of relay OP! and resist-
ance IR3; to (—). Relay SA! is picked up overa
circuit extending from (+), back contact 117
of relay FP!, back contact 1i8 of relay SB! and
winding of relay SAl, to (—).
11T of relay SAl, the above described stick cir-
cuit for relay SO! is maintained complete by
bridging back contact 15 of relay SBL.

Relay SB! is now picked up over an obvious
circuit closed at front contact 119 of relay SA!
and relay SC! is picked up over an obvious cir-
cuit completed through front contacts 122 and
123 of relays SA! and SB!. Due to the slow act-
ing characteristics of relay SA!, it will not be re-
leased when its circuit is opened at back contact

118, because of a stick circuit completed imme-.

diately thereafter by the picking up of relay FP!
and the.consequent closure of its front contact
{17, which stick circuit includes front contact 124
of relay SAL

The picking up: of relay OP?, in response to
the opening of - the line .circuit in the control
office, opens: up the line circuit at the field sta-
tion at back contact {20. Relay OP! is released

when relay SB1 picks up and opens its back con-

tact [15. The release of relay OP! and the con-
sequent closure of its back contact 120 closes up
the line circuit at the field station. It will thus
be seen that relay OP! picks up and opens the

‘line at the station in response to the opening of

the line in the office'and does not release to-close
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up the line at the station until conditioning at
the station has been completed by the picking up
of relay SBl. Relay OP! performs this same
function during each “off”” period as will be de-
scribed. .

At the beginuning of the first “on” period, the
picking up of relay F! eflects the picking up of
relay FP!' over a circuit extending from (4),
winding of relay FP!, confact 130 of relay ¥ in
its right-hand dotted position, front contact 112
of relay SC, front contact 126 of relay SO!, back
contacts 129 and 133 of relays 2V! and V! re-
spectively, code jumper (34 in its full line posi-
tion, resistance IR!, front contact 135 and upper
winding of relay SO, to (—). This pick-up cir-
cuit for relay FP! includes the selecting circuit
for relay SO!, so that relay SO! remains ener-
gized by means of this selecting circuit, com-
pleted before relay FPS! picks up and opens its
back contact 113 to open the stick circuit for
relay SO1, as will now be described.

Relay FPS! is picked up over a circuit extend-
ing from (4-), front contact 136 of relay SO,
back contact 137 of relay OP!, contact 138 of re-
lay P! in its actuated position, back contact {39
of relay OP! and lower winding of relay FPS!, to
(—). Tt will thus be seen that the picking up of

relay FPS! in an “on” period is dependent on re- -

lay SO! being picked up and relay OP! being
down. Relay FPS! is stuck up over a circuit ex-
tending from (4), front contact 136 of relay SO,
back contacts 142, 143 and 144 of relays 2V, (V!
and VP! respectively, front contact (45 and up-
per winding of relay FPS!, to (—).

As previously mentioned, the picking up of re-
lay FPS! and the consequent cpening of its back
contact fi3 breaks the temporary stick circuit for
relay SO!, so that relay SO! is dependent for its
energization on the selecting stick circuit, includ-
ing code jumper 134 and contact 130 of relay F!
in its right-hand dotted position, since relay VP!
has not yet picked up to close its front con-
tact 168.

Relay VP! is now picked up over: a-circuit ex-
tending from (), front contact 103-of relay SA?,
front contact {25 of relay FP!, back contacts 148
and 148 of relays 2V! and V1, respectively, wind-
ing of relay VP! and back contact 114 of relay
TF!, to (—). The fivst stick circuit for relay VP!
is completed at its front contact 180, which is
independent of the position of contact (25 of
relay FPL. The above described stick circuit for

relay FPS! is now opened at hack contact (44 of-

relay VP!, so that the -continued energization of
relay FPS! is now dependent on the circuit
through its lower winding, which includes con-
tact 138 of relay FL. It will thus be seen that
relay FPS!, when picked up, cannot release in
response to an “off” period and the consequent
release of relay F! unless the previous “on” step
was taken, that is, relay VP! must have picked
up and opened the stick circuit of relay FPS!,
including its upper winding.

During the first “off” period, the release of
relay F! effects the release of relay FP! because
of open.contact 130. Relay FPS! is now released
because of open contact 138. Relay OP! has (+)
energy applied to its right-hand terminal as soon
as relay VP! picks up, over a circuit extending
from (), front contact {35 of relay SO, back
contacts 142 and 143 of relays 2V! and IV! re-
spectively, and front contact (2! of relay VP!,
At this time, (4-) energy is applied to the left-
hand terminal of relay OP! over a circuit ex-
tending from (), front contact 136 of relay SO,

7

back contact’ 187 of relay OP! and contact 138
of relay F! in its actuated position. When re-
lay P! releases, at the beginning of the *“off”
period, the opening of contact 138 removes ()
from the left-hand terminal of relay OP, so that
this relay is picked up over the previously ‘de-
scribed circuit extending from (4) to its right-
hand terminal, through the winding of relay OP!
and resistance IR3, to (—). It will thus be seen
that relay OP! is picked up immediately after
the release of relay P!, without the use of a con-
tact closed by the release of this relay.

When relay FPS! releases in the first “off”
period, the above described circuit for relay SO!
is again closed at back contact 113. The release
of relay ¥P! during the first “off” period closes a
second stick circuit for relay VP! extending from
(4, front contact 183 of relay SAL, back contact
§25 of relay ¥P!, front contact 102 of relay VP!
and winding of relay VP! and back contact 174
of relay TF!, to (—). :

Relay IV! is picked up during the first “off”
period over a circuit extending from (), front
contact 186 of relay SAl, front contact 104 of
relay OPL, front contact 185 of relay VP, back
contact 87 of relay 2V3, winding of relay 1V! and
back contact 174 of relay TF!, to (—). Relay
V! is stuck up over s circuit extending from +),
front contact #1283 cf relay SAL, front contact 108
and winding of relay 1V! and back contact 174
of relay TF!, to (—). It will be mentioned at
this time that similar stick circuits are com-
pleted at- front contacts of relays 2V!, and the
like, when these relays are picked up.

Since relay FPS! is down and (<) is removed
from the right-hand terminal of relay OP! at
cpen front contact {43 and since relay 1V! is up
and (+) is removed from the right-hand termi-
nal of relay OP! at back contact 143, relay OP!
is released. It will thus be seen that relay OP?
picks up in response to the line deenergization
at the beginning of the first “off” period, to fur-
ther open the line at back contact 120 and that
this relay is not released to close up the line at
this station until the step is. taken, that is, until
relay IV! picks up.

Since this same operation is effective during
the following “off”” and “on” periods, it is believed
unnecessary to point out the circuits in detail, it
being obvious how these circuits are controlled
from the above described typical examples during
the conditioning “off” period and during the first
“off”” period. . From the above examples it will be
apparent that relay VP! is controlled by relay
FP! and that the P! relays are controlled by
relay OPL,

'~ When relay FPS! picks up during the second
“on” period, due to the previously described cir-
cuit being closed at contact 138 of relay F!, the
temporary stick circuit for relay SO! is opened at
back contact 8. Relay SO! is now dependent
for its energization on a circuit including a con-
tact closed by relay F! (which was necessarily
picked up before relay FPS! was picked up), which
circuit extends from (+), winding of relay FP!L,
contact 138 of relay F! in its left-hand position
(since the second impulse was (—)), front con-
tact 131 of relay SC, front contact 109 of relay
30!, back contact 152 of relay 2V, front con-
tact 153 of relay VL, code jumper 154 in its full
line position, resistance IR, front contact 135 and
upper winding of relay SO?, to (—).

. It-will thus be seen: that the combination of

() and (—) impulses. applied to'the line cir-.

cuit during the station selection part of the cycle,
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which in the present embodiment is assumed to
be during the first-and second “on” periods, as

. determined by the positions of jumpers I3 and

20
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‘the station code jumpers (not shown),
serve to condition selecting circuits for the asso-

14 in the control office, effect the continued en-

‘ergization of relay 80! at.the illustrated field sta-

tion.. The circuits for the other field stations are
similar, the difference being-in the positions of
which

ciated SO relays so that only one of these relays
will remain-energized after the receipt of the last
station selecting code impulse.

For example, at a station having a code jumper
similar to 134 connected in its. dotted line posi-

tion, the first (4-) energization of the line would
‘fail to complete ‘a selecting stick circuit for the

associated SO relay because the polar contact of
the line relay, similar to contact 130, would he
actuated to the right and the above described
selecting stick cireuit would be open at the code
jumper connection. ' Similarly, if the first impulse
applied to the line is (—), then relay SO! at the
llustrated field station would be deenergized be-
cause contact 130 of relay F! is actuated to the

1left, so that the selecting stick circuit for relay
"SOUis open at jumper 134.

With relay SO! down, the néxt energization. of
the line is ineffective ‘to complete a circuit for
picking up relay SO!, but FP! is picked up over

a circuit extending from (3), winding of relay

FPL contact 130 of relay F! in either actuated
position, either front contact 112 or front con-
tact 131 of relay SC, either back contact 126 or
back contact |09 of relay SOt and resistance IR?;
to (—).

The release of an SO 1ela,y, when a station drops
out, removes (4). energy at an open front con-
tact similar to 138 from the circuits leading to
contact 138 of relay F! and contact {42 of relay
2V1 so that the associated OP relay and the asso-
ciated FPS relay are not controlled during the
remainder of-the cycle. Therefore, stepping is

- discontinued and the line circuit is not opened

“trol relay SMR! are connected to bus 110. This
5 is for the purpose of checking the continuity of ..

13
[

60

57Q
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at a:station, after it fails to be selected. The
associated line.relay continues to operate in re-
sponse to the impulses applied to the line and at
contdacts similar to 130, the associated FP relays
are controlled over circuits extending through a
resistance similar to IR2 The operation of the
FP relays at non-selected stations maintains the
SA, SB and SC relays energxzed during- the re-
mainder of the cycle. -

It will be seen that the wmdmgs of switch con-

the channel circuits selected after the station

selection portion of the cycle, as well as those.

selected during station selection. Recalling that
the third “on” period was- (), because of the
position of lever SML in the office, the actuation
of the contacts of relay F! to the right closes a
circuit for energizing relays FP! and SMR! in

" series which extends from (4), winding of relay

FPL, contact 130 of rela,y Fl'in its right-hand
dotted position, front contact 112 of relay SC,
front contact 126 of relay S0!, front contact {29
of relay 2V, lower winding" of relay SMR!, front
conta,ct (35 and upper winding of relay SO?!, to
“Since current. flows  through the lower
winding of relay SMR! from right to left, the

‘polar contacts of this relay will be positioned to

the left for controlling the associated switch ma-

" chine (not shown). to its normal position, in ac-

‘cordance with the position of lever SML.
75 .

‘Since the ‘energization of relays FP! and SO!

other “off” periods.

2,169,479

during the third “on” period is dependent on a
complete circuit including the third channel cir-
cuit, it will be seen that this checks the circuit
conditions at the station. after the station selec-
tion steps, because an open relay winding or an
open channel circuit would prevent the picking
up of relay FP! and the energization of relay SO!

by means of its selecting stick circuit: This would

result in the release of relay SO! as soon as
relay FPS! picked up, during this “on” perlod
and opened its back contact (13.

In the event that lever SML is in its right- hand
dotted position, then a (—) impulse is applied to
the line during the third “on” period for posi-
tioning relay Ft to the left.. This closes a circuit
through the upper winding of relay SMR! ex-
tending from (+), winding of relay FPL, contact
138 of relay F! in its left-hand position, front

10

15

eontact 131 of relay SCY, front contact 109 of

relay SO, front contact 152 of relay 2V!, upper
winding of relay SMR?, front contact {35 and
upper winding of ralay SO, to (—).
wise checks the continuity of the (--) channel
circuit at this step and, since the upper winding
of relay SMR! is energized in opposite direction
to that described in. connection . with its: lower
winding, it positions its polar contacts to the right

- for controlling the switch machme to its reverse

position.

In o similar manner, any number of additional
steps may be used for transmitting additional
controls to the selected field station for govern-
ing signals and such other devices as may be
employed. It will be noted that-the (4) and
(—) control channel circuits can only be ener-
gized at a station where relay SO! has its front

This like-

20

28

30

contact 135 closed. This results in controls being-.

effective only at a selected station, as determined
by the associated SO relay heing energized.

Tt is believed unnecessary to describe additional
stepping operations, since the V relays pick up
and stick during the “off” periods, ii'a manner
similar to that described in connection with re-
lay 1V, and also similar to the V' relays in the

control .office. . Likewise, relay VP! is released and

picked up in a manner similar to that descrlbed
in‘connection with relay VP in the ‘control office.

" The field station is restored to normal during

the “clearing out” period, by the release of relay
. in response to the deenergization of the line
circuit, which effects the release of relays FP!
and FPS! because of open contacts 130 and 138,
as previously described. Relay OP! picks up dur-
ing this “clearing ocut” period, the same as in
Relay FP! remains down

5(

5l

long encugh during the “clearing out” period to .

release ‘relay SA! because of cpen front contact

111, Relay SB! is stuck up during the “clearing.

out” period over-a circuit including back contact

11T of relay FP! and front contact {{8 of relay ~
SBl, but relay SC! is released when rclay SA!

opens its front-contact 122..

6t

The release of relay SAL and the conseqm,nt )

- opening of front contacts 108 and 165 effects the |

release of the stepping relays, after which relay
OP! is released because of open front contact 113

of relay FPS! and because of open front contact

136 of relay SOL .

The sticking and the release of relay SO1 wﬂl
now be explained more in detail. During an “on”
period, the energization of relays SO! and FP!
are both dependent on a completed channel cir-
cuit. If an open channel circuit is encountered,

neither SO nor FP! can pick up, resulting in the .

6l
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dropping out of this station, as previously de-
scribed.

During each “on” relay FPS! opens its back
contact 113 to break the stick circuit for relay
S01, but its selecting stick circuit is completed
ahead of this. This completed selecting stick
circuit picks up relay FP! and shifts relay VP2,
Therefore, the picking up of relay VP! in the first
“on” completes a stick circuit for relay SO! at
front contact 168, which is copened in the frst
“off” at back contact 167, but not until after
relay FPS! has released to complete the stick
circuit at back contact 113. This same operation
applies to other steps.

During the “clearing out” period, reiay SA?L is
down with its front contact {77 open, while relay
SB! is up with its back contact {75 open, so that
the stick circuit for relay SC! is incomplete and,
since this is an “off” period, its upper winding
is open at contact {3% of relay F! and also at
front contacts 112 and {3{ of relay SCL Relay
SO is thus released.

When the line is reenergizzd at the end of the
clearing ouf period in the office, as previously
described, effective when relay OP! has released
and closed its back contact 128, relay F! posi-
tions its contacts to the left and relay FP! is
ricked up over its previously describsd normal
energizing circuit. Relay SB! is released by the
picking up of relay FP! and the consequent open-
ing of its back contact {17,

Transmission of indications.—A change in the
condition of the track section or a change in the
condition of the traffic controlling devices at the
field station, effect the deenergization of relay
CH!, which closes a circuit for picking up relay
CHP! extending from (--), winding of relay FP1,
contact 130 of relay F! in its left-hand position,
back contact 13! of relay SC!, back contact 32
of relay CH!, and upper winding of relay CHP!,
to (—). CHP! closes a stick circuit for itself
extending from (4-), back contact {52 of relay
SBI, frent contact 157 and lower winding of relay
CHP!Y, to (—).

Relay OP! is now picked up, over a circuit ex-
tending from (4), front contact i58 of relay
CHP!, back contact 158 of relay LO!, winding of
relay OP! and resistance (R3, to (—). Relay
QP! opens the normally energized line circuit at
back contact 120, to mark the end of the normal
“on” period and the beginning of the starting
“off” period, at which time line relay ¥ in the
office and the line relays &t the ficld stations are
released.

Referring to the control office, relays NC and
P are released because of obpen contact 24 of
relay F. The release of relay NC also opens the
line in the control office at contacts 2f and 22,
thus effecting the op‘ening of the line circuit in
to an open line circuit con-
dition apnlied at the ficid siation. The line cir-
cuit cannot he energized until the apparatus in
the office and at the station has responded, at
which time it will be closed at both locations,

Relay FC in the control office is picked up
over g circuit extending from (4), back contact
32 of relay LY, back contact 45 of relay ¥P front
contact 94 of relay SA, back coniact 32 of relay
SBand lower winding of relay FC, to (—). Relay
OC is picked up over a circuit -sxtonding from
(4, back conf o‘ ]
5B and NC, h :
winding of fﬂl'u , 50 (=), Rnlay SB is nicked
up over a cucmt ax nding from (+) front
contact 48 of relay OC, back contact 8 of relay

S

FP, front contact 68 of relay SA and winding of
relay SB, fo (—). Relay SC is picked up over a
circuit extending from (4), back contact 32 of
relay LV, front contact 58 of relay SB and wind-
ing of relay SC, to (—).

Relay FC is stuck up, when relay OC picks up,
over a circuit extending from (-}, back contact
32 of relay LV, front contact 5{ of relay OC,
front contact 52 and upper winding of relay FC,
to (—=). It will be seen that the picking up of
reiay F'C opens the pick-up circuit of relay C at
back contact 38 and the stick circuit of relay-C
at back contact 52.

Relay PN of Fig. 1B is picked up during the
start “off” period, over a circuit extending from
(4, front contact §7 of relay ¥C, back dontact
88 of relay 1E and lower winding of relay PN, to
(—). Relay RT is now picked up over an obvious
circuit closed at front contact 9% of relay PN.

Relay IE is picked up over a circuit extending
from (4, front contact 85 of relay SC, back
contact 54 of relay C, front contact 88 of relay
PC, winding of relay IE and back contacts 27, 28
and 29 of relays VP, IV and 2V respectively, to
(—). With relays PN and IE picked up, (4)
energy is applied to the line over a circuit ex-
tending from the (4-) terminal of battery LB,
conductor !, front contact 38 of relay IE, upper

inding of relay PN, front contact 17 of relay PN,
conductor €3 and winding of reilay ¥ to the line
conductor, with the circuit from the (—) terminal
of battery LB extending by way of conductor 18;

front contact 3{ of relay I, front contact 19

of relay PN and conductor 8§ to the refurn lins
conductor.

Referring to the field station, the release of

relay P! effects the release of relay FPL because
of open contact 133 of relay F!. Relay SA! is
picked up over a circuit extending from (<), back
contacts 117 and 18 of relays FP! and SB! and
winding of relay SAl, to (—). Relay SB! is
picked up over an obvious circuit closed at front
contact 119 of relaly SA! and relay SC! is
picked up over an cbvious circuit closed at front
contacts 122 and 123 of relays SA! and SB!.

Relay LO! is picked up over a circuit extending
from (4-), front contact {16! of relay SB!, wind-
ing of relay LO! and front contact {68 of relay
CHP?, to (—). Relay PC! is now picked up over a
circuit extending from (),
of relay LOZ1, back contact {41 of relay TF?, back
contact 185 of relay 2V1,
relay V!, jumper {45 and winding of relay PC1,
to (=). Relay OP?! is released because of open
back contact 159 of relay LOLL

With relay IE in the control office up, with
relay OP! at the field station down and with relay
PC! at the field station picked up, the line ciréiit
isnow given a () energization over the previous-
ly described circuit extending to the line and re-
turn conductors, it being recalled that (4) was
applied to the line conductor and (—) to the re-
turn conductor. (+4) now extends over the line
conductor, through relay Fi, back contact 120
of rélay OPY, front contact 121 of relay LOI, re-
sistance R!, front contact 170 of relay PCL, back
contact 17! of relay NC!, through valve RCT!,
back contact (712 of relay NC! and front contact
113 of relay PC! to the return conductor. Ii will
thus be seen that, because of indication jumper
146 connected in its full line position, relay PC1
is picked up to permit the (+) energizaticn of
the line by way of valve RCT!. This provides one
choice of the two indications which may be trans-
mitted at each step, the other choice being ex-

front contact 149

back contact 166 of
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plained in connection with the secon:
period. . :

The (+) energization of theline circuit marksthe
end of the start. “off’ period and the beginning
of the first “on” period, at which time the line
relays in the office and at the field. stations (up
to and including that station which initiated the
system) position their contacts to the right. Re-
lay FP in the control office is picked up over a
circuit extending from (4), winding of relay FP,
contact 24 of relay P .in its right-hand dotted
position, back contact 64 of relay C, front con-
tact 16 of relay SC and resistance R,.to (—). Re-
lay VP is now picked up over its previously de-
scribed circuit and its previously described first
stick circuit is completed. Relay IE is released
because of open back contact 27T of relay VP.

Relays PC and NC in the control office are not
operated during an indication cycle, because no
CD relay is picked up to complete the control
channel circuits and because of open front con-
tact 58 of relay C. The release of relay IE opens
the line circuit in the office at contacts 30 and 31,
to mark the end of the first “on’” period and the
beginning of the first “off” period.

During the first “on” period, relay FP! is picked

“On”

up over a circuit extending from (4-), winding of .

relay FP1, contact 130 of relay F? in its right-hand
dotted position, front contact 112 of relay SCI,
back contact 126 of relay SO! and resistance IR2,
to (—=). Relay FPS! is picked up over a circuit

~extending from (-), front contact 164 of relay

L0, back contact 137 of relay OP!, contact 138

" of relay F! in its right-hand dotted position, back
35,

contact 139 of relay OP! and lower winding of re-
lay FPS!, to (—). Relay FPS! closes a stick
circuit for itself extending from (+4), front con-
tact 164 of relay LO!, back contacts 142, (43 and
144 of relays 2V1, IVl and VP, front contact
145 and upper winding of relay FPS!, to (—).
Relay VP! is now picked up over its previously de-
scribed pick-up circuit and its first stick circuit is
completed, as above described.

The opening of the line by the release of relay
IE in the control office, to mark the beginning of
the first “off” period, effects the release of the line
relays. Relay FP in the control office is released
because of open contact 24 of relay F and the
previously described second stick circuit for relay
VP is closed. The previously described pick-up
circuit for relay IV is closed, this relay is stuck up
and relay IE ispicked up over a circuit extending
from (<), front contact 55 of relay SC, back
contact 54 of relay C, front contact 69 of relay FC,
winding of relay IE, front contacts 27 and 28 of
relays VP and 1V and back contact 29 of relay 2V,
to (=), - ’

Relay FPS! at:-the field station is released be-
cause its pick-up circuit is open at contact 138 of
relay F! and because its stick circuit is open at
back contact 144 of relay VPl Relay FP! is re-
leased, because of open contact {30 of relay F! and
relay OP! is picked up, when contact 138 is opened
to remove the short circuit from the terminals
of the winding of relay OP!, the circuit for picking

up relay OP! extending from (4-), front contact

184 of relay IO, back contacts (42 and (43 of
relays 2V! and V!, front contact 10! of relay
VP1, winding of relay OP! and resistance IR3, to
(—). A

. The opening -of back contact 120 of relay OP1
opens the line at the field station. - It will thus be
seen-that the office deenergizes the line to mark
the heginning of an “off” period and the station

picks up its OP relay .in response to this deener-
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gization, which relay further opens up the line

circuit and holds it open until the step has been
taken. Relay $V! is picked up and stuck up as
previously described and relay VP! is stuck up
over its previously described second stick circuit.
Relay OP! is now released to close up the line at
the station, because relay (V! picked up and

opened the above described circuit at back con-

tact 143.

~ The above description indicates how the trans-
mitting field station permits the line to be ener-
gized with a (4) impulse in accordance with one
indication to be transmitted. It will now be ex-
plained how the field station prevents the line
being energized with a.(4) impulse and causes
the office to change to a (¢-—) impulse and for
permitting the (—) energization of the line for
the transmission of another indication. Although
this operation will only be described for one im-
pulse period, it will be understood that the choice

10

15 -

20

of two indications discussed in the typical ex- .

amples can be used at additional steps of the
cycle, for transmitting indications on a choice
of two per step.

During the first “off”’ period; the picking up
of relay 1V! at the field station selects the sec-
ond code jumper connection by way of front con-
tact 166 and indication channel circuit No. 2.
In accordance with the example chosen, a circuit
is closed for picking up relay NC! extending from
(), front contact 140 of relay LO!, back contact
141 of relay TF, back contact 1685 of relay ZV,
front contact §66 of relay {V!, code jumper 116
in its full line position and winding of relay NC,
to (—). Since relay PC! releases when back con-
tact 168 of relay (V! is opened, pole changing
contacts 170 to 173, inclusive, are in the opposite
positions from those previously described, so that
the circuit for energizing the line with a (4)
impulse is incomplete because of valve RCT.L
This is because relay IE picks up in the first “off”
period for applying (4-) to the line conductor and
(—) to the return conductor, as previously de-
scribed. In this case, however, the circuit through
relay P!, back contact 128 of relay OP!, front
contact 121 of relay LO?, resistance R, back con-
tact 116 of relay PC! and front contact (72 of

30
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relay NC!, connecis to the terminal of valve -

RCT!, which will not permit current to flow
through this valve. The station therefore pre-
vents the (4-) energization of the line.

Since the energization of the line, as previously
described, extended through the upper winding
of relay PN and its front contact 77, it -will be
seen that the non-energization of the line effects
the release of relay PN because its upper winding
fails to be energized and because its lower wind-
ing is deenergized at back contacts 92 of relay
IE and at back contact i8 of relay RT. Relay PN
therefore releases and changes the potential ap-
plied to the line from (4) to (—). The line is
now energized over a circuit which may be traced
from (4) terminal of battery LB, conductor ff,
front contact 38 of relay IE, back contact {8 of
relay PN, conductor .95, return conductor, back
contact 173 of relay PCL, front contact 171 of re-
lay NCI, valve RCT!, front contact (72 of relay
NC!, back contact 179 of relay PC!, resistance R!,
front contact 121 of relay LO1, back contact i28
of relay OP!, winding of relay F!, line conductor,
winding of relay F, conductor €3, back contact
77 of relay PN, lower winding of relay R, front
contact 31 of relay IE and conductor I8, to the

(—) terminal of battery LB. Relay RT is there-:

fore maintained energized by means of current
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through its lower winding after relay PN releases
and opens its front contact 99.

In response to this (—) energization of the
line circuit, the line relays actuate their polar
contacts to the left for controlling the FP relays
and the stepping relays as previously described.
During the second “off”’ period the deenergization
of the line effects the release of relay RT, after
which it is again picked up when relay PN picks
up during the “off” period for preparing for the
next “on” period.

It will thus be seen that the line is energized
with polar impulses during an indication cycle
for positioning the polar contacts of relay F in
the control office to the right or to the left in
accordance with whether these impulses are (4)
or (=). A (+) impulse effects the energization
of an indication receiving relay, such as relay
IPT over a circuit extending from (B-+), contact
84 of relay F in its right hand dotted position,
front contact 82 of relays FC, back contact 81 of
relay TF, back contacts (4 and (5 of relays 2V
and IV respectively and winding of relay 1PT, to
(CN). A (—) impulse positions polar contact 84
to the left for applying (B—) to the channel cir-
cuit, similar to that above described, for ener-
gizing relay (PT in the opposite direction.

It is not believed necessary to illustrate or de-
scribe the transmission and the reception of addi-

tional polar indication impulses, since these may .

be provided as in the above described typical
examples and since as many may be provided as
required. It is furthermore believed unnecessary
to illustrate the method of registering the iden-
tity of a transmitting station in the controi office
in accordance with a code combination made up
of the polar indication impulses, since such sta-
tion identification, as well as the transmission of
indications to the indication receiving relays as-
sociated with the identified station, has been
disclosed in numercus applications and is well
known to those skilled in the art.

At the end of an indication cycle, the system
is cleared out in the manner above described in

- cohnection with a control cycle, with relay FC

being released when relay OC releases and opens
its stick circuit at front contact 51.

Indication cycle stepping operations.—As pre-
viously described, the bank of stepping relays is
operated through a single cycle in connhection
with the transmission of controls, with relays TP
and TFP remaining deenergized. It will now be
explzined how the stepping relay bank in the
control office repeats its cycle of operations when

s indications are transmitted, the purpose of this

feature being to provide more indication chan-
nels, since it has been found in practice that
typical installations require approximately twice
as many indications as controls during each cycle
¢f the system. Since the station stepping relay
bank repeats its cycle by means of circuits sim-
ilar to those shown in the control office, it is be-
lieved unnecessary to describe the stepping op-
eraticns at the station.

Relay TF (see Fig. 1B) is picked up during the
third “off” period over a circuit extending from
(+), front contact 65 of relay OC, back contact
75 of relay FP, front contact 14 of relay SB, front
contact 16 of relay VP, front contact T8 of relay
2V, front contact {1 of relay FC, back contact
g of relay TFP and winding of relay 'TF, to (—).
Relay TF is stuck up over a circuit extending
frem (4), front contact 8 of relay OC, froat
contact T and winding of relay TF, to (—). The
VP and the V relays are now released because of

11

open back contact 280 of relay TF. Relay TFP
is picked up over a circuit extending from (+),
back contact 281 of relay 2V, back contact 282 of
relay IV, back contact 283 of relay VP, front
contact 284 of relay TF and winding of relay
TFP, to (—). Relay TFP is stuck up cver z
circuit extending from (4), front contact & of
relay OC, front contact 288 and winding of relay
TFP, to (—).

Relays TF and TFP remain stuck up until
relay OC releases and opens its front contact 8
during the “clearing out” period. Since the V
and VP relays must be down to effect the picking
up of relay TFP, (—) may be applied to their
windings at front contact 285 of relay TFP so
that they can be sequentially operated through
another cycle by means of their previously de-
scribed circuits, except now the (—) is applied
to their windings by way of front contact 285
instead of back contact 288. The switching of
contact 81 of relay TF from its back to its front
point switches the indication registering circuit
from the lower numbered group of channel cir-
cuits to the higher numbered group of channel
circuits. It will thus be seen that a channel cir-
cuit is selected in one group at each step of the
stepping relay bank and after this bank has
stepped through once, an additional channel
circuit is selected in another group by the opera-
tion of the stepping relay bank through a similar
cycle.

Lockout~—In the event that two or more sta-
tions have indications ready for transmission at
the same time, the station nearest the control
office is given preference and that station (or
stations) more remote from the control office is
locked out. It will be assumed that the station
illustrated in Figs. 2A and 2B has indications to
transmit at approximately the same time as the
next station, assumed to be station No. 2.

Relay CH! is released to initiate the system
from the station, in a manner previously dis-
cussed. It will be assumed that relay CH2 (not
shewn) is released at the same time.

A circuit is closed for picking up relay CHP?
extending from (), winding of relay ¥P!, con-
tact {20 of relay F! in its left-hand position, back
contact [31 of relay SC!, back contact 132 of re-
lay CH! and upper winding of relay CHPI, to
(—=). Relay CHP! is stuck up over a circuit ex-
tending from (+), back contact {58 of relay SB!,
frent contact {57 and lower winding of relay
CHPL, to (—). Relay OP! is now picked up over
a circuit extending from (), front contact {58
of relay CHP!, back contact 159 of relay LO?!,
winding of relay OP! and resistance {R3, to (—).
Similar circuits are effective at station No. 2
(not shown) for controlling the CH, CHP and OP
relays at this station.

The picking up of relay OP! opens the ling cir-
cuit at back contact 120, which effects the re-
lease of the line relays at all stations and in the
control office. Relays FP and NC are released he-
cause of open contact 24 cf relay I'. The release
of relay NC further opens the line circuit in the
control cffice. The release of relay F! effects the
release of relay FP! because of open contact (38
and relay SA! is picked up because of closed back
contact 147 of relay FP!. Relay SB! is picked up
because of closed front contact {18 of relay SAl
and relay SC! is picked up because of closed front
contacts 122 and {23.

Relay LO! is picked up over a circuit extend-
ing from (-), front contact 16¢ of relay SBY,
winding of relay LO! and front contact 158 of
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relay CHP!, to (—). Relay OP! is released to
again close up the line at the station by the open-
ing of back contact 159 of relay LO!. The line
cannot be energized at this time however, since
it must wait for the control office to go through
the conditioning period, as was prekusly de-
scribed.

Similar operations of the OP, F, FP, SA, SB,
SC and LO relays are effected at the second sta-
tien, during theé starting “off” period, but the line
peyond the first station can not be energized be-
cause of open back -contact 121 of relay LOL
The line circuit extends through back contact 120
of relay OP!, front contact 121 of relay LO! and
resistance R!, so that the above described opera-
tion of relay OP! is effective to provide the line
lock feature as previously described.

It will be noticed that the dead line for picking
up a CHP relay is at the point where relay F*
opens its contact 130. This prevents the pick-
ing up of another CHP relay when relay CHP!
picks up, relay OP! picks up and relay F releases,
In the event however, that the second CHP relay
is picked up before this dead line is reached, it
becomes necessary to release the associated lock-
out relay (at the inferior station) and this is
aceomplished by maintaining the associated SB
relay stuck up during the open circuit condition
of the line, by way of a circuit similar to that
extending through back contact f17 of relay FP!
and front contact 118 of relay SBl. Since a con-
tzci similar to back contact 118 of relay SB! is
open and since a contact similar to front contact
{11 of relay FP! is open, the associated SA relay
is released which opens the stick circuit of the
associated CHP relay at a contact similar to front
contact 183, the contact similar to back contact
{55 of relay SB! being open. Therefore, at the
inferior station, the release of the associated
CHP relay and the consequent opening of its
front contact similar-to 160 effects the release of
the- associated lockout relay. - )

The SB relay at the inferior station remains

" stuck up until the system is restored to normal

50

65

é0

. and the line circuit is reenergized, after which -

the associated CHP relay is again picked up over
a circuit similar to that extending through con-
tact 130 of relay F! in its left-hand position,
back contact 131 of relay SC!, back contact 132
of relay CH! and upper winding of relay CHP?,
to (—). It will thus be seen that the inferior
station gets a:chance to obtain active access to
the communication system again-and the circuits
furction as above described to give the next
superior station control of the line and to lockout
any other inferior station that may be attempting
to transmit its indications. '
Stepping is’ not effected at an inferior sta-
tion, under the above conditions, because of open
front contacts 136 of relay SO! and open front
contact 164 of relay LO!. At a station nearer the
office than the one ‘which obtains access to the

-communication system, the line relay will be

intermittently operated in response to the im-
pulses and the associated FP relay will be inter-
mittently operated because of & circuif com-

- pleted for the FP relay, by way of a -contact simi-

70
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lar to 39 in either position, front contacts simi-
lar to 112 or (31 of relay SC!, back contacts simi-
lar to {26 or 189 of relay SO! and a resistance
similar to [R2, to (—). The FP relay thus oper-
ates to control the associated SA, SB and SC re-
lays, but stepping is not effected at this sta-

‘tion because of open front contacts (36 and {64

of relays similar to SO and LO*.

2,189,479

Stored control conditions—As previously men-
tioned, the control office has preference to initi-
ate the system, when it has a stored control con-
dition at the time the system goes through its
“clearing out” period.

When relay C is released during the “clear-
ing out” period, as previously described, a stored
office start is effective to pick up relay LC over
the previously described circuit including back
contact 29 of relay C. The CD relay that was
up during the previous cycle, is released when
relay C releases and opens its front contact 62.
Relay C is again picked up over the previously
described circuit - including front contact 41 of
relay LC.

It will be understood that the LC relay now
being discussed may be associated with another

starting button and another station, so that the
closure of a front contact similar to 61 is effective
to pick up the associated CD relay.

After the stepping relays have been released
during the “clearing out” period, as previously
described, relays PC and FP are picked up over
a circuit extending from (--), winding of relay
¥P, front contact 89 of relay SB, back contact 90
of relay OC, front contact 25 of relay C, back
contact 42 of relay SC, front contact 43 of relay
SA, winding of relay PC. and back contacts 27 to

.29 inclusive of the stepping relay bank, to (—).

This picking up of relay PC applies a () ener-
gization to the line before the SA or SB relays
have released, but after the SC relay has released.
This (4 ) energization of the line positions the
contacts of the line relays to the right, which
prevents the picking up of a station CHP relay,
because the line relay contacts similar to con-
tact 138, must be in their left-hand positions for
picking up an associated CHP relay.

After the release of relays SB and SA, due to
the release of relay OC and the consequent open-
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ing of its front contact 48, relay PC is released -

hecause of open front contact 43 of relay SA, to
mark the end of the starting period and the be-
ginning of the conditioning “off” period, at which
time the line is deenergized and the system steps
through the cycle as before. Relay OC is picked
up when relay LV releases and closes its back con-
tact 32, the circuit being by way of back contacts
50 and 24 and front contact 44, as previously de-
seribed. Relay LV is not released at the time the
other stepping relays release, its stick circuit not
being energized until relay SB releases and opens
its front contact 87.

In the event of simultaneous -office -and field
start conditions, when the system is in its normal
condition, then the field station is given prefer-

-ence, since an open circuit start condition, effect-

ed by a field station is superior to a change in
nolarity of energization of the line circuit, effect-
ed by the control office.

For example, the release of relay CH! effects
the picking up and the sticking of relay CHP],
after which relay OP! is picked up to open the
line at the station, all as previously described.
In response to the open line condition, relays’F,
FP and NC in the office are released and relay FC
is picked up. The opening of back contact 238 of
relay FC prevents the picking up of relay C
(which controls the- transmission - of controls)
an that the succeeding cycle is marked for the
transmission of indications. Even though relay
C.is up at the time relay FC is picked up in re-
sponse ‘to a field start, the opening of back con-
tact 52 of relay FC.opens the stick circuit for
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relay C and since its pick up -circuit is also open
at back contact 38, relay C will be released.

Since it requires a (4-) line energization at
the start of a cycle to pick up an SO relay and
since g fileld start condition opens the line for
preventing this (4) energization, no SO relay
will be picked up at the start of an indication
cycle. .

The “clearing out” operation for an indication
cycle is the same as previously described in con-
nection with a control cycle and it is believed
uinecessary to again point out the sequence of
operations during this portion of the cycle.

Wheaistone bridge indications—In my prior

Patent No. 2,068,931, a method of transmitting

indications in a centralized: traffic controlling

system was disclosed, comprising circuit means.

for unbalancing or leaving balanced a Wheat-
stone bridge circuit, having the line in one arm
therecf. The modification illustrated in Fig. 3,
is an improvement over the system in the above

patent, in that indications are transmitted by:

over-balancing and under-balancing a normally
balanced Wheatstone bridge. circuit, having the
line in one arm thereof. The présent arrange-
ment is an improvement over the. prior dis-
closure, since the indication executing circuits
in the control office are much simpler, because the

usual line relay is actuated to the right or to the.

left in accordance with the over-balance or un-
der-balance of the bridge for applying (B+): or
(B—) to the indication channel circuits selected.

Fig. 3 illustrates only a sufficient portion of the
circuits to indicate the method of transmitting
Iy the over-balance and under-balance Wheat-
stone bridge arrangement. It is assumed that
ihe system is in its normal condition, with the line
energized (—) by way of. the pole changing con-
tacts of the PC and NC relays, the energy being
supplied from battery LB3 which corresponds to
the line battery LB of Fig. 1A. The path over
which the line is energized includes line relay F3,
corresponding to relay F! of Fig. 2A, and back
contacts 329 and 321 of relays OP? and LO83, which
correspond to back contacts 120 and 121 of
Hig, 2A.

Relay FC3, corresponding to relay FC of Fig.
1A, is picked up when the system is started from
the field station, in response to the open circuit
condition of the line, in the manner previously
described.

Bach time that relay IE3, (corresponding to
relay IE of Fig. 1A) is picked up to apply energy
to the line circuit, front contacts 3238, 331, and 333
are closed to include the line and resistance g, c,
and d in a Wheatstone bridge circuit, as more
clearly indicated in Fig. 7, corresponding resist-

ances and relays in Figure 7 having exponent 4.

applied, it being understood that these resist-
ances and relays correspond to similar resistances
and relays of Fig. 3.

It will first be assumed that, when relay IE3
sets up the above described condition, the code
jumper 248 at the field station is in the position
illustrated in Figs. 3 and 7. 'This removes re-
sistance R5 from the line and it is assumed that
the constants of the line circuit, the line relays
and the resistances are such that, under this
condition the line is under-balanced, that is, more
current flows through the arm of the bridge in
which resistance RS is connected, than in the arm
in which resistance a¢ is connected. In other
words, with resistance R removed from the line,

the product of the resistances in the upper right

and the lower left arms of the bridge is substan-
vially greater than the product of the resistances
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in.the upper left and the lower right arms of the
bridge. This causes.cyrrent to flow through line
relay ¥4 from the right to the left to apply (B—)
at its polar contact 384 to the selected channel
circuit, which: circuit may be selected as in
Fig. 1A.

The alternate connection of jumper 346 inserts
resistance R? in the line and when the Wheat-
stone bridge circuit is established by relay IES3
applying energy to the line, the bridge is over-
balanced, that is, the product of the resistances
in the upper right and the lower left arms of
the bridge is substantially less than the product

of the resistances in the upper left and in the .

lower right arms of the bridge. This causes cur-
rent to flow through relay F4 from left to right
and (B+4) is applied to the selected channel cir-
cuit by way of polar contact 384.

When such an arrangement is used, it is de-
sirable to periodically make a test of the resist-
ance of the line and compensate for variations
in this resistance effected by variations in tem-
perature and the like. The circuit illustrated in
Fig-4 shows such a compensating arrangement
and in this circuit the system is assumed to be
in its normal condition with relays FP%, AX¢ and
NC¢ normally picked up over: a circuit extending
from (4), winding of relay FP4, contact 424 of
relay F¢ in its left hand position, back contacts
425 and 426 of relays C* and SC¢ winding of
reiay AX* and winding of NC¢%, to (—). Under
this condition the circuits are as illustrated in
Fig. 5, that is, the line is energized over a circuit
extending from the (4) terminal of the baftery,
back contact 423 of relsy PC%, front contact 421

of relay NC*¢ return line conductor, balancing '

resistor BR#, back contact 408 of relay LO#4, line
conductor, winding of relay ¥4, front contact 432
of relay NC4, back contact 420 of relay PC¢ and

resistance d4, to the (—) terminal of the battery. .

Another circuit may be traced from the (4-)
terminal of the battery, back contact 423 of
relay PC*, front contact 421 of relay NC¢, bal-
ancing resistor e#, front contact 402 of relay

AX* and resistor ¢4, to the (—) terminal of the

battery.

As indicated in Figs. 4 and 5 balancing relay
BAL* has one terminal connected to point ¥
between resistors a* and ct, by way of a con-
nection direct to resistor ¢t and by way of a con-~

nection through front contact 402 of relay AX, 4

to resistor a* 'The other terminal of relay
BAI# is connected to point Z between resistor
d* and line relay F<. - This connection may be
traced by way of front contact 483 of relay AX4

to the winding of relay F¢ and by way of front ~

&
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contact 422 of relay NC¢ and back contact 429

of relay PC4, to resistor d4.

It is assumed that under the above conditions,
the inclusion. of resistance BR* at the end of
the line provides the proper resistance in the
upper right arm of the Wheatstone bridge (see
Fig. 5), so that the product of the resistances
in this arm and in the lower left arm are ap-

oe)
<

proximately equal to the product of the resist- ..
ances in the upper left arm and the lower right

arm. Under this condition the bridge is balanced
and no current flows between the terminals ¥
and Z. Relay BAL* therefore maintains its polay
contact 485 in its neutral position as long as the

line contains the proper resistance to approxi- '

mately balance the bridge.

If the line circuit resistance increases or de-
creases, polar contact 405 of relay BAI¢ will be
operated to one position or the other for con-
trolling (by means’ of a' circuit not shown but

0.
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indicated by dotted line 401), resistor at to in-

clude in or exclude from the upper left arm. of
the bridge sufficient resistance to- bring the
bridge back into balance.

It is not-believed necessary to show the cir-
cuits in detail for controlling resistor a4, since
these may be such as shown in Field application,
Ser. No. 25,472, filed June 7, 1935. In this prior
application, a resistor corresponding to a* is
stepped up or down by means of a step-by-step
device in accordance with the position of a con-

-tact on a relay, such as relay BAIL#, which con-
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trols this device. -
Front contacts 406 and 4071 of relay IE* are

for the purpose of setting up the circuit condi-

tion illustrated in Fig. 7 during the transmission
of indications, when the line is energized by the
picking up of relay IE4. It will be observed that
balancing relay BAL# is removed from the line
during the-transmission of indications, because
relay AX% releases and opens the circuits to re-
lay BAIL# at front contact 403. Relay AX! is
released when relay F* opens contact 424 at the
start of an indication cycle (or -a control cycle)
and the circuit to relay. AX¢ is maintained open
at back contact 426 of relay SC% .The circuit
for operating relay NC%is then completed as in
Fig. 14, as indicated by the arrow and the note
in Pig. 4 (to NC selection).

During the transmission-of controls the Wheat—

" stone bridge circuit is not made up, as indicated

in Fig. 6. This is because relay IE* does not pick
up during a control cycle, so.that the only com-
pleted circuit from the line battery. is that indi-
cated in Fig. 6 and it extends over the line cir-
cuit, but includes resistor d4.

Fig. 8 illustrates the reception of indications
by means of vacuum tubes of the gas filled; arc
discharge type. Instead of relay F4 being con-
nected between points Y and Z as in Fig. T, re-

“gistor R# is connected between points Y-and Z in

Fig. 8. Recalling that an over-balance of the
bridge causes current to flow from Y to. Z and
that an under-balance of the bridge causes cur-
rent to flow from Z to Y, it will be apparent that
‘current is thus caused to flow through resistor

‘RS in one direction under one indication condi-

tion and in another direction under another in-
dication ‘condition.

The input - circuit of tube ,TP is connected '

across the left hand portion of resistor RS, there-
fore, with the proper grid bias, current flowing
from left to right through this resistor “triggers”
tube TP, causes current to flow in its plate cir-
cuit and picks up relay MP for applying (B+)
potential to the selected indication channel cir-
cuit, through front contact 455 of relay MP and
back contact 456 of relay MN. -

When current fiows through resistor R8 from
right to.left, then the grid-bias applied to tube
TN is overcome, current flows in the plate ‘circuib

“of this tube and relay MN is picked up for ap-
plying (B—) by way of front contact 456 to the

selected channel circuit. Since tubes of this type
require some means of “quenching” after they
are “fired”, relay 1E3 (corresponding to relay Im
of Fig. 4) connects energy to the tube plate cir-
cuit at front contact 45T, during-the time that
this relay is picked up for energizing the line and
removes energy from the tube plate circuits by
opening front contact 457 to “quench” the “fired”
tube after the indication transmission period.
Although one specific embediment of the in-
vention has been shown, it-is to be understood
that various re-arrarigements may be made and
st1ll come - Wlthm the scope of the mventmn
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Having thus described a éentralized traffic cori-

trolling system as one embodiment of the present

invention, it is desired to be-understood that this
form is selected to facilitate in the disclosure
rather than to limit the number of forms which
the invention may assume and it is further to be
undertsood that various modifications, adapta-
tions and alterations may be applied to the
specific form shown to meet the requirements
of practice, without in any manner departing
from the spirit or scope of the invention, except
as limited by the appended claims.

What I claim is:

1. In a centralized: traffic control and 1ndlca-
tion system of the selector type for transmitting
controls to or indications from. any one of-a
plurality of field stations at one time; the com-
bination with an office and a plurality of field
stations; a lock-out relay at each field station; a
polar line relay at each field station; a line open-

ing relay at each field station; a line circuit ex-

dending through the'line relay, a contact of said
line opening relay and a back contact of the
lock-out relay of each field station in succession
in accordance with the distance such field sta-
tion is from said office and bhack over a return
wire; a bridge partial circuit at each. field sta-
tion connecting the front contact of said lock-
out relay contact for that station to the return
wire; means in said office for normally energizing
said line circuit with current of a particular
polarity; means at each field station responsive
to. a changed condition at such station for actu-
ating said line opening relay and opening said
line circuit, said last. mentioned means being
effective only if said line circuit was energized
with current of said particular polarity and said

polar line relay assumed a particular. position

when -said changed condition became existent;
means for energizing the lock out relay at such
station in response to opening of the line circuit
by ils associated line opening relay; means -re-
sponsive to the energization of said lock-out re-
lay for again actuating said line opening relay

_to reclose said line circuit; and means.at said

office for changing the polarity of energization
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of said line circuit when said line circuit is to be

used for. transmitting controls from said office.
2. In a centralized traffic indication system of

the selector type for transmitting indications from-

any -one of a plurality of field stations at one
time; the combination with an office and a plu-
rality of field stations; a lockout relay at each
field station; a polar line relay at each field: sta-
tion; a line opening relay at each field station;
a line circuit extending through the line relay,
a contact of said line opening relay and a. back
contact of the lock-out relay of each field sta-
tion in succession in accordance with the dis-
tance such field station is from said office and back
over a return wire; a bridge partial circuit in-
cluding indication impulse creating means at each
field station connecting the front contact of said
lock-out relay contact-for that station to the re-
turn wire; means in said office for normally en-
ergizing said line circuit with current of a par-
ticular polarity; means at each field station re-
sponsive to a change condition at such station
for actuating said: line opening relay and open-
ing said line circuit, said last ‘mentioned-means
being effective only if said line circuit was ener-
gized with current of sald particular polarity and
said polar line relay assumed a particular posi-
tion when: said changed condition became exist-
ent means for energlzlng the lock—out relay at
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such station in response to opening of the line cir-
cuit by its associated line opening relay; and
means responsive to the energization of said lock-
out relay for again actuating said line opening re-
lay to reclose said line circuit to allow said in-
dicating impulse creating means to transmit an
indication to said office.

3. In a centralized traffic indication system of
the selector type for transmitting indications from
any one of a plurality of field stations at one
time; the combination with an office and a plu-
rality of field stations; a lock-out relay at each
field station; a polar line relay at each field sta-
tion; a line opening relay at each field station;
a line circuit extending through the line relay,
a contact of said line opening relay and a back
contact of the lock-out relay of each field sta-
tion in succession in accordance with the dis-
tance such field station is from said office and
back over a refurn wire; a bridge partial circuit
including indication impulse creating means at
each field station connecting the front contact of
said lock-out relay contact for that station to the
return wire for creating impulses of current
greater than or less than normal value; means
in said office for normally energizing said line
circuit with current of a particular polarity;
regulating means at said office operative only when
said system is in its normal condition for main-
taining said current of a particular polarity at a
normal value; means at each field station re-
sponsive to a changed condition at such station
for actuating said line opening relay and. open-
ing said line circuit, said last mentioned means
being effective only if said line circuit was en-
ergized with current of said particular polarity
and said polar line relay assumed a particular
bosition when said changed condition became ex-
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istent; means for energizing the lock-out relay at
such station in response to opening of the line
circuit by its associated line opening relay; and
means responsive to the energization of said
lock-out relay for again actuating said line open-
ing relay to reclose said line circuit to render
said regulating means inactive and to allow said
indicating impulse creating means to transmit
an indication to said office.

4. In a code communication system for a. con-
trol office and a plurality of field stations, a sin-
gle line circuit connecting the control office and

the several field stations, means in the control

office for energizing said line circuit with one
polarity while the system is at rest, and equip-
ment at each field station comprising a change-
able device having different conditions to be in-
dicated in the control office, a starting circuit re-
sponding to a change in said device and effective
only if said line circuit is energized with said par-
ticular polarity for opening said line circuit, sec~
tionalizing means governed by said field starting
circuit and operating upon deenergization of said
line circuit as a result of a field start at any sta-
tion for terminating said line circuit in the cor-
responding station, lock-out means responsive to
the flow of current in said line circuit after op-
eration of said sectionalizing means for maintain-
ing energization thereof for an ensuing operating
cycle, means for deenergizing said lock-out means
after a prolonged deenergization of said line cir-
cuit, and a code transmitter effective only if said
lock-out means is maintained energized by the
flow of current in said line circuit to the corre-
sponding station after the sectionalizing of said
line circuit.
WINFRED T. POWELL.
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