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UNITED STATES PATENT OFFICE 
2,126,209 

CENTRALIZED TRAFFEC CONTROLLING 
SYSTEM FOR RAILROADS. 

Neil D. Preston, Rochester, N.Y., assignor to Gen 
era Railway Signal 
N. Y. 

Company, Rochester, 

Application November 26, 1932, Serial No. 644,481 
'', Renewed March 6, 1936 - 

This invention relates to centralized traffic con 
trolling systems for use in dispatching, trains 
on railway systems and more particularly to the 
communication part of such systems; and an in 
provement over the invention disclosed in my 
earlier filed applications Ser. No. 589,186 filed 
January 27, 1932, and Ser. No. 596,516 filed March 
3, 1932, and no claim is made herein to any in 
vention disclosed in either of said earlier filed 
applications. 

In railroad traffic controlling systems the 
traffic is controlled from a central control office 
and also the location of trains and the condition 
of the traffic controlling devices at remote lo 
cations are indicated to the attendant at the Con 
trol office. This invention is particularly useful 
in such a system which is called upon to carry Out 
a large number of control and indication func 
tions during a very short time. A single dis 
patcher can handle the traffic over a large section 
of track, so it is apparent that the controls and 
indications should be capable of transmission at 
such a high rate of speed that the accumulation 
of stored controls and indications is avoided. 
Such a traffic controlling system is supple 

mented by the well known automatic block sig 
nal system and other local means ordinarily pro 
vided to guard against unsafe train movements, 
improper operation of track switches or the like. 
The switches and signals are distributed through 
out the territory but those located relatively 
near or adjacent each other together with the 
apparatus provided to govern these switches and 
signals, are conveniently referred to as compris 
ing a field station. The communication system 
is provided to interconnect the control office with 
the several field stations and is so organized that 
complete supervision is obtained by the operator 
of the various switch and signal devices at the 
remote stations. 
In accordance with the present invention, the 

communication system includes three line Wires 
extending from the control office through the 
several field stations in series. The three line 
conductors are referred to in this disclosure as 
the S line, which is the stepping and control line 
and the A and B lines which are the return lines. 
The S line and the A and B lines are connected 

order to provide a return circuit for the Sline. In 
accordance with the present invention, it is pro 
posed to use the three line wires for transmitting 
to and from the field stations for selecting and 
registering field stations and for actuating con 
trolling devices at the field stations and indica 
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tion, devices at the control office. Combinations 
of impulses of distinctive character are applied 
to the S line, using the A and Blines in multiple 
for the return circuit, to select a desired field sta 
tion, after which a relay or control device for 
each switch or signal at the selected station may 
be actuated or conditioned, by means of these 
characteristic impulses for controlling the respec 
tive devices and thereby, governing the traffic at 
the selected station. Such selection and con 
trol is referred to as transmission of controls. 
The communication System is also used to 

transmit to the control office indications of the 
positions of the switches and signals and for 
indicating the presence or absence of trains in 
particular track sections, as well as any other in 
dications which may be useful in directing and 
supervising train movements. These indications 
are preceded by the registration in the control 
office of the particular field station that is trans- ; 
mitting. This function is automatically effected 
when a new indication is ready to be transmitted 
to the control office and is conveniently referred 
to as transmission of indications. 
The system is of the coded duplex type and is 

operated through cycles, during each of which 
transmission of controls and transmission of in 
dications can occur separately or simultaneously 
to and from the same station or to and from dif 
ferent stations. 
When controls are transmitted, a station select 

ing code is first applied to the line for Selecting 
the particular station desired, after which the 
controls are transmitted to the Selected station 
by means of code impulses. When indications are 
transmitted, the field station transmitting such 
indications first sends a Station registering code 
for registering that station in the control office. 
Thereafter, the particular indications are trans 
mitted to the control office-by means of an addi 
tional code and are displayed on indicator de 
vices, such as lamps or the like associated with 
the station sending. 

For the transmission of controls, a predeter 
mined number of impulses of selected polarities 
is placed on the line circuit for operating the ap 
paratus at the control office and at the field sta 
tions through a cycle of operations, irrespective of 
the character of the impulses, While the distinc 
tive character of such impulses determines the 
particular station to be selected and the con 
trols to be transmitted to the selected station. 

For the transmission of indications, means are 
provided to condition the A and B lines during a 
portion of the energized periods of the S line 
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for creating two code characters, either One of 
Which may be selected for conditioning an indi 
cation receiving device in the control office. Dur 
ing another portion of the energized periods of 
the S line, the A and B line wires are again con 
ditioned to provide a choice of three code char 
acters, any one of which may be Selected for con 
ditioning an indication receiving device in the 
Office. 
acters for each step is obtained during the ener'- 
gized periods of the S line circuit. The energized 
periods of the S line circuit will be referred to 
as the “on' periods, While the deenergized periods 
Of this line circuit, Will be referred to as the 'Off' 
periods. 
One feature of the present invention relates 

to the manner in which indications are precon 
ditioned during the “off' periods for obtaining a 
choice of two code characters and the manner 
in which indications are conditioned during the 
"on' periods for obtaining an additional choice 
of three code characters, with the chosen indica 
tions executed during a portion of the “on' 
period and a portion of the next succeeding “off” 
period. For example, in systems of this type, 
one energization of the stepping line or "on' 
period and one deemergization or “off” period 
has usually been designated as comprising a 
single step, with the field station circuits so 
arranged that indications are transmitted by 
distinctively changing or varying the condition 
ing of the line circuit once for each step. In 
the present embodiment, with the S line ener 
gized at the start of an "on' period, the A or 
B line may be energized resulting in two dis 
tinctive conditions. With the S. line energized 
later during the same “on” period, the return 
circuit may be: by way of the A line alone, the 
B line alone or the A and B lines in multiple, 
thus giving three more distinctive conditions re 
sulting in five distinctive conditions or code 
combinations for each step for the transmission 
of indications. 

Obviously, the provision of five distinctive code 
characters for each step results in obtaining 
twenty-five distinctive codes where each com 
plete code comprises two steps. Similarly, one 
hundred and twenty-five distinctive complete 
codes may be obtained where each complete code 
comprises three steps. In other words, the num 
ber of code combinations obtained is equal to 
five raised to the power of the number of steps. 
Fherefore, one purpose of the present invention 
is to provide a code type selector system which 
builds up rapidly as the number of steps in 
creases and to accomplish this over a minimum 
number of line Wires. 
Other objects and advantages of the present. 

invention will be hereinafter set forth in the 
specification and claims and shown in the draw 
ings, the characteristic features will be explained 
more in detail in the following description of 
One embodiment of the invention, while vari 
ous other characteristic features and advantages 
of the system comprising this invention will be 
in part pointed out and in part-apparent as the 
description progresses. 
In describing the invention in detail, refer 

ence will be made to the accompanying drawings 
which illustrate in a diagrammatic manner the 
apparatus and circuits employed. Those parts 
having similar features and functions are desig 
nated in the different figures by like letter refer 
ence characters, generally made distinctive 
either by the use of distinctive exponents repre 

Therefore, a choice of five code char 

2,126,209 
sentative of their location, or by the use of 
Suitable preceding numerals representative of the 
order of their operation and in which:- 

Fig. 1 is a diagrammatic showing of the three 
wire line circuit with the contacts, relay windings 
and resistance coils which are included in the 
three lines schematically indicated. 

Figs, 2 and 3 illustrate the apparatus and 
circuits employed at the control office; 

Fig. 4 illustrates the apparatus and circuits 
employed at one of the field stations; 

Fig. 5 illustrates an operation chart which Will 
be conveniently referred to during the following 
description for obtaining a concentrated picture 
of the sequence of operations of the system dur 
ing control and indication cycles. 
In tracing the detailed circuits, Fig. 4 is placed 

to the right of Fig. 2 and Fig. 3 is placed below 
Fig. 2. 

General description 
The three Wire line circuit which connects the 

control office with the field stations, extends from 
the right hand portion of Fig. 2 to the left hand 
portion of Fig. 4, the S line being in the upper 
part of these drawings With the A and B lines 
located near the center. The dotted rectangle 
in the upper right hand portion of Fig. 4 indi 
cates that the S line extends through other field 
stations and includes other line relays such as 
F, and that the A and B lines extend through 
other field stations and include back contacts 
of the respective impulsing relays located at 
these other field Stations, such as PLA2 and 
PLB2. This is also clearly indicated in Fig. 1. 

It will be understood that these additional 
stations have apparatus and circuit arrange 
ments practically the same as that shown in 
Fig. 2. As will be more specifically pointed out 
in the following description, the points of dif 
ference in the circuit connections at different 
field stations are the distinctive connections of 
the code jumpers for conditioning the circuits, 
So that a particular field station will be fully 
responsive. Only to the particular code assigned 
to that station. 

For the purpose of simplifying the drawings 
and facilitating the explanation, various parts 
and circuits have been diagrammatically shown 
and certain. Conventional illustrations have been 
employed. The drawings have been made more 
With the purpose of making it easy to under 
Stand the principles and mode of operation, 
than with the idea of illustrating the specific 
Construction and arrangement of parts and cir 
cuits that would be employed in practice. Thus, 
the various relays and their contacts are illus 
trated in a conventional manner, the use of 
Symbols being employed to indicate the con 
nections to the terminals of batteries, or other 
Sources of Current, instead of showing all of the 
wire connections to these terminals. 
The Symbols (--) and (-) indicate the posi 

tive and negative terminals, respectively, of suit 
able batteries or other sources of current and the 
circuits with which these symbols are used 
always have current flowing in the same direc 
tion. The symbols (B-) and (B-) are em 
ployed to indicate the positive and negative ter 
minals, respectively, of a suitable battery, or 
other Source of current, having an intermediate 
tap (CN) and the circuits with which these 
Symbols, are used may have current flowing in 
One direction or the other, depending upon 
Whether the terminal (B-) or (B-) is used in 
combination with the intermediate tap (CN). 
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2,126,209 
No attempt has been made to show all of the 

apparatus employed, such as the total number 
of manual controls at the control office, the total 
amount of the equipment or its exact arrange 
ment at the field stations, since this apparatus 
and equipment may vary to suit local conditions. 
The character of that apparatus illustrated in the 
typical control office and the typical field station 
Will now be considered. ..., . . . . . . . . . . . . . . 

Control office equipment.-As typical of the 
equipment located in the control office illustrated 
in Fig. 2, a control machine having a group of 
control levers for each field station is provided. 
A miniature track switch, indicated by reference 
character is, corresponds to a particular track 
Switch in the field and is considered to be repre 
Sentative of the actual track layout in the field. 
Warious indicating lamps, or equivalent devices, 
together with apparatus and circuits to accom 
plish the desired operation of the System are 
likewise provided. The portion of the control 
office apparatus illustrated in Fig. 2 shows more 
particularly that part of the control machine 
Which is typical of the apparatus associated with 
a single field station having a track switch, a 
crossover, or the like, together with the common 
transmitting apparatus employed for controlling 
the circuit operation for all such stations. 

- This equipment for one track switch comprises 
a switch machine, lever SML, a self-restoring 
starting button SB, the miniature track Switch is 
and the indication, lamps RI, NI, UI, OS and M. 
Similarly, one or more signal control levers (not 
shown) would be associated with the single field 
station, but in order to simplify the drawings 
and description, these devices have been omitted. 
It is obvious that the selection of the field station 
illustrated in Fig. 4, by means of starting button 
SB of Fig. 2 and thereafter the control of a track 
switch TSI by means of a lever SML may be con 
sidered as typical of the selection of other field 
stations and the control of other traffic control 
ling devices. . . ." 
The actuation of the lever SML to one extreme 

position or the other, followed by the actuation 
of the starting button SB, results in the normal 
or reverse operation of the track switch corre 
sponding to lever SML at that field station which 
is a SSociated with starting button SB. The no 
mentary actuation of the starting button SB is 
preferably stored by a storing relay (not shown), 
which in turn picks up the corresponding code 
determining relay CD of the associated station. 
The starting button SB is shown connected to the 
code determining relay CD by means of a dotted 
line in order to simplify the present disclosure. 
The storing relays for each starting button and 

their corresponding code determining relays CD 
are so interconnected that only one relay CD for 
one particular station may be picked up during 
one cycle of operations, irrespective of the num 
ber of storing relays which are simultaneously 
energized or energized in rapid succession. This 
interlocking circuit connection is so arranged 
that if several Storing relays are up at the same 
time, their corresponding CD relays will be picked 
up one at a time during successive operating 
cycles, in an order predetermined by their rela 
tive locations in the bank of relays, all of which 
has been completely disclosed in the prior ap 
plication of N. D. Preston et al., Ser. No. 455,304, 
filed May 24, 1930, corresponding to Australian 
Patent No. 1501 of 1931. : " , 
The control office includes a line relay F, and a 

line repeating relay FP, both of which are nor 

3 
mally down or deenergized during the normal 
period of rest of the system and also during the 
period of blank between Successive operating 
cycles. 
Slow acting line repeating relays SA and SAP 

are picked up at the beginning of each cycle and 
dropped during the “change to normal' period 
at the end of each cycle. The releasing or drop 

. away time of relay, SA is sufficiently long So that 
its contacts remain in their actuated positions 
during all “off’ periods between successive im 
pulses of a cycle, except the last 'off' period 
which is comparatively long for the purpose of 
returning the system to the normal period of rest 
or period of blank. 
Associated with the line relay F and its repeat 

ing relays is a bank of stepping relays, includ 
ing stepping relays V, 2W and 3W together with 
a half step or steering relay WP, which are pro 
vided to mark off the successive steps of each 
cycle. Steering relay WP serves the purpose of 
steering the impulses from relay FP to the proper 
stepping relay and for steering the executing 
circuits to the proper selecting contacts of the 
stepping relays, all at the proper time. An im 
pulsing relay E is jointly controlled by the step 
ping relays and the steering relay. The pick-up 
and drop-away operations of relay E are repeated 
by relay EP which governs the opening and clos 
ing of the Sline conductor. 

Relay E, in addition to controlling the line 
pulsing relay. EP, jointly controls, with relay FP, 
the stick circuit of relay MX. Relay E also con 
trols the stick circuit of relays MAP and MBP, all 
of which will be specifically pointed out in the : 
detailed description. Relay E also controls the 
circuits over which the indications are executed. 
Relay MA is controlled over the A line conduc 

tor, relay MB is controlled over the B line con 
ductor and their repeating relays MAP and MBP 
provide a choice of five indication code combina 
tions during the "on' period of each step. Relay 
MX is jointly controlled by relays MAP and MBP 
to record the choice of tWO indication code Com 
binations during the first part of the 'on' period 
of each step. Relays MAP and MBP are there 
after used to record the choice of three combi 
nations during a Succeeding part of this period. 
The polarity of the impulses applied to the 

line circuit from a battery B is determined by 
positive code sending relay PC and negative code 
sending relay NC. These two relays are con 
trolled on steps of a control cycle in accordance 
with the station code and the controls to be 
transmitted for that particular cycle. , 
A starting relay STR is picked up to initiate a 

cycle of operations both when controls are to be 
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transmitted, due to the manual initiation of the . . 
cycle in the control office, and when indications 
are to be transmitted, due to the automatic in 
itiation of a cycle by a field Station. Field start 
relay FC is picked up When the cycle of opera 
tions is initiated by a field station and office start 
relay C is picked up when a cycle of Operations 
is initiated by the control office. 

For the purpose of illustrating station registra 
tion, a typical pilot relay arrangement is shown 
in Fig. 3. Pilot relays PT, 2PT and 3PT are 
connected to the indication buses so that they 
may be positioned on the first step of the cycle 
When indications are transmitted. Relay PT 
is connected to No. 1 "off' bus so that this relay 
is positioned to the right or left as predetermined 
during the first "off’ period. Relay 2PT is con 
nected to No.1.A."on' bus and it is positioned to 
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4 
the right or left as predetermined by the con 
dition of the A line conductor during the first 
“on' period. Relay 3PT is connected to No. 1B 
“on' bus and is positioned to the right or left 
as predetermined by the condition of the B line 
conductor during the first “on' period. Similar 
ly, additional pilot relays (not shown) may be 
provided for additional steps up to the point 
where a sufficient number of codes for station 
registration are obtained. 
A station relay ST is provided for registering, 

in the control office, the station transmitting in 
dications. Relay ST is merely typical of a 
number of such relays which would ordinarily be 
provided to register individual stations, other 
relays similar to relay ST being connected to the 
conductors leading to bracket STN. The Con 
ductor indicated “phantom', leading to bracket 
STN, is not used in this embodiment for con 
nection to a station relay similar to ST. This is 
because when controls alone are being trans 
mitted, the system inherently transmits back to 
the control office a code combination which is not 
sent by a field station. 
A choice of five code characters for each step 

results in selectively positioning the three pilot 
relays as illustrated in Fig. 3 and although six 
combinations are obtained, as indicated by the 
six conductors connected to contacts of relay 
3PT, only five of these combinations are used 
since the sixth is associated with the "phantom' 
code. 
The control machine also includes suitable in 

dication storing relays IRI, IR, IR3 and IR for 
storing the various indications transmitted from 
the field stations, after a field station has been 
registered in the control office by the Selection of 
a relay similar to ST. The indication Storing 
relay IR1 is controlled in accordance with the 
occupied or unoccupied condition of the detector 
track section, associated with the outlying track 
switch illustrated in Fig. 4, as repeated by a track 
relay Ti, so that an indicating lamp OS is con 
trolled by the passage of a train. 

Indication storing relays IR and IR store the 
indications of whether the associated track SWitch 
is locked normal, locked reverse, or unlocked in 
mid-stroke as repeated by the switch repeating 
relay WP1 at the station, so that indicator lamps 
NI, RI, and UI are displayed to indicate the nor 
mal locked, reverse locked, and the unlocked po 
sitions respectively of the track switch. Indica 
tion storing relay IR stores any other required. 
condition of a device at the field station Such as 
relay M1, and controls indicating lanp M of Fig. 
2 to display the condition of the device which 
causes relay M1 to be up or down. 
The fundamental coding arrangement for in 

dications disclosed in the present invention is of 
particular advantage, since the preselection of 
two indications during each 'off' period may 
be used to indicate the two conditions of a track 
circuit, that is, occupied or unoccupied. Sim 
ilarly, there are three conditions of a SWitch to 
be indicated, namely, locked normal, locked re 
verse, or unlocked in mid stroke so that the selec 
tion of three additional indications during each 
“on' period may be advantageously used for 
registering these Switch conditions. - 

Field Station equipment.--The field station ill 
lustrated in Fig. 4 includes, besides the apparatus 
above mentioned, a quick acting line relay Fl 
and a quick acting line repeating relay FP1 which 
repeat the energizations and deemergizations of 

2,126,209 
the s line circuit. Relay FP repeats the im 
pulses in the S line circuit irrespective of their 
polarities, while relay F is conditioned to the 
right by a positive impulse and to the left by a 
negative impulse. 
A slow acting relay SA of the neutral type 

repeats the energized condition of the FP relay. 
Relay SA1 defines the bounds of each cycle of 
operations, being energized at the beginning of 
each cycle and remaining energized or actuated 
until the “change to normal' period at the end 
of the cycle. 
The field station likewise includes a bank of 

stepping relays VI, 2V1 and 3W together with 
the associated steering or half step relay VP, 
operating in a similar manner and in Synchro 
nism with the stepping relay bank in the control 
office. Steering relay VP1 steers the impulses 
from relay FP1 to the proper stepping relay and 
it also steers the line impulsing relays PLA and 
PLB to the proper indication buses, all at the 
proper time. 

Line impulsing relays PLA and PLB are pro 
vided to open the A and B lines respectively, to 
provide code combinations during the trans 
mission of indications, these two relays being 
conditioned in accordance With the condition of 
the indication buses shown in the lower right 
hand portion of Fig. 4. Relay WPC1-controls the 
steering relay WP1 in Such a way that relay WPl 
can not shift until the line impulsing relays PLA 
and PLB1 are in their normal or deemergized 
positions. - 

A change repeating relay CHP1 is provided to 
register a change in the traffic controlling devices 
at the Station, So that the System Will be initiated 
for the transmission of new indications as re 
quired. A lock-out relay LO1 is provided at each 
field station to determine when a particular field 
Station is to transmit new indications. Relay 
LO is picked up during the initiating period of 
a cycle When indications are transmitted and is 
Stuck up until the “change to normal' period 
at the end of the cycle. The lock-out relay'sup 
plies (-) potential to the A and B line pulsing 
relaySPLA and PLBl, so that these relays receive 
current only at the station transmitting indica 
tions. 
A station selecting relay SO1 is picked up at 

all stations during the conditioning period of a 
cycle, when Controls are being transmitted. 
These relays are dropped out at various stations 
during the code transmitting periods, so that 
only the one associated with the desired station 
remains actuated after the transmission of the 
station selecting code. Relays SO1 and LO1 con 
trol the circuits to the stepping relays so that 
stepping is not effective at those stations not in 
connection with the communication circuit. 

Resistance units R1 and R2, illustrated within 
the dotted rectangle in the upper right hand por 
tion of Fig. 2, are of such value that a sufficient 
drop in potential is provided for picking up a 
lock-out relay similar to LO during the initiating 
period of an indication cycle. 
A track switch TS is operated by a switch 

machine SM of any suitable type, such for ex 
ample, as disclosed in the patent to W. K. Howe, 
1,466,903, dated September 4, 1923. This switch 
machine may, if desired, be provided with a dual 
control selector as disclosed for example, in the 
pending application of W. K. Howe, Ser. No. 354 
039, filed April 10, 1929, the purpose of such a 
selector being, to permit the local manual opera 
tion of the track Switch. The position, locked and 
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2,126,209 
unlocked conditions of the track switch is re 
peated by the usual switch repeating relay WP1. 
of the polar neutral type. This relay is con 
trolled by a Suitable circuit (not shown) so that 
it is energized with one polarity or the other, de 
pending upon the normal or reverse positions of 
the track switch. In this disclosure, it will be 
assumed that the polar contact of relay WP1 is 
positioned to the right when the track switch is 
in its normal locked position, to the left when 
the track Switch is in its reverse locked position 
and its neutral contact is dropped when the track 
SWitch is in mid-stroke. 
The track Switch has associated with it the 

usual detector track Section having a track bat 
tery and a track relay T, also suitable approach 
locking and detector locking means are provided 
(not shown) to govern the safe Operation of the 
track Switch in accordance. With traffic condi 
tions. It is understood that a change in the 
position of the track Switch TS is repeated by 
the relay WPl and a change in the condition of 
the detector track section is repeated by relay T. 
The field Station also includes Suitable bus Wires, 
circuit connections, code jumperS and other de 
vices which are necessary in operating the Syse 
tem, but which have not been completely illus 
trated in this disclosure for the sake of sim 

30 

is 

each cycle of operations. 
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plicity. 
It is believed that the nature of the invention, 

its advantages and characteristic features, may 
be best understood With further description being 
set forth in the manner of Operation. 

General operation. 
The System of the present invention is shown 

in Figs. 2, 3 and 4 in the normal or condition of 
rest, from which it may be initiated into a cycle 
of operations, either by a manual operation at 
the control office or an automatic operation at 
any of the field stations, whenever there are new 
controls or new indications, respectively, to be 
transmitted. In the event that there are several 
different controls ready for transmission to field 
stations at substantially the same time, they are 
transmitted on separate cycles, one station for 

Likewise, if several 
field stations have indications to be transmitted 
at substantially the same time, they are trans 
mitted to the control office, one station at a 
time, on separate Operating cycles. 

It may happen that there are new controls and 
new indications ready for transmission at a given 
time, and in this event controls are transmitted 
simultaneously with the indications. On Such 
occasions, indications may be transmitted from 
the same field station to which controls are trans 
mitted, or they may be transmitted from some 
other field station, during the Same cycle of oper 
ations. 

Irrespective of whether the cycle is for the 
transmission of controls and/or the transmission 
of indications, a predetermined number of im 
pulses is applied to the line circuit to accomplish 
the synchronous operation of the stepping relays 
at the control office and at the field stations. 
These impulses are of comparatively short dura 
tion, the deenergized or “off’ periods of the step 
ping line circuit being comparatively shorter than 
the energized or “on' periods. 
When a cycle of operations is initiated for the 

transmission of controls, the character of the 
impulses applied to the stepping line is deter 
mined by the particular station to be selected 
and the particular controls to be transmitted to 
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the selected station, in accordance with the code 
jumper connections and the positions of the con 
trol levers, respectively, for that station. 
When a cycle of operations is initiated for the 

transmission of indications alone, the character 
of the impulses applied to the stepping line is the 
Same for all impulses and this particular com 
bination does not effect the selection of any field 
Station, since the initiating impulse applied to 
the stepping line is of such a character, for ex 
ample. (-), that none of the station relays simi 
lar to SO1 of Fig. 4 are picked up. When such 
a cycle of operations is initiated from a field 
Station, the line circuit is energized with a series 
of (-) impulses. Since, such a cycle starts out 
With no station relay (similar to SO1) up, the 
(-) impulses which follow are not effective to 
Select a station or a control device at a station. 
The A and B line conductors are normally 

energized, the stepping line conductor S is nor 
mally deemergized, and when controls or indi 
cations are initiated, start relay STR in the con. 
trol office is picked up, resulting in switching the 
battery connection so that temporarily the S line 
is energized, the return circuit being by Way of 
both the A and B lines for transmission of con 
trols and by Way of the B line alone for trans 
mission of indications. This period during which 
the battery is switched from the A and B line 
conductors to include the S line is conveniently 
referred to as the conditioning period at the 
Start of a control cycle and the initiating period 
at the start of an indication cycle. Immediately 
following the conditioning or initiating period is 
the lock-out period, which is effective to so con 
dition the circuits that only one station may trans 
mit indications to the control office at the same 
time. 
After the conditioning and lock-out periods, the 

System continues through a complete cycle of op 
erations consisting of a number of 'off' and “on’ 
periods, this number being determined by the 
number of Steps required and the number of steps 
in turn being governed by the size of the system. 
After the last "on' period, a comparatively long 
'off' ordeenergized period is effective to condition 
the relays for changing to normal or the period of 
blank. After this change to normal' period, the 
A and Bline conductors are again energized by 
current from battery B, which restores the sys 
tem to the normal period. 

For convenience in describing the operation of 
the present invention, an operation chart is shown 
in Fig. 5. In the upper portion of this chart the 
important functions of the system during a con 
trol cycle are illustrated, while the lower portion 
illustrates the important functions of an indica 
tion cycle. Referring to the chart illustrating a 
control cycle, the normal period is shown at the 
extreme left, and during this period line S is de 
energized or open, as indicated by reference char 
acter O. Line A is energized with (--) potential 
and line B with (-) potential as illustrated. It 
is during this period that the System is manually 
started by an operation in the control office. 
This normal period is an 'off' period since line S 
is deenergized. 

During the next or conditioning "on' period, 
line S is energized with (--) potential, the return 
circuit being by way of lines A and B as indicated 
by the (--) reference characters. It is during 
this “on” period that all relays similar to SO 
are picked up. 
From the beginning of the conditioning period, 

up to and including the end of the cycle is con 
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6 
veniently referred to as the operating cycle. The 
beginning of the first “off” period and the end of 
the third “on” period is bounded by what may be 
conveniently referred to as the transmitting 
period. . . . . . . . . . . 
The transmitting period is divided into “off” 

and “on' periods and since the present dis 
closure shows only three steps, the first, second 
and third “off” and “on” periods are indicated 
in this chart. It will be understood that ad 
ditional steps, when provided, are inserted be 
tween the third “on”. period and the “change to 
normal' period. . . . . . . 

... The indication cycle chart shown in the lower 
portion of Fig. 5 comprises a normal period fol 
lowed by an operating cycle divided into initiat 
ing, lock-out, conditioning, transmitting and 
“change to normal' periods. The transmitting 
period is divided into “off' and “on' periods, with 
these “off' and “on' periods subdivided as indi 
cated. For want of space, the third 'off' and 
“on' periods of the indication cycle have not 
been included but it will be understood that they 
are similar to preceding periods. 
An analysis of a duplex cycle has not been 

provided since such a cycle is merely a combina 
tion of control and indication cycles. During 
duplex transmission, impulses of distinctive chair 
acter are placed on line S for operating the ap 
paratus at the control office and at the field sta 
tions, the character of these impulses determining 
the selection of the station and thereafter the 
control device at the station. The A and B lines 
are conditioned for the return circuit in a C 
cordance with the indication code combinations 
to be transmitted from the field station to the 
control office in the same manner as when in 
dications alone are transmitted. 

- Detailed operation 
Normal period-With the communication part 

of the centralized traffic controlling System, With 
which this invention is concerned at normal, most 
of the relays in the control office and at the field 
stations are in their normal ordeenergized posi 
tions. The exceptions are relays MA, MB, MAP 
and MBE in the control office and relay WPC at 
the field station. Relays MA and MB are ener 
gized by current flowing from battery B over the 
A and B lines in series and, as indicated in the 
operation chart under normal period, (+) po 
tential is applied to the A line and (-) potential 
to the B line. Referring to Fig. 2, this circuit 
may be traced from the (--) terminal of battery 
B, back contact O of relay STR, winding of relay 
MA, A line i?, back contact 50 of relay PLA of 
Fig. 4, over the A line conductor f3 extending 
through all of the field stations in series, in 
cluding back contacts of other A line impulsing 
relays such as PLA2, resistance coils R and R. 
in series, located at the last Station, back contacts 
of the B line impulsing relays such as PLB, B 
line conductor 52, back contact 53 of relay 
PLB1, B line f2, winding of relay MB and back 
contact 3 of relay STR to the (-) side of battery 
B. The circuit for energizing relay MAP extends 
from (--), front contact (28 of relay MA and low 
er winding of relay MAP, to (-). The energizing 
circuit for relay MBE extends from (--), front 
contact 29 of relay MB and lower winding of 
relay MBP, to (-). 
The circuit for energizing relay WPC extends 

through back contacts 90 and 95 of relays 
PLA1 and PLB1 respectively. . 
At the field station, the change repeating relay 
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CHP1 is normally picked up over circuits (not 
shown), track relay T1 is normally picked up by 
a circuit (not shown) energized by the track bat 
tery and relay WP is normally energized, with its 
polar contacts to the right, by means of a circuit 
(not shown) which is controlled by the switch 
machine. Although these circuits for controlling 
relays CHP1, T1 and WPI have not been included 
in the drawing of Fig. 4, it will be readily under 
Stood by those skilled in the art how they are con 
ditioned by the different devices at the field 
Station. - 
Manual starting. With the System in its nor 

nal condition, it will be assumed that the Oper 
ator in the control office desires to transmit con 
trols to a particular field station, such as the one 
illustrated in Fig. 4. When the starting button 
SB is actuated, a Suitable storing relay is posi 
tioned and the CD relay associated with the de 
sired station is picked up. The actuation of the 
CD relay closes a circuit for picking up relay C, 
extending from (--), back contact 4 of relay 
SA, back contact 5 of relay NC, front contact 
6 of relay CD and winding of relay C, to (-). 
Relay C closes a stick circuit for itself extending 
fron (--), back contact 6 of relay SAP, front 
contact 68 and winding of relay C, to (-). 
The operation of relay C opens the pick-up 

circuit of relay FC at back contact T, which pre 
vents the picking up of relay FC after the cycle 
is initiated by a manual start in the control office. 
This gives the control office priority, since relay 
C can be picked up with relay SA down, while 
relay FC can not be picked up until relay SAP is 
down. Thus, a time interval is introduced be 
tWeen the dropping of relay SA and the dropping 
of relaySAP, when the System advances through 
the “change to normal' period during which the 
control office may take control of the system. 

If a field station attempts to Start the cycle by 
picking up relay FC at the same time the control 
office Starts the cycle, the actuation of relay C 
prevents the picking up of relay FC SO that the 
control office gets first choice of the System. If 
the field station start occurs slightly in advance 
of the control office start, relay FC is picked up, 
which energizes relay NC so that relay C can not 
thereafter be picked up during this Same cycle, 
because the pick-up circuit of relay C is opened at 
back contact 5. 
The actuation of relay C closes a circuit for 

picking up relay STR, extending from (--), front 
contact 8 of relay C and winding of relay STR, 
to (-). Relay C also closes a circuit for picking 
up relay PC, extending from (--), back contacts : 
| 9, 20 and 2f in series of relays 3W, 2V and V, 
front contact 22 of relay C, (--) bus 23, back con 
tact 24 of relay FC and winding of relay PC, 
to (-). 
This is the conditioning period. The energiza 

tion of relay PC causes the S line to be energized 
With (--) potential, while the A and B lines are 
energized (-) - as indicated in the conditioning 
period of the operation chart. The circuit for 
energizing the line conductors extends from the 
(--) terminal of battery B, front contact O of 
relay STR, front contact 25 of relay PC, back 
contact. 26 of relay NC, winding of relay F, back 
contact 27 of relay EP, Sline conductor 28, wind 
ing of relay F of Fig. 2, windings of other line 
relays similar to F at other field stations, resist 
ance coils R and R2 at the last field station, back 
Contacts Of-relayS. Such as PLA and PLB2 at other 
field Stations, A and B line conductors f S and 
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PLB respectively, A and B lines ff and 2, wind 
ings of relays MA and MB and thence from the 
winding of relay MB through back contact 7 of 
relay NC and front contact 8 of relay PC to the 
(-) terminal of battery B. The Aline conductor 
circuit extends from the winding of relay MA 
through front contact 3 of relay STR, back con 
tact 7 of relay NC and front contact 8 of relay PC 
to the (-) terminal of battery B. 
The stepping line conductor S being energized 

(--) causes relay Fin the control office and relay 
F1 at the field stations to be positioned to the 
right. Relay F closes a circuit for actuating relay 
FP extending from (--), contact 29 of relay F in 
its right hand dotted position and winding of 
relay FP, to (-). Relay F closes a circuit for 
picking up relay FP1 extending from (--), con 
tact 54 of relay Flin its right hand dotted posi 
tion and winding of relay FP, to (-). 
The actuation of relay FP in the control office 

closes a circuit for picking up relay SA, extending 
from (--), front contact 30 of relay FP and wind 
ing of relay SA, to (-). The operation of relay 
SA closes a circuit for picking up relay SAP, ex 
tending from (--), front contact 3 of relay SA 
and winding of relay SAP, to (-). 

Referring to the field station, the actuation 
of relay FP1 opens its back contact 55, which 
disables the pick-up circuit of relay PLA, extend 
ing through back contact 56 of relay SA and 
back contact 57 of relay CHP, to the lower 
winding of relay PLA, which pick-up circuit is 
effective to start a cycle of operations from a 
field station. It will thus be seen that as soon 
as relay FP1 is picked up and its contact. 55 
opened, no field station can obtain access to the 
line for transmission of indications. 
The picking up of relay FP1 also closes a circuit 

for picking up relay SO, extending from (+), 
back contact 58 of relay SA, front contact 59 
of relay FP1, contact 60 of relay Fi in its right 
hand dotted position, back contacts f6, 62 and 
63 in series of relays 3VI, 2V and V, control 

bus 64 and lower winding of relay SO, to (-). 
At this time, relays similar to SOl at all other 
stations are picked up by means of Similar cir 
cuits, but as will be specifically pointed out dur 
ing the detailed description, these relays are 
dropped out at the other stations, While the One 
illustrated in Fig. 2 is maintained energized. 
The actuation of relay FP1 also closes a circuit 

for picking up relay SA, extending from (--), 
front contact f 55 of relay FP1 and winding of 
relay SA1, to (-). The operation of relay SA 
interrupts the above described pick-up circuit of 
relay SOI, but it is not released since a substitute 
circuit is closed for holding relay SO, which ex 
tends from (+), make-before-break front con 
tact. 58 of relay SA, front contact 65 of relay 
SO1, contact 60 of relay F1 in its deenergized 
position and the remainder of the circuit above 
described, to the lower winding of relay S.O. 

Referring back to the control office, the actua 
tion of relay SAP closes a circuit for picking up 
relay EP which extends from (--), front contact 
32 of relay SAP, back contact 33 of relay E and 
lower winding of relay EP, to (-). It will be 
mentioned here that the purpose of front contact 
9 of relay EP is to short circuit the upper winding 
of this relay when it is actuated which has the 
effect of rendering this relay quick to pick up and 
slow to release for obtaining the desired timing 
of the stepping operation. The actuation of relay 
EP opens the stepping line circuit, at back con 

7 
tact 27, which advances the cycle into the first 
'off' period. - 

Polarity selection of impulses-As above point 
ed out, the first impulse in line S is (--) when 
a cycle of operations is started from the control 
office. This is indicated in the chart under the 
conditioning period and is due to the fact that 
(--) control relay PC is picked up at the start 
of a control cycle. 
When line S is deenergized, by relay EP open 

ing its contact 27 to advance the system into the 
first "off’ period, relay F is released and by open 
ing its contact 29, causes the release of relay FP. 
As Will be specifically pointed out later on in the 
description, stepping relay fW is picked up during 
the first 'off' period. This is effective to condi 
tion the No. 1 control, by selecting the polarity 
to be applied to line S during the first “on' period. 
This conditioning circuit holds relay PC in its 
actuated position and extends from (--), back 
contacts 35 and 38 of relays 3W and 2V, front 
contact 3 of relay V, No. 1 code bus 44, front 
contact 38 of relay CD, code jumper connection 
39, (--) bus 23, back contact 24 of relay FC and 
winding of relay PC, to (-). This connection 
of code jumper 39 to the (--) bus selectively con 
ditions the first control impulse (--). If code 
jumper 39 were connected to the (-) bus 47, 
then relay NC would be picked up instead of 
relay PC, thus providing a (-) impulse for the 
No. 1 control. . 
The control of the PC and NC relays is effected 

during other “off' periods by means of other code 
jumpers such as jumper 40. Thus, in the second 
“off” period, relays 2V and VP will be up and 
the selection of the (--) or (-) bus, by means 
of jumper 4, is extended by Way of front, contact, 
4 of relay CD, No. 2 code bus 45, front contact 
36 of relay 2V and back contact 35 of relay 3V 
to (-), So that relay PC will be again picked up 
if code jumper 4 connects to the (--) bus. 
However, in the present embodiment it is as 
Surned that the No. 2 code jumper 4 connects 
to the (-) bus, so that relay NC is picked up 
during the second 'off' period. Relay PC is 
dropped during the second 'off' period when 
relay 2W picks up and opens its back contact 36. 
The actuation of relay NC connects the (- ) 
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terminal of battery B through back contact 8 of 
relay PC and front contact 26 of relay NC to the 
S line. The (--) terminal of battery B is con 
nected to the A and B line conductors over cir 
cuits extending through front contact f) of relay 
STR, back contact 25 of relay PC, front contact 
7 of relay NC to the B line and through front 
contact 3 of relay STR to the A line. 

During the third 'off' period, it will be as 
Sumed that relay 3W is up as indicated in the 
Operation chart. The No. 3 control is condi 
tioned during this period by dropping relay NC 
and picking up relay PC, since the polarity of 
the third “on' period is assumed to be (--) in 
the S line. Relay NC is dropped when the No. 2 
code bus 45 is opened at back contact 35 of relay 
3W and relay PC is picked up when the No. 3 
code bus 46 is closed from (--), front contact 35 
of relay 3W, No. 3 code bus &6, front contact 42 
of relay CD, contact 43 of Switch machine lever 
SMT, aSSuined to be in its right hand position, 
(+) bus 23, back contact 24 of relay FC and 
winding of relay PC, to (-). The actuation of 
relay PC selects a (--) potential to be applied 
to line S during the third 'on' period. 

It will be apparent that a (-) impulse would 
be conditioned during the third 'off' period and 
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applied to the S line during the third “on” period 
if lever SML should be in its left hand dotted 
position, because this would extend the above 
traced circuit to relay NC instead of relay PC. 
From the above it Will be observed that different 
code combinations may be chosen for Selecting 
different stations, by arranging the jumper con 
nections 39 and 40 in different positions, but with 
these jumpers arranged as shown in Fig. 2, the 
two impulses applied to the line for selecting the 
station are (--) for the first impulse and (-) 
for the second impulse. It will also be obvious 
that, while only two steps are indicated for mak 
ing station selection, additional steps and aSSO 
ciated code jumpers may be provided in Systems 
requiring a larger number of code combination.S. 
It will also be understood that more than one step 
may be provided for selecting additional control 
devices, similar to lever SML, but it is believed 
that the typical arrangement disclosed is suffi 
cient to illustrate the complete functioning of the 
System. 
From the above it Will be seen that the in 

pulses applied to the line circuit during a control 
cycle always begin with a (--) and a combination 
of (--) and (-) impulses follow. These follow 
ing impulses are dependent upon the code jumper 
connections and the control lever positions, made 
effective by the particular code determining relay 
CD which is picked up during the control cycle. 
Also, the character or polarity of the impulses in 
the stepping line circuit is selected by polarity 
determining relays, PC for a (--) impulse and NC 
for a (-) impulse and these polarity determining 
relays are positioned during the "off' periods, in 
readiness for the application of the preselected 
polarity during the following “on” periods. 

Line pulsing and operation of Stepping relayS.- 
It has been mentioned that the impulses which 
follow the conditioning period vary in polarity 
and with the code jumpers and switch machine 
lever conditioned as shown in Fig. 2, the impulses 
in the S line energize this line during the three 
“on' periods with (--), (-) and (--) polarities. 
Irrespective of the particular polarities With which 
line S is energized, relay FP in the control office 
and relay FP1 at the field station repeat the 
operations of relays F and F. 
Relay W in the control office is picked up dur 

ing the first “off’ period by means of a circuit 
extending from (--), front contact 4 of relay SA, 
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back contact 48 of relay FP, back contact 49 of 
relay VP, back contact 50 of relay 2W and wind 
ing of relay W, to (-). The operation of relay 
W closes a stick circuit for itself extending from 
(--), front contact 4 of relay SA, stick conduc 
tor 64 and front contact 5 of relay W to the 
winding of relay W. When relay IV is picked 
up, a circuit is completed for picking up relay E, 
extending from (--), back contact 9 of relay 3W, 
back contact 20 of relay 2W, front contact 2 of 
relay IV, back contact 34 of relay VP and wind 
ing of relay E, to (-). Relay E opens its back 
contact 33 which allows relay EP to drop and 
again energize line S. 
This is the first “on' period. Relays F and FP 

are now picked up in turn and relay FP closes a 
circuit for actuating relay WP extending from 
(--), front contact 32 of relay SAP, front contact 
52 of relay FP, front contact 53 of relay MBP, 
front contact 54 of relay MAP, back contact 55 of 
relay 3W, back contact 56 of relay 2W, front con 
tact 57 of relay W and winding of relay WP, to 
(-). Relay WP establishes a stick circuit for 
itself extending from (--), front contact 32 of 
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relay SAP, front contact 58 of relay WP and over 
the remainder of the above described actuating 
circuit, to the winding of relay WP. This Stick 
circuit for relay WP is effective until stepping re 
lay 2V is picked up and opens contact 56, which 
occurs during the second "off' period. For main 
taining relay WP in its actuated condition during 
the second 'off' period, an additional stick cir 
cuit is established extending from (--), front 
contact 32 of relay SAP, back contact 59 of relay 
MBP or back contact 69 of relay MAP or back 
contact 52 of relay FP and front contact 6 of 
relay WP, to the winding of relay WP. 
Relay WP, in picking up, opens the circuit of 

relay E at back contact 34, so that relay E drops 
after a short time interval and closes the circuit 
for picking up relay EP, which has been described. 
This advances the system from the first "on' 
period into the second 'off' period, since the 
actuation of relay EP opens its contact 2 and de 
energizes the S line as Well as the A and B lines. 
This is the second 'off' period. Relays F and 

FP are dropped and a circuit is established for 
picking up relay 2W extending from (--), front 
contact 4 of relay SA, back contact 48 of relay 
FP, front contact 49 of relay. VP, back contact 62 
of relay 3W, front contact 63 of relay W and 
winding of relay 2W, to (-). Relay 2W closes its 
own stick circuit to stick conductor 64 by way of 
its front contact 65. A circuit is now closed for 
picking up relay E, extending from (--), back 
contact 9 of relay 3W, front contact 20 of relay 
2W, front contact 34 of relay WP and winding of 
relay E, to (-). Relay E opens its back contact 
33 which allows relay EP to drop and energize 
the S line at its back contact 27. This advances 
the system out of the Second 'off' period. 
This is the second "on' period. Relays F and 

FP are again energized and relay WP is dropped 
during this period, since its pick-up circuit is 
open at back contact 56 of relay 2V and its stick 
circuit is open at back contacts 52 of relay FP, 59 
of relay MBP and 60 of relay MAP. The circuit 
of relay E is now interrupted at front contact 34 
of relay WP, allowing relay E to drop and estab 
lish the pick-up circuit for relay EP which has 
been previously described. Relay EP picks up 
and deemergizes the S line and the A and B lines, 
which advances the System out of the Second “on' 
period. 
This is the third 'off' period. Relays F and 

FP are again dropped and a circuit established 
for picking up relay 3W, which extends from (--), 
front contact 4 of relay SA, back contact 48 of 
relay FP, back contact 49 of relay WP, front con 
tact 50 of relay 2W and winding of relay 3W, to 
(-). Relay 3V closes a Stick circuit for itself 
to stick conductor 64 by Way of its front contact 
66. A circuit is now established for picking up 
relay E, extending from (--), front contact 9 
of relay 3W, back contact 34 of relay WP and wind 
ing of relay E, to (-). Relay E Opens its back 
contact 33 which allows relay EP to drop and 
close the energizing circuit for the line conductors 
to advance the System out of the third 'off' 
period. 
This is the third “on' period. Relays F and FP 

are again picked up and a circuit is established 
for picking up relay WP which extends from (--), 
front contact 32 of relay SAP, front contact 52 of 
relay FP, front contact 53 of relay MBP, front 
contact 54 of relay MAP, front contact 55 of re 
lay 3W and winding of relay WP, to (-). Relay 
WP again closes a stick circuit for itself which is 
effective until the System advances through the 75 
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“change to normal’ period and which extends 
from (--), front contact 32 of relay SAP, front 
contact 58 of relay WP and front contact 55 of 
relay 3W, to the winding of relay WP. The circuit 
of relay E is now open at back contact 34 of re 
lay. VP, which allows relay. E to drop after a short 
time interval and establish the pick-up circuit 
for relay EP. Relay EP is actuated and opens 
the S. line circuit at its contact 2, which de 
energizes the line conductors and advances the 
system out of the third “on' period. 
This is the “change to normal” period. Relays 

E. and FP are dropped and since there are no 
more stepping relays to be picked up during this 
“off’ period, relay E can not be picked up and 
relay. EP can not be dropped, in the manner de 
scribed for the previous “off’ periods. This re 
sults in relays F. and FP remaining down for a 
sufficient time to allow relay SA to drop, Which 
opens its front contact A and allows all the step 
ping relays to be restored to normal. Relay SA 
opens its front contact 3 which deemergizes re 
lay SAP which releases and by opening its front 
contact, 32, causes the release of relay WP. Re 
lay SAP, in opening its front contact 32, also 
opens the circuit of relay EP allowing this relay 
to drop. 

Relay. SA, in releasing, opens its front contact 
6 which deemergizes the stick circuit of relay C 
allowing this relay to be released and by opening 
its front contact 3, the circuit of relay STR is 
interrupted and relay STR restores to normal. 
The S line conductor is deenergized shortly after 
the dropping of relay SA and before the release 
of relay SAP causes relay EP to release and close 
its contact 2. The A and B line conductors are 
again energized with (--) potential on the A line 
and (-) potential on the B line, as indicated in 
the second part of the “change to normal’ period. 
Relays MA, MB and their repeating relays MAP 
and IVBP are now picked up and the System is ad 
vanced into its normal period with the A line 
conductor still energized (--) and the B line Con 
ductor energized (-). 

It is to be understood that these circuit COn 
nections may be extended for as many StepS aS 
desired, with the pick-up and stick circuits of 
the stepping relays and the steering relay ex 
tended in an obvious manner. It has already 
been mentioned that the stepping relayS and the 
steering relays at the field stations Operate in a 
substantially identical manner and for this real 
son it is not believed necessary to describe the 
operating and pick-up circuits of these relayS. in 
detail. Relays W1, 2V1 and 3W of Fig. 4 are 
picked up in synchronism with relays W, 2W and 
3W of Fig. 2. The pick-up circuits of the Step 
ping relays shown in Fig. 4 extend from (--), 
front contact 66 of relay SA, back contact 6 
of relay FP1 (which operates in Synchronism. With 
relay FP in the control office) and front contact 
A 68 of relay SO1, during the transmission of COEl 
trol impulses. The extension of this circuit to the 
stepping relay windings is through back and front 
contacts S9 of relay WP, which circuits are simi 
lar to those of Fig. 2. 
As Will be later explained, SOIne of the relayS 

similar to SO1 at other stations are dropped. Out, 
Which is effective to Open their contacts Similar to 
68 and at these stations the Stepping circuits are 

interrupted, so that stepping does not continue 
throughout the cycle at such stations. During 
the transmission of indications. When no relay 
similar to SO1 is picked up, front contact of 

9 
relay O1 is effective to complete the pick-up 
circuits of the stepping relayS. 
From the above description and by referring to 

the operation chart, it will be observed that the 
stepping relays are picked up in rotation during 
Successive 'off'... periods and the Steering relayS 
are shifted during the 'on' periods. The steer 
ing or half step relays WP and WP pick up dur 
ing the odd “on' periods and release during the 
even. “On periods. 
Contacts 9 and 6 of relays MBP and IMAP of 

Fig. 2, connected in multiple with back contact 
52 of relay FP, are for the purpose of preventing 
the release of relay WF during the even “on' pe 
riods, until relays MBP and MAP are picked up. 
The purpose of contacts 53 and 53 of relays MBP 
and IMAP, in series with front contact 52 of re 
lay FP, is to insure that relays MBP and MAP 
are picked up at the beginning of the odd “on' 
periods before relay WP can be picked up. These 
four contacts on relays MBP and MAP therefore 
serve the purpose of holding back the shifting of 
relay WP until the relays, which are to be con 
ditioned over the line conductors, are properly 
positioned. 
During the “change to normal' period, the 

stepping relays and the steering relay of Fig. 4 
are released ina, inanner similar to those in the 
control office, when relay SAI drops and opens its 
front contacts 8 and ES. 
The purpose of relay WPC is to prevent the 

shifting of relay VP1 until the relays in the line 
conductors have been properly conditioned. The 
stick circuit of relay WPl, extending through its 
front contact. 2, is not interrupted during an 
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even “on' period until relay WPC picks up and 
opens its back contact a 3. Relay WPCl can not 
pick up until both the A and B line impulsing 
relays PLAI and PLB are down. Therefore, re 
lay WPI can not drop until both the A and B 
line conductors are conditioned by relays PLA 
and PLB1 during the even “on' periods. Simi 
larly, relay WPI can not be picked up during the 
Odd “on' periods until relay WPC picks up and 
closes its front contact AA and relay WPC, as 
above mentioned, can not pick up until both re 
lays PLAI and PLB1 are down. This insures that 
the relays at the field station in the A and B line 
conductors will be in their proper positions, as 
well as the relay in the S line conductor, before 
relay WPll can be shifted, 
Transmission of controls.-It Will now be as 

Sumed that the stepping relays in the Control 
office and at the field station illustrated in Fig. 4, 
together with the respective steering relays, oper 
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ate as above described and an explanation Will 
be given of the circuits which are effective during 
this operation to transmit controls. 
As above explained, line S is conditioned with a 

(--) inpulse for picking up relays similar to SO 60 
at all field stations and during this conditioning. 
period, relays SA and SAP in the control office 
and relays similar to SA at the field stations are 
actuated. 

It is assumed that the impulse applied to line 

in the control office as above explained. During 
the first “on' period, this first (--) inpulse is 
executed, so to Speak, at the field Stations by 
maintaining those relays similar to SO1 operated, 
Which have the code junpers associated. With the 
first step connected to the control code bus Simi 
lar to Sá. It has been aSSUrned that the station 
ShoWn in Fig. 4 is the one to be selected and that 
all others are to be dropped out. At those sta 

65 
S during the first “on' period is (--), determined 
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1 O 
tions having a jumper similar to 5, relays simi 
lar to SOI will be maintained energized during 
the first “on' period by means of a circuit simi 
lar to that extending from (--), front contact 
E 58 of relay SAI, front contact 65 of relay SO1, 
contact, 60 of relay F1 in its right hand dotted 
position, back contact 6 of relay 3W, back con 
tact 62 of relay 2W, front contact 63 of relay 
W1, code jumper f75, bus 64 and lower winding 

of relay SO1, to (-). At those stations not hav 
ing a code juniper similar to f5 connected to buS 
64, the relays similar to SO1 are dropped. 
When the system advances into the second 

“off’ period, those relays similar to SO1 which are 
up will be stuck up over a circuit similar to that 
extending from (--), front contact 58 of relay 
SA1, front contact 65 of relay SO, contact f60 
of relay F1 in its deenergized position, front. Con 
tact 7 of relay SO1 and upper winding of relay 
SO1, to (-). It is of course obvious that the 
stick circuits of those relays similar to SOl which 
are dropped during the first “on' period, are not 
completed during the second “off” period, since 
their contacts similar to 77 are open. 
The system now advances into the second "on' 

period by means of a (-) impulse applied to line 
S, which was conditioned during the second "off' 
period in a manner which has already been ex 
plained. Relay 2V1 is up and relay WPI is down 
during this period and a circuit is completed for 
holding relay SO1 in its operated position, which 
extends from (--), front contact 58 of relay SA, 
front contact 65 of relay SO, contact 60 of 
relay F1 in its left hand dotted position, back 
contact 79 of relay 3Vl, front contact 80 of 
relay 2V1, code jumper 8, bus 64 and lower 
winding of relay SO, to (-). 

It will be understood that, in the embodiment 
disclosed herewith, only the relay SO1 illustrated 
in Fig. 4 will be maintained energized during this 
period, since it is assumed that only two stepping 
relays are used for station Selection. With tWO 
steps for station selection, four stations may be 
selectively chosen by dropping Out one half of 
the stations on the first Step, which leaves tWO 
relays similar to SOI picked up. On the second 
step, one half of the remaining relays similar to 
SO1. Will be dropped, leaving only one (which is 
assumed to be that one illustrated in Fig. 4) in 
its actuated position. 

During the third 'off' period, relay 3W is picked 
up and relay SO1 is stuck up over the above de 
Scribed circuit, including its front contact TT 
and make-before-break contact 60 of relay F1 
in its deenergized position. As Soon as relay 3W. 
is picked up, (--) potential is connected through 
its front contact 82 to the Stick circuit of relay 
SO1, so that this relay is maintained energized 
during the remainder of the stepping impulses. 
With relay SO1 stuck up after station selection, 
additional impulses are effective to Operate only 
those stepping relays at the station illustrated in 
Fig. 4, since the circuit for these relayS is by way 
of front contact 68 of relay SO1 at the One 
station illustrated. 

During the third “on' period, which occurs 
after station selection, the No. 3 control (--) is 
executed by actuating relay F of Fig. 4 to the 
right. A circuit is noW closed for actuating switch 
machine relay SMR1 to the right, which extends 
from (--), front contact 58 of relay SA, front 
contact 65 of relay SO1, contact 60 of relay Fl 
in its right hand dotted position, front contact 
6 of relay 3W1 and upper winding of relay SMR1, 

to (-). With relay SMR positioned to the right, 
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a circuit is closed from (--), contact 84 of relay 
SMR in its right hand position and normal op 
erating winding of switch machine SM1, to (CN). 
This results in Operating the SWitch machine in 
Such a direction that Switch TS1 is advanced to 
its normal locked position. 

It Will be noted that in the event of a (-) in 
pulse during the third “on' period, relay F1 would 
be positioned to the left and the above described 
circuit for Operating relay SMR would be ex 
tended by Way of contact 60 of relay Flin its left 
hand dotted position, front contact a 9 of relay 
3W and lower winding of relay SMR, to (-). 
his Would result in positioning relay SMR1 to 

the left and by closing its contact 84 in its left 
hand dotted position, WOuld energize the Switch 
machine in the opposite manner for moving the 
track switch TS1 to the reverse locked position. 

In brief, the positioning of control lever SML 
determines the polarity applied to the Switch ma 
chine control relay SMR, which in turn governs 
the Operation of the Switch machine. Obviously, 
if the control lever is moved to a position out of 
correspondence with the track switch TS1, this 
track SWitch Will be operated, but if the control 
lever is in a position which corresponds with 
the position of the track switch, the track switch 
Will remain in its former position. 
Although no signal relays or other control de 

vices, other than relay SMR1, have been shown, 
it Will be understood that the step-by-step opera 
tion of the stepping relays may occur in sequence 
and in Synchronism for as many steps as required 
to transmit controls to such other signal relays or 
other devices as desired. 
This transmission of controls continues until 

the predetermined number of steps have been 
taken, which by way of example, has been spe 
cifically illustrated as including three steps, two 
Of which have been employed for station selection, 
followed by One which is employed for transmis 
Sion of controls after station selection. 
End Of Control cycle.-It has been explained 

that relays F, FP, SA, SAP and all stepping relays 
in the control office are released during the 
“change to normal' period which follows the third 
“On' period. It will be recalled that the “change 
to normal' period is long compared with other 
'off' periods, resulting in relays F and FP in the 
Control office and relays F1 and FP1 at the field. 
Station being down for a time interval sufficient 
to allow relays SA and SAP in the control office 
and relay SA at the field station to be released. 
The stepping relays and the associated steering 
or half step relay at the field station release 
When relay SA drops and opens its contacts 66 
and it. The stick circuit of relay SO1, including 
its front contact 77, is interrupted when relay 
3W drops and opens its front contact 82 and 
Since relays FP and SA are down at this time, 
there is no circuit for holding relay SOl and it 
is dropped. 

Simultaneously With the dropping away of the 
stepping relays in the control office, the particular 
code determining relay CD which was picked up 
during the cycle, is deemergized so that the next 
Code, determining relay in order may be effective 
at the begining of the next cycle, if its corre 
Sponding Starting button has been actuated and 
this condition stored by a storing relay (not 
ShOWn). 
The release of relay SA in the control office 

breaks the energized stick circuit of relay C which 
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from a normal position to a reverse position in 
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C drops and by opening its front contact 18, causes 
the release of relay STR. 
Automatic Start by a field Station.--Whenever 

the system is in the normal period or period of 
blank, it may be initiated from a field station, 
either in response to some automatic change in 
traffic conditions or in response to the operation 
of a traffic controlling device manually governed 
from the control office, when such a device as 
Sunes a new position. 

For example, track switch TS1 may be shifted 

response to a control transmitted by lever SML, 
in a manner previously explained. When the 
track switch responds to such a control signal, 
it causes relay WPI to deenergize during the 
transition period, when the switch is shifting 
from normal to reverse, after which relay WP1 
is energized with opposite polarity. The deener 
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gization of relay WP1, as well as its reenergization, 
momentarily interrupts the stick circuit of a 
change relay in a manner which is not shown in 
Fig. 4 but which is well known in the art, and is 
shown, for instance, in the patent to De Long and 
Plank No. 1,852,402, dated April 5, 1932. Relay 
CHP is dropped as a result of such a change at 
the field station. 

Relay CHP may also be released upon a change 
in traffic conditions, such for example, as the de 
energization of track relay. T1 when a train passes 
over the associated detector track circuit, in ac 
Cordance With the usual practices. In brief, the 
Stick circuit for the change relay is carried 
through front and back contacts of the WFP1 re 
lay, the T relay and may be similarly carried 
through like contacts of other traffic controlling 
devices associated with the field station. 

Irrespective of the particular change which oc 
curs, it results in dropping the change repeating 
relay CHP1 which closes a circuit for picking up 
relay PLA, extending from (--), back contact 
55 of relay FP1, back contact 56 of relay SA1, 
back contact 5 of relay CHP and lower winding 
of relay PLA, to (-). 
circuit for itself extending from (--), back con 
tact f88 of relay SA1, front contact 89 of relay 
PLA and lower winding of relay PLA, to (-). 
The actuation of relay PLA opens its back 

contact. 90 which allows relay VPC1 to release. 
Relay PLA also opens the A line conductor at itS 
back contact 5 and since the System is in the 
normal period when this automatic start of the 
cycle is effected, the opening of the A line coin 
ductor results in dropping relayS.MA, MB, MAP 

Referring to the indication cycle portion of 
Fig. 5, the system is now in the first part of the 
initiating period with all three line conductors 
deenergized as indicated by reference character 
O (open) associated with all three lines. The 
release of relay MAP closes a circuit for picking up 
relay FC extending from (--), back contact 
of relay MAP, back contact 69 of relay SAP, field 
start conductor 7, back contact of relay C, 
back contact 2 of relay STR, and Winding of 
relay FC, to (-). Relay FC, which is operated 
only during a cycle which is initiated at a field 
station, prevents the picking up of relay PC dur 
ing such a cycle, by opening the circuit of relay 
PC at back contact 28. Relay FC closes a stick 
circuit for itself extending from (--), back con 
tac 6 of relay SAP, front contact 9 and Winding 
of relay FC, to (-). A circuit is now completed 
for picking up start relay STR, extending from 
(--), front contact 73 of relay FC and winding 

Relay PLA closes a stick 

1. 
of relay STR, to (-). A circuit is also closed for 
picking up relay NC, which extends from (--), 
back contact 4 of relay C, front contact 75 of 
relay FC and winding of relay NC, to (-). 

Since this is a cycle for the transmission of 
indications alone, all of the impulses applied to 
the S line are (-) because relay NC is held in 
its picked up position throughout the cycle. Re 
lay NC opens its back contact 5, which is effec 
tive to prevent the control office breaking in on 
the connection after the communication system 
has been initiated from a field station. The op 
eration of relay. STR closes a circuit for energiz 
ing the S line conductor with (-) potential, 
Which extends from the (-) terminal of battery 
B, back contact 8 of relay PC, front contact 26 
of relay NC, Winding of relay F and back contact 
22 of relay EP to line 28. - 
This is the second portion of the initiating pe 

riod with line S energized (-), the A line open 
(O) and the B line energized (--) as indicated in 
the operation chart. The (-) potential, applied 
to the S line conductor 28, extends from the con 
trol office through relay F1 at the field station 
shown in Fig. 4, through relays F2 at other field 
Stations, resistance coils R1 and R2 at the last 
field Station, back contacts of relays, such as 
PLB at other field stations, conductor 52, back 
contact 53 of relay PLB, B line conductor 2. 
Winding of relay MB, front contact 7 of relay 
NC, back contact 25 of relay PC and front con 
tact () of relay STR to the (--) terminal of 
battery B. The circuit. branches from resistance 
coil R and leads through back contacts such as 
PLA at other stations, conductor 5, front con 
tact 50 of relay PIA, lower winding of lockout 
relay TO, back contact 9 of relay SA1, to the 
B line conductor 2 and thence by way of the re 
mainder of the circuit just traced to the (--) 
terminal of battery B. 

It will be noted from the above traced circuit 
that the A line conductor is open toward the 
control office, at back contact 50 of relay PLA1 
at the station initiating the call. The A line con 
ductor 5 extending toward stations farther 
away from the control office, is connected to the 
B line conductor at the station initiating the call 
through the lower winding of relay LO1. The 
resistance coils R1 and R2 provide a sufficient 
drop in the A. and B line conductors, extending 
from the station shown in Fig. 4 to the end of 
the line, so that the lower winding of relay LOl 
is not short circuited, but receives sufficient po 
tential across the terminals of its winding to 
cause it to be energized. 
With the system in the second part of the 
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initiating period and with line S energized (-), 
line A extending to the control office deemergized 
and line Benergized (--), relays F, MB and MBP 
in the control office are picked up and relay F1 
at the field station is positioned to the left. Re 
lay FP in the control office and relay FP1 at the 
field station are picked up over circuits closed by 
contacts 29 and 54 of relays F and F1 respec 
tively. Relay IO is picked up by means of cur 
rent flowing in line conductor 5, as above de 
Scribed. 
The system is now in the lock-out period. Re 

lay SA in the control office is picked up over its 
previously described pick-up circuit, and a circuit 
is closed for sticking relay MBP, extending from 
(--), front contact 4 of relay SA, stick con 
ductor 64, back contact of relay E, front con 
tact 78 of relay MBP and upper winding of relay 
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MBP, to (-). An additional stick circuit is as 
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closed for relay FC extending from (--), front 
contact 6 of relay SA, front contact 79 of relay 
C and winding of relay FC, to (-). 
Relay SA1 at the field station is picked up by a 

5 circuit completed at front contact 55 of relay 
FP1. With relays. FP1 or SA up, no other relay 
similar to PLA1 can be picked up because the 
pick-up circuit is open at back contacts similar 
to 55 or 56. Relay SA1 closes a stick circuit 

19 relay LOi extending from (--), front contact 
93 of relay SAI, front contact 94 of relay LOl 
and upper winding of relay LO, to (-). The 
picking up of relay SA opens the pick-up cir 
cuit of relay PLA at back contact 56 and the 

15 stick circuit of relay PLA at back contact f88 So 
that relay PLA is dropped. 
The system is now advanced into the condi 

tioning period. The A line conductor is noW 
energized, due to the current in conductor 54, 

29through back contact 50 of relay PLA, A line 
conductor , winding of relay MA, front contact 
3 of relay STR, front contact 7 of relay NC, 
back contact 25 of relay PC and front contact 

of relay STR, to the (--) terminal of battery 
25, B. As shown in the operation chart, during the 

conditioning period line S is energized (-) and 
lines A and B (--). 

Relays MA and MAP in Fig. 2 pick up when 
the A line is energized during this period and 

30elay MAP establishes a stick circuit for itself, ex 
tending from (--) on stick conductor 64, back 
contact TT of relay E, front contact 80 of relay 
MAP and upper winding of relay MAP, to (-). 
Relay SAP is picked up when relay SA closes its 

35 front contact 31. Relay VPC of Fig. 4 is again 
picked up when relay PLA releases by means of 
a circuit extending from (--), back contact 98 
of relay PLA1, back contact 95 of relay PLB 
and winding of relay VPC1, to (-). Relay EP 

49 of Fig. 2 is picked up during the conditioning 
period, over a circuit extending from (--), front 
contact 32 of relay SAP, back contact 33 of relay 
E and winding of relay EP, to (-). Relay EP 
opens the S. line conductor at its back contact 
21, which deenergizes the three line conductors 

iii.28, and 2. 
The system is now advanced into the first "off" 

period. The stepping relays and their associated 
steering relays in the control office and at the 

50 field stations are operated during an indication 
icycle, in the same manner as previously described 
in connection with a control cycle, So that the 
detailed description of this operation Will not be 
repeated. The line conductor S is impulsed by 
relay EP in the same manner as previously de 

itscribed so that this operation will not be again 
explained. The relays similar to SO at the field 
stations are not picked up during an indication 
cycle, because the conditioning impulse is (-) 

go which actuates relay F to the left so that their 
pick-up circuits are not effective. Relay I.O., 
however, is picked up as above described and 
completes a circuit for the stepping relays by Way 
of its front contact 70. 

65. Registration of a field station.--It will now be 
assumed that the system is advanced through the 
transmitting period and the “change to normal' 
period, the transmitting period including first, 
second and third 'off' periods and first, Second 

70 and third “on' periods. 
One of the features of the present invention 

resides in means for obtaining an increase in the 
number of indications which may be transmitted 
during an operating cycle. It is believed that 

75this feature may be best understood by assuming 
.: - 
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that the field station shown in Fig. 4 is assigned 
indication code combination (-) (-) (--), as 
indicated in the station registration period at 
the lower part of the indication cycle of Fig. 5. 
The above assumption means that the No. 1 'off' 
indication is executed (-) because relay MX is 
down, connecting (B-) to the No. 1 "off' indi 
cation bus. The No. 1 “on' indications are exe 
cuted (-) and (--) because relay MAP is down, 
connecting (B-) to the No. 1A “on indication 
bus and relay MBP is up connecting (B--) to the 
No. 1B “on' indication bus. 

It will be noted that this station registering 
code is obtained with only one Step of the step 
ping relay bank. The choice during the 'off' 
period is (--) or (-) and the choice during the 
“on' period is (-) (--) or (--) (-) or (--) (--), 
a total of five choices. This does not mean that 
the line circuits are energized (--) and (-), but 
is simply a convenient manner of indicating the 
different, combinations obtained. The choice of 
(--) or (-) "off' refers to relay MX up and 
down respectively. The “on' choices refer to 
relays IMAP down and MBP up, relays MAP up 
and MBP down and relays MAP and MBP up, 
respectively, all as determined by the combina 
tions of the A. and B lines for the return circuit 
for line S. 

It has been explained how the System is ad 
vanced into the first 'off' period during an indi 
cation cycle. The Stepping line S and the return 
lines A and B are all deenergized during the first 
“off' period, resulting in the picking up of relays 
iW and VI in the manner previously described. 
Relays F and FP are dropped during the first 
“off’ period and relays MAP and MBP are stuck 
up by means of a circuit extending from (--), 
front contact 4 of relay SA, stick conductor 64, 
back contact of relay E and front contacts 3) 
and 8 of relays IMAP and MBP respectively, to 
the windings of these relayS. 
Relay E is picked up during the second part of 

the first “off' period, which opens the above de 
Scribed Stick circuit of relays IMAP and MBP and 
these two relays are released. Relay MX is not 
picked up during this period because the pick-up 
circuit through its lower winding is open at back 
contact 2 of relay MBP, When these relays are 
up and at front contact 8 of relay MAP when 
they are down. 
When relay Wil of Fig. 4 picks up during the 

first “off’ period, a circuit is completed for pick 
ing up relay PLA which extends from (--), back 
contact 55 of relay FP1, front contact 56 of 
relay S.A., “off' indication bus 97, code jumper 
A96, No. 1A 'off' indication bus 200, front con 
tact 23 of relay Wil, back contact 207 of relay 
2V1, back contact 208 of relay 3V, back contact 
29 of relay WP1, upper winding of relay PLA1 
and front contact 39 of relay LO1, to (-). 
Relay PLB1 is down during this “off” period 
because the No. 1B 'off' indication bus 20 is 
not energized. 
The system is next advanced into the first “on' 

period by the dropping of relay EP in the control 
office and the energization of line S. The return 
circuit is by Way of line B alone because relay 
PLA is up, which opens line A at its back contact 
f5. With the return circuit extending over line 
B, relays F, FP, M.B and MBP are picked up in 
the control office. With relay MAP down and 
relay MBP up, there is no circuit for picking up 
relay MX. So that the No. 1 “off' indication is 
conditioned (-) by relay MX remaining down 
and connecting (B-) to the No. 1 'off' indica 
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tion bus 89, to be executed as Will be later 
described. 
With relay PLA1 up, the circuit of relay VPC1 

is Open at back contact 9) so that relay VPC1 is 
dropped. During the first part of the first “on' 
period, relaySF and FP1 at the field station are 
picked up, which results in disconnecting (--) 
potential from the “off” indication bus 9 at 
back contact 55 of relay FP1. Relay PLA1 is 
therefore released during the second part of the 
first “On' period, which results in energizing the 
A line and picking up relays MA and MAP in 
the control office. Relay MX can not be oper 
ated under this condition because it requires 
relay MAP up and relay MBP down to energize 
the pick-up winding of relay MX. Both relays 
MAP and MIBF are now up. 
When relay PLA drops at the field station, 

the circuit of relay. WPCI is again completed and 
this relay is picked up. With relays EP, MAP 
AND MEP up in the control office, the circuit is 
Completed for picking up relay WP which has 
previously been described. With relay. WPC1, up 
at the field station, the circuit is completed for 
picking up relay. VP, which extends from (-), 
front contact E of relay SA, front contact 85 
of relay FP1, front contact 74 of relay VPC1, 
back contact 8 of relay 3W1, back contact, 222 
of relay 2W, front contact 223 of relay Vi and 
winding of relay VP1, to (-). 

It Will thus be evident that the coimbination 
indicated in the operation chart for the second 
part of the first “on' period, that is, line S (-) 
and lines A. and B (--), is used to control the 
picking up of relay WP in the control office and 
relay WPll at the field station in Synchronism. 
This feature is provided as a means for Syn 
chronizing the steering or half step relay opera 
tion at the control office and at the field station. 
With the WP and WP relays up, the System is 

advanced into the third part of the first “on' 
period by picking up relay PLA1 over a circuit ex 
tending from (--), code jumper 98, No. 1A “on' 
indication bus 24, front contact 2: G of relay Wil, 
back contact 2:8 of relay 2V1, back contact 2 2 
of relay 3W1, front contact, 29 of relay WP1, upper 
winding of relay PLA and front contact 99 of 
relay O1, to (-). Relay PLA is picked up be 
cause code jumper 98 is connected for energizing 
the No. 1A “on' indication bus. Relay PLB1 re 
mains down at this time because the No. 1B “on'. 

and 98 being connected as shown in Fig. 4. indication bus 25 is deenergized. 
With relay. PLA1 up and relay PLB1 down, the 

A line is deemergized and the return circuit for 
line S is by Way of line B alone, which resultS in 
dropping relays MA and MAP and holding relays 
MB and MBP in their operated positions. As in 
dicated in the third part of the first “on' period, 
this is the point in the cycle when the No. 1 "on' 
indication is conditioned and in the present ex 
ample the B line conductor is energized (--), and 
the A line conductor is deemergized. With relay 
MAP down, (B-) is connected to conductor 82 
and with relay. MBP up, (B--) is connected to 
conductor 83 for later executing the first "on' 
indication. 
The picking up of relay WF during the second 

part of the first “on' period opens the circuit of 
relay E, as has already been described and after 
a time interval measured off by the slow acting 
characteristics of relay E, it releases its arnature 
and closes the executing circuits for the No. 1 
indications which have been conditioned as de 
scribed. 

It will be recalled that relay MX is down, re 

3. 
Sulting in (B-) being connected to conductor 84, 
SO that this circuit from (B-) is extended 
through back contact 85 of relay E, conductor 76 
(Fig. 3), front contact 86 of relay VP, back con 
tact 87 of relay 3W, front contact 38 of relay IV, 5 
No. 1 “off” indication bus 89 and winding of relay 
PT, to (CN). This results in actuating relay 
SPT to its left hand position as shown. 

Recalling that relay IMAP is down, a circuit for 
executing the No. 1A “on' indication is now com-10 
pleted, extending from (B-), back contact 90 of 
relay MLAP, conductor 82, back contact 3 of relay 
E, conductor 3, front contact 92 of relay WP, 

: back contact 93 of relay 3W, front contact G is of 
relay V, No. 1A “on” indication bus A65 and wind- 15 
ing of relay 2PT, to (CN). This results in actuat 
ing the contacts of relay 2PT to the left hand 
position as shown in Fig. 3. 

Recalling that relay MBE is up, a circuit for 
executing the No. 1B “on” indication is now 20 
completed, extending from (B-1-), front contact 9A 
of relay MBP, conductor 83, back contact 95 of 
relay E, conductor 3 t, front contact 96 of relay 
VP, back contact 97 of relay 3W, front contact 98 
of relay V, No. 1B “on” indication bus 9 and 25 
Winding of relay 3PT, to (CN). The current flow 
in this circuit is in Such a direction that relay 
3PT will be positioned to the right as shown. 
The System is next advanced into the Second 

“off” period and as indicated in the operation 30 
chart and as Will be evident from an examination 
of the circuits above traced, the No. 1 execution 
circuits remain effective during the first part of 
the second “off’ period. These execution cir 
cuits are broken at contacts 85, 92 and 95 of re-35 
lay E when it is picked up to mark the beginning 
of the second part of the second “off” period. 

Relay 2V is picked up in the first part of the 
second 'off' period, closing a circuit for operat 
ing relay ST of Fig. 3, extending from (--), front 40 
contact, 2 of relay 2W, contact 2 of relay PT 
in its left hand position, contact 22 of relay 2PT 
in its left hand position, contact 23 of relay 3PT 
in its right hand position and Winding of relay 
ST, to (-). 45 
The above explanation sets forth in detail the 

manner in which the station shown in Fig. 4, 
having code combination (-) (-) (--), registers 
itself in the control office by selecting and Oper 
atting relay ST of Fig. 3. The code combination 50 
of this station is determined by code jumpers 96. 

ne 
selection of one of two combinations during the 
“off’ period is obtained by selectively connect 
ing code jumper 96 to indication buses 268 and 55 
29 as explained. With jumper 96 connected as 
shown, relay PLA1 is picked up, opening line Con 
ductor A. so that the return circuit is by way of 
line conductor B, for picking up relays MB and 
MBE in the office. With relay MBP up and relay 60 
MAP down, relay MX remains down to execute a 
(-) code as explained. The alternate Connec 
tion of jumper 96 to indication bus 2 would re 
sult in picking up relay PLB, thus establishing 
the return circuit by way of the A line conductors 
so that relay MAP would be up and relay MBP 
down, which would complete a circuit for picking 
up relay MX. With relay MX up, the code con 
bination executed is (-). This is the choice of 
two code combinations for the 'off' period. IO 
With jumper i38 connected as shown in Fig. 4, 

relay PLA1 is picked up, which opens the A line 
conductor and establishes the return circuit by 
Way of the Bline conductor, so that relay MBP in 
the control office picks up and relay MAP stays 75 
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down. As has been explained, relay MAP down 
results in positioning relay 2PT to the left and 
relay MBP up establishes a circuit for positioning 
relay 3PT to the right. 

If jumper 98 were connected to indication buS 
205, then relay PLB would be picked up and re 
lay PLA1 would remain down, which would open 
the B line conductor and establish the return 
circuit by way of the A line conductor. This 
would pick up relays MA and MAP and leave re 
lays MB and MBP down. With relay MAP up 
the No. 1A “on' indication bus of Fig. 3 would be 
energized (--) for positioning relay 2PT to the 
right. With relay MBP down, the No. 1B “on' 
indication bus would be energized (-) for posi 
tioning relay 3PT to the left. 

If jumper i98 is not connected to either bus 
204 or 205, then both relays PLA and PLB 
would be down and the return circuit Would be 
by way of both the A and B line conductors and 
relays MAP and MBP would both be picked up. 
This would result in a (--) potential being ap 
plied to both the No. 1A “on' and the No. 1B 
'on' indication buses for positioning relays 2PT 
and 3PT to the right. This is the method of ob 
taining a choice of three combinations during 
the “on' period. 

It will be understood that there is no combina 
tion for positioning relays 2PT and 3PT both to 
the left during an “on' period, because this 
would require both the MA and MB relays being 
down which is not possible during an "on' period, 
because one or the other or both the A and B 
line conductors must be energized for the return 
circuit for line S. 
The conductor indicated "phantom' is not 

used for connection to a relay similar to ST, 
because when controls alone are being transmit 
ted, the 'off' and “on' combinations provided 
by the A and B line conductors inherently result 
in positioning relay PT to the left, relay 2PT 
to the right and relay 3PT to the right. This is 
due to the fact that both the A and B line Con 
ductors are energized in multiple during all of 
the conditioning periods, which results in relay 
MX being down to energize the No. 1 "off' indi 
cation bus (-), relay MAP being up to energize 
the No. 1A “on' indication bus (--) and relay 
MBP being up to energize the No. 1B 'on' indi 
cation buS (--). - 

Transmission. Of indication.S.-RelayS 2W and 
2V1 are picked up during the first part of the 
second “off” period. The No. 2 “off” indication 
is conditioned, after the picking up of these 
two stepping relays, during the Second part of 
the second 'off' period and the first part of the 
second “on' period. With relay 2W up and re 
lay WP1 up at the field Station, a circuit is closed 
for picking up relay. PLB which extends from 
(--), back contact 55 of relay FP1, front con 
tact 56 of relay SA, 'off' indication bus 97, 
front contact 23 of relay Ti, No. 2B 'off' indi 
cation bus 203, front contact 24 of relay 2W, 
back contact 25 of relay 3V1, front contact 216 
of relay VP1, winding of relay PLB and front 
contact 99 of relay LO, to (-). Relay PLA is 
not picked up during the Second "off' period be 
cause the No. 2A “off” indication bus 202 is de 
energized. 
When relay E of Fig. 2 is picked up, after the 

picking up of relay 2V, in a manner which has 
been previously described, relay MBP is dropped 
because relay E opens its stick circuit at back 
contact 77. Relay MAP is already down and 
the system therefore goes through the second 
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part of the second 'off' period with relays MAP, 
MBF and MX down. When relay EP drops and 
closes the line to advance the System into the 
first part of the second "on' period, the line S 
is energized and the return circuit is by Way of 
the A line, because relay PLA is down closing 
the A line at its back contact 5) and relay 
PLB is up opening the B line at its back con 
tact 53. 

Relays F, FP, MA and MAP of Fig. 2 now 
pick up and with relay MAP up and relay MBE 
down, a circuit is closed for picking up relay 
MX, which extends from (--), back contact 9 
of relay 3W, front contact 20 of relay 2W, front 
contact 34 of relay WP, back contact 98 of relay 
EP, back contact 00 of relay MBP, front con 
tact 8 of relay MAP and lower winding of relay 
MX, to (-). Relay MX closes a stick circuit for 
itself extending from (--), front contact of 
relay FP, front contact 82 of relay MX and 
upper winding of relay MX, to (-). Relay MAP 
is up, relay MBP is down and relay MX is up at 
this time. 
The system is now advanced into the Second 

part of the Second "on' period by the picking up 
of relay FP1 at the field station. The circuit 
above traced, which picked up relay PLB is now 
interrupted at back contact 55 of relay FP1 so 
that relay PLB is dropped. This results in en 
ergizing both the A and B line conductors with 
(--) potential and as a result, relays MB . and 
MBP are picked up. With relay MAP up and 
relay MBP. up, the pick-up circuit of relay MX 
is broken but relay MX remains stuck up to 
(--) potential at front contact of relay FP. 
With the MAP, MBP and FP relays all picked 

up, the stick circuit of relay WP is interrupted at 
back contacts 60, 59 and 52 of these respective 
relays. Relay PLB is dropped, when relay FP1 
disconnects (--) potential from "off' indication 
bus 97 at its back contact 55. With relays 
PLA and PLB down, the pick-up circuit of 
relay WPC is again established and this relay is 
actuated, OpenS its back contact 73 and inter 
rupts the stick circuit of relay WP1. 
drops and establishes the conditioning circuit 
for the second "on' indication. This results in 
picking up relay PLA over a circuit extending 
from (--), front contact 27 of relay WP1, con 
tact 2?. 8 of relay WP1 in its right hand position, 
No. 2A "on' indication bus 29, front contact 
207 of relay 2VI, back contact 208 of relay 3V1, 
back contact 209 of relay WPl, upper winding of 

, relay PLA and front contact 99 of relay LOl, 
to (-). Relay PLB remains down because the 
No. 2B "on' indication bus 220 is open at con 
tact 28 of relay WP1. 

Relay WPC is now dropped because its cir 
cuit is open at contact 98 of relay PLA1. The 
picking up of relay PLA opens the A line con 
ductor return circuit So that relays MA and 
MAP in the control office are dropped. Relay 
MAP is now down, relay MBE is up and relay MX 
is stuck up. The release of relay WP during 
the Second part of the Second "on' period opens 
the circuit of relay E and this latter relay is 
dropped, after a short time interval. The exe 
cuting circuits are now closed for the No. 2 
indications. 

Since relay MX is up, a circuit is extended 
from (B-), front contact 03 of relay MX, con 
ductor 84, back contact 85 of relay E, conductor 
76, (Fig. 3) back contact 86 of relay WP, front 
contact 06 of relay 2W, No. 2 “off” indication 
bus 01, front contact fo8 of relay ST and Wind 

Relay WP1. 
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ing of relay IR, to (CN). This results in actuat 
ing relay IR1 to the right as shown in Fig. 3. 
Since relay MAP is down, the circuit for exe 

cuting the No. 2A “on' indication is now complete, 
extending from (B-), back contact 9 of relay 
MAP, conductor 82, back contact. 9 of relay E, 
conductor 3, back contact 92 of relay WP, front 
contact, O of relay 2W, No. 2A “on' indication 
bus fif, front contact, 2 of relay ST and wind 
ing of relay IR2, to (CN). This results in actu 
atting the contacts of relay IR2 to the left hand 
position as shown in Fig. 3. 
With relay MBP up, the circuit for executing 

the No. 2B “on' indication is now complete, which 
extends from (B--), front contact 94 of relay 
MBP, conductor 83, back contact 95 of relay E, 
conductor 3 ?, back contact 96 of relay WP, front 
contact 3 of relay 2V, No. 2B “on' bus 4, front 
contact 5 of relay ST and winding of relay IR3, 
to (CN). The current flow in this circuit is in 
such a direction that relay IR3 is positioned to 
the right as shown. 

It Will be noted that the Stick circuit for relay 
MBP is effective when relay E. releases and closes 
its back contact T, so that relay MBP will not be 
released during the first part of the next “off' 
period, with the circuit through its lower Winding 
incomplete. 
The system is next advanced into the thir 

“off' period and as will be evident from an exami 
nation of the circuits above traced, the No. 2 exe 
cution circuits remain effective during the first 
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part of the third “off” period. These execution 
circuits are broken at contacts 85, 9 and 95 of 
relay E. When it is picked up to mark the begin 
ning of the second part of the third 'off' period. 

Relays 3V and 3V1 are picked up during the 
first part of the third 'off' period and the No. 3 
“off' indication is conditioned, after the picking 
up of these stepping relays, during the Second 
part of the third 'off' period and the first part 
of the third “on' period. With relay 3W up and 
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relay VP1 down at the field station, a circuit is 
closed for picking up relay PLA, which extends 
from (--), back contact 55 of relay FP1, front 
contact 56 of relay S.A., “off” indication bus 95, 
back contact, 224 of relay M1, No. 3A “off' indi 
cation bus 225, front contact, 28 of relay 3W, 
back contact 29 of relay WP1, upper winding of 
relay PLA1 and front contact 99 of relay L.O., to 
(-). Relay PLB1 is not picked up during this 
“off' period because the No. 3B “off” indication 
bus 226 is open at front contact 224 of relay M. 
When relay E of Fig. 2 is picked up after the 

picking up of relay 3W, in a manner which has 
been previously described, relay M8P is dropped 
because relay E opensits stick circuit, at back con 
tact 77. Relay MAP is already down and the 
system therefore goes through the second part of 
the third 'off' period with relays. MAP, MBP and 
MX down. When relay EP drops and closes the 
line to advance the system into the first part of 
the third “on' period, the line S is energized and 
the return circuit is by Way of the B line because 
relay PLB1 is down closing the B line at its back 
contact 53. Relays F, FP, M.B and MSP now 
pick up and since relay MAP is down and relay 
MBP is up, relay MX remains down. 
The system is now advanced into the second 

part of the third “on' period with relays MAP 
down, MBP up and MX down. When relay FP1 
at the field station picks up to advance the Systern 
into the second part of the third 'on period, it 
interrupts the circuit of relay PLA1 at contact 55 
so that relay PLA drops and energizes the Aline. 

This results in picking up relays MA and MAP so 
that relays MAP and MBP are both up and relay 
MX is down at this time. 
With relays FP, MAP and MBP all up, the pick 

up circuit of relay WP is completed, extending 
from (--), front contact 32 of relay SAP, front 
contact 52 of relay FP, front contact 53 of relay 
MBP, front contact 54 of relay MAP, front con 
tact 55 of relay 3V and winding of relay. VP, to 
(-). At the field station, a circuit is completed 
for picking up relay VPCI when relay PLA1 drops 
and with relay VPC1 up, the previously described 
circuit is completed for picking up relay VP1, ex 
cept that it now extends through front contact 
8 of relay 3W instead of contact 223 of re 

lay VI. 
With relay VP1 up, the No. 3 “on' conditioning 

circuits are established, resulting in dropping 
both relays PLA and PLB1 because the No. 3A 
"on' bus 227 and the No. 3B “on' bus 228 are 
both shown incomplete in Fig. 4. This results in 
the MA, MAP, MB and MBP relays picking up in 
the control office and when relay E is released 
during the fourth part of the third “on' period, 
the No. 3 indication circuits are executed. 
With relay MX down, the No. 3 “off' indication 

is executed (-) by means of a circuit extending 
from (B-), back contact fo3 of relay MX, con 
ductor 84, back contact 85 of relay E, conductor 76, 
front contact 86 of relay. VP, front contact 87 of 
relay 3W, No. 3 'off' indication bus 6, front con 
tact f 7 of relay ST and winding of relay IR4, to 
(CN). This results in actuating relay IR4 to its 
left hand position as shown in Fig. 3. If relay IR4 
is actuated to the right, lamp M is lighted by way 
of conductor 27 as an indication that relay M1 
of Fig. 4 is up. 
The circuits of the No. 3 “on” indication buses 

of Fig. 4 are not completed, since it is believed 
that the examples specifically described above are 
Sufficient to indicate how the selection of five indi 
cation choices is obtained during each step. Like 
wise, the No. 3 “on' buses 8 and 9 of Fig. 3 are 
not completed, since they may be connected, in 
an obvious manner, to other relays similar to the 
R relays indicated. 
With the indication storing relays TR1, IR2 

and IR positioned as shown, the circuits to the 
indication lamps are selectively conditioned. 
Since relay IR has its contacts actuated to the 
right, the circuit to lamp OS is not completed, 
as an indication that the detector track section 
is unoccupied as repeated by relay T1 of Fig. 4 
being up. Relays IR2 and IR3 complete a cir 
cuit for lighting lamp NI which extends from 
(--), contact f24 of relay IR3 in its right hand 
position and contact 25 of relay TR2 in its left 
hand position to lamp NI. Lighting lamp NI 
is an indication that the switch TS1 of Fig. 4 
is in its normal locked position as repeated by 
relay WP1. 
The alternate connection of the contacts of 

relay WP to indication bus 220 Would result 
in opening the B line conductor by picking up 
relay PTB, so that the return circuit Would be 
by way of the A line conductor alone. This 
would result in relay MAP being up and relay 
MBP being down, so that the No. 2A “on' indi 
cation bus of Fig. 3 would be energized (-), 
to position relay TR2 to the right and the No. 2B 
“on' indication bus 4 would be energized (-) 
to position relay IR3 to the left. Likewise, the 
No. 2 “off' selection is made by positioning relay 
MX, in the manner above described, for selec 
tively actuating relay IR1 of Fig. 3. Relay IR 
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16 
in its dotted position closes a circuit by way of 
conductor 26 to light lamp OS to indicate the 
Occupied condition of the detector track section. 

It Will be understood that additional pilot re 
lays similar to PT, 2PT and 3PT may be pro 
vided and positioned during additional steps and 
it Will be obvious that the provision of one addi 
tional group of these plot relays will result in 
the Selection of 36 code combinations and with 
the phanton Combination eliminated, 35 usable 
combinations are obtained during two steps for 
pyramiding the contacts of the pilot relays in 
the manner illustrated in Fig. 3. In the event 
that tWO Steps are used for station selection, it 
is apparent that two additional code jumpers 
similar to 98 and 98 of Fig. 4 will be provided 
for selectively connecting to the No. 2A “off' 
indication bus 202, No. 2B “off' indication bus 
203, No. 2A “on' indication bus 2.9 and No. 2B 
"on' indication bus 220. In this event, relays 
T and WP would be connected to the next 
group of indication buses in the series. 
End of indication cycle.-The step-by-step 

Operations and the impulsing of the line circuit 
during an indication cycle are similar to those 
during a control cycle and the line S is deemer 
gized when relay EP of Fig. 2 is picked up to 
mark the end of the third “on” period and the 
beginning of the “change to normal' period. It 
Will be recalled that the “change to normal' pe 
riod is long compared with other “off' periods, 
so that relays F and FP in the control office and 
relays F1 and FP1 at the field Station remain 
down for a time interval which is sufficiently 
long to allow relays SA and SAP in the control 
office and relay SA at the field station to re 
lease. The stepping relays and the steering or 
half step relays are released in the same way 
as described in connection with a control cycle 
and relay FC of Fig. 2 is restored to normal 
When relay SA opens its Stick circuit at front 
contact 67. Relay NC is released when relay FC 
dropS and opens its front contact 5 and relay 
STR is dropped when relay FC opens its front 
contact 3. 

Relay LOI of Fig. 4 is restored to normal when 
relay SA opens its front contact 93 to deener 
gize the Stick circuit of relay O1. The A and 
B line conductors are now energized and the 
System is advanced into the normal period, in 
the Same manner previously described in con 
nection with a control cycle. With the step 
ping relays of Fig. 2 in their normal positions, 
the executing circuits leading from the bottom 
portion of Fig. 2 to the top part of Fig. 3 are 
all opened, so that the pilot relays and the in 
dication Storing relays are deenergized and left 
in the positions to which they were actuated. 
Relay ST is restored to normal when relay 2V 
drops and Opens its front contact 29. 

Lock-out between field Stations.-As previously 
mentioned, it may happen that changes take 
place at the Several field stations simultaneously 
or in rapid succession, so that more than one 
field station may have indications to transmit 
at the beginning of a cycle. In order to prevent 
more than one field station obtaining access to 
the line during a cycle of operations, lock-out 
means are provided at each field station which 
are effective to give control of the line to the 
field station nearest the end of the line, under 
the above conditions. 

It has already been explained that the pick 
ing up of a relay similar to relay SA1 of Fig. 4, 
during the lock-out period, prevents the picking 
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up of any relay Similar to relay PIA that is 
not up at this time. If a single station has 
started the cycle of operations, by picking up 
its relay similar to relay PLA, other Stations 
are prevented from breaking in during this same 
cycle when relay SA is picked up. It may occur, 
however, that two or more relays similar to relay 
CHP may be down at the same time, while the 
System is in its normal period or its initiating 
period. In this case, two or more relays Similar 
to relay PLA can be picked up over circuits. 
similar to that previously described in Connec 
tion with relay P All of Fig. 4. 

It is believed that the lock-out feature Will be 
best understood by a SSunning that two relayS 
similar to relay PLA are picked up at the same 
time and giving an explanation how Only the 
station nearest the end of the line (farthest 
from the control office) is effective to obtain 
control of the line under this condition. It Will 
be understood that the operation is the same 
when more than two relays similar to relay PLA 
are up at the same time, since only the Station 
nearest the end of the line in this instance Will 
be effective to transmit indications. It will be 
assumed that relay PLA of Fig. 4 is at the sta 
tion nearest the end of the line. The two relays 
Similar to relay PLA, which are assumed picked 
up, will be stuck up over circuits similar to that 
extending from (--), back contact 88 of relay 
SA1, front contact 89 of relay PLA, and lower 
winding of relay PLA, to (-). 
When relays. STR, and NC of Fig. 2 pick up 

during the initiating period, current flowing over 
line. S, through resistance coil R1 at the last 
station and back contact PLA2, extends by way 
of the A line conductor 5, front contact 50 
of relay PT.A., lower winding of relay LO1, back 
contact 9 of relay SA and thence by way of 
the B line conductor to the other Side of bat 
tery B in the control office. This circuit through 
the lower Winding of relay LO1 exists Only at 
the station nearest the end of the line, Since at 
the other stations nearer the control office, hav 
ing a relay similar to relay SAI picked up, the 
A line conductor is open at back contact 50 
of relay PLA at the station nearest the end of 
the line, 

Therefore, only relay LO1 of Fig. 4 is picked 
up during the initiating period and it is stuck 
up through front contact 93 when relay SA 
picks up. As soon as the relay similar to relay 
SAI at the other Station nearer the control office 
picks up, the Stick circuit of the relay similar 
to relay PLA is opened at back contact 88 of 
the relay. Similar to relay SA1. The pick-up 
circuit of the relay similar to PLA is opened 
at back contact 56 of the relay Similar to 
relay SA1, so that the relay similar to PLA at 
the station nearest the control office which was 
picked up, is dropped. Other relays Similar to 
relay PTA1 get their chance to again pick up 
and obtain access to the line during the initiat 
ing period of the next cycle. 

It Will now be evident that the Station nearest 
the end of the line is the only one Which can 
pick up its lock-out relay, therefore, this is the 
only station which can impulse the A and B line 
conductors in accordance With the connections 
of the indication buses, since this is the only 
Station with (-) potential connected to the 
Windings of relays PLAI and PLB1. With 
relays similar to PA1 and PLB at all other 
Stations down, the station which obtains access to 
the line may now impulse the A and B lines, since 
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these line circuits are completed at back con 
tacts similar to 50 and 53 at all other stations. 

Tulo-200y transmission.--It has been pointed 
out that control and indication cycles may each 
Occur separately or simultaneously. The opera 
tion for each of these cycles alone has been de 
Scribed in detail and it Will now be explained how 
the System operates when controls and indica 
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tions are transmitted during the same cycle, 
Which is conveniently referred to as a dupieX 
cycle. 
The actuation of a starting button in the coin 

trol office and the picking up of relay CD which 
follows, results in picking up the start relay STR. 
Relay. STR is stuck up until the “change to nor 
mal' period. When it is dropped as has been pre 
viously described. 

For the transmission of controls, relay C is 
picked up which results in circuits being effective 
to Select the polarity control relays PC and NC, 
in accordance with the polarities With which line 
S is to be energized. In the case where both the 
control office and the field station are on the 
line at the start of the cycle, the picking up of 
relay C prevents the picking up of relay FC, SO 
that the polarity control relays PC and NC may 
be selectively positioned by way of circuits in 
cluding front contacts of relay CD. Relay C is 
picked up and stuck up by way of front contact 
67 of relay SA and the circuit of relay FC is 
opened at back contact of relay C, so that the 
system will go through a duplex cycle of opera 
tions with relay C up and relay FC down. It 
will be understood that the lock-out feature is 
effected during a duplex cycle in the Same man 
ner as has been described in connection Wit 
the transimission of indications alone. 

During a duplex cycle of operations, a (--) 
impulse is applied to line S, during the condi 
tioning period, because relay PC is picked up Over 
the previously described circuit, extending 
through back contact 24 of relay FC and front 
contact 22 of relay C, to (--), through back Con 
tacts 2, 20 and 9 of relays V, 2W and 3W re 
spectively. The following impulses applied to 
line S are (--) or (-), as determined by the 
particular CD relay which is up. The return 
circuit for the Sline is preconditioned by Way 
of the A and B lines during the “off” periods, by 
selectively conditioning the PLA and PLB relays 
in the same manner as has been described in 
connection with the transmission of indications 
alone. Likewise, the A and B lines are condi 
tioned during the “on’ periods of a duplex cycle 
in the same manner as has been described in 
connection with the transmission of indications 
alone. * 

It is therefore evident that, since only one CD 
relay in the control office and one lock-out relay 
LO1 at a field station can be up at One time dur 
ing a cycle of operations and Since transmission 
of controls and transmission of indications take 
place during separate and distinct conditions of 
the line, these transmissions are independent of 
each other and can be incorporated into the Sane 
operating cycle for obtaining the duplex feature. 
The cycle of operations, insofar as the condition 
ing of the A and B line conductors for the return 
circuit is concerned, is the same as described for 
a cycle during which indications alone are trans 
mitted. 
The present embodiment has been described 

more particularly with reference to the character 
of the devices employed in a centralized traffic 
controlling system and their respective functions, 
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together With typical operating conditions. It 
Will be understood that all possible combinations 
of circumstances can not be considered in detail 
and that the drawings and description have been 
limited as much as possible, in order to avoid 
undue complications. 
Various other novel features of the present in 

Wention reside in the circuit arrangements dis 
Closed, Such as conditioning the A and B return 
Conductors during a portion of the energized 
period, to control the shifting of the steering or 
half step relayS in the control office and at the 
field station which is transmitting. In other 
Words, during an indication cycle. When the SyS 
tein advances into the Second part of an 'on' 
period, both the A and B line conductors are 
energized and the resulting picking up of the 
liA and MB relays in these return conductors, 
controls the shifting of the WP relay in the con 
trol office. Likewise, the picking up of relay 
WPC at the field station is effected during this 
Sane period, because both the PLA1 and PLBl 
relays are down and this results in controlling 
the shifting of the WP relay at the field station. 
Although one specific embodiment of the 

present invention has been shown, it is to be 
understood that various rearrangements of the 
circuits may be made without departing from the 
Spirit of the invention. 

Having thus described one preferred embodi 
ment of a centralized trafic controlling system, 
it is desired to be understood that the particular 
arrangements illustrated are only typical illus 
trations of applicant's invention and are not in 
tended to illustrate the exact circuit design neces 
Sary to carry out the features of the invention, 
but have been selected to facilitate in the dis 
closure rather than to limit its scope and it is 
further desired to be understood that various 
Inodifications, adaptations and alterations may 
be applied to the specific form disclosed in order 
to meet the problems encountered in practice and 
that the System may be varied in the number 
of field stations to which the invention is applied 
and the amount of apparatus installed at a 
particular, field station, all without in any man 
ner departing from the spirit or scope of the 
present invention, except as limited by the ap 
pended claims. - 
What I claim is: 
1. In a centralized traffic controlling system, a 

control office, a plurality of field stations, a con 
trol line and a plurality of return lines connect 
ing said control office with said stations, one or 
both of - which return lines complete a circuit 
through said control line, means controlled by a 
Series of characteristic impulses applied to said 
control line for selecting one of said field stations, 
and means controlled by simultaneously condi 
tioning Said return lines to constitute return 
paths in different combinations for registering 
One of said field stations in said control office. 

2. In a centralized traffic controlling system, a 
control office, a plurality of field Stations, a con 
trol line and a plurality of return lines connect 
ing said control office with said field stations, 
One Or more of said return lines constituting a 
return conductor for the current flowing from 
said office over said control line, step-by-step 
mechanism at said control office and at said field 
stations, means at Said control office for applying 
a Series of distinctive inpulses to said control 
line, means for operating Said Step-by-step 
mechanisms in Synchronism in response to said 
Series of impulses to comprise, a cycle of Opera 
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tion, means at each station for selectively condi 
tioning said return lines to individually or in 
Combination constitute return conductors for 
each step of said cycle, means responsive to said 
Series of distinctive impulses for selecting one of 
said field stations, means responsive to said con 
ditioning of said return lines on each step for 
*registering one of said field stations in said con 
trol office, and means for preventing more than 
one of said stations conditioning Said return lines 
during said cycle. 

3. In combination, a control office, a field sta 
tion, a single stepping line and a plurality of re 
turn lines connecting said control office with said 
field station to thereby form two line circuits, 
impulsing means at said control office for ener 
gizing said stepping line with a plurality of im 
pulses, step-by-step means at said Control of 
fice and at said field station caused to take one 
step for each deemergized period between Succes 
sive impulses only when prepared, means for pre 
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5. 

paring said step-by-step means Only when said 
stepping line and said return lines are energized 
by an impulse, code transmitting means at Said 
field station effective on each step following the 
operation of Said step-by-step means for that 
step to open one or the other of Said return lines 
prior to the energization of said stepping line for 
the next impulse in accordance With a code, 
means for closing the particular return line 
opened for that step following the energization 
of said stepping line for the next impulse, whereby 
said step-by-step means are prepared, means at 
said field station for opening one or the other or 
neither of said return lines in accordance With a 
code following the preparation of said step-by 
step means until the end of the impulse for that 
step, and means at said control office responsive 
to said different conditions on said return lines to 
register the codes transmitted. 

4. In a centralized traffic controlling System 
of the selector type, the combination with a 
control office and a field station, of a first line 
and a plurality of return lines connecting said 
control office with said station, said return lines 
each singly or in combination constituting return 
conductors for current flowing out over Said first 
line, impulsing means at said control office for 
energizing said first line with a plurality of im 
pulses of distinctive characters to form a code, 
and means at said field station for establishing 
the return circuit for said impulses by Way of 
one or more of said plurality of return lines em 
ployed in distinctive combinations to form a code. 

5. In a selective type communication System, a. 
central office, a field station, a control line and a 
plurality of return lines in multiple Connecting 
the central office and field station, means at Said 
central office for applying a series of impulses to 
said control line, step-by-step means at said 
central office and at said field station caused to 
take one step for each of said impulses, means at 
said field station effective on each Step to always 
provide a return path for the impulse for that 
step by way of said plurality of return wires se 
lectively in accordance with a code, and means at 
said central office responsive on each step to the 
Selective use of Said return Wires for the return 
path of the impulse for that step. 

6. In a selective type communication system, a 
central office, a field station, a control line in 
cluded in series with a plurality of return lines 
connected in multiple and connecting the central 
office and field station, means at said central of 
fice for applying a series of impulses to said con 
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trol line, step-by-step means at said central of 
fice and at said field station caused to take one 
step for each of Said impulses, means at said 
field station effective on each step to open certain 
Of Said return wires in accordance with a code 
but to always leave at least one return wire 
closed, and means at said central office distinct 
ively responsive on each step to the open and 
Closed condition of Said return Wires for that step. 

7. In a selective type communication system, a 
Central Office, a field station, a control line circuit 
Comprising a control line Wire and a plurality of 
return line Wires in multiple and connecting said 
Central office and said field station, means at 
Said Central office for applying a Series of impulses 
to said control line circuit, step-by-step means at 
Said Central Office and at said field station caused 
to take one step for each of Said impulses, means 
at said field station effective on each step to se 
lectively open any one or more of said return 
Wires but not all in accordance with a code, and 
means at said central Office responsive on each 
Step to the Selective use of said return wires for 
the return path of the impulse for that step. 

8. In a Selective type communication system, a 
central office, a field station, a control line and 
tWO return lines connecting said central office and 
Said field station, means at said central office for 
applying to Said control line a series of time 
Spaced impulses, step-by-step means at said cen- ; 
tral Office and at said field station caused to take 
One step during each time space in said series, 
means at Said field station effective on each step 
to open either one or neither of said return lines 
in accordance With a code message for that step, 
and means at said central office distinctively con 
trolled on each step in accordance with the par 
ticular Open and closed Combination of said re 
turn lines for that step. 

9. In a selective type communication system, 
a central Office, a field Station, a control line and 
a plurality of return lines connecting said central 
Office and Said field Station, means at Said cen 
tral Office for applying to said control line a Series 
of time Spaced impulses, step-by-step means at 
Said central Office and at Said field station caused 
to take on step during each time space in said 
Series, means at Said field station effective on 
each step to provide a return path for the im 
pulse for that step by way of said plurality of 
return Wires in a distinctive Sequence Selected for 
that step in accordance With a code, and means 
at Said central office distinctively controlled on 
each Step in accordance With the particular dis 
tinctive Sequential use of Said return wires for 
the return path of the impulse for that step. 

10. In a Selective type communication system, 
a central office, a field station, a control line hav 
ing in Series therewith two return lines in mull 
tiple connecting said central office and said field 
station, means at said central office for applying 
to said control line a Series of time spaced im 
pulses, step-by-step means at Said central office 
and said field station caused to take one step 
during each time Space in Said series, means at 
said field station effective on each step to cause 
said return lines to be successively energized in 
one order or the other in accordance with a code, 
and means at said central office distinctively con 
trolled on each Step in accordance with the Order 
in which said return Wires are energized as em 
ployed for the return paths for said impulse for 
that step. 

11. In a selective type communication system, 
a central office, a field station, a control line wire 
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having in series therewith either or both of tWO 
return line wires connecting said control office 
and Said field station, means at said central office 
for applying a series of time spaced impulses to 
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Said control line wire, step-by-step means at said 
Central Office and at Said field station caused to 
take One step for each time. Space in said Series, 
means at Said field station effective on each step 
to cause said two return lines to be sequentially 
energized in One Order. Or the other upon the ap 
plication of the impulse for that step and then 
CauSe One or the other or neither of said return 
lines to be opened for the remainder of that step 
in accordance with a code, and means in Said 
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central office distinctively responsive to the par 
ticular Sequential order of energization of Said 
return wires and the particular return wire com 
bination provided on each step, 

12. In a Selective type communication System, 
a central office, a field station, a control line cir 
cuit comprising a control Wire having in Series 
therewith two return Wires in multiple connect 
ing said central office and said field Station, a line 
relay at Said central Office and at Said field Star 
tion included in said control wire, means at said 
central office alternately energizing and deener 
gizing said control line circuit, Step-by-step 
means at said central office and at said field sta 
tion controlled by said line relay at each re 
spective location to take one step for each de 
energization of said control line circuit and to be 
conditioned to take the next Step for each en 
ergization of said control line circuit only provid 
ed both said return wires are closed, code trans 
mitting means at said field station for selectively 
opening one or the other but not both of said re 
turn lines on each step prior to the energization of 
said control line circuit for that step in accord 
ance With a code and then closing the opened 
return line after the energization of said con 
trol line circuit for that step, a Second code 
transmitting means at Said field station for Se 
lectively opening one or the other or neither of 
said return lines on each step in accordance With 
a code only after said step-by-step means are 
conditioned to take the next step, and code re 
ceiving means at said central Office distinctively 
responsive to the line circuit combination pro 
vided by said return wires as distinctively in 
cluded in said control circuit both during the first 
part of each step and on that part of the step 
after said step-by-step, means are conditioned to 
take the next step. 

3. In a Selective type communication System; 
a central office; a plurality of field Stations; a 
control line circuit comprising a control Wire hav 
ing in series thereWith two return Wires in mul 
tiple connecting said central office and said plu 
rality of field stations; a line relay at said central 
office and at each of Said field Stations included 
in said control wire; means at said central office 
for alternately energizing and deenergizing said 
control line circuit With each deenergization and 
following energization comprising a step period; 
a lock-out relay at each of Said field stations; 
step-by-step means at said central office and at 
each of said field Stations controlled by Said line 
relay at said central office and at each field sta 
tion to take one step for each of said step periods, 
but said step-by-step means at each of Said field 
stations responding dependent upon the picked 
up condition of said lock-out relay at that sta 
tion; starting means at each field station ef 
fective, when new indications are ready for trans 
mission, to open one of said return Wires and con 
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nect, during the first energization of Said control 
line circuit, said lock-out relay in series with said 
One return Wire extending beyond said field sta 
tion and in Series With said other return line ex 
tending to said control office, whereby that sta 
tion nearest the end of said control line circuit 
having its said starting means actuated simul 
taneously. With Several starting means at other 
Stations, is the only station having its said lock 
Out relay energized upon the first energization of 
Said control line circuit; code transmitting, at 
each. Station rendered effective when said lock 
out relay at that station is picked up for opening 
One or the other of said return wires selectively 
iii. accordance With the new indications at that 
Station on each step of said step-by-step means; 
and means at Said central office responsive on 
each Step to the Opened and closed combination 
of Said return Wires. On each step to register said 
new indications. 

i4. In a remote control system, a control office, 
a plurality of field stations, a plurality of line cir 
cuits interconnecting said office and said sta 
tions, a transmitter at each of said stations for 
transmitting Signals over certain of Said line cir 
cuits to said office when rendered active, a lock 
out relay at each of said stations having active 
and inactive positions for rendering the asso 
ciated transmitter active and inactive respec 
tively, means at a first one of said stations for 
effecting the energization of a first one of said line 
circuits extending from said first station to said 
Office through all of the other stations When said 
first station has signals to transmit, ineans re 
Sponsive to the energization of said first line cir 
Cuit for placing the lock-out relay at said first 
Station in its active position, switching means at 
a Second One of Said Stations for effecting the de 
energization of Said first line circuit and for 
effecting the energization of a second one of said 
line circuits extending from said office through 
all of Said Stations, means for operating said 
SWitching means. When said second station has 
Signals to transmit, and means responsive to said 
de-energization of said first line circuit and said 
energization of Said Second line circuit for plac 
ing the lock-out relay at said first station in its 
inactive position and for placing the lock-out 
relay at Said Second Station in its active position. 

i5. In a remote control system of the selector 
type, the combination with a control office and a 
plurality of field stations, of a first line connected, 
in Series With a plurality of return lines con 
nected in multiple and connecting said office with 
Said Stations, impulsing means at said office for 
energizing the circuit including said first line 
With a plurality of impulses, coding means at 
each of Said field stations for establishing the 
return circuit for certain of said impulses by way 
Of One. Or more of Said plurality of return lines in 
distinctive combinations to transmit a code, and 
means at Said field stations for establishing the 
return circuit for one of said impulses by way of 
portions of Said plurality of return lines in dis 
tinctive combinations and responsive to such es 
tablishment to determine at which one of Said 
Stations the Coding means shall be effective to 
transmit. 

16. In a remote control system of the selector 
type, the combination with a control office and a 
plurality of field stations, of a first line connected 
in Series With a plurality of return lines connected 
in multiple and connecting said office with said 
Stations, impulsing means at said office for en 
ergizing the circuit including said first line with a 
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plurality of impulses, coding means at each of 
Said field Stations for establishing the return 
circuit for certain of said impulses by way of 
one or more of Said plurality of return lines in 
distinctive combinations to transmit a code, and 
means at said field stations for establishing the 
return circuit for one of Said impulses by way of 
portions of said plurality of return lines in dis 
tinctive combinations and responsive to Such es 
tablishment to determine that the coding means 
at a first station shall be rendered ineffective to 
transmit and that the coding means at a second 
Station farther from the office than Said first 
Station shall be rendered effective to transmit 
when both Said first and Said. Second stations 
attempt to transmit during the energization of 
Said first line With Said plurality of impulses. 

17. In a selective type communication System; 
a central office; a plurality of field stations; a 
control line connectable in Series With either Or 
both of two return lines connecting said office 
with said stations; means at said office for ap 
plying a series of time Spaced impulses to said 
control line; step-by-step means at Said office 
and at each of Said stations caused to take One 
step for each of said impulses; means at each of 
said stations effective on each step to cause the 
energization of one or another of Said return lines 
in accordance with a code message to be trans 
mitted for that step; means at Said office dis 
tinctively controlled on said steps in accordance 
with the particular energized and de-energized 
combination of Said return lines for those steps; 
and lock-out means at Said stations distinctively 
controlled on a certain other step in accordance 
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with the particular energized and de-energized 
Combination of said return lines for that step, 
and means responsive to Said lock-out means to 
allow only one of said stations to transmit a code 
neSSage at any One time. 

18. In a remote control System; a control of 
fice; a plurality of field stations; line circuits in 
terconnecting said office and said stations and 
normally connected to assume an Original condi 
tion consisting of a stepping line connected in 
Series with two return lines connected in mul 
tiple; a transmitter at each of said stations for 
transmitting signals over said stepping line and 
return lines when rendered active; a lock-out re 
lay at each of Said stations each having an 
active and an inactive position and rendering the 
associated transmitter active and inactive re 
spectively; contact means effective when a plu 
rality of stations have signals ready to transmit 
at the same time for disturbing the original con 
dition of said line circuits by placing each of 
their associated lock-out relays into a lock-out 
circuit including in series one of said return lines 
from the office to the station having such lock 
out relay and the other return wire from that 
station to the most remote station, said lock-out 
circuits being interlocked by said contact means 
in a manner So that only the lock-out relay for 
the station most distant from the Office of this 
particular group of lock-out relays is included in 
an energizable circuit; and means for restoring 
said line circuits to their original condition when 
one of said lock-out relays has fully assumed its 
energized condition. 

NEIL D. PRESTON. 
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