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UNITED STATES PATENT OFFICE

2,129,168
CENTRALIZED TRAFFIC CONTROL SYSTEM

Oscar H. Dicke, Rochester, N. Y., assignor to Gen-
ele Railway Signal Company, Rochester,
N. Y. )

Application May 24, 1930, Serial No. 455,349
38 Claims. (ClL 246—3)

This invention relates to centralized traffic con-. Wway station, of the way stations endeavoring to
trolling systems, and particularly to a system in communicate with the central office, whose code
which a large number of distant traffic control has the largest number of dominating steps in
devices located at various points may be con- prior order will be selected because it has the

5 trolled from, and a large number of indications dominating code. B
transmitted to, a local central office over a com- Putting this in different language, for in-com-
paratively few line wires. ing messages the polarity code impressed -on the

Tn accordance with the present invention, it is stepping line is determined by whether or not the

proposed to employ two circuits extending along message circuit was short circuited on the next

10 a railway track, comprising three line wires, one preceding step, and if the message circuit was 10
wire of which is common to the two circuits men- short circuited on the next preceding step a posi-
tioned. It is further proposed to select any one tive impulse is transmitted over the stepping cir-
of a large number of way stations independently cuit, and if the message circuit was not short
by a distinctive code, and to provide means for = circuited on the preceding step a negative impulse

15 controlling several distinctive devices at each of is transmitted over the stepping circuit, and for i3
said way stations when such way station has been out-going messages the codes originate in the
selected and to receive indications from such way central office.. From this it is apparent that posi-
station. tive impulses follow superior or dominating steps,

The system under consideration is a system and negative impulses follow inferior steps, in

og that is normally at rest, and in order to indicate that positive impulses are obtained by short cir- 20
in a local cffice the occurrence of a certain event cuiting the message circuit, and that the short
at a distant way station immediately after such circuiting of the message circuit by one way sta-
occurrence, it requires the ability for a particular tion cannot be disturbed by a conflicting code at
way station to communicate with the local or cen- another way station which does not require such

o5 traloffice. Since the way stations are selected by a short circuiting.
code, it would at first hand appear that suitable - From these considerations, it is apparent that
lock-out means would be required to prevent two any one of a large number of way stations may
way stations transmitting codes to the local office getinto communication with a central office inde-
in over-lap relation, thereby resulting in a jum- pendently through the medium of the dictation

50 bled up code. This, however, is not the case in of a particular code, and without the provision of 30
accordance with the present invention, this be- a lock-out, it. however, being understood that a
cause the central office is the code radiating point slow acting relay is used at each way station for
for selecting a distant way station by a distinctive manifesting that the system is in operation or is
code transmitted over, what is conveniently called not in operation, this slow acting relay, however,

35 & “stepping circuit” or “coding circuit”, and the not being a lock-out relay in that it produces the 35
other circuit, conveniently called the “message same effect at the central office and at each way
circuit”, is employed to enable a way station to station. These slow acting relays (I, I2, I%) may
dictate the code, so to speak, which is to be trans- conveniently be called “cycle demarking” relays,
mitted from the central office to communicate in that they define by their operation the limits

o
[=1

40 with a particular way station. of the various. cycles. 40
Tt would then, on first thought appear that if Tn accordance with the present invention, if
two way stations were dictating what code shall the central office has been connected to a par-
be transmitted from the central office at the same ticular way station through the medium of a dis-
ime, there might be conflict between these dic- tinctive code, either determined by the central

45 tations of code, but this is not the case, in that office équipment or dictated over the message cir- 45
the dictation of a code is obtained by short cir- cuit by such particular way station’s equipment,
cuiting the message circuit and in not short cir- the succeeding steps over the stepping circuit set
cuiting the message circuit at a particular in- up distinctive message circuits connecting par-
stant, and if the message cireuit is shorted at one ticular apparatus at that particular way station

50 point, it is immaterial whether or not it is shorted  to the central office equipment. 50
at another point. The short circuiting of the As heretofore explained, the steps of a particu-~

message circuit is a dominating effect, so that if lar code for an in-coming message, and the
two ‘or more way stations are endeavoring to dic- polarity of each of its steps determined in ac-
tate a code which is to radiate from the central cordance with whether or not the message cir-
55 office over the stepping circuit, the particular cuit was short circuited during the next preced- g5
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ing step, will of course not enable the polarity of
the first step to be determined by the condition
of the message circuit, for which reason the first
step of each code is of the same polarity, which
in the system shown is negative. This enableg
an initial step of positive Pbolarity to be employed
for other burposes, and in accordance with the
bresent invention, it is broposed to connect either
a printing telegraph or a loud speaker at cer-
tain or all of the way stations in circuit with a
brinting telegraph transmitter or g telephone

way system.

Other objects, purposes and characteristic fea-
tures of the bresent invention will in part be
apparent from the accompanying drawings and
will in part be more specifically -pointed out
hereinafter.

In describing the invention in _detail, reference
will be made to the accompanying drawings in
Figs. 1A and 1B, when Iaid side by side,
conventionally illustrate the apparatus in, the
central office of the barticular portion of the sys-
tem illustrated;

Fig. 2 illustrates the way station apparatus for
the west end of g bassing siding PS; and

Fig. 3 illustrates g modified form of way sta-
tion apparatus, eliminating certain half-step re-
lays, and used for controlling the apparatus at
the east end of the bassing siding PS.

Structure

Referring to Figs. 1A and 1B of the drawings,
the top portion of Fig. 1B illustrates a, series of
code responsive stepping relays, I, IA, 2, 24, 38,
34, 4, 4A, 5, 5A, 6,

the line relay LR, whereas the series of stepping
relays 1i, 114, 12, 124, 13, 134, 14, 14A, 15, 154,
16, {7 ang 18 Tespond only to a code of minus,

and illustrating for convenience only the minia-~
ture passing siding ps, -at the east end of this

bs has associated there-
with- a signal lever SI3 and a switch machine
lever SML3, these -levers controlling the appa-~
ratus at the passing siding PS through the me-

2,129,168

dium of the selector system embodying the pres-
ent invention,

As heretofore mentioned, the code current im-
pressed on the stepping circuit including the line
relays LR, LR? and LR3, -has its code at times
determined by the central office equipment and
is at times dictated by one

repeater relay CRR, which through the medium
of main relays MR! and MR? applies impulses to
the stepping line in bolarity code fashion and
in accordance with the condition of energization
of the relay COR.
demarkation between successive impulses of like
polarity, such as one plus following another plus,

tofore explained, no interlock between the var-
ious way station apparatuses is required, it is

erated at substantially the same time, for which
selecting relays SLR2, SLR3,
SLR*, ete., are brovided, and furthermore g field
selecting relay SFR, which is also interlocked with
the lever selecting relays SLR?, SLR3 andg SLR4,
is employed to brevent the incoming signals from
way stations interfering with the - out-going sig-
nals or controls transmitted in accordance with
lever positions. These lever interlocking relays
SLR3 and SLR¢, may, however, be omit-

its retracted condition.

Referring now to Fig. 2 of the drawings, thig
drawing shows g, series of code Teésponsive stepping
relays i2, (A2, 22,242 32, 3A2, 42 442, 52, 5A?, 62, 12
and 82, which relays are controlled in response to
operation of the line relay LR2 and the operation
of the slow acting or cycle demarking relay 12,
broviding that the line relay LR2 oberates to trans-
mit the proper code, which for the way station
No. 2 is the same as the apparatus shown in the
top part of Fig. 1B of the drawings, which code is
minus, minus, plus, minus, minus, plus, minus,
plus, as indicated by corresponding signs within
these stepping relays. Similarly, referring to Pig,
3, the code responsive stepping relays { 13,123, i3s3,

In order to provide a definite
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143, 153, 163, 113 and 183, are controlled by the line
relay LR3; the slow acting relay 13, and the half
step relay group comprising the even relay E, the
odd relay O, and the polar relay P, providing, of
course, that the line relay LR? is stepped in code
of like fashion to constitute the code to which this
particular series of code stepping relays will re-
spond, which is a code of minus, minus, plus, plus,
minus, plus, minus, plus: .

The announcer Trelays AR? and AR? shown in
Pigs. 2 and 3, respectively, are energized only if
the first impulse of & cycle, which impulse is pref-
erably of long duration and continues until the
announcement has been completed, transmitted
over the stepping circuit is of positive polarity.

In Pigs. 2 and 3 have been shown respectively
the relays DR?, SR2, SW2? and DR3, SR3, SW3,
which relays are conveniently called control re-
lays, and are used to control respectively the sig-~
nals and switch machines at the west and east end
of the passing giding PS, all in & manner as de-
seribed in the patent of S. N. Wight, Patent No.
1,889,457, dated November 29, 1932, as conven-
tionally illustrated by the dotted lines.

Referring now to the passing siding PS shown
in part in Fig. 9 and in part in Tig. 3 of the draw-
ings, this passing siding PS is used as a meeting
point for trains moving in opposite directions, and
tc enable one train to pass another from the rear,
if desired. In practice many such passing sidings
are used in a single system. The main track and
passing siding have been illustrated by rails 36,
which rails are divided by insulating joints 31 to
constitute the usual detector track circuit, the one
at the west end of which is provided with a track
battery 32 and & track relay TR and the detector
track circuit at the east end of which includes a
track battery 33 and a track relay TR3. The
track switch at the west end of the passing siding
PS is controlled by the switch machine SM2 and
the track switch at the east end of the passing
siding PS is controlled by the switch machine
sMs3. In accordance with the usual practice in
single track signalling, the west end of the passing
siding PS is provided with a main entering signal
35, a take-siding signal 36, a main starting signal
37, and a dwarf starting signal 38, and similarly
the east end of the passing siding PS is provided
with a main entering signal 40, a take-siding sig-
nal 4!, a main starting signal 42 and a dwarf
starting signal 43.

In order to initiate the system to transmit an
indication from the way station to the central
office upon a change in the position of the track
relays TR? and TR? or other traffic controlling
devices, the change relays M2 and M3 are provided,
which in turn control the repeater change stick
relays FR? and FR3.

Having now specifically referred to each of the
elements of the conventional illustration of the
systems embodying the present invention, it is
deemed expedient to consider the operation of the
system in ‘detail, this in order to more clearly
understand how the various elements of the sys-
tem are interconnected, as well as the functions
which may be carried out by the system, the ex-
tent to which. the gystem may be expanded with-
out the embodiment of a prohibitive number of
impulses per unit code, and the speed at which
controls may be transmitted to and indications
received from & large number of separated way
stations.

Operation

Table of codes.—Before the specific operation of

3

the system is taken up, it is considered helpful to
give a table of gll the codes that may be used, in
the order of their superiority. - In this connection,
it should be understood that the first five relays in
each series constitute in reality the code respon-
sive. portion of the series, the jast three relays
responding to alternate plus and minus impulses
carrying out particular funetions at- a particular
way station. with this understanding of the
system, the codes are given in the order of their
superiority, which means that of any selected
group of codes which want to come in at the same
time, the code which stands highest in the table
dominates the other codes which are endeavoring
to dictate the code by which the central office

shall call them. These codes in the order of their
superiority are as follows:— i
[
F First |Second | Third Fourth] Fifth
Code No. step step step step step
- + + + +
- + + + ~
- + + - +
- + - + +
— + - + —
- + -] - +
— + — —_— —
- - + + +
— — + + —_—
- - —+ - +
—_— — + — —
- - - + +
—_ —_ — + —
- - - = +

e
As already stated, the first step in each code is
negative, this to enable a way station to dictate to
the central office what polarity the second step
shall be, as is clearly apparent from. the table.

Code determination for out-going station
selection.

As already mentioned in & general way, station
selection in the present system is determined by
codes of impulses transmitted over the stepping
circuit, these codes comprising various patterns
or combinations of positive and negative impulses.
These impulses originate in the central office but
are determined in several different ways. Upon
initiation of the system in response to the move-
ment of a lever in the central office, these im-
pulses are determined by contacts on a series of
relays directly associated with that lever, but if
the system is initiated because one or more way
station change relays, such as relay FR?, are
energized, the impulses are dictated by the re-
1ays at such one or more way stations.

Referring particularly to the office equipment
shown in Figs. 1A and 1B and the way station
equipment shown in Fig. 2, let us -assume thab
the operator in the central office wishes to allow
an east bound train to pass into the sidetrack of
the passing siding PS, and in order to do so moves
the signal lever SL? toward the right, signifying

[ 413
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east bound traffic and moves the switch machine .

lever SML2 to the left signifying that the train
is to take the sidetrack. When the operator has
so operated the levers SI12 and SML2, he will de-
press the push button PB?, for the purpose of
initiating the system, and will thereby pick up
the lever relay RI2, If desired a substitute con-
tact for this push button may pe automatically
operated in response to each movement of the
corresponding lever, as shown in the patent to
preston and Dicke, Patent No. 1,794,691, dated
March 3, 1931.

With the lever relay RI?2 once picked up it will
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contact 47 of the relay RI2;, wire 48, winding of
the relay RL2 to the terminal (—) of the same
battery. ’

With the relay RI2 picked up the closure of itg
front contact 50 will pick up the selected lever
relay SLR?2 through the following pick-up cir-
cuit:abeginning at the terming]l (+), front con-
tact 58 of the relay RI2, wire 51, winding of the
relay SLR?, wire 52, back contact 53 of the relay
SLR3, wire 54, back contact 55 of the relay SLR¢,
wire 56, back contact 57 of the relay SFR, to the
terminal (—),

With the relay SLR2 once picked up it is stuck
up through the following stick circuit:—begin-
ning &t the terminal (4-), back contact 58 of the
relay 8, wire 59, back contact 69 of the relay 18,
wires ‘61 and 69, front stick contact 62 of the
relay SLR?, wire 63, winding of the relay SLR?,
wire 82, back contact 53 of the relay SLR3, wire
54, of the relay SLRY, wire 56,
back contact 57 of the relay SFR to the terminal
(—) of the same battery,

in studying the pick up and stick circuits for
the various relays SLR?, SLR3, etc., it will be
noted. that they are so interlocked that if any
one of these relays has been picked up no other
relay of this same group can Le picked up. Also,
it will be noted that the circuits for these relays
are such that relays have priority in the order
from left to right, this because if two of the relays
such as RL? and RL3 are picked up at the same
time, the relay RI.2 will have a, dominating effect,
in that with its contact 50 raised no energy can
be supplied to the relay SLR3, whereas energy
can be applied to the relay SLR2 so long as no
other relay to the right thereof, such as SLR3
or SLR¢, has already been stuck up.

With the relay SLR? now energized through its
stick eircuit, its front contact 65 is closed, thereby
completing the following circuit for the starting
relay CR:—beginning at the terminal (+4) of the
central office battery, back contact 66 of the slow
acting relay I (see Fig. 1B), wire 67, winding of
the starting relay CR, wire 68, front contact 65
of the relay SLR? to the terminal (—) of the
Same battery.

With the starting relay CR energized, the fol-
lowing pick-up eircuit is closed for the control
relay W:—beginning at the terminal (), front
contact 18-of the relay CR, wires 11 and 12, wind-
ing of the relay W to the (—) terminal of the
same battery,

With the relay W once picked up it is stuck
up through the following circuit:——beginning at
the terminal ( +) of the central office battery,
back contact 58 of the relay 8 (see Fig. 1B), wire
8, back contact 60 of the relay 18, wires 6§ and
13, stick contact 14 of the relay W, wire 12, wind-
ing of the relay W to the terminal (—) of the
same battery,

With the control relay ‘W energized its front
contact 75 is closed, thereby closing the following
energizing circuit for the master relay MR1:—
beginning at the terminal (4), front contact 15
of the relay W, wire 18, back contact 11 of the
channel time relay CT, wire 18, contact 19 of the
code repeater relay CRR assuming its left hand
position, wire 80, winding of the master relay
MRY, wire 81, back contact 82 of the master
relay MR2, to the terminal (—) of the same
battery.

Picking up of the master relay MR! effects
closure of itg front contact 83 included in the

CT, because this circuit is open at the front
contact 66 of the relay I (see Fig. 1B).

Picking up of the contact 84 of this relay MRY,
however, applies current of negative polarity to

the contact
182 of the line relay LR? to itg left hand posi-
tion completes the following cireuit for the relay
12:~beginnin»g at the terming] (=) of a local
battery contact 102 assuming its left hand posi-
tion, wire 183, back contact 184 of the slow act-
ing relay Iz, wire {85 andg
relay 12, to the terminal ( -+)

be taken up

be considered at this time.
Wi.th the relay { now assuming itg energized

and {i1, back contact 112 of the relay
113, front stick contact 114 of the relay |, wireg

» wWinding of the relay 1 to the
terminal (+) of said battery., Similarly, the code
Tespensive stepping relay {2 is stuck up through
the following stick circuit:—beginning at the
terminal (—) of the local battery, contact 116
of the line relay LR2, wires 11T ang 118, back
contact 119 of the half step relay A2 wire 120,
front contact {24 of the relay 12, wireg 122, (23
and {§6, winding of the relay 42 to the terminal
(+) of said battery,
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interval of time than is required: for the code
responsive stepping relays { and 12 to pick up,
the slow acting relays I and I* are picked up,
through circuits including respectively the con-
tacts 125 and 125 of the relays LR and 1.R2, which
circuits are ¥eadily traced in the drawings. Pick-
ing up of the relays I and 12 breaks the pick-up
circuit for the relays | and 2, put since these
relays are energized through stick -circuits here-
tofore traced, they remain in their energized po-
sition. . Picking up of the relays I and I? also
effects breaking of the starting circuit and ren-
ders the message circuit available for use, by
shifting of the contacts 128 and 129 of these
respective relays, the function of which contacts
128 and 28 will be more particularly described
hereinafter. Further, picking up of the relay I
closes the following stick circuit for the transfer
relay TRS:—-beginning at the terminal () of
the central office battery, front contact 66 of the
relay I, wire 138 and 31, stick contact 132 of
the transfer relay TRS, wire 123, the lower wind-
ing of the transfer relay TRS to the terminal (—)
of said battery. Also, picking up of the slow act-
ing relay I closes the following circuit for the
channel time relay CT:——beginning at the ter-
minal () front contact 66 of the relay I, wires
{230, 138 and 135, front contact 83 of the master
relay MR!, wire 136, winding of the relay CT to
the other terminal (—) of this battery 44, The
completion of this circuit after a short time ef-
fects energization of the channel time relay CT,
this relay although slightly slow acting is much
quicker acting than are the relays I and 12
Attention is directed to the fact thai the posi-
tion of the contact 79 of the code repeater relay
CRR is determined by the condition of energiza-
tion of the code relay COR, and since the transfer
relay TRS is energized each time a way station
is controlled from the central office, and is there-
fore now energized through the front contact 49
of the relay SLR?, its contact {40 assumes its
raised position, and therefore the code relay COR
is energized or deenergized depending upon
whether its circuit is closed through such front
contacts as (42, 185 or {47 of the relays 2,5 and
7 respectively. That is, with relay SLR2? up, as
has been assumed, and during the instant when
stepping relay 2 is energized the circuit for the
relay COR may be traced as follows:—bheginning
at. the terminal B+, winding of the relay COR,
wire 212, front contact 140 of the relay TRS,
wires 214, 240 and 209, front contact 142 of
the stepping relay 2, wire 208, back contact 181

. of the stepping relay !, wire 201, front contact

208 of the relay LSR?, wire 285, back contact 204
of the relay SLR3, wire 203, back contact 202
of relay SLR*, wire 201, back contact 208 of the
relay SLR to the midpoint C of the central office
battery. In this connection, attention is directed
to the fact that insofar as the first four of these
code responsive stepping relays §, 2, 3 and 4 are
concerned, the code relay COR can only be ener-
gized when the corresponding lever selecting re-
lay, that is, SLR? in the present instance, is ener-
gized, this because the front contact 286 of the
relay SLR? is included in the circuits through
the front contacts of these relays, such. as contact
142 of relay 2. Since, with the relay | energized
and its contact 141 in its raised position the code
relay COR remalns deenergized, the second im-
pulse transmitted over the stepping circuit will
be one of negative polarity, this because, with re-
lay COR deenergized the relay CRR is energized
toward the left, which selects relay MR! instead

5

of relay MR? thus resulting in energization of
the line circuit 81 with current of negative polarity
as follows:—beginning at the terminal B—, back
contact 85 of the relay MR2 wire 86, front con-
tact 84 of relay MRZ, wire 81, front contact 88
of the relay W, wire 89, front contact 90 of the
push button PB, wire 91 including the various
line relays LR, LR? and LR? to the common return
wire C connected to the midpoint of the central
office battery. With the channel time relay CT
energized the energizing circuit for the master
velay MR?! is broken at the-back contact 11 of
the relay CT, so that as soon as the relay MR!
assumed its deenergized position the following
circuit for the code repeating relay CRR is com-
pleted:—beginning at the terminal (B—), back
contact 156 of the relay COR, wire 151, upper
winding of the relay CRR, wires 152, and 153, front
contact 154 of the relay CT, wire {55, back con-
tact 166 of the relay MR?, wire {51, back contact
158 of the relay MR? to the middle connection C
of the battery 92. The relay CRR will not be
operated in response to the closure of the circuit
just traced, because it already assumes its left
hand negatively energized position. The master
relay MR! having been deenergized in response
to the picking up of the relay CT will of course
by the dropping of its contact 83 again deener-
gize the channel time relay CT, and in so doing
will effect reenergization of the master relay MR
thus causing the second jmpulse of negative po-
larity to be applied to the stepping circuit.

Bearing now in mind that the stepping circuit
was momentarily deenergized, thereby causing the
line relays LR, LR?, LR3, etc., to temporarily. as-
sume their middle position, let us observe what
transpires at both the central office and the way
station shown in Fig. 2 during the period of de-
energization of the stepping line. Referring first
to Fig. 1B, and remembering
sponsive stepping relay i is still energized through
its stick circuit, deenergization of the line relay
LR breaks this stick circuit at the contact 108
of the line relay LR, but another stick circuit for
this relay ! is completed which may be traced
25 follows:—beginning at the terminal (—) con-
tact 108 of the line relay LR in its pendent posi-
tion, wires 21 and 161, winding of the half-step
relay tA, wire 162, front contact 163 of the relay
{, wires 100 and 101, winding of the relay § to
the other terminal (4+). The completion of this
guxiliary stick circuit for the relay 1, which in-
cludes the winding of the relay 1A, will of course
affect energization of the relay 1A thereby clos-
ing the front contact {64 of the relay lA. As
already explained, after momentary deenergiza-
tion of the stepping cireuit this stepping circuit
is reenergized with current of negative polarity
and with the relay 1A now energized, the follow-
ing eircuit for the relay 2 is completed upon move-
ment of the line relay LR to its left hand nega-
tive position:—-beginning at the terminal (—),
wire 94, contact 95 of the relay LR in its left
hand position, wire 96, contact 97 of the relay I
raised, wires 165 and 166, front contact {67 of
the relay |, wire 168, front contact 164 of the
relay 1A, wire 169, winding of the relay 2, wires
170 and 25, front contact 66 of the relay I, to
the terminal (4) of the same battery.

In practice, the half-step relays A, 24, 34, 4A
and 5A will be slightly slower dropping than their
associated relays 1, 2, 3, 4 and b, this in order to
assure that the stick circuit for the code respon-
sive relay which does not include a half step relay
cannot be reclosed before the other stick circuit
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for such-code respensive relay including the half-
step relay is broken, this to assure dropping of
the code responsive relays, such as i, 2,3, ete., as
seon as the stepping circuit is energized after
having been deenergized following the picking up
of such code responsive stepping relay. In other
words, movement of the line relay LR to its left
hand position effects picking up of the relay 2
but also effects deenergization of the relays |
and lA, this because both of these stick circuits
for the relay | are opened when the line relay LR
assumes its left hand position during the sec-
ond impulse of a particular code cycle.

The relay 2 having now been picked up, is stuck
up ‘through the following stick circuit:~bhegin-
ning at the terminal (—), contact 108 of the relay
LR in its left hand position, wires 109, 22 and 172,
back contact 173 of the relay 2A, wire 114, front
contact 175 of the relay 2, wires 176 and 171,
winding of the relay 2, wires 170 and 25, front
contact 66 of the relay I, to the other terminal
(4+) of the same battery.

Referring now to Fig. 2, substantially the same
operation as just explained in connection with
Fig. 1B takes place. During deenergization of
the line relay LR2? the auxiliary stick circuit for
the code responsive stepping relay {2 is com-
bleted, and may be traced as follows:—beginning
at the terminal (—), contact 116 of the relay
LR? assuming its pendent position, wires 188 and
181, winding of the half-step relay 1A2?, wire {82,
front contact 183 of the relay 12, wires 123 and
106, winding of the relay 12, to the other termi-
nal (+) of the same battery. The completion
of this circuit of course results in the picking up
of the half-step relay 1A2 and closure of its con-
tact 185. The apparatus at. the way station of
Fig. 2 remains in its present condition until the
line relay LR2 moves from its pendent position,
and since, as has already been explained, the
stepping circuit is energized with ‘current of
negative polarity on its second step causes the
line relay LR? to move to its left hand position,
thereby completing the following circuit for the
code relay 22:—beginning at the terminal (—=),
contact 102 of the line relay LR? assuming its left
hand position, wire 103, front contact {04 of the
relay I2, wire 186, front contact 187 of the relay
{2, wire 188, front contact 185 of the relay 1AZ,
wires 189 and 190, winding of the relay 22, wires
i91 and 192, front contact 193 of the relay 12, to
the terminal (4) of the same battery.

With the code responsive stepping relay 22 once
energized its following stick circuit is closed to
maintain it energized in spite of the dropping of
the relays 12 and (A2, which occurs shortly after
the line relay LR2 moves from its deenergized
position. This stick circuit for the relay 22 may
be traced as follows:—beginning at the termi-
nal (—) of the local way station battery, contact
116 of the relay LR? toward the left, wires 117
and 194, back contact 195 of the relay 2A2, wire
198, front contact 197 of the relay 22, wires 198,
199 and 190, winding of the relay 22, wires 191
and 192, front contact 193 of the relay 12 to the
other terminal (4-). '

Attention is now directed to the fact that had
the second impulse transmitted over the step-
ping circuit -been an impulse of positive polarity
neither relay 2 nor the relay 22 would have
been picked up in response to this second im-
bulse, this because by operation of the line relays
LR and LR? to the right, with the relays, I, 1A,
i2 and 1A2 energized, the circuits for the relay
2 and 2% completed by movement of the contact
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85 of the relay LR and contact 102 of the relay
LR2 to the right are not energized, because both
ends of the circuit completed are connected to
the same terminal, namely the terminal () of
the battery. In other words, these code stepping
relays will only step along in respomse to ener-
gization of the stepping circuit if the various im-
pulses are of the proper polarity. Furthermore,
if this second impulse had been an impulse of
Dbositive polarity the relays | and A of Pig, 1B
and the relay 12 and 1A? in Fig. 2 would have
heen deenergized, the same as they were when an
impulse of negative polarity was transmitted, so
that no relays of these groups of stepping relays
could thereafter have been energized in the same
cycle, this because the relays I and I2 are in their
rajsed position and with all of the stepping re-
lays down no circuits can be completed for ener-
gizing any of the relays in these groups of code
responsive stepping relays.

Refering now to Figs. 1A and 1B, attention is
directed to the fact that, with the code responsive
stepping relay 2 in its energized Pposition, a circuit
is completed for the code relay COR, which may
be traced as follows:—beginning at the mid-
point of the battery 92 (see Fig. 1A) to the com-~
mon return wire C, through back contact 200 of
the relay SFR, wire 201, back contact 202 of the
relay SLR*, wire 203, back contact 204 of the
relay SLR3, wire 205, front contact 206 of the
relay SLR?2 which now assumes the energized
position, wire 207, back contact 141 of the relay i,
wire 208, front contact 142 of the relay 2, wires
269, 210 and 211, front contact 40 of the trans-

fer relay TRS (still held stick and also held -

through front contact 49 of relay SLR2), wire
212, winding of the code relay COR, to the ter-
minal (B+) of the battery 82. The completion
of this circuit picks up the contacts of the relays
COR, but the code repeater relay CRR will not
be operated until the channel time relay CT has
been energized, and has opened the contact 771
to effect ‘deenergization of the master relay MR
and this master relay has in turn dropped and
closed- its contact 155. When this occurs the
following circuit for the code repeater relay CRR
is closed:—beginning at the terminal (B+) of
battery 92, front contact 215 of the relay COR,
wire 216, lower winding of the relay CRR, wire

183, front contact {54 of the relay CT, wire {55, ;

back contact 156 of the relay MR!, wire 157, back
contact 158 of the relay MR2, to common return
wire C, connected to the mid-point of the same
battery.

The completion of this circuit effects opera- :

tion of the code repeater relay CRR to its right
hand dotted position, thereby causing closure
of the following circuit as soon as the channel
time relay CT again assumes its deenergized po-
sition:—beginning at the terminal (+), front
contact 15 of the control relay W, wire 78, back
contact TT1 of the relay CT, wire 18, contact 713
of the relay CRR in its right hand position, wire
211, back contact 218 of the relay MR, wire 2189,
winding of the master relay MR?, to the other
terminal (—) of the same battery. As soon as
the relay MR2 assumes its energized position in
response to the completion of the circuit just
traced, the stepping line 81 is energized by cur-
rent of positive polarity through the following
branch leading to this stepping circuit:—begin-
ning at the terminal (B4) of the battery 82,
front contact 228 of the relay MR2, wire 221,
back contact 84 of the relay MR!, wire 87, front
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‘button contact 90, through the stepping circuit

9l. .

With the stepping line 91 energized by current
of positive polarity the line relays LR, 1.R?Z and
1R3 are operated to their right hand- position.
Referring first to Fig. 1B, and bearing in mind
that the line circuit was ‘momentarily deener-
gized, and that during this time ‘of deenergiza-
tion the half-step relay 2A was picked up by
completion of the following circuit:—beginning
ot the terminal (—), contact 108 of the relay LR
assuming its pendent position, wires 21 and 224,
winding of the relay 24, wire 225, front contact
996 of the relay 2, wire 111, winding of the relay
2, wires 170 and 25, front contact 86 of the velay
1, to the other terminal (+) of the same bat-
tery.  Further, that with the relay LR NOW
moved to its right hand position the following
pick-up circuit is closed for the code responsive
stepping  relay 3:——beginning a2t the terminal
(4+) of the central office battery, contact 9% of
the line relay 1R in its right hand position, wire
96 front contact o1 of the relay I, wires 165 and
166, back contact {61 of the relay 1, wire 228,
front contact 999 of the relay 2. wire 230, front
contact 231 of the relay 2A, wire 232, winding
of the relay 3, to the other terminal (—) of the
same batiery. The completion of this circuit
will of course pick up the relay 3 and complete
the following stick circuit for this relay:—begin-
ning at the terminal (+), contact 232 of the
relay LR assuming its right hand position, wires
234, 24 and 236, back contact 237 of the relay
3A, wire 238, front contact 239 of the relay 3,
wires 240 and 241, winding of
the other terminal (—) of the same battery. It
is of course understood. that with' the line relay
1R now assuming its right hand position that
the relays 2 and 2A will be both deenergized, and
this also would have been the case ‘had the im-
pulse been an impulse of negative polarity. :

Tet us now observe how deenergization of th
stepping ‘eircuit after .the second impulse and
reenergization of the stepping circuit by a cur-
yent of positive polarity will effect energization
of the code responsive stepping relay 32 in Fig. 2
of the drawings. Peenergization of the line re-
Jay LRZ? after the second impulse transmitted
closure of .the
auxiliary stick circuit for the relay 22, which aux-
iliary stick cireuit includes the relay: 2A%, and
may be traced as follows:—beginning at the
terminal (—), contact 116 of the telay LR? in its
pendent position, wires 180 and 243, winding of
the relay 2A% wire 244, front contact 245 of the
relay 22, wires 199 and 199, winding of the relay
22 wires 191 and 192, front contact 198 of the
relay 12, to the other terminal )
battery.

As already explained the third impulse im-
pressed upon the stepping circuit is-an impulse

" of positive polarity and this impulse effects en-
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ergization of the code responsive stepping relay
32 through the following circuit:—beginning at
the terminal ), contact 192 of the relay LR?
assuming its right hand position, wire 183, front
contact 104 of the relay I2, wire 86, back contact
{81 of the relay {2, wire 2417, front contact 248 of
the relay 2%, wire 249, front contact 250 of the
relay 2A2, wire 251, winding of the relay 32, to the
other terminal (—) of the same battery. -

As thus far described the third impulse, name-
1y an impulse of positive polarity, has been trans-
mitted and the code responsive relays 3 and 32
have been energized in response to the trans-

the relay 3, to.

of the same.

7

mission of this impulse. Referring now to Figs.
1A and 1B attention is directed to the fact that
with the relay 3 energized and the relay 2 de-
energized, the circuit heretofore traced for the
code relay COR 18 broken at the pack econtact
143 of relay 3, so that the relay COR assumes
its deenergized position, in which position its
contact (38 is reclosed, thereby tending to oOp-
érate the code repeater relay CRR back to its
normal left hand position, but this does not oc-
cur until the channel time relay CT has been
energized and has effected deenergization of the
master relay MR2 and closure of its contact 158.
When this occurs the code repeater relay CRR is
moved to its left hand position, thereby estab-
lishing a circuit for the master relay MR! as soon
as the channel time relay CT again assumes its
deenergized position and closes its contact TT.
Picking up of the master relay MR! will, of
course, cause the application of an impulse of
negative polarity to the stepping circuit, for rea-
sons heretofore given.

Referring to Fig. 1B, the momentary deener-
gization of the stepping circuit just preceding
the fourth impulse, of course, effected energiza-
tion of the hali-step velay 3A through the fol-
lowing ‘circuit :—beginning at the terminal -+,
contact 238 of the relay IR assuming its pendent
position, wires 93 and 258, winding of the relay

3A, wire 2517, front contact 258 of the relay 3, wire -

941, winding of the relay 3, to the other terminal
(—) of the same battery.

Similarly, this momentary deenergization of
the stepping line effected picking up of the relay

2A2 in Fig. 2 of the drawings through the follow- ¥

ing circuit:—beginning at the terminal plus, con-
tact 260 of the relay T.R? assuming its pendent
position, wires 261 and 262, winding of the relay
242, wire 263, front contact 264 of the relay 3%,
wire 285, winding of
terminal (=) of the way station hattery.
Referring now again to Fig. 1B of the drawings
the transmission of the fourth impulse, which is
an impulse of negative polarity, completes the

following pick-up circuit for ‘the relay 4:—be- «

ginning at the terminal (—), wire 94, contact 95
of the relay LR in its left hand position, wire 98,
front contact 97 of the relay I, wires {69 and 66,
back contact 87 of the retay i, wire 228, back
contact 228 of the relay 2, wire 267, front contact
253 of the relay 3, wire 289, front contact 270
of the relay 34, wire 271, winding of the relay 4,
wires 212 and 28, front contact 66 of the relay I,
to the other terminal (4 of the same battery.

Similarly, referring to Fig. 2, the code respon-

sive stepping relay 42 is energized through the
following circuit when the line relay LR? assumes
its left hand position during the fourth impulse
of the particular code now being transmitted:—
beginning at the terminal (—), contact §02 of
the line relay LR? in its left hand position, wire
{83, front contact 184 of the relay I?, wire 186,
back contact 187 of the relay 12, wire 2417, back
contact 248 of the relay 22, wire 234, front contact
275 of the relay 32, wire 276, front contact 277
of the relay 3A2, wire 218, winding of the relay 42,
wires 279 and {92, front contact 193 of the relay
12, to the other terminal () of the same battery.

The relay & will obviously be stuck up through
the following
terminal (—), contact 108 of the relay LR in its
left. hand position, wires 108, 22 and 280, back
contact 284 of the relay AA, wires 282, front con-
tact 282 of the relay 8, wires 234 and 285, wind-

.ing of the relay 4, wires 272 and 25, front contact

the relay 32, to the other =

stick circuit:——beginning at the 7
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66 of the relay I, to the other terminal (4) of
the same battery; and the relay 42 in Fig. 2 win
be stuck up through the following circuit:—
beginning at the terminal (=), contact 11§ of
the relay ILR2 assuming its left hangd Position,
wires {17 and 287, back contact 288 of the relay
442, wire 289, front contact 296 of the relay 42,
wires 291 and 292, winding of the relays 42, wires
278 and 192, front contact 193 of the relay I2, to
the same battery.
Referring now to Fig. 1B of the drawings, atten-
tion is directed to the fact that the lifting of
contact {44 of the stepping relay 4 does not in
any way effect the cireuit for the code relay COR,
so that this relay COR remaing deenergized and
effects the application of an Impulse of negative
polarity for the fifth step of the particular code
cycle under consideration. In other words,. the
master relay MR?! wil] be deenergized for a short
period of time, thereby deenergizing the stepping

responsive stepping relays & and 52 will pe ener-
gized,

Just preceding this fifth impuise on the step-
bing circuit, deenergization of the stepping cir-

circuit:——beginning at the terminal
(—), contact 108 of the line relay LR assuming
its pendent Position, wires 21 ang 294, winding of
the relay 4A, wire 295, front contact 296 of the
relay 4, wire 285, winding of the relay 4, wires
contact 66 of the relay I, to
the other terminal (4> of the battery; and simi-
larly this momentary deenergization of the step-
ping circuit causes the relay 4A? (see Fig. 2) to be
energized through the following circuit:—begin-
hing at the terminal (—), contact 1§ of the
relay LR?2 assuming its pendent Dosition, wireg
189 and (98, winding of the relay 4A2, wire 299,
front contact 360 of the relay 42, wire 292, wing-
ing of the relay 42, wires 279 and | 92, front con-
tact 193 of the relay 12, to the other terminal (4-)
of the same battery. .

The half-step relays 4A and 4A2 have thus taken
their half-step position, and the next energiza-
tion of the stepping line being an impulse of
negative polarity, this being the fifth impulse of
the particular code under consideration,
the code responsive stepping relays 5 and 52 to
be energized. Referring to Fig. 1B the stepping

front contact 97 of the relay I, wireg
back contact 167 of the relay I, wire 228, back
contact 229 of relay 2, wire 267, back contact
288 of relay 3, wire 302, front contact 303 of the
relay 4, wire 304, front contact 305 of the relay
44, wire 306, winding of the relay 5, wires 2307
and 28, front contact 66 of the relay I, to the
other terming] (+) of the battery. Similarly,

to the negative impulse Ccomprising the fifth step
of the particular code under consideration
through 'the following pick-up cireuit:—begin-

the relay 12, wire 186, back contact 187 of the
relay 12, wire 247, back contact 248 of the relay
22, wire 274, back contact 275 of the relay . 32,
wire 308, front contact 309 of the relay 42, wire
310, front contact 311 of the relay 4A2, wire 8§ 2,
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winding of the relay 5%, wires 313 and 192, front
contact 193 of the relay T2, to the other termina]
(+). of the same battery,

The relay 5 now assuming its energized position
will have its following stick ecircuit completed ;—
beginning at the terminal (=), contact {08 of
the line relay LR assuming its left hand DPosition,
109, 22 ang 315, back contact 316 of the
relay 5A, wire 311, front contact 318 of the relay
5, wires 319 and 320, winding - of the relay 5,
wires 38T and 25, front contact 66 of the relay I,
to the other terminal () of the same battery.
Similarly, the relay 52 is stuck up- through the
following stick»circuit:—beginning at the termi-
nal (—), contact {1g of the relay LR? to the left
(see Fig. 2), wires 117 and 321, back contact 322
of the relay BA2, wire 323, front contact 324 of
the relay 52, wires 325 and 326, winding of the
relay 52, wires 313 and 192, front.contact 193 of
the relay 12, to the other termina] ( +). .

The operation thus far described hag concerned
the code for the apparatus shown in the top half
of Fig. 1B and shown in Pig, 2 of the drawings,
which code is the twelfth code in the table here-

up the relays 6, 7 and 8 and 62, 72
require successive impulses of Dositive, negative
and then positive bolarity, =

The particular way station now having been
selected, namely, the way station illustrated in
Fig: 2, let us see how the central office equipment
applies the impulses of plus, minus and plus. for
energizing the relays 62, 12 gng 82, respectively.,
Referring to Fig. 1B it is noted that with the
relay 5 picked up, as is now the case, the closure
of its contact 145 applies current to the code relay
COR, and with this relay COR, energized the code
be operated to its right

relay CT hag bicked up and has effected deenergi~
zation of the master relay MR, As soon as thig
occurs eurrent of bositive bolarity is-applied to
the stepping circuit through contacts and wires
heretofore traced,

With. the line relay LR now operated to its
right hand i

().
In the same wa, , the deenergization of. the

stepping line Jjust

breceding the sixth impulse ;
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causes the relay 5A2 to pick up and to complete
the following circuiti—beginning at the terminal
(—), contact 116 of the relay LR? assuming its
deenergized position, wires 180 and 338, winding
of the relay 5A2, wire 339, front contact 340 of
the relay 52, wire 326, winding of the relay 5%,
wires 313 and 192, front contact 193 of the relay
12, to the other terminal (4). With the line
relay LR? operated to its right hand position due
to the sixth impulse of the particular code trans-
mitted, this being an impulse of positive polarity,
causes the relay 62 to be energized through the
following circuit:—beginning at the terminal
(-+), contact 102 of the relay LR? assuming its
right hand position, wire 103, front contact 104
of the relay 12, wire 186, back contact 18T of the
relay 12, wire 247, back contact 248 of the relay
22 wire 274, back contact 215 of the relay 32, wire
308, back contact 309 of the relay 4, wire 341,
front contact 342 of the relay 52, wire 343, front
contact 344 of the relay 5A2, wire 349, winding
of the relay 62, wire 346, back contact 341 of
the relay 12, to the other terminal (—) of the
same battery.

Referring now to Fig. iB of the drawings, it
being understood that the relays 3 and BA were
deenergized in response to the energization of
the relay 6, the code relay COR (see Fig. 1A) is
again deenergized, this because the contact 145
of the relay 5 is now assuming its retracted posi-~
tion opening the following circuit for relay
COR:— B+, COR, 212, i49, 2114, 240, 145 and C.
Under these conditions, after a momentary de-
energization of the stepping circuit, and with the
code relay COR now deenergized, the code re-
peater relay CRR is again operabed fo its normal
left hand position, thereby causing the seventh
impulse to be applied to the stepping circuit,
which is -an impulse of negative polarity. With
the relay LR now operated to its left hand posi-
tion in response to the impulse of negative po-
larity causes the stepping relay 7T to be picked up
through the following pick-up circuit:—begin-
ning at the terminal (—), wire 94, contact 85 of
the line relay LR to the left, wire 96, front con-
tact 971 of the relay I, wires {65 and 18§, back
contact 167 of the relay i, wire 228, back contact
999 of the relay 2, wire 267, back contact 268
of the relay 8, wire 302, back contact 303 of the
relay 8, wire 338, pack contact 33! of the relay
5, wire 358, front contact 351 of the relay 8, wire
352, winding of the relay 1, wire 383, back con-
tact 358 of the relay 8, wires 355 and 25, front
contact 66 of the relay T to the other terminal
(4) of the same battery. Picking up of this re-
lay 1 causes. it to be stuck up through the fol-
Jowing stick circuit:—beginning at the terminal
(—), front stick contact 336 of the relay 1, wire
351, lower winding of the relay IR? (see Fig. 1A),
wires 358 and 352, winding of the relay 1, wire
353, back contact 254 of the relay 8, wires 35% and
25, front contact 66 of the relay I to the other
terminal ‘().

1t shouid be noted that the stick circuit for the
relay T includes the lower winding of the indi-
cating relay IR? (see Fig. 1A). This provision
is. made so that each energization of the relay
4 will cause the indicating relay IR? to be oper-
ated to its normal negative position, this relay
under certain conditions being operated to its
right hand position during the energization of
the relay 8, which conditions involve the occu-
pancy of the detector track circuit- at the west
end of the passing siding PS, all in a manner
as is hereinafter described.

‘lay 82,

O

Referring now to Fig. 2, and bearing in mind
that the relay 62 is stuek up through & stick cir-
cuit including the wire 360 and the stick contact
261 of this relay 6% the relay 12 is picked up
through the following circuit. during the seventh
impulse of the particular code cycle, which im-
pulse is an impuise of negative pola.rity:—begin-
ning at the terminal (—), contact §02 of the line
relay LR?2 to the left, wire 193, front contact 104
¢t the relay I2, wire 186, back contact 187 of the
relay §2, wire 247, back contact 248 of the relay
22 wire 214, back contact 215 of the relay 3%, wire
398, back contact 366 of the relay 42 wire 341,
back contact 342 of the relay 52, wire 262, front
contact 353 of the relay 2, wire 364, winding of
the relay 72, wire 389, back contact 366 of the re-
wires 367 and 192, front contact {93 of
the reiay 12, to the other terminal ().

Referring now to Fig. 1B it should be noted
that with the relay T energized, the lifting of its
contact 147 completes an energizing circuit for
the code relay COR (see Fig.-1A) readily traced
in the drawings, and that with this code relay
COR energized the code repeater relay CRR is
operated to its right hand position during the
momentary energization of the channel time re-
lay CT, so that when this relay CT again as-
sumes its deenergized position the relay MR? is
energized and the stepping circub is energized
by an impulse of positive polarity.

This impulse of positive polarity operates the
line relays LR, LR? and LR3 to their right hand
position, thereby completing the following ener-
gizing circuit for the relay 8 (see Fig. 1B) :—be-
ginning at the terminal (), contact 85 of the
relay LR to the right, wire 96, front contact 81
of the relay I, wires 1695 and 166, back contact
167 of the relay |, wire 228, back contact 229,
wire 261, contact 268, wire 302, contact 3083, wire
334, contact 331, wire 350, back contact 351, wire
386, front contact 370 of the relay 1, wire 37,
winding of the relay 8, to the other terminal
(—). With the relay 8 picked up it is stuck up
through a stick circuit including its stick contact
354 and the front contact 86 of the relay L

Referring now to Fig. 2 the relay 82 is picked
up in response to the eighth impulse of the par-
gicular code cycle under consideration, which is
an impulse of positive polarity, through the fol-
lowing pick-up cireuit:—beginning at the termi-
nal (4) of the local battery, contact 192 of the
relay LR? to the right, wire 103, front contact
184 of the relay I2, wire 188, contact 187, wire 247,
contact 248, wire 274, contact 215, wire 388, con-
tact 3089, wire 341, contact 342, wire 362, contact
363, wire 373, front contact 314 of the relay 1%
wire 315, winding of the relay 82, to the other
terminal (—) of the same battery. With this
relay 82 once picked up it is stuck up through a
stick circuit including its stick contact 366 and
the front contact 193 of the relay I2.

With the relay 8 now energized, its back con-
tact 58 is open and the stick circuit for the re-
lay SLR? and the relay W (see Fig. 14) is broken
at the contact 58, so that these relays SLR? and
W assume their deenergized position, thereby,
among other things, breaking the stepping cir-
cuit at the contact 88 of the relay W and break-
ing the energizing circuit for the master relay

2 at the front contact 15 of the relay W; the
relay CR was of course deenergized as soon as

the relay I picked up. With the stepping circuit

deenergized the relay T and 12 will, after a short
period of time, assume their deenergized posi-
tions and in so doing ‘will effect deenergization
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of the relays 8§ and 82 Dropping of the relay 71
of course effected deenergization of the relay
COR, prior to the deenergization of the relay CT,
50 that the code repeater relay CRR is returned
to its normal left hand position, Dropping of the
relay I in addition to effecting deenergization of

considered in detail, it is
the wiring for the control of the relays {1, 1A,
12, 124, i3 ang (3A is exactly the same ag that
of the wiring for the relays |, 1A, 2, 24, 3 ang
34, Tespectively, and that the relays {1, 1A, 12,
12A, 13 and 134 were sequentially energized dur-
ing the first three impulses of the code consid-
ered. Attention is directed to the fact that the
bolarity signs to the left of the relays I, {2 and

13 are exactly . the same as that of the relays
t, 2 i

the relays 13 and {3A dropped when the relays
3 and 3A dropped, no relays could be picked up
in the relay g€roup shown in the lower half of
Fig. 1B when code No, 12, which wag heretofore
considered, was transmitted to the varioug way
stations by the central office equipment. In this
connection, it is of course understood that the
relays 11, i2 and i3 could have bheen omitted and
the relay 14 controlled through contacts of the
relay 3. Carrying this thought g little further it
is apparent that all of the stepping relays could
be combined so that there would be two relays
for the second step, four relays for the third step,
and so on, so that there would be sixteen relays

given in the table above,
Having now explained how the code responsive
stepping relays I to 8 ang §2 and 82

, let us now observe how the
switch machine SM?2 and the signalg associated
therewith are controlled in response to the move-

direction relay DR? (see Fig. 2) is closed:—he-
ginning at the terminal (B+) of the battery 92,
lever SI2 (see. Fig. 14) to the right, wire 380,

" 488, wire 397, front contact

2,129,168

front contact 381 of the relay 5, wire 382, back
contact 383 of the relay 8, wire 384, back contact,
385 of the relay 1, wire 386, back contact 387
of the relay 8, wires 388 and 389, front contact
330 of the relay CT, wire 391 » back contact 392
of the relay MR, wire 393, back contact 394 of
the relay MR2, wires 295 and 396 and 126, front

1z,
wire 401, back contact 482 of the relay
403, back contact 484 of the relay 62,
front contact 406 of the relay 52, wire 401, wind-
ing of the direction relay DR2, to the common
return wire ¢ leading back to the central office
and connected to the mid-point of the bat-

12, wire
wire 405,

" tery 92.

Similarly, the signal relay SR? ig operated to
its right hang position through the following cir-
i inning at the terminal (B+) of the

388 and 389,
front contact 399 of the relay C'T, wire 381, back
contact 392 of the relay MR, wire 393, back con-
tact 894 of the relay MR2, wires 395, 396 ang
128, front contact 128 of the relay I, message wire
129 of the relay 12,
wire 388, back contact 399 of the relay 82, wire
401, back contact 402 of the relay 12, wire 403,
front contact 404 of the relay 62, wire 41 2, wind~
ing of the signal relay SR? to the common re-
turn wire Q¢ connected to the mid-point of the
battery 92,

are energized
the following circuit for the switch machine re-
lay Sw2 ig closed:——begmning at the termina]
(B—) of the battery 92, switch machine con-
tact SMiy2 assuming its left hand bosition, wire
4i4, front contact 385 of the relay 1, wire 388,
back contact 287 of the' relay 8, wires 388 and
388, front contact 390 of the relay CT, wire 391,
back contact 392 of the relay MR, wire 393, back
contact 394 of the relay MR2, wires 395, 396 and
128, front contact 28 of the relay I, message
wire 408, wire 397, front contact 129 of the re-
lay 12, wire 398, back contact 399 of the relay
82, wire 461, front contact 402 of the relay 12,
wire 415, winding of the relay SWe, to the com-
mon return wire ¢ connected to the mid-point of
the battery 92,

The successive completions of the three chan-
nel circuits just traced, effects operation of the
relays SR? and Sw2 to their dotteq bositions, but
leaves the direction relay DR? in itg normal east
bound position. Operation of the switch machine
relay SW2 to its left hand dotted bosition causes
operation of the switch machine SM2 to the take-
siding position, and with the switch machine as-
suming the take-siding position and the signal
relay SR2 assuming its proceed position the take-
siding signal 36 ig cleared, thereby directing the
movement of the train into the sidetrack of the
bassing siding PS.

It should be noted that the various channel
circuits were traced through the back contacts
392 and 394 of the master relays MR and MR2
and through the front contact 399 of the chan-
hel time relays COT. This is done to definitely
limit the channel time to the time when these
contacts are closed, so i ‘
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Code dictation for in-coming station selection

Let Us now see how an in-coming message is
transmitted and let us assume that the east
bound train accepts the take-siding signal 36 and
moves into the sidetrack of the passing siding
PS. As this train treads upon the detector track
circuit containing the track relay TR?, this track
relay TR? is deenergized and in so doing closes
its contact 417 and drops its contact 418, the lat-
ter of which results in momentary dropping of
the relay M2, since during the pole changing of
its circuit the magnetism moves through zero
allowing its contact 419 to.be momentarily closed.
Momentary closure of the contact 5§18 picks up
the repeater stick relay FR2, which when once
picked up sticks up through the following. stick
circuit:—beginning at the terminal (), back
contacts 428 of the relay 82, wire 421, front con-
tact 422, wire 423, winding of the relay FR? to the
other terminal (—).

Ppicking up of this repeater change stick relay

PR? closes the following initiating circuit for

" initiating the central office equipment:-—begin—
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. the following circuit for

., quired to select

(B-+) of the battery 92 (see
the field relay FR, wire 424,
push button contact PB, wire 425, back contact
128 of the relay I, message wire 480, wire 391
(see Fig. 2), back contact 129 of the relay 12, wire
426, front contact 327 of the relay FR?, to the
common return wire ¢ connected to the mid-
point of the battery 92.

Completion of the circuit just traced picks up
the relay FR (see Fig. 1A) and in turn completes
the upver coil of the
selector field relay SFR:—beginning at the ter-
minal (4), back contact 58 of the relay RL2Z,
wire 438, back contact 431 of the relay RL3, wire
432, back contact £33 of the relay RIL#, wire 834,
front contact 435 of the relay FR, upper winding
of the relay SFR to the other terminal (—) of
the same battery. With the relay SFR once
picked up it locks out the relays SLR?, SLR3,
SLR#, etc., and completes its following stick cir-
cuit:—Dbeginning at the terminal (4), back con-
tact 58 of the relay 8, wire 59, back contact 60
of the relay 18, wires 6! and 89, front contact
436 of the relay SFR, lower winding of this relay
SFR to the other terminal (—).

with the relay SFR energized and. its front
contact 437 closed the starting relay CR is ener-
gized through the circuit heretofore traced ex-
cept that it includes the front contact 437 of the
relay SFR instead of the contact 85 of the relay
SLR2. Picking up of the starting relay CR closes
the pick-up circuit for the relay W heretofore
traced, which relay W is then stuck up in a
manner as already explained hereinbefore. Pick-
ing up of the control relay W closes the stepping
line at contact 88 and closes an energizing circuit
for the master relay MR!, which in turn through
the lifting of its contact 84 applies an impulse of
negative polarity to the stepping circuit, so that
the line relays LR, LR?, LR3, efc, are all oper-

ning at the terminal
Fig. 1A), winding of

_ated to the left.

At this point in the operation of the system it
should be remembered that the way stations are
selected by code and that the central office equip-
ment has not yet been informed what code is re-
the particular way station,
namely, the way station shown in Fig. 2, so that
this way station may transmit an indication to
the central office informing the operator that the
east bound train has tread upon the detector
track cireuit containing the track relay TR2 It

11

may be pointed out here that the code which is
to be transmitted will pe dictated step by step;
50 to speak, by the apparatus shown in Fig. 2,
this dictation of the code being accomplished
by short cireuiting, or not short circuiting, as the
case may be, the message wire to the common
return wire at a particular step when the next
following impulse on the stepping line shall be
respectively of plus polarity or of minus polarity.
In other words, if the message circuit is
circuited on step one then step two will be of pos-
itive polarity, and if the message circuit is not
short circuited on step one then step: two will be
of negative polarity.

Referring now to Fig. 2 it will be noted that the
contact 441 has been provided for this purpose,
and that lifting of the contact #40 will not short
circuit the message wire to the common wire,
whereas lifting of contact 441 will short cireuit
the message wire 400 to the common wire, so that
the second impulse transmitted over the stepping
circuit will be of negative polarity, whereas the
third step will be of positive polarity, it being fur-
ther understood that the transfer relay TRS as-
sumes its deenergized position and that the code
relay COR is included directly in series with the
message circuit and a source of energy, so that
had the message circuit been connected to the
common return wire the code relay COR would
have been up, but this was not the case so that
the second impulse transmitted over the stepping
circuit is of negative polarity, and the relays 2
and 22 will pick up.

With the relay 22 now picked up and the con-
tact 427 of the field relay FR? closed, the follow-
ing code-dictating circuit is completed for the
code relay COR:—beginning at the terminal
(B+-) of the hattery 92, winding of the relay
COR (see Fig. 1A), wire 212, back contact 140 of
the transfer relay TRS, wires 445, 386 and 126,
front contact 128 of the relay I, message wire 408,
wire 397 (see Fig. 2), front contact 129 of the relay
12, wire 398, back contact 399 of the relay 82, wire
491, back contact 402 of the relay 12, wire 408,
back contact 484 of the relay 62, wire 485, back
contact 466 of the relay 52, wire 446, back contact
443 of the relay 42, wire 447, back contact 442 of
the relay 22, wire 448, front contact 441 of the
relay 22, wire 428, front contact 427 of the relay
FR2, to the common return wire C connected to
the mid-point of the battery 92. )

The completion of this circuit during the
second step of the particular code transmitted
will, when the master relay MR! drops close the
circuit for the lower winding of the code repeater
relay CRR, thereby operating it to its right hand
dotted position, after which as soon as the chan-
nel time relay CT assumes its deenergized posi-
tion and closes its contact 17, it will compleie an
energizing circuit for the master relay MR?, which
when energized applies an impulse of positive po-
larity to the stepping circuit, thereby operating
the line relays to the right and picking up the
relay 3 and 32, in a manner as already explained.

Picking up of the relay 32 by lifting its contact
442 does not connect the message circuit to the
common return wire, and therefore the code relay
COR (see Fig. 14) remains deenergized, it having
been deenergized as soon as the relay 22 dropped,
from which it is readily understood that the
fourth impulse transmitted will be an impulse of
negative polarity, this because the code repeater
relay CRR is returned to its left hand normal po-
sition during the channel time between steps 3
and 4. '
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Referring again to Mg, 2 of the drawings and
bearing in mind that the relay 42 is next energized
and since its contact 443 does not connect the
nessage wire 400 to the common return wire C, it
Is apparent that the code relay COR remains de-
energized and the fifth impulse transmitted is one
of negative polarity,

The relays § and 52 are now energized, and re-
ferring to Fig. 1B attention is directed to the fact
that closure of contact 458 of the relay 5 com-
pletes an energizing circuit for the transfer relay
TRS, which may be traced as follows: —begin-
ning at the terminal (+) of the central office
battery, froni contact 66 of the relay I (see Fig.
1B), wires 25 and 451, front contact 458 of the
relay B, wires 452 and 569, middle coil of the
transier relay TRS, to the terminal (—) of said
battery. The completion of this circuit picks up
the transfer relay TRS, and with this transfer
relay TRS once picked up it is stuck up through
its stick circuit heretofore traced and including
its stick contact 132 and the front contact 66 of
the relay I.

Picking up of the transfer relay TRS shifts its
contact 148 so that the code relay COR is no
longer controlled by the condition of the message
circuit but is controlled in accordance with the
contacts of the relays 5, 6 and 7 as shown in Fig,
1B of the drawings, in exactly the same manner
as the code relay COR Wwas controlled by these
relays 5, § and T when the system was initiated
by a lever movemenst. In other words, when a
particular way side station is to be selected in
Tesponse to a lever movement the entire code is
determined by contacts on the central office
group of relays corresponding to that way sta-
tion. When, however, a particular way station
is to ke selected in response to initiation from the
field, the code that is sent out is dictated one
step at a time during the way station selecting
portion of the code, namely the first five impulses
in the particular arrangement shown of the code
which select the way station, and thereafter since
the corresponding group of central office relays
have been definitely determined the code is there-
after determined by the channel selecting relays,
such as the relays 5, 6, T and 8 of the central office
equipment,

Let us now see how the central office is in-
formed of the fact that the track relay TR? is
deenergized. It is, of course, understood that the
relays 8 and 82 are simultaneously energized dur-
ing the eighth impulse of the particular code
under consideration, and at this time the follow-
ing message circuit for controlling the indicating
relay IR? (see Fig. 1A) is closed:—beginning at
the terminal (B+) of the battery 92, upper wind-
ing of the indicating relay IR?, wire 455, front
contact 387 of the relay 8, wires 388 and 339,
front contact 399 of the relay CT, wire 3514, back
contact 382 of the relay MR?, wire 393, back
contact 394 of the relay MR?, wires 385, 398 and
126, front contact 128 of the relay I, message
wire 409, wire 397 (see Fig. 2), front contact 129
of the relay I2, wire 398, front contact 399 of the
relay 82, wire 456, back contact 44T of the relay
TR? to the common return wire C connected to
the mid-point of the battery 82. The completion
of this ecircuit operates the indicating relay IR2
to its right hand dotted bosition, thereby closing
an energizing circuit for illuminating the indj-
cating lamp IW, readily traced in the drawings.
In this connection it should be remembered that
the relay IR? as hereinbefore explained, is
operated to its left hand position upon each
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energization of the relay 1, this because the lower
winding of the indicating relay IR? is included in
series with the stick circuit for the relay 1, from
which it appears that with the track relay TR?
energized the indicating relay IR? will be operated
to and remain in its left hand position.

for in-coming station selection

Having now explained how the apparatus at
a particular way station, the way station shown
as Fig. 2, having been used as an €xXampie, may
dictate the code for selecting that particular way
station to transmit an in-coming message, let us
now observe what would happen if several way
stations were trying to transmit g change of in-
dication and dictate s code at the same time,
Let us bear in mind that if a way station does
nothing toward dictating a plus impuise, a nega-
tive impulse will be applied to the stepping cir-
cuit in the next Succeeding step, but if g way sta-
tion connects the message wire to the com-
mon wire the next impulse will be of positive
bolarity, Let us also bear in
series of code responsive stepping relays is so
constructed that if a particular impulse in g
code is of the wrong polarity the entire series
of relays will be rendered inoperative and will
not again be able to respond to an impulse until
a new code cycle of impulses is Initiated. With
these facts in mind, it is of course apparent that
the particular way stations which dictate a posi-
tive impulse for the next step, will be accommo-
dated by an impulse of blus polarity resulting in
the picking up of their next code relay, and since
the next code relay of the other way stations
under consideration Tequire an impulse of nega-
tive polarity, such other way stations will drop
out, thus leaving the way stations which have
dictated a positive impulse in a condition to
dictate a Succeeding impulse. In this way more
and more way stations will be eliminated, until
finally the dominating one of the way stations
endeavaring to transmit an indicating to the
central office will be selected.

Referring now to the table of codes heretofore
given, it is apparent that code No. 1 which dic-
tates four positive impulses for the second, third,
fourth and fifth step during its first, second,
third and fourth step, respectively, will dominate
code No. 2 in that the second code dictates only
three positive impulses for the second, third and
fourth step during the first, second and third
step, respectively, this second code requiring an
impulse of negative bolarity for the fifth step.
The same theory applies to every succeeding code
with respect to itg adjacent code, ag can be
readily ascertained by observing the number and
order of plus and minus impulses in each code.
For instance, code No. 15 is superior to code 18
in that it dictates a code of positive polarity dur-
ing the fourth step, so that the 5th step will
be one of positive bolarity, whereas code No. 18
is satisfied if all the impulses are of negative
polarity, this being the most inferior code.

In this connection, let us barticularly observe

Code superiority

in traffic conditions simultaneously, their appa-
ratuses would be initiated simultaneously, With,
both of the change stick relays FR? and FR? yp,
the contacts 441 (see Fig. 2), 438 and 439 (see
Fig. 3), will be able to control the code relay
COR and call for g positive impulse for the next
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step of the code. During the second step of the
code under consideration (which code is not yeb
definitely determined) the contacts 438 and 441
of relays 22 and 123, respectively, will be up
energizing the relay COR, thus dictating an im-
pulse of - positive polarity
During the third step the contact 439 of relay
133 will b2 up, effecting energization of the re-
lay COR, thus dictating an impulse of positive
polarity for the fourth step. This jmpulse of
positive polarity, constituting the fourth step,
will effect picking up of the relay 043 (in ' a
manner as hereinafter described) but wili not ef-
fect picking up of the relay 42, as ig also true of
the relays 14 and 4, respectively. It is thus seen
that the apparatus of Fig. 3 is connected to re-
spond to & superior code (code No. 10) than is
the apparatus shown in Fig. 2 (which responds
to code No. 12). In other words the code dictat-
ing contacts, such as contacts 438, 439 and 441,
are all connected in multiple, when their re-
spective change relays FR? and FR? are up, SO
that the closing of such contact is 2 superior
condition to the opening of such confact, in
that upon contact closure. the desired result is
obtained whereas if 1eft open the desired result
may or may not be obtained.

Modified way station apparatus
Attention is directed to the fact that each of

~the way station selecting code relays of Fig. 2,
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such as the relays {2, 22, etc. have each asso-
ciated therewith a half-step relay, such as 1A2,
242, etc. In the arrangement shown in ®Wg. 3
of the drawings these half-step relays have been
omitted, and a half-step group of relays compris-
ing the even relay E, the odd relay O, and the
polar relay P has been provided. This group of
relays E, O and P may he said to be & group of
relays which keeps track of the fact whether a
particular impulse is an odd impulse or an even
impulse in the particular code cycle of impulses
transmitted. It is believed that the apparatus
in Tg. 3 can be best ynderstood by considering
the operation of the apparatus.

Operation of structure in Fig. 3

It is believed sufficient to point out that the ap-
paratus shown in the lower half of Fig. 1Bis &
series of relays which respond to the tenth code,
and which in response to depression of the push
button PB3 causes transmission of the tenth code,
comprising a code of minus, minus, plus, plus and
minus. Furthermore, suffice it to say that the re-
1ays in the lower half of Fig. 1B are connected ex-
actly the same as are the corresponding relays in
the upper part of Fig, 1B, except that the polarity
of the right hand terminal of relay {4 is con-
nected to the minus terminal of the central office
pattery, whereas the right hand terminal of the
relay 4 is connected to the positive terminal of
the same battery, and that the two stick circuits
leading from the left side of the relay & go to a
left hand and 2 neutral contact of the line relay
LR connected to the negative terminal of the bat-
tery, whereas the two stick circuits leading from
the left hand side of the relay 14 terminate at the
right hand side and the neutral point, respec-
tively, of a contact of the line relay LR connected
to the positive terminal of the same battery.
Furthermore, that only the contact 142 of the
upper series of relays is capable of picking up the
code relay COR, whereas in the group in the lower
half of Fig. 1B the contacts 458 and 459 are ca-
pabie of picking up the code relay COR. The rea—

for the third step.
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son for this is obvious in view of explanations
heretofore made.

Referring now to Fig. 3 of the drawings, let Us
observe how the tenth code of impulses is capable
of selecting the apparatus shown in Fig. 3. The
first impulse of this code is one of negative polar-
ity, and with the iine relay LR? operated toward
the left the following circuit for the odd relay O
is completed:——beginning at the terminal 4,
contact 460 of the relay 1.R? assuming its left
hand position, wires 461, 462 and 463, winding of
the relay O, wires 464 and 465, back contact 466
of the relay E, wire 467, contact 468 of the relay
P to the other terminal (—). The completion of
this circuit picks up the relay O thereby complet-
ing the following stick circuit for the relay O:—
beginning at the terminal (+), contact 460, wires
461, 462 and 463, winding of the relay O, wires
464 and 4Ti, stick contact 410 to the ter-
minal (—). Also, picking up of the relay O oper-
ates the relay P to its left hand dotted position
through a circuit including its front contach 4712.
Tt is noted that the relay E could not pick up
when the relay O was picked up because its pick~
up circuit was then open at the contact 468 of the
relay P, and that the relay E could not pick up
when the relay P operated to its dotted position,
because its pick-up circuit was then broken at the
back contact 473 of the relay O. ‘

Also, operation of the line relay LR3 to its
left hand position completes the following pick-
up circuit for the first code responsive stepping
relay, namely the relay |13:—beginning at the
terminal (—), contact 4715 of the relay LR3 to
the left, wires 476 and 471, back contact 418 of
the relay I3, wires 479 and 480, winding of the
relay 113, wires 481 and 482, front contact 483 of
the relay O to the other terminal (-+) of the same
battery. It is of course understood that the step-

ping wire is momentarily deenergized between the ©

first and the second impulse, both of which are
negative, and when this occurs the stick circuit
for the odd relay O is broken at the contact 460
of the relay LR3, so that the relay O is deener-
gized. - Also, with this relay O now deenergized
and its contact 483 open and with the slow acting
cycle demarking relay how picked up, the relay
{13 is still stuck up through the following stick
circuit:—beginning at the terminal (4, front
contact 485 of the relay 13, wire 486, contact 487
of the relay P assuming its left hand position;
wires 482 and 481, winding of the relay 113, wire
480 and stick contact 488 of the relay 113
Movement of the line relay LR3 to its left
hand position in response to the second impulse
of the code under consideration, closes & circuit
for the even relay B, which may be traced as
follows :—beginning at the terminal (4+), contact
460 of the relay 1.R3 toward the left, wires 461,
289 and 489, winding of the even relay E, wires
490 and 491, back contact 413 of the relay O, wire
492, contact 468 of the relay P, to the other ter-
minal (—) of the same pattery. With the relay
T now energized and with the contact 415 as-
suming its left hand position the following pick-
up circuit for the relay 123 is completed:—begin-
ning at the terminal (—), contact 415 of the re-
lay LR3 to the left, wires 416 and 4711, contact
AT8 of the relay I® to its attracted position, wire
493, front contact 484 of the relay 113, wire 485,
winding of the relay 123, wires 496 and 491, con-~
tact 498 of the relay B, to the other terminal )
of the same battery. The relay 123 as soon as it
is picked up will of course be stuck up through a
eircuit readily traced and including its front stick
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contact 499, "Picking up of the relay B will of
course cause the relay P to he operated to its left
hand position through the medium of a circuit
including the front contact 589 of the relay E, so
that deenergization of the line relay LR3, and in
turn the even relay E, still leaves g stick cireuit
for the relay 123 which includes the stick contact
499 of the relay 123, the contact 487 of the relay
P assuming its right hand position and the con-
tact 485 of ‘the relay I3,

The third impulse of the tenth code is an im-
bulse of positive polarity and effects operation of
the line relay LR3 tg its right hand position, and
when this occurs the odd relay O is again en-
ergized for reasons heretofore given and effects
operation of the relay P to its left hand Position,
and further operation of the line relay LR3 to-
ward the right completes the following pick-up
circuit for the relay 133:——beginm'ng at the ter-
minal (4-), contact 415 of the relay LR3, wires
476 and 47T, contact 478 of the relay I3, wire 493,
back contact 494 of ‘the relay (i 3, wire 501, front
contact 502 of the relay 123, wire 503, winding of
the relay 133, wires 504 and 505, front contact
506 of the relay O to the terminal (—) of the
With the relay 133 once picked up
it is stuck up through' a- circuit readily traced and
Including ‘its- stick contact 507. Deenergization
of the line relay LR3 now effects
of-the odd relay O, but since the
the meantime been operated to its left hand
position, the following stick circuit for the relay
133 is still intact:—-beginning at the terminal
(-++), front-contact: 507 of the:-relay 133, wire 508,
winding of the relay 133, wires 564 and 505, con~
tact 509 of the relay P assuming its left hand po-
sition, wire 510, front contact 511 .of the relay I3
to the other terminal (—) of the local battery.

Deenergization of the line relay LR3 after the
third impulse of course drops the odd relay . O,
and since the fourth impulse of the particular
code under consideration is . alse plus the line
relay LR3 is again operated to. its right hand
bosition, and in so doing picks. up the. even.relay
E, which effects operation of the polar relay P
to the right hand position -and with the line
relay LR3 in. the right hand position closure of
the following pick-up circuit for code responsive
stepping relay 143 is effected:——beginning»at the
terminal ( +), contact 175 of the line relay LR?
toward the right, wires 416. and 471, contact 478
of the relay I3, ‘Wire- 493, back contact 494, wire
501, back contact 502, wire 53, front contact
514 of the relay- 133, wire 515, winding of the
relay 143, wires 516 and 511, front contact 5i8
of the relay E and to the other termina) ( —) of
the battery. The relay 143 will of course be stuck
up through a stick circuit ‘readily traced in the
drawings and including its stick contact 518 and
contact 518 of the relay E. Dropping of the
relay E upon deenergization of the line relay I.R3
Wwill of course still leave another stick circuit for
the relay 143; which includes its stick contact 519,
the contact 509 of the relay P to the right and the
contact 541 of the relay I3,

The fifth impulse of the code under considera-
tion is an impulse of negative polarity, and with
the line relay I.R3 Now operated toward the left,
it will of course effect picking up of the odd
relay. O, for reasong heretofore given and will
also. complete the following pick-up circuit for
the relay 153:—beginning at the terminal (—),
contact 475 of the relay LR® toward the left,
wires 476 and 411, front contact 418, wire 493,
back contact 494, wire 501, back contact 502,
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wire 513, back contact 514, wire 529, front con-
tact 521, wire 522, winding of the relay {83, wires
528 and 482, front contact 483 of the odd relay O.
Picking up of the relay 153 will of course com-
plete a stick circyit readily traced and including
its stick contact 524. Also bicking up of the
relay O will operate the relay P to itg left hand
bosition, and with the line relay LR3 assuming
its left hand Dosition, the relay (53 is stuck up
through g stick circuit including its stick con-~
tact 524, contact 487 of the relay P assuming its
left hand position and the front contact 485 of
the relay 13, Deenergization of the relay LR3
will of course deenergize the odd relay O, so that
the even relay E may pick up during the next
impulse.

The next impulse for the particular code under
consideration is an impulse of positive bolarity
and operates the line relay LR3 to the right,
thereby causing energization of the even relay

» Wires 416 ang 411, front contact
418 of the relay 13, wire 493, back contact 494,
wire 591, back contact 502, wire 513, back con-
tact 514, wire 520, back contact 521, wire 528,
front contact 527 of the relay 153, wire 528,
winding of the relay 163, back contact 529 of the
relay 113 and to the other terminal (—) of the
battery. With the relay 163 once picked up it
is stuck up through the following stick circuit:—
beginning at the (+) terminal of the way station
battery, front contact 530 of the relay I3, wires
58! and 532, stick contact 533, winding of this
relay 163, back contact 529 of the relay {713 and
to the other ferminal (—) of the battery.

During the channel time following the sixth
impuise, the relay will of course be deener-
gized thereby dropping the even relay E, and
since the seventh impulse is one of negative po-
larity, the code Tesponsive relay {73 will be picked
up through the following pick-up circuit, the
odd relay O having been picked up in the mean-
time:——beginning at the (—) termina] of the
local battery, contact 475 of the relay LR3, wires
476 and 471, front contact 418 of the relay I3,
wire 493, back contact 494, wire 501, back con-
tact 582, wire 513, back contact 5i4, wire 520,
back contact 521, wire 526, back contact 527,
wire 535, front contact 536 of the relay 163, wire
537, winding of the relay (13, back contact 538
of the relay | 83, wires 539 and 531, front contact
530 of the relay I3 and to the other terminaj] plus
of the local battery. The relay 113 will of course
be stuck up through a stick circuit readily traced
and including itg stick contact 529,

Deenergization of the line relay LR3 following
the seventh impulse of the particular code under
consideration will drop the odgd relay O and the
eighth impulse being one of Dbositive bolarity will
pick up of the relay 183 through .
bick-up circuit, the even relay B having heen
picked up in the meantime:——beginning at the
terminal ( +) of the way station battery, contact
475 of the relay LR3 to the right, wires 47§ and
4717, front contact £78 of the relay I3, wira 493,
contact 494, wire 801, contact 802, wire 813, con-
tact 514, wire 528, contact 521, wire 528, contact
527, wire 835, contact 8368, wire 548, front con-
tact 541, wire 542, winding of the relay 183 ang
to the other terminal (—) of the same battery.
The relay 183 will of course be stuck up through
8 circuit readily traced and including itg stick
centact 538.
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A short interval of time after the relay {83 has
been picked up and stuck up, the stepping cir-
cuit will be deenergized at the local office, for
reasons heretofore given, thereby deenergizing
the various slow acting relays including the re-
lay I3 and thereby breaking the stick circuit
for the relay 183 at the front contact 530 of this
slow acting relay I3. Also, dropping of the relay
I3. through the medium of its contact 830 will
restore the polar relay P to its right hand posi=
tion, so that upon initiation of a new series or
code of impulses the odd relay O will be the first
one of the relays O and E to be picked up, sC
that the relays O, E and P will count off the even
and odd impulses in the same manner as hereto~
fore explained.

Attention is now directed to the fact that the
relays DR3, SR3 and SW? may be controlied re-
spectively during the channel time when the re-
lays 1853, 163 and 113 are energized, and that the
indicating relay IR?® (see Fig. 1A) may be con-
trolled through the channel circuit which is
closed when the relays I8 and 182 are energized,
all in a manner as already hereinbefore de-
scribed in connection with relay IR2.

Simultaneous communication by the central
office with all of the way stations

The operator in the central office has of course
the necessary information with respect to train
movements that he could conveniently announce
at any particular way station, or at a fticket
office near such way station, the fact whether or
not trains are moving according to their time
table schedule, whether they are on time or not,
whether any special trains or double sections are
operating, and in accordance with the present
invention the operator may do so by getting in
communication with such ticket offices through
the medium of the selector system embodying
the present invention. In the local office (see
Fig. 1A) there is a suitable transmitter 545, which
may be either a telephone transmitter or a print-
ing telegraph transmitter, and at each way sta-
tion (see Figs. 2 and 3) there is provided a re-
ceiver 5452 and 5483, which receivers in the case
audible communication is employed is a Ioud
speaker of the usual construction, whereas if
printing telegraph communication is employed
these receivers may be printing telegraph receiv-
ers of any suitable construction, either printing
on tape as does the usual stock ticker or print-
ing successive lines as is done by the ordinary
typewriter.

Let us assume that the operator wishes to
make an announcement to the various ticket of-
fices, and in order to do so he presses the push
button PB (see Fig. 1A). Depression of this push
button PB opens the circuit for the relay R and
also breaks the usual stepping circuit at the con-
tact 98 of this push button PB, and movement of
the contact 28 to its lower position connects the
terminal (B-+) of the hattery 92 to the stepping
line 81, thereby operating all the line relays LR,
T.R? and LR3 to their right hand position. Move-
ment of the contacts of relays LRz and LR3? to
their right hand position, completes the follow-
ing pick-up circuit for the announcer relays AR?
and AR3:—beginning at the terminal (4) of the
wey station battery (see Fig. 2), contact 102 of
the line relay LR? to the right, wires i93 and
558, back contact 35f of the relay 12, wires 5§52
and 553, winding of the relay AR? and to the
other terminal (—) of the way station battery.
The circuit for the relay AR? has been traced by
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the same reference characters with distinctive
exponents 3.

The relay AR? is then stuck up through a stick
circuit readily traced in the drawings and includ-
ing a stick contact 584 of this same relay, as is
also true of the relay AR3. The various slow
acting relays 1, 12 and I° will of course pick up
after a short interval of time, but in spite of this
the announcer relays AR? and AR3 remain in
their attracted position. The transmitter 545
(see Fig. 1A) is now connected to the various re-
ceivers 5462 and 5463 in multiple, through the
following circuit:—beginning at the terminal
(B-+) of the battery 92, transmitter 545, wire
55§, contact 587 of the push button PB, wires 558
and 26, front contact 128 of the relay I, mes-
sage wire 400, wire 397 (see Fig. 2), front con-
tact 129 of the relay I2, wire 388, contacts 398,
4n2, 404, 406, 443, 442, 441 and 440 of the relays 82,
72, §2, 52, 42, 32, 22 and 12, respectively, wire 559,
iront contact 568 of the relay AR?, wire B&I,
the receiver 5482 and to the common return wire
¢ copnected to the mid-point of the battery 92,
the receivers in the other way stations being con-
nected in multiple with the receiver 5462 by
identical circuits, readily traced see, for instance
Tig. 3 of the drawings.

The. operator may thus speak or telegraph by
telephone or telegraph printers to each of the
various ‘station agents simultaneously, and may
thereby inform them in a convenient manner the
conditions of train performance. The operator,
so long as he is communicating with these vari-
ous station agents, maintains the push button
PB depressed, and as soon as this push button
PB is released, the field starting relay FR is again
conditioned so that any change of indications
which have materialized and accumulated in the
meantime may initiate the system and cause it
to indicate such change in the central office
equipment.

Attention is particularly directed to the fact
that the system under considération requires
no lock-out between the various way stations, in
spite of the fact that a plurality of these way sta~
tions may dictate a code to get in communica-
tion with the central office simultaneously. The
reason that no lock-out is required resides in the
fact that each code is either superior or inferior
to every other code, sO that there is only one
code of the codes of a plurality of way stations
which want to connect with the central office at
a, particular time, which dominates the codes of
all the other way stations. Another reason for
not requiring an interlock, is that the slow act-
ing or cycle demarking relays such as I? and I*
require the various way stations to take their first
step simultaneously, since after a particular slow
acting relay is once energized the first relay of
the particular code responsive relay group can
not be picked up. Attention is also directed to
ihe fact that if desired the relay groups em-
ployed in the central office may be constructed
like the relay group illustrated in Fig. 3 of the
drawings, that is, may use the even and odd
relays instead of employing the half-step relays
as shown in Fig. 2 of the drawings and as em-
ployed in the relay groups {llustrated in Fig. 1B
of the drawings.

Applicant has thus provided a rather unique
system of centralized traffic control, which em-
ploys only three line wires leading to a large
number of distributed way stations, through the
medium of which he may control apparatus at
such way stations and receive indications from
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such way stations in such rapid sequence that
all of the control functions and indications which
may be required on a railway system extending
for a distance as of as much as a hundred miles,
or €ven more. In this system codes of impulses
are employed in which the number of distinctive
codes available is equal to two to the nth power
where 7 represents the number of steps. per
cycle, that is 4 steps afford 92¢ codes, namely 186,
5 steps aiford 25 or 32 codes, and s0 on. The
system is such that the central office equipment
determines the code when a distant way station
is to be controlled from the central office equip-
ment, the system being so organized, however,
that when a way station wants to transmit an
indication to the central office, the way station
will initiate the central office equipment and will
then dictate the code step by step, the apparatus
being so constructed that if two Or more way
stations endeavor to dictate the code step by
step, the way station having the largest number
of dominating steps in prior order will be able
to dictate the selection of its own code by the
central office.  Each way station, as above de-
scribed, has a series of stepping relays which will
be energized successively providing the code im-~
pressed on the stepping circuit is proper, this
series of stepping relays discontinuing their step-
ping as soon as a particular step in the code is
of the wrong polarity, the advantage of this char-
acteristic resides in the fact that if the portion
of the code which has already been transmitted
is wrong for a particular way station, this way
station drops out, so to speak, and is thereafter
unable to dictate the nature of the code to be
transmitted by the central office equipment. The
system under consideration retains the advan-
tage of having multiple message circuits connect-
ing the central office and a large number of way
stations, these message circuits ordinarily being
completed sequentially, but if desired may be
completed simultaneously to enable simultaneous
communication, -such as the operation of g plu-
rality of printing telegraphs or loud speakers, at
all of the way stations, these message circuits
also permitting the reading of battery voltages
at different way stations sequentially, if desired.
The proposed system is exceedingly simple in
that no lock-out is required between the various
way stations, the system being so organized that

" where a plurality of way stations desire to com-

municate with the central office at the same
time, these way stations will have their code cycles
synchronized, so to speak, in that they will all
take their steps synchronously, this being ac-
complished by a channel defining or demarking
relay which requires that all way stations take
their first step, and successive steps, synchro-
nously. Also, the system is very fast in its op-
eration in that a comparatively few steps in a
particular cycle enable one of g very large num-
ber of way stations to be selected. Other ad-
vantages and characteristic features are under-
stood from the drawings and the preceding de-
scription.

Having thus shown and described two rather
specific embodiments of the present invention it
is desired to be understood that the particular
embodiments illustrated have been selected for

- the purpose of conveniently describing the un-

derlying principles of the invention, as well ag itg
operating characteristics and the advantages af-
forded thereby, and that the particular forms of
the invention illustrated have not been selected
as the exact construction preferably employed
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in practicing the invention .and should not be
interpreted as a limitation of the invention and
it is further desired to be understood that vari-
ous changes and modifications may be made to
adapt the invention to the particular problem
encountered in practicing the same, all without
departing from the spirit or scope of the inven-
tion or the idea of means underlying the same,
except as demanded by the scope of the following
claims.

What I claim as new is:—

1. In a centralized traffic controlling system
for railroads, the combination with a stepping
cireuit and a message circuit connecting a cen-
tral office and a plurality of way stations, coding
means in the central office for impressing a code
of impulses upon the stepping circuit to select
a particular way station irrespective of whether
such way station is to be controlled from said

central office or whether an indication is to be :

transmitted from such way station to said cen-
tral office, means in the central office having its

-operation manually initiated for determining the

character of the code impressed by said coding

means at times when a way station is to be con- o

trolled from said central office, and means at
each way station operable at other times for dic-
tating through the medium of said message cir-
cuit the character of the code to be impressed by
saild coding means when such way station is in
condition to transmit a new indication to the
central office.

2. In a centralized traffic controlling system
for railroads, the combination with a stepping
circuit and a message circuit connecting a cen-
tral office and a plurality of way stations, cod-
ing means in the central office for impressing
a code of impulses upon the stepping circuit to
select a particular way station irrespective of
whether controls are to be transmitted to such
way station from said central office or whether
an indication is to be transmitted from such way
station to said central office, control means in the
central office for determining the character of
the code impressed by said coding means when a
way station is to be controlled from said central
cffice, means at each way station and operable
only if said control means is not effective for
dictating through the medium of said message
circuit the character of the code to be impressed
by said coding means to select such way station
when such way station is in condition to trans-
mit a new indication to the central office, and
means for transmitting an indication through
the medium of said message circuit when such
way station has been selected.

3. In a centralized traffic controlling system
for railroads, the combination with g stepping line
circuit and a message line circuit connecting a
central office and a way station, a series of relays
in said central office operated successively step
by step in response to a particular code impressed
upon said stepping circuit, means associated with
said series of relays for in response to one step
in said code dictating the character of and im-
pressing the code impulse for the next step on
said stepping line circuit, and means at said
station rendered available by said particular code
on said stepping line cireuit for indicating in said
central office and over said message circuit the
condition of traffic at that particular distant way
station.

4. In a centralized trafic controlling system
for railroads, the combination with a line circuit
connecting a central office and a plurality of way
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stations, a series of relays in said central office
operated successively in response to a particular
code impressed on said circuit, means associated
with said series of relays for in response to one
distinctive impulse of a code on said stepping cir-
cuit dictating the character of the next distinc-
tive impulse on said stepping circuit, and code
responsive means at a distant way station re-
sponsive to the code SO dictated. ‘

5. In combination & central office and a plu-
rality of way stations along a railway track; a
circuit connecting said office and way stations
and including 2 three-position polar relay at
said office and at each of said way stations; a
relay at each way station and & corresponding
relay for each said central office,
means for energizing said circuit by a series of
impulses, the impuilses of each series being sep-
arated by short .periods of deenergization, each
of said impulses peing positive or negative. fol-
lowing & positive or negative impulse, and each
series defining 2 code different than the code
defined by any other series; and means at each
way station and at said central office and con-
trolled by the associated three-position relay for
energizing said relay at only a particular station
and a corresponding relay in the control office
for said particular station in response to and ab
the end of & particular series of impulses.

6. Ina centralized trafiic controlling system. for
railroads; & control office; a plurality of field
stations; a line circuit connecting said - control
office and said field stations; means in said con-
trol office for automatically impressing any one
of o plurality of codes on said line circuit, each
of said codes being impressed in response to &
single manual act, and each of said codes com-
prising a characteristic series of positive and neg-
ative impulses such that each series differs from
every other series by the polarity of at least oneé
impulse of the series and wherein the total num-
per of different series of impulses 1s equal to two
raised to the power of the total pumbper of im-
pulses for any one series; and station selecting
means ab each field station, each of said station
selecting means rendered effective to select its
station only in response to & particular one of
said plurality of characteristic series of code im-
pulses.

7.Ina centralized traffic controlling system for
railroads; the combination with a selecting line
circuit and 2 message line circuit connecting 2
central office and a plurality of way stations and
each having an individual line wire, of & plurality
of code means in the central office, each for im-
pressing 2 code of positive or negative jmpulses
sequentially and these jmpulses being srranged in
combination distinctive from any other combi-
nation impressed upon. said - selecting line cir-
cuit; station selecting means at each of the way
stations responsive only to & single one of said
distinctive codes to select a particular one of
said stations; and means. for controlling appa-
ratus at said particular selected station Over said
message line circuit from said central office.

8. Ina centralized traffic controlling system for
railroads; & control office; & plurality of field sta-
tions; a pair of line wires constituting a line cir-
cuit connecting said control office and said field
stations, gaid line circuit including at said con-
trol office a source of energy and & relay and being
open at its remote end; step-by-step means at
said control office and at each of said field sta-
{ions operable to mark off a predetermined num-
per of steps comprising a-cycle of operation, said
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steps being taken in synchronism; and means at
each of said field stations capable of connect-
ing or leaving disconnected said line wires at
that station on each step taken by its step-by-
step means in accordance with a distinctive code
nelonging to that station, whereby said relay in
said control office is selectively deenergized or
energized on each step depending upon whether
all of said stations ollow said line circuit to be
open on that step or any one of said stations
closes said line circuit on that step.

9. Ina centralized traffic controlling system for
railroads, & control office, & field station, & step-
ping circuit and a message circuit connecting said
control office and said field station, step-by-step
means at said control -office and ‘at said field
station operated in synchronism by impulses on
said stepping circuit, means at said station for
selectively opening oOr closing said message cir-
cuit on each step, and meansin said ‘control office
allowing said message circuit to be closed only
during that part of ‘a step during which said
stepping circuit- is deenergized.

10. In & centralized traffic controlling system
for railroads in which selective communication is
established between 2 control office and a plurality
of field stations by impulsing & line circuit, means
for impressing & series of time spaced distinctive
impulses on 2 line -circuit comprising impulsing
means for jmpressing an impulse of either of two
distinctive characters on the line circuit, step-by-
step means caused to take one step for each im-

" pulse impressed on the line circuit, character de-

termining means for determining on each step the
character of the next impulse, and storing means
controlled by the character determining means
only -during the time space of each step, said
storing means controlling saidimpulsing means to
determine the particular distinctive character of
the next succeeding jmpulse of the series.

"11.In a centralized traffic controlling system
for railroads; & control office; & plurality of field
stations; & selector type communication system
operable through cycles of  operation to allow
either the transmission of messages to & selected
field station from ‘the control office or the trans-
mission of messages from a selected field station
to the control office during any particular cycle of
operation; and means determining the direction of
message transmission comprising at least two re-
]ays, means picking up one of said relays to cause
said communication system to transmit messages
from said - control office, means picking up the
other of said relays to cause said communication
systems to transmit messages to said control office,
and means interlocking said relays SO that only
one can be energized at a time.

12. In & centralized traffic controlling system
for railroads, & plurality of stations connected

by a line circuit, means at one of said stations for
impressing potentials of opposite polarities on said
line circuit, means at each of said stations respon-
sive to one polarity on said line circuit to establish
telephone communication petween the stations,
and means at each of said stations responsive to
the other polarity on said line circuit to establish
code communication petween the stations.

13. In & centralized traffic controlling system
for railroads; & plurality of stations connected by
a line circuit; means at one of said stations for
1mpressing different series of jmpulses of posi-
tive and negative characters on said line to
establish code communication petween said oneé
station and the remaining station, the first im-
pulse of every series being of & particular char-
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acter; means.at said
bressing gn impulse

one station for gt times im-
of a character opposite to

between the stations.

14. In a centralized traffic controlling system
for railroads, g plurality of stations connected
by a line circyi » Means at one of said stations for
applying positive
cireuit, g three-position'polar relay included in
said line circuit gt each of said stations, a slow

and means selectively controlled by the polar posi-
tion of said three-position bolar relay only during
the pick-up period of said slow acting relay for

office over the other Tline ‘circuit the particular
distinctive code to be transmitted by said code
transmitting means. _

16. In g centralized traffic controlling system
for railroads; a control office; a plurality of
field stations; i ]

a relay; means at said con-
sald relay for impressing a

Source of energy and
trol office including

Successive energized or deenergized conditions of
said relay; step-by-step means at said control
office and at each of said field stations operable
to mark off g predetermined number of steps

ing said message line circuit on each step taken
by its step-by-step means, whereby said relay
in said.control office is Selectively de-energized or
left .energized on -

2,129,168

positive or negative
included in

bolarity;
said line circuit for repeating each

polar “relay to such impulse,
beirig’ measured for the first
said slow ‘acting relay.,

19, In ‘combination, a line circuit having gdif-
ferent series of Ppositive and/or negative impulses

being -effective until the
is impressed on said line cireuit,

21. In g centralized trafiic control system gov-
erning the operation of switches and signals at
a fleld station from a central office, g stepping
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at a time in response to the successive energiza-
tions of said line circuit, said stepping relays es-
tablishing “circuits for the control of a switch
and signals, a relay governed by said electro-
responsive means and responsive to the polarity
of energization of the line circuit at a particu-
jar time for rendering said stepping relays op-
erable by subsequent impulses applied to said
line circuit, a relay in the central office acting
when energized to apply one polarity of energi-
szation to said line circuit and when deenergized
the opposite polarity, and a manually operable
switch in the control office for controlling said
relay.

22. In 2 communication system for centralized
traffic control, a control office, 2 plurality of
signals Jocated at different field stations, a step-
ping line circuit for connecting the control of-
“fice and said field stations, @ line electro-re-
sponsive means at each station energized over
said line circuit, a plurality of levers in control
office for governing gaid signals and arranged
in groups corresponding with the location of said
signals at the respective field stations, a number
of stepping relays in the control office associated
with said levers and relating to station identifi-
cation, a manually operable switch associated
with each group of levers, means controlled by
each of said switches and the associated step-
ping relays for determining the polarity of the
current impulse applied at a particular time to
said stepping line circuit, a series of stepping
relays at each field station establishing circuits
for the controls of the associated signals, and
station identification means at each field station
controlled by the line electro-responsive means
at that station in accordance with the polarity
of energization of the line circ it for rendering

. the stepping relays at that particular station
operable by subsequent impulses applied to the
stepping circuit.

23. In a communication system for centralized
traffic control governing the operation of traffic
controlling devices at a remote station from a con-
trol office, a stepping line circuit connecting the
control office with the field station; & line relay in
said line circuit at the field station, a group of
stepping relays at the station at times energized
sequentially by the energization of said line cir-
cuit for establishing circuits selectively for the
control of said traffic controlling devices, a con-
ditioning relay energized in response to the ener-
gization of said stepping line circuit at a time pre-
ceding the energization causing operation of said
stepping relays, a station identifying relay having
an energizing circuit including & front contact
of said conditioning relay and energized only
when said line circuit is energized with a particu-
1ar polarity, and manually operable means at the
control office for determining the polarity of such
energization of the line circuit to energize ab
times said station identifying relay and cause Op-

_eration of said stepping relays.

24, In a centralized traffic control system, &
control office, & plurality of traffic controlling
devices located at different field stations along &
railroad track, & stepping line circuit for con-
necting the control office and gaid field stations,
g line relay at each field station energized over
said stepping circuit, a series of . stepping relays
at each station at times energized sequentially by
operation of said line relay and establishing cir-
cuits for controlling said trafic controlling devices
at that station, station identification means at

- each station responsive to the polarity of energiza-
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tion of said line circuit for determining whether
or not the stepping relays at that station shall
be energized by subsequent operation of the cor-
responding line relay, & plurality of levers in the
control office for governing the traffic controlling
devices and arranged in groups corresponding
with the location of said devices at the respective
field stations, a “polarity determining relay acting
when energized or deenergized to energize said
line circuit with opposite polarities, and manually 1
operable means associated with each group of
levers for controlling said polarity determining
relay to cause energization of said stepping line
circuit with a polarity to condition the station

identifying means at the corresponding field sta~ 17

tion and cause operation of the stepping relays
at the station.

95. Control office equipment for centralized
traffic control systems comprising, in combination
with a stepping line circuit, a line relay in said
line circuit, & series of stepping relays controlled
by said line relay, energizing circuits for certain
alternate relays of said series including contacts
of said line relay closed upon energization thereof,
energizing circuits for the other relays of said
series including contacts of said line relay closed
upon deenergization thereof, said relays bheing en-
ergized sequentially by their energizing circuits
one at a time as said line relay 1s suecessively en-
ergized and deenergized, a source of current for
energizing said line circuit, and means governed
by contacts of said alternate stepping relays of
said series for controlling the connections between
said source and said line circuit to determine the
polarity of the next energization of said line cir- ¢
cuit. : ;

26. In a centralized traffic controlling system
for railroads, the combination with a stepping
1ine circuit and a message line circuit connecting
a central office and a plurality of way stations .
and each line circuit having a line wire individual
to that line circuit, coding means in the central
office for impressing any one of a plurality of
series of positive or negative impulses and these

impulses of each series being arranged to charac- 4

terize & distinctive code for a station including
1ike or unlike adjacent impulses upon the stepping
circuit, said plurality of series being equal in
number to two raised to the POWET of the number
of impulses in any one series, station selecting
means at each way station responsive only to &
particular one of said distinctive codes to select
that particular way station, indication apparatus
at the central office, changeable devices at each
field station, and means governed by said station
selecting means for controlling said indication
apparatﬁs at said contral office over said message
line circuit in accordance with the conditions of
gaid changeable devices at said selected way sta-
tion.

27.In a centralized traffic controlling system
for railroads, the combination with a stepping line
circuit and a message line circuit connecting 2
central office and a plurality of way stations, cod-
ing means in the central office for impressing
any one of & plurality of series of distinctive im-
pulses sequentially and the impulses of each series
being arranged to characterize a distinctive code
including like or unlike adjacent impulses upon
the stepping line circuit, said plurality of series
peing equal in number to two raised to the power
of the number of impulses in any one series,
means at each way station responsive only to &
particular one of sald distinctive code to. select
that particular way station, indication means ab
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the .central office, control levers at the central
office, traffic controlling means at, the field sta-
tion, means acting through the medium of said
message line circuit for controlling said indicating
office in accordance with
selected way station, and

means at said selected way station in accordance
with the position of said control levers at said
central office,

28. In a centralized traffic controlling system,
the combination with a stepping line cireuit con-
necting a central office and a plurality of way sta-
tions and having a series of distinctive impulses
impressed thereon; g line relay in said stepping

relay comprising an even impulse
an odd impulse denoting relay; a
2 pick-up circuit for

denoting relay;
series of stepping relays;
each even Stepping relay which circuit is ener-
gized only if the impulse corresponding to that
Telay is of a particular distinective character, the
next preceding stepping relay is attracted, and
said even impujse denoting relay, which can only
be attracted during an even impulse, is attracted;
and a pick-up circuit for each odd stepping relay
which is energized only if the impulse impressed
on the stepping circuit corresponding- to -that
relay is of a particular character, the next pre-
ceding stepping relay is attracted, and said odd
impulse denoting relay, which can only be at-
tracted during an odd step, is attracted.

29. In a traffc controlling system for railroads,
the combination with electrically operated means
operable to impress g code comprising a blurality
of distinctive steps of like or unlike adjacent im-
pulses on a stepping line circuit, a-cycle demark-
ing relay, means for causing said cycle demarking
relay to assume its energized position on the first
impulse of such code ‘and to remain energized
until the end of the last impulse of that code, a
series of stepping relays, a pick up cireuit for the
first of saig stepping relays which can only be
closed if the cycle demarking relay is deenergized,
a pick-up circuit for the others of saig stepping
relays which can only be closed if the next pre-
ceding stepping relay and said cycle demarking
relay are in their energized bositions, ‘and the
proper character of impulse is impressed on the
stepping line circuit, and means including g con-
tact of a particular stepping relay for transmit-
ting a control impulse i
of said stepping relays
Dosition.

a plurality of distinctive i
way stations to characterize g, particular code, re-
ceiving apparatus at each way station responsive
to said distinctive impulses transmitted from the
central office only so long as the Particular code
transmitted is correct forthat barticular way sta-

character of the next im-
pulse transmitted from said central office so long
as said receiving means at that station ig still
responsive to the code being transmitted from

~ said central office, and means at the central office

2,129,188

responsive to the transmitting means of each sta-
tion so as to register the dominating influence
transmitted by any way station and causing said
code transmitting means at said central office to
transmit the next impulse broper for that way

that way station, and means at each station rend-
ered effective when that station is selected to
then transmit indication influences to said central
office.

31. Code transmitting apparatus comprising a
transmitter for forming consecutive code ele-
mnents, a Plurality of starting contacts one for
each code, means for.closing any of said contacts,
means. effective when any starting contact be-
comes closed for starting the transmitter, means
effective if a -closed starting contact is connected

33.-Code transmitting apparatus comprising g
transmitter for forming consecutive code ele-
ments, g plurality of starting contactg one for
each code, means for closing any of said contacts,
means effective when any starting contact be-

means for repeatedly connecting said closed con-
tact to said transmitter
sponding to said contact,

34. Code transmitting apparatus comprising a
transmitter for forming consecutive code ele-

rality of the contacts of said series to form the
code corresponding to said contact,

35. Code transmitting apparatus comprising a
transmitter for forming Consecutive code ele-
ments, a plurality of starting contacts one for
each code, means for closing any of said ‘contacts,
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a series of contacts adapted to be closed one at a
time to register consecutive code clements, means
effective. when . any starting contact hbecomes
closed to start the transmitter, means effective if
a closed starting contact becomes connected to
the transmitter to cause a code element to have a
particular character, means controlled by the
transmitter for connecting the closed starting
contact to the transmitter over one of said con-
tacts to form the first element of particular char-

~ acter, means selectively responsive to . a code ele-

20

ment of particular character to connect said
starting contact to the transmitter over a Suc-
ceeding contact of said series to form a succeeding
element of particular character, and means re-
sponsive to the fingl element of particular char-
acter for opening said starting contact.

36. Tn a centralized trafiic controlling system,
the combination with a stepping line circuit con-
necting a control office and a plurality of field
stations, means in the control office operable to
energize said line circuit with different series of
distinctive impulses, each series of impulses
forming a code combination, line relay means
at each field station responsive to the distinctive
character of each energization of said line cir-
cuit for any series of impulses, a series of step-
ping relays at each field station, a pick-up cir-
cuit for each of the stepping relays including a
front contact of the next preceding stepping re-
lay and energized by operation of the line relay
means in response to one particular character
of energization of the line circuit, each of said
series of relays having their pick-up circuits ar-
ranged in accordance with a particular code com-
bination, and means for establishing a stick cir-
cuit for each of said relays in turn to maintain
that relay energized only during the energiza-
tion period for the next succeeding stepping re-
lay, whereby all of the relays of a series are de-
energized whenever the code transmitted differs
from the code for which such series is connected.

37. In a centralized trafiic controlling system
of the coded type for railroads, the combination
with a stepping line circuit connecting a control
office and a plurality of field stations, means in
the control office operable to apply to said line

21

circuit any one of a plurality of series of impulses,
each series comprising different combinations of
impulses of distinctive character, a cycle demark-
ing relay at each field station assuming its ener-
gized condition upon the first impulse of each
series and remaining energized until the end of
such series, & series of stepping relays at each
field station, a pick-up circuit for the first of
said stepping relays closed only while the cycle
demarking relay is deenergized, a pick-up circuit
for each of the other stepping relays including
a front contact of the next preceding stepping
relay, the pick-up circuits for each series heing
arranged to be energized only by a particular
combination of distinctive characters of impulses,
and means for maintaining each of said relays
energized, if energized by an impulse on said line
circuit, only until the next succeeding impulse,
whereby the last relay of only one series of step-
ping relays for one station is energized at the
end of the transmission of a given combination.

38. Tn a centralized traffic controlling system
of the character described, a line circuit connect-
ing a control office and a plurality of field sta~
tions, code transmitting means in the control
office operable to apply to the line circuit any
one of a series of impulses each variable in char-
acter to select any one of the plurality of field
stations and transmit a control code to the se-
lected station, each of said series having its
first impulse of a predetermined character, and
manually operable means in the control office
for changing the first impulse to another char-
acter, receiving apparatus at each field station
including a slow release cycle marking relay
energized on the first impulse of a series irre-
spective of its character and maintained ener-
gized throughout such series, said receiving ap-
paratus being responsive to a series of code im-
puises having the first impulse of said predeter-
mined character, electro-responsive means at
each field station, means for operating said elec-
tro-responsive means in response to the changed
character of the first impulse of a series prior
to the energization of said slow release cycle
marking relay.

OSCAR H. DICKE.
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