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25 Claims.

Our invention relates to remote control sys-
tems for the control from a central point of se-
lected devices located at remote points, and for
also indicating at the control point the condition
of such devices and other devices at remote
points. In its specific embediment, our inven-
‘tion relates to centralized traffic control systems
for -railroads of the type in which & large num-
ber of railway signals and track switches at dif-
ferent stations aleng the track are controlled
from time to time from a dispatcher’s office over
a single line circuit, and in which the same line
circuit is also employed at other times to indicate
the positions assumed by the switches and sig-

nals and also to-indicate the presence of ‘trains ]

at the same or at other field stations.

Our invention .comprises -a code signalling sys-
tem employing a single line circuit normally en-
ergized by current of a given relative polarity
in which the line is first opened and then a code
of short and long impulses.of the reverse polarity
is transmitted so that in a series of .codes the
code impulses -are all of the reverse polarity but
the codes are spaced definitely by impulses of
normal polarity. .

One object of our invention relates to the pro-
vision of a relatively simple and reliable code sig-
nalling system in which all the operations of
generating and receiving codes are performed by
relays, and which functions in such a manner
that the control office may be located at either
end or at an intermediate peint in the line cir-
cuit and the different conirol and indication
codes will be transmitted one at a time in a pre-
determined order even though two stations or
the office and a station start to transmit at the
same time. In respect to the means by which
this object is attained, our inventicn is an im-
provement over those disclosed in the copending
applications, Serial No. 31,692, filed July 16, 1935,
by Snavely, Miller and Jackel, ncw Patent Ne.
2,183,155, .granted December 12, 1939, and Serial
No. 222,860, filed August .3, 1938, by Snavely and
Miller, for Remote contrel systems.

The invention of the present application relates
particularly to.a comimunication system provid-
ing two-way communication cver-a line circuit in
which the initiation of a muliiple element im-
pulse code establishes a given direction of trans-

mission in accordance with the character of its ¢

first element, and in which the codes are nor-
mally delivered to the line circuit in the order
in ‘which they are initiated, successive codes
being spaced by titae intervals during which the
line‘is idle. An object of our invention is the
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provision of means for storing codes for subse-
quent transmission ‘as long as the line is in use,
and for maintaining an established direction of
transmission as long as there are codes stored for
transmission in that direction, the stored codes
being transmitted in: a group, in a given order
of code 'superiority. A direction determining
code element-is transmitted only in the first
code of a group, and the successive codes of a
group are spaced by relatively short time inter-
vals so that the average speed of transmission
is thereby materially increased.

Another feature of our invention resides in the
provision of means for preventing the trans-
mission of .any code which becomes stored after

 the transmission of a group of codes has been
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initiated until all of the group have been deliv-
ered. In this manner the line is rendered avail-
able for communication with the different sta-
tions for substantially equal time intervals, irre-
spective of the relative superiority of the stations
which govern the order of delivery when a plu-

-rality of codes are initiated .at the same time.

Other objects and features of our invention
will become apparent as the description proceeds.
We shall describe one form of apparatus em-
bodying ecur invention, and shall then point out

the novel features thereof in claims.

In the accompanying drawings. Figs. 14, 1B,

9A, 2B and 3, inclusive, form a diagrammatic

view illustrating in condensed form one arrange-
ment of apparatus employed in a centralized
traffic control system embodying our invention.
More particularly, Figs. 1A and 1B, taken to-

5 gether, comprise the dispatcher’s office equipment

for generating and delivering codes to the line

circuit for transmission to one station, and for

receiving codes from that station and operating
the appropriate indication devices of the corre-
sponding office panel. As hereinafter explained
in detail, this apparatus may he readily expanded

"by duplicating certain portions so that it may

pe used to control and indicate apparatus at
thirty-two different stations, corresponding - to
the maximum capacity of the system as herein
illustrated, in which case the office equipment
will include thirty-two individual panels each
similar to the one shown at the right in Fig., 1B.
Figs. 2A and 2B, taken together, comprise the
equipment at one field station. The equipment
at all the stations is alike; the different stations
being distinguished by an appropriate arrange-
ment of jumper connections, so that each is
adapted to send and receive a particular code call
characteristic of the station. Fig. 3 illustrates a
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typical arrangement of apparatus controlled by
the apparatus of Figs. 2A and 2B for directly
controlling the railway signals and track switches
at a station and for initiating and determining
the character of the indication codes.

Similar reference characiers refer to similar
parts in the several views.

Before proceeding with a detailed description
of the circuits, we shall briefly explain the gen-
eral plan and organization of our apparatus.

In the specific embodiment of our invention
herein illustrated, each control code consists of
a series of twelve impulses, while each indication
code has fourteen impulses. The first step of a
code initiated while the line is free is employed
to select the direction of transmission. The
first step of a control code initiated when the
line is free is a short negative impulse, while the
first step of an indication code initiated when the
line is free is a long negative impulse. When
the direction of transmission is once established.
it is maintained as long as there are codes stored
for transmission in the same direction, and in
each of the succeeding codes of a series the first
step is a short positive impulse, irrespective of
whether these are control codes or indication
codes. All of the remaining steps of each cocde
are negative except the last step, which comprises
a short positive impulse.

The five impulses immediately following the
first impulse may be arranged to provide thirty-
two different combinations of short and long im~
pulses for station selection in case of control
codes, or for the selection of the office panel
corresponding to the transmitting station in the
case of indication codes. The remaining impulses
are described as “function” elements, and in the
case of g control code the lengths of the seventh,
eighth, ninth and tenth impulses are determined
each in accordance with the position of a differ-
ent control lever of the corresponding panel. The
seventh step is controlled by the switch lever
SW, Fig. 1B; the eighth and ninth steps by the
signal levers LG and RGQG, respectively; while the
tenth step is controlled by an auxiliary or “call-
on” signal lever CO. Hach of these steps is
short when the lever is in the position shown
and long when the lever is reversed, and at the
selected station each of these impulses is “stored,”
and when the next succeeding impulse is re-
ceived a polar stick relay WS, LHS, RHS, or CHS,
Fig. 2B, is operated to a position corresponding
to that of the associated lever. That is, these
relays are operated during the eighth, ninth,

tenth and eleventh steps of the code, and they °

control the track switch and railway signals of
Pig. 3 in a manner hereinafter pointed out.
The seventh and eighth steps of an indication
cede are controlled by a swifch indication relay
KR, and are both short when the track switch
is locked normal; the seventh is long and the
eighth short when the switch is locked reverse;
and the seventh is short and the eighth long
when the switch is unlocked or when relay KR
and the associated switch control relay WS are
not in corresponding positions. At the office, the
Indication relays IWK and ILK governing the
switch indication lamps NWE and RWE are op-
erated in accordance with the character of the
seventh and eighth steps during the eighth and
ninth steps, respectively, lamp NWE or RWE
being lighted when the track switch is locked in
the corresponding normal or reverse position in
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agreement with the position of the switch control
relay WS.

The ninth and tenth steps of an indication
code are controlled by two signal indication re-
lays LGP and RGP, respectively, so that both
these steps are short when the signals LG and
RG are at stop, and the ninth or tenth step
is long when the correspcnding signal is clear.
At the office, these steps contrel the polar stick
signal indication relays ITGK and IRGK during
the tenth and eleventh steps, respectively. The
signal indication relays cause a lamp NGE to be
lighted to display a stop indication when the
ninth and tenth steps are short, or cause the
corresponding lamp LGE or RGE to be lighted
to display a clear signal indication when the
corrassponding step is long. )

The eleventh and twelfth steps are controlled
respectively by the track relay TR for the switch
section ¢, Fig. 3, and by an approach relay (AR,
which releases when a train occupies the ap-
proach zone comprising sections # and v. These
relays when released cause the transmission of
long impulses to reverse the respective indication
relays ITK and (AK during the twelfth and
thirteenth steps, respectively, thereby causing
lamp {TE or [AE to indicate thatl the correspond-
ing track section is occupied.

The apparatus at the office and stations is gen-
erally similar and with a few exceptions, which
will be pointed out as the description proceeds,
corresponding relays at the office and stations op-
erate in unison on each step. Each ccde is initi-
ated by releasing a normally energized starting
relay such as relay Si, Fig. 1B, or relay S, Fig.
2B, which when released “stores” the code for
transmission, and when the line becomes avail-
able cperates the corresponding code sending re-
lay SP to start transmission.

The line circuit, identified on the drawings by
the reference 5, includes in series a positively
biased polar line relay L., a negatively biased
polar line relay L2, and back contacts ¢ and b
of a transmitter relay T or OT at the office and
at each station, and at the office, as shown in Fig.
1A, also includes a line battery, identified by the
terminals LB and LC, respectively, which is con-
nected to the line through the winding of an aux-
iliary relay LO, key K2, and contacts ¢ and b of
a pole changer relay PC.

It will be understood that the portion of line §
shown in Pig. 1A, and a plurality of portions of
line §, one for each station, each similar to the
porticn shown in Fig. 2A, are connected by line
wires to form a single closed circuit which is
norimally energized by current supplied by the
office line battery. This current is normally of
the proper polarity to cause the relays Li{ to be
picked up, while the relays L2 which operate on
current of the opposite polarity normally occupy
their released positions, as shown. During code
transmission, the polarity is reversed so that each
relay L{ remains released and the relays L2 are
operated in unison in accordance with the code
generated by the repeated opening and closing
of the line circuit by relay OT, in case of a con-
trol code, or by one of the relays T, in case of
an indication code.

The pole-changer PC is restored to its normal
position during the line-open interval preced-
ing the last impulse, which therefore is positive
and operates the line relays L, relays 1.2 remain-
ing released. Relays Li are again energized and
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pick up when the line is restored to normal at
the end of a code.

Each line relay L2 controls a group of inter-
mediate stepping relays X2, Y2, X3 and Y3 which
are operated repeatedly one at a time in that
order as relay L2 alternately picks up and re-
leases, to count the steps of the code, and also
controls two groups of cascade-connected timing
relays A2, B2, C2, D2, and A3, B3, C3, D3, which
are operated alternately in series with different
ones of the stepping relays, and serve to measure
and register the short or long character of the
suiccessive steps, and to operate a main series of
stepping relays Pi to PI3, inclusive:

On each station selecting step the correspond-
ing relay P is operated only if the stepis a par-
ticular character, the successive operation of a
particular series of relays P2 to P8, inclusive,
constituting the station or panel selection. On
the function steps, relays P prepare circuits for
the polar stick control or indication relays suc-
cessively so that each such relay will be positioned
on a different step in accordance with the rela~-
tive length of the next preceding step. Each
relay P is operated during the line-open- period
which precedes the correspondingly numbered
impulse of the code.

Each line relay Li controls a group of similar
stepping relays XO, YO or Xl in series with the

timing relays AO or the relays Al, Bl, Cl, the 3

operation of which governs the restoration of the
apparatus to normal at the end of a code.

At the transmitting station, after relay T or OT
has been initially energized by the operation of

relay SP to open line § it is released by relay ¢

Pl and is then placed under the control of the
remaining relays P by the operation of a master
relay M or OM which is energized in accordance
with the character of the first step. Each relay

P prepares a different circuit for relay T or OT

which is so controlled by the intermediate step-
ping and timing relays as to give the desired char-
acter to the next impulse, the action being such
that when onece initiated relay T or OT is operated

repeatedly by the P relays which it controls until

the code is completed.

A number of the relays employed in our ap-
paratus are rendered slow release by the connec-
tion of asymmetric units of the copper oxide rec-
tifier type in multiple with the relays, as shown
conventionally for relay AO, Fig. 1A, for ex-
ample. These units present a high resistance to
the flow of current from the power source while
providing a low resistance discharge path to per-
mit the gradusal discharge of the stored inductive
energy of the relay when the power source be-
comes disconnected. The stepping relays X, ¥
and P are in this manner arranged to have suf-
ficient retardation to hold them picked up in each
case until other relays have picked up, while the
timing relays A, B, C, D, etc. are arranged to
have a definite constant time period so chosen
as to provide the proper rate of operation and to
so measure the relative lengths of the different
impulses as to insure a wide margin against in-
correct operation.

While any suitable relays may be used, the
code relays shown herein are preferably of the
types shown in the Snavely applications Serial
No. 139,535, filed April 28, 1937, now Patent No.
2,140,604, granted December 20, 1938, and Serial
No. 141,311, filed May 7, 1937, now Patent No.
2,178,289, granted-October 31, 1939, for Electrical
relays.

Referring now to Fig. 3, the track diagram at 7
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the top represents a stretch of railway track
including a track switch w and a group of sig-
nals LA, LB, LC, RA, RB and RC for governing
traffic movements over the switch, correspond-
ing to one end of a passing siding on a single
track railway. The circuits of Fig. 3 represent
one arrangement of interlocked switch and signal
control apparatus which the polar stick relays
WS, LHS, RHS and CHS of our station equip-
ment as shown in Figs. 2A and 2B are adapted
to control. As indicated conventionally in Fig. 3,
the code-responsive switch control relay WS of
Fig. 2B controls the switch machine SM so as to
operate the track switch w to a position to cor-
respond with' that of its contact a, and its con-~
tact b permits the energization of the switch in~
dication relay KR in a direction corresponding
to the position of switeh w and relay WS. Con-
tacts a, b and ¢ of relay KR govern the transmis-
sion of switch indication codes as hereinafter de-
scribed in connection with Figs. 2A and 2B.

The signals shown in Fig. 3 are assumed to be
of the light sighal type and each is controlled
by a signal relay HR. When all the signals for
one direction are at stop, the corresponding sig-
nal indication relay RGP or LGP is energized,
which at its contacts @ and b governs the trans-
mission of signal indication codes as hereinafter
described, and at its contact ¢ controls an ap-
proach locking stick relay LAS or RAS. The
detailed circuits for relays LAS and RAS have
been omitted, to simplify the drawings, but these
may be arranged, for example, as shown for re-
lays M5 and M6 of the Wallace Patent No. 1,959,-
072, granted May 15, 1934. The approach lock-
ing relays together with the track relay TR for
the switch section ¢ control a switch locking re-
lay L which opens the circuits. for switch ma-
chine SM when a signal has been cleared or the
switch is approach locked.

Contacts ¢ and b of the track relay TR and

the approach relay AR govern the transmission

of track indication codes by the apparatus of
Wigs. 2A and 2B, and the manner in which these
relays are controlled to effect the transmission of
indications of track conditions will be apparent
from the drawings.

The main signal relays HR having the prefixes
A and B for governing train movements over the
main track and siding, respectively, are controlled
in accordance with the position of relay KR by
the code-responsive signal control relays- RHS
and T.HS. The cirenit for relay RAHR, for ex-
ample, which is typical, may be traced from one
terminal B of a suitable local battery, contact
a of relay LAS, normal contact a of relay LHS,
reverse contact ¢ of relay RHS, neutral contact
d ana normal polar confact e of relay KR, con-
tact 4 of relay TR, contact ¢ of a polarized line
relay RHR, relay RAHR to the other terminal C
of the local battery. The circuit for relay RBHR
is generally similar, and it will be apparent that
to clear signal RA or RB the operator will initiate
a code to operate relay WS to normal or reverse
as required and will then reverse relay RHS by
code. or he may put signal RA or RE to stop
manually by operating relay RIS to normal by
code. Similarly, signal LA or LB may be cleared
by the reversal of relay LHES by code.

14 is to be understood that relay RIER is con-
crolled in aceordance with traffic cendifions at
the right of secticn 4, and that signal RA is ar-
ranged in the uvsual manner to indicaie clear,
caution -or stop in accordance with the condi-
tions of relays RHR and RAHR. Signals LA
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and LB are similarly controlled by conditions re-
lating to the opposite direction, while signal RB
governing traffic movements into the siding is a
two-position signal.

The circuits for the slow speed signal relays
RCHR and LCHR are arranged in the usual man-
ner so that the signals which these relays con-
trol can be cleared only when traffic conditions
are such as to prevent the clearing of the corre-
sponding main signal. It will be apparent from
the drawings that the clearing of signal RC or
LC requires the call-on relay CHS to be reversed,
by code, to close its contacts ¢ and b in addi-
tion to the reversal of the corresponding signal
control relay LHS or RHS.

The transmission of a typical control code will
now be described in detail. It will be assumed
that the apparatus is in the condition shown
in the drawings, and that the code is initiated
by a movement of the switch lever SW, Fig.
1B, which controls the track switch at station
No. 1, from normal to reverse, and that the cor-
responding station code call is represented by
one long impulse followed by four short impulses.

The movement of lever SW at the office opens
a normally closed starting circuit { which may
be traced in Fig. 1B from one terminal B of a
suitable local battery over contact a and the
lower winding of the starting relay Si, contacts
a of levers SW, LG, RG and CO of panel No.
1 to the other terminal C of the local battery.
Relay SI releases whenever one of the levers is
moved, and at its contact ¢ completes a circuit
2 from terminal B at contact ¢ of relay ST, Fig.

1A, contacts g of relays OM and Si, through the ¢

upper winding of the code sending relay SPI and
over the above-mentioned lever contacts a to ter-
minal C. Relay SPI picks up and completes a
stick circuit 3 which extends from terminal B
over contacts 2 of relays Si and P12, in multi-
ple, contact @ and the lower winding of relay
SPI, thence over the normally closed contact of
the knock-down key KD to terminal C.

Relay SPI upon picking up closes an initial en-

ergizing circuit 4 for the transmitter relay OT <

which extends from terminal B over contact b
of relay SPI, the back contacts g of relays SRI,
P§, P5, P4, P3, P2, Pi, contact e of relay Cl,
contact g of relay B, contact d of relay XO,

contact a of relay ST, relay OT, to terminal C. ¢

Relay OT therefore picks up and at its contacts
a and b opens the line circuit 5, releasing the
plus line relays L at the office and at all sta-
tions.

When each line relay Li releases, its contact
¢ opens a normally closed circuit 6 which may be
traced in Fig. 1A and also in Fig. 2A, from ter-
minal B, contact ¢ of relay Li, the upper winding
of relay X1, contact ¢ and the lower winding of
relay YO, contacts # of relays AO, Al and BI,
contact b and winding of relay Ci to terminal
C. At the same time, circuits T are closed from
terminal B over back contact d of each line relay
LI, contact d of relay L2, the upper winding of
relay Y3, contact b of relay X3, contact e of re-
lay CI, contact ¢ and the lower winding of re-
lay XI, contact g of relay Al, contact ¢ and
winding of relay Cl to terminal C. It follows
that relay Y3 picks up, relays X! and C! are
held energized and relay YO releases at the office
and at each station.

At the office the closing of back contact b of
relay LI completes a circuit 8 from terminal B
over contact ¢ of relay XlI, the right-hand wind-
ing of the pole changer relay PC to terminal C.
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Relay PC therefore operates its contacts ¢ and b
to the right so that when relay OT releases the
polarity of the current supplied to the line cir-
cuit 5 will be reversed.

When each relay YO releases, a pick-up cir-
cuit 8 is closed for the associated relay Pl from
terminal B, back contact d of relay YO, shown
ab the upper right in Figs. 1A and 2A, over con-
tact ¢ of relay Y3, contact d of relay Cf, relay
Pl to terminal C. Relay YO at the office also
opens circuit {1, releasing relay ST. When each
relay P{ picks up, it completes at its contact
a a stick circuit 19 which is a branch of circuit
8 bridging contact d of relay Cl.

When relay Pi at the office picks up, its back
contact g opens circuit 4 to release relay OT to
terminate the first line-open period of the code.

First step—Short

Since relay PC is now reversed, the closing
of line § by relay OT causes the minus line relay
L2 to pick up at the office and at each station,
relays LI remaining released until the next to the
last step of the code is completed.

Each relay L2 at its front contact ¢ completes
a circuit 12 from terminal B, the upper winding
of relay X2, contact a and the lower winding of
relay Y3, contact ¢ of relay Cl, relay A2 to ter-
minal C, so that X2 and A2 pick up. At the same
time, relay L2 opens circuit 7 to release relays
XIt and CI while relay Y3, being included also
in circuit 12, is held energized.

It will be noted from Fig. 2A that circuit 12
at the station and also circuit 22 differ slightly
from the corresponding office circuits in that they
extend to terminal B over contacts ¢ and b, re-
spectively, of a relay Z for a purpose herein-
after described.

When relay X1 at the office releases a pick-
up circuit 13 for relay OT is closed which is the
same as circuit 4 from terminal B to contact
g of relay P2 and then extends over contact e
of relay PIl, contact f of relay A2, contacts d
of relays X3 and XI{, relay OT, to terminal C.
Relay OT therefore picks up over circuit (3 to
open line 5. The release of relay Xi opens cir-
cuit 8, but relay PC is of the polar stick type and
holds its contacts closed in the reverse position.

It will be noted that relay C! is deenergized
at the same time as X1. Relay Ct has a release
period greater than that of XI, but if the period
of any relay Cl is less than normal so that it
releases before the end of the step, circuit (2 will
be opened at contact ¢ of relay Ci and a branch
14 of that circuit will be closed to maintain re-
lays X2 and Y3 energized in series with relay
B2. Circuit 14 may be traced from terminal B,
contact a of relay L2, relays X2 and Y3, contacts
j of relays Ci, A3, C3 and D83, contact b of re-
lay A2, relay B2 to terminal C, so that relay B2
will pick up in series with relays X2 and V3.

When line § opens the line relays L2 release
and each closes a circuit 15 from terminal B,
back contact d of relay LI, back contact b of
relay L2, through the upper winding of relay Y2,
contact @ and the lower winding of relay Xg,
contact a and the winding of relay A2 to ter-
minal C, and at the same time relay L2 opens
contact @ in circuits €2 and 14. Thercfore. re
lay Y2 picks up, relays X2 and A2 are held ener-
gized, and relay Y3 releases. Relay B2, if picked
up, becomes deenergized and releases.

When each relay Y3 releases, it completes a
pick-up circuit 16 for relay P2 from terminal B
over contact d of relay YO, contact ¢ of relay
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Y2, contact d of relay Y8, contact b of relay P,
relay P2, to terminal C, and at the same time,
each relay Y3 at its contact ¢ opens the stick
circuit §8 for relay Pi so that P[ releases. When
each relay P2 picks up, it completes a stick cir-
cuit 17 extending to terminal B over its own
contact a, contact ¢ of relay Y2, and contact d of
relay YO. ‘

When relay Y8 at the office releases, it closes
at its back contact ¢ a circuit 8 for the office
master relay OM from terminal B, back contact
d of relay YO, Fig. 1A, contact ¢ of relay Y2,
contacts d of relays ¥3, A2 and Pi, relay OM to
terminal C. Relay OM picks up and completes
its stick circuit 1% which extends to terminal B
over contact ¢ of relay OM, contact g of relay Cl
and contact b of relay XO. Relays XO and Ci
remain deenergized, and therefore relay OM re-~
mains picked up until the code transmission is
completed. _

When relay Y2 at each ficld station releases,
it closes at its back contact d a circuit 20 for
the control code register relay CR from terminal
B, contact d of relay YO, Fig. 2A, contact ¢ of
relay Y2, contacts d of relays ¥3, A2, and P,
relay CR to terminal C. Relay CR picks up and
completes a stick circuit (2¢ which extends to
terminal B over its contact ¢ and contact h of
relay Ci. Relay CR remains energized until the
code transmiscion is completed.

VWhen the office relay P2 picks up it opens the
energizing circuit 18 for relay OT at its back
contact g, so that relay OT releases to close the
line circuit 8.

Second step—Long

When each line relay L2 picks up, it closes a
circuit 22 from terminal B over its contact ¢,
relays X3 and Y2, back contact 7 of relay Al,
contact ¢ of relay A2, relay A3 to terminal C.
HEach relay L2 at its contact b opens-circult (5.
Relay X3 picks up and relays ¥2 and A3 are held
energized over circuit 22, while relays X2 and A2
release.

Relay A2, upon releasing, opens circuit. 22 at
its contact ¢, deenergizing relay A3, but main-
taining relays Y2 and X3 energized and picking
up relay B3 over & branch 23 of circuit 22 includ-
ing back contacts j of relays A2, C2 and D2 and
front contact b of relay A2. When relay A3 re-
leases, its contact b cpens circuit 23, deenergiz-
ing relay BS. Relays Y2 and X3 are now main-
tained energized and relay C2 picks up over a
branch circuit 28 which includes back contact
of relay A8 and front contact b of relay C3.

YWhen relay BS releases, its contact b opens
circuit 24, deenergizing relay C8. Relays Y2 and
X3 are now held energized and relay D3 picks up
over o branch circuit 25 which includes back
contact h of relay B8 and front contact b of re-
lay C2.

VWhen relay B3 at the office releases, a branch
26.0f circuit 4 for relay OT becomes closed, which
extends. from terminal B over front contact ¢ of
relay P2, contact f of relay C3, contact g of relay
B3, contact e of relay OM, contacts d of relays
X9 and Xi, relay OT to terminal C. Relay OT
now picks up to open line 8.

It is to be understood that the code sending
relays SP for the office panels for the sixteen
statiocns for which the second step, comprising
the first element of the station cal, is a long im-
pulse, are arranged, as shown for relay SPi, to
effect the energization of circuit 26. The code
sending relays SP for the remaining sixteen sta-
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tions, for which this step is a short step, are

arranged with a connection from their contacts b
to contact F instead of to contact e of relay P2

‘to effect the energization of a branch circuit 27

on the second step. Circuit 2T extends from
terminal B at contact b of the respective relay
SP, not shown, over contact 7 of relay P2, con-
tact 7 of relay A3 and joins circuit 26 at contact e
of relay OM. When circuit 2T has been prepared,
it closes as soon as relay X2 releases at the be-
ginning of the second step. It will be apparent
that the second step will be short when circuit
27 iz used and will be long when circuit 26 is
used.

At the end of the line-closed portion of the
long second step, it will be found that relays Y2,
%3 and D3 are energized and relay C3 deener-
gized. If relay C3 is still in its energized posi-
tion, the release of each line relay L2 will close
3 circuit 28 at its contact d through relay Y3,
contact ¢ and winding of relay X3, contact ¢ of
relay A8, contact a and winding of relay C3, while
if relay C3 has released, the branch 29 will be
closed over contact ¢ of relay C3, contact a.and
winding of relay D3. At} the same time circuit
22 is opened at contact ¢ of relay L2 so that re-
lay Y2 will release. It follows that relay Y2 will
release, Y3 will pick up, and X3 and C3 or D3
will be held energized.

When the office relay Y2 releases it closes the
pick-up circuit 38 for relay P3 from terminal B
over contact d of relay YO, contact ¢ of relay Y3,
contacts d of relays ¥2 and C3 or D3, contact b
of relay P2, relay P3, to terminal C, and relay P3
picks up to close its stick circuit 33 comprising
a branch of circuit 18.

If the second step were short instead of long
relay A2 would be held energized over a stick
circuit comprising a branch 31 of circuit 28 in
place of relay C3 or D3, and a branch circuit 32
would be closed when the office relay Y2 releases,
over contact ¢ of relay P2 to energize another re-
lay corresponding to P3 but not shown.

It is to be understood that the office relays P
are connected in pyramid formation, and when
the apparatus is arranged for the control of
the full complement of thirty-two stations, it in-
cludes two relays like P3, each of which controls
two relays like P4, Hach of the latter controls
two relays like PB, each of which in turn controls

two relays like P§. Each of the Pé relays con-

trols a different series of relays P1 to P13. That
is, there are sixteen sets of relays like the relays
PT to P13 of which but one set, namely the one
associated with stations Nos. [ and 2, is shown.
Tt will be clear that only one series of relays
P will be operated by any one code, but that
any two codes which differ only in the character
of the sixth element will operate the same series
of P relays.

At each field station, when relay Y2 releases
it closes a circuit 130 or 32 similar to circuit
29 or 32. At sixteen of the stations circuit 130
is arranged as shown in Fig. 2B to include the
station relay P3 and circuit 132 includes the
winding of a lock-out relay Z, while at the re-
mainder relay 7 is included in circuit 130 and
relay P3 in circuit (32 by an inferchange of
jumper connections in a manner which will be
apparent from the drawing. The circuit 32 for
relay Z, as shown, extends from terminal B at
contact d of relay YO, contact ¢ of relay Y3,
contacts @ of relays Y2 and A3, contact ¢ of
relay P2, relay Z to terminal C. As shown, the

- station apparatus is arranged to receive a code
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in which the second step is long, in which case
the station relay P3 picks up and by closing its
contact a completes its stick circuit 33. If a
code is received in which the second step is
short relay Z picks up and is held energized
over a stick circuit 133 extending to terminal
B over its own contact a and contact b of relay
X1 until relay X1 picks up at the end of the
code. In either case relay Y2 opens circuit i1
to release relay P2. As will be apparent from
the drawing, similar circuits for relay Z are pro-
vided over contacts ¢ of relays P3, P4, P5 and
P§. It follows that relay Z picks up on any
station selecting step of a character to which
the station apparatus is not intended to respond
and by opening its contacts b and ¢ prevents
further operation of the stepping apparatus at
that station during that particular code.

When the office relay P3 picks up, it opens
the energizing circuit 26 or 271 for relay OT at
its back contact g so that relay OT releases to
close line 5.

Third step—Short

When each line relay L2 picks up, it closes at
contact a a branch 34, 35 or 36 of circuit 12 to
pick up relays X2 and A2 and to hold Y3 ener-
gized, the particular branch closed depending
upon which of the relays C3, D3 or A3 are picked
up at the time. These circuits differ from cir-

cuit {2 already traced in that they include a @

contact ¢ of relay C3, D3 or A3, respectively,
in place of contact ¢ of relay Ci. Relay L2
at its contact & opens circuit 28, 29, or 21, de-
energizing relay X3 and relay C3, D3 or A3, as
the case may be.

When relay X3 at the office releases, a pick-up
circuit 3T for relay OT is closed which is the
same as circuit 4 from terminal B to contact ¢
of relay P4 and then extends over contact e
of relay P3, contact ¢ of relay OM, contact
of relay A2, contacts d of relays X3 and X,
relay OT, to terminal C. Relay OT picks up
over circuit 37 to open line §.

It is to be understood that the code sending
relays SP for all stations for which the station
call includes a short third impulse are arranged
as shown for relay SPI to effect the energization
of circuit 37 on the third step. The code sending
relays for all stations for which this step is a
long impulse are arranged to provide s connec-
tion from terminal B to contact f of relay P3 to
effect the energization of a branch 28 of circuit
4 which extends from contact b of the respective
relay SP over contact f of relay P3, contact d

of relay OM, contact f of relay C2, contact g 5

of relay B2, contacts d of relays X3 and XI,
relay OT, to terminal C. ‘

In the event circuit 38 is prepared in place
of circuit 87, the energization of relay OT is
delayed until relays A2 and B2 release consecu-
tively at the office and stations. One of the
relays C38, D3 or A3, it will be remembered, be-
comes deenergized at the beginning of the third
step, and upon releasing opens circuit 34, 35
or 36 at its contact ¢, deenergizing relay A2,
and at the same time by closing its contact i
completes circuit 14 to pick up relay B2 in series
with relays X2 and Y2. Relay A2 upon releasing
opens circuit {4 at its contact b, closing a branch
circuit 33 at its contact 2 to pick up relay C2
in series with relays X2 and Y3 over front con-
tact b of relay B2. Relay B2 upon releaging
opens circuit 39, closing a branch circuit 42 at
its contact i to pick up relay D2 in series with
relays X2 and Y3 over front contact b of relay
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C2, and at the same time relay B2 at the office
by closing contact g completes the above-men-
tioned circuit 28 for relay OT to terminate the
long third step by opening line 5.

It follows that at the end of the line-closed
portion of the third step, relays X2 and Y3
will be energized in series with relay A2 if the
step is short, and in series with relay C2 or D2
if the step is long. If the step is short, the
release of each line relay L2 will close circuit
I8, as on the first step, to pick up relay Y2 and
to hold relays X2 and A2 energized, and at the
same time circuit 34, 35 or 36 wili be opened at
contact a of relay 1.2 to release relay Y3.

The office relay Y38 at its back contact d then
completes a branch 41 of circuit {8 from ter-
minal B at contact d of relay Y0 to pick up
relay P4. At eight of the sixteen stations at
which relay P38 is energized, the station relay
P4 similarly picks up over a corresponding cir-
cuit 141, while at the other eight stations of the
group the jumper connections are interchanged
so that relay Z picks up when circuit 14} is
energized. At all sixteen stations, relay Y3 opens
circuit 33 to release the associated relay P3.
Each energized relay P4 upon picking Uup com-
pletes a stick circuit 42 similar to circuit 17
already traced.

If the third step of a code is long, relay C2
or D2 is picked up when relay L2 releases, and
a branch 43 or 44 of circuit 15 is closed to pick
up relay Y2 and to hold relays X2 and C2 or D2
energized, and relay Y3 upon releasing completes
a pick-up circuit 45 and 145 for the correspond-
ing relays P4, these circuits being similar to cir-
cuit 41 except that they include front contacts
d of relays C2 and D2 in place of contact d of
relay A2.

When the office relay P4 picks up, it opens at
its contact ¢ circuit 37 or 38 to release relay OT
to close line 5.

Fourth step—Short

When each line relay L2 picks up, it closes
circuit 22 to pick up X3 and A3 and to hold Y2
energized, and opens circuit 15, 43 or 44 to re-
lease X2 and A2, C2 or D2, as the case may be.
When the office relay X2 releases, a branch 46
of circuit 2T is closed over contact e of relay
P4 to pick up relay OT when relay X2 releases,
to open line 5. In transmitting codes in which
the fourth step is long, a branch 47 of circuit 26
is closed over contact f of relay P4 to pick up
relay OT when relay B3 releases, to open line 5.

When each line relay 1.2 releases, it closes cir-
cuit 31 to pick up Y3 and to hold X3 and A3
energized, and opens circuit 22, releasing Y2.
Relays Y2 at their back contacts d complete
branches 48 and 148 of circuits 32 and 132 to
pick up relay P5 at the office and at four of the
eight stations at which relay P4 is energized, re-
lay Z picking up over circuit 148 at the remain-
ing four of these stations. Relays Y3 at contacts
¢ open circuits 42 to release all the energized
relays P4. Each relay P5 that picks up completes
its stick circuit 49. In the case of codes in
which the fourth step is long the corresponding
office relay P5 is picked up over a branch 50 of
circuit 38, while at the stations responsive to such
codes relay P5 is picked up over a branch of cir-
cuit 130, as will be apparent from the drawing,
The office relay P5 upon picking up opens its
contact ¢ in circuits 46 and 47 so that relay OT
releases to close line 5.
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Fifth step—Short

When. each. line relay L2 picks up, it closes
circuit. 36 to pick up relays X2 and A2 and to hold
Y3 energized, and opens circuit 31, releasing re-
lays X3 and A3, When the office relay X3 re-
leases'a branch 51 of circuit 31 is closed.over
contact e of relay P5 to pick up relay OT .to open
line 5. In transmitting codes in which the fifth
step is.long, a branch 52 of circuit 38 is closed
at- this time over contact f of relay P5 to pick
up- relay OT when relay B2 releases, to open
line 5.

When. each line relay L2 releases, it closes. cir-
cuit 15 to pick up Y2 and to hold X2 and A2
energized and opens circuit 38, releasing Y3. Re-
lays Y8 at their back contacts d complete
branches 53 and 153 of circuits 41 and 141, re-
spectively, to pick up relays P6 at the office and
at two' of the four stations at which P§ is en-
ergized; relay Z picking up over circuit 153 at
the other two stations of this group. Relays Y3
at their contacts ¢ open circuits 49 to release all
energized relays P5. Relays P6 at the office and
at the two selected stations pick up and com-
plete their stick circuits 54. In'the case of codes
in which the fifth step is long, the corresponding
relays P5 are picked up over branches of cir-
cuits 45 and 145, such as the circuit 55 of Fig. 1B,
The office relay PB, upon picking up, opens its
contact ¢ in circuits 51 and 52 so that relay OT
releases to close'line 5.

Sizth step—Short

When relays L2 pick up, circuits 22 close and
circuits 15 open so that relays X3 and A3 pick
up. Y2 is held energized, and X2 and A2 release.
When the office relay X2 releases a circuit 56 is

closed from terminal B at contact b of relay

SPI, contact ¢ of relay SRI, contact d of relay
P6, the upper winding of relay Sl, and thence
over the same path as for circuit 27 through re-
lay OT to terminal C. Reldys Sl and OT pick

up in series, relay Si completing its normally’

closed stick circuit- ! at contact @, and relay OT
cpening line 5.

A code in which the sixth step is long is ini-

tiated by the release of a different starting re-
lay such as.S2, in which case a circuit 57 is closed
from terminal B at.contact b of relay SP2, con-
tact ¢ of relay SR2, contact f of relay P8, the
upper winding of relay S2 and thence over the
same path as for circuit 26 through relay OT to
terminal C; circuit 57, when effective, being com-~
pleted when relay B3 releases.

When line relay L2 releases it closes circuit 31
to pick up Y3 and to hold X3 and A3 energized,
and opens circuit 22, releasing Y2. The office
relay Y2 at its back contacts d completes a branch
58 of circuit 32 to pick up relay SRI, and also
completes: a circuit 59 to pick up relay P1. Re-
lay Y2 at one of the two stations only, at which
P6 is energized, completes a circuit 158 similar
to circuit 58 to pick up relay P71 at that station,
while at the other station at which P6 is ener-
gized relay Z picks up. Relay SRI picks up and
completes its stick circuit 6! from terminal B,
back contact d. of relay AO, front contact ¢ and
winding of relay SRI to terminal C. Relays P1
at the office and selected station upon picking
up complete their stick circuits 62, similar to cir-
cuit 10. This completes the station selection
and further progression takes place at the office
and at the selected station only, because relay
Z- is picked up at all other stations.

Relays Y2
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at contacts ¢ open the stick circuits 54; releasing
the energized relays P6.

In the case of codes in which the sixth step
is long, relay SR2 is picked up over a branch:
63 of circuit 30, and establishes a stick circuit
64 similar to circuit 61.

When relay SRI or SR2 picks up, its back con-
tact ¢ opens circuit 56 or 57 so that relay OT
releases to close line 5.

It is to be understood that the relays referred
to in the description: of the remaining steps of’
the code, except as otherwise noted, are those at
the office and at the selected station only.

Seventh step—Long

When: each relay L2 picks up, circuit 36 closes
and 31 opens so that relays X2 and A2 pick up,
Y3 is held energized and X3 and A3 become de-
energized. The character of this step is deter-
mined by the position of the switch lever SW, and
if this lever is normal, as shown, & circuit 65 iss
closed to pick up relay OT when relay X3 releases,.
which extends from terminal B, contacts € of re-
lays SRI and Si, contacts ¢ of relays Pti, PIC,
P9, and P8, contact e of relay P1, left-hand con-
tact b of lever SW, and thence over the same
path as circuit 37 through relay T to terminal C.

However, it will be remembered that the code
being described was initiated by reversing lever
SW, and therefore circuit 65 is not effective and.
relay OT remains deenergized. Consequently, re-
lay A3 releases, opening circuit 38 to deenergize
relay A2, and closing circuit {4 to pick up relay
B2. Relay A2 then releases, opening circuit 14
to deenergize relay B2 and closing circuit 39 to
pick up relay C2, and finally, relay B2 releases
opening circuit 39 to deenergize relay C2 and
closing circuit 49 to pick up relay D2. When the:
office relay B2 releases, it- completes, at its back
contact g, a circuit 85 which extends from ter-
minal B to contact e of relay PT over the same
path as circuit 65 to lever SW, thence over the
right-hand contact D of lever W and over the
same path as circuit 38 through relay OT to
terminal C, so that relay OT picks up to open
line 5.

‘When each line relay L2 releases, relay C2 or
D2 will be in its energized position so that cireuit
43 or 44 will close and circuit 35 or 48 will open,
picking up relay Y2 and holding relays X2 and
C2 or D2 energized, and releasing relay Y3. Re-
lays Y3 at the office and selected station at their
back contacts d complete branches 671 of circuit
i6 to pick up the corresponding relays P8, and
relays P8 complete their stick circuits 68. Relays:
v3 at contacts ¢ open the stick circuits 62, re-
leasing relays PT.

The office relay P8 upon picking up.at contact g
opens circuit 65 or 66 so that relay OT releases
to close line 5.

Eighth . step—Short

When each line relay 1.2 picks up, a circuit 69
or 10, which is similar to circuit 22 but includes
contact ¢ of relay C2 or D2, becomes closed, in.
case the preceding stepis long, or circuit 22 closes,
in case the preceding step is short, to pick up X3
and A3 and to hold Y2 energized. Circuit 43 or
44 opens to deenergize relays X2 and C2 or D2 if’
the preceding step is long, or circuit 15 opens, to
deenergize relays X2 and A2 in case the preced-
ing step is short.

Since in the code described the preceding step:
was long, lever SW being reversed, it follows-that
when X3 picks up; a-cireuit FTl is closed momen-
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tarily from terminal B, contact b of relay CR at
the selected station, contact ¢ of relay X3, contact
e of relay C2 or D2, contact ¢ of relay P8, the
right-hand winding of the polar-stick switch
control relay WS to terminal C. If the preced-
ing step were short (lever SW normal) a similar
circuit 172 would be closed at this time over con-
tact e of relay A2, contact d of relay P8 through
the left-hand winding of relay WS. Relay WS
will be operated to the right or left over circuit
iTt or (72 in acordance with the position of lever
SW, and remains in its last-operated position
until it is again energized.

The character of the eighth step is determined
by the position of the signal lever LG, and with
this lever in its normal or stop position, as shown,
the eighth step is short because a circuit 13 is
completed from terminal B at front contact d of
relay SRI, over contact d of relay Si, contacts g
of relays P{I, P10 and P9, contact e of relay P8,
contact b of lever LG and thence over the same
path as circuit 27 over contact f of relay A3
through relay OT to terminal C. Relay OT picks
up over circuit 13 to open line § when the office
relay X2 releases and closes its contact d.

If lever LG had been in its left-hand or clear
position circuit 13 would be ineffective, so that
relay OT would remain deenergized and circuit
69, 70 or 22 would opsn and circuit 23 close to

pick up relay B3 in series with relays X3 and Y2

upon the release of relay C2, D2 or A2. Relay
A3 upon releasing due to the opening of circuit
22 would close circuit 24 and open circuit 23 to
pick up relay C3 and deenergize relay B3, and re-
lay B3 upon releasing would complete a branch
14 of circuit 26 over the left-hand contact b of
lever LG and contact f of relay C2 to pick up re-
lay OT.

In either case, when relay OT picks up to open
line 5 each relay L2 releases and closes circuit 31,
28 or 29 to pick up relay Y3 and to hold relay
X3 energized in series with relay A3, C3 or D3,
and opens circuit 89, 18 or 22 to release relay Y2.
Relays Y2, upon releasing, complete circuits 15
to pick up relays P9 and open circuits 68 to re-
lease relays P8, and relays P9 complete their
stick circuits 76 at the office and selected station.
The office relay P9 upon picking up opens circuit
13 or 74 so that relay OT releases to close line 5.

Ninth step—Short

When each line relay L2 picks up circuit 35, 34
or 35 closes to pick up relays X2 and A2 and to
hold relay Y3 energized, and circuit 31, 28 or 29
opens to deenergize relays X3 and A3, C3 or D3.

Since the preceding step was short (lever LG
normal) relay A3 is now picked up but deener-
gized and when relay X2 picks up a circuit {77
is closed momentarily at the selected station from
terminal B, contact b of relay CR, contact ¢ of
relay X2, contact e of relay A3, contact d of re-
lay P9, the left-hand winding of relay LHS to
terminal C. If the preceding step were long
(lever LG at the left) relay C3 or D3 would be
picked up and a similar circuit {18 would be
closed over contact e of relay C3 and D3, contact
¢ of relay P9, the right-hand winding of relay
LHS to terminal C. In either case relay LHS will
be energized momentarily in a direction to oper-
ate it to a position to correspond with that of
lever LG.

The ninth step is short when signal lever RG
is in its normal position, as shown, and is long
when lever RG occupies its right-hand position,
and its length is determined by circuits 79 and 80
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for relay OT similar to circuits 65 and 66 al-
ready described. When relay X3 releases relay
OT picks up over circuit 19 or 80 and opens line
5. Each line relay L2 releases to close circuit
15, 43 or 44 to pick up relay Y2 and to hold relay
X2 energized in series with relay A2, C2 or D2
and to open circuit 38, 34 or 35 to releage re-
lay Y3.

Relays Y3, upon releasing, complete circuits
81 to pick up the relays PI0 and opeén circuits
16 to release relays P9, and relays P10 complete
their stick circuits 82 at the office and selected
station. The office relay P10 upon picking up
opens circuit 79 or 80 so that relay OT releases
to close line 5.

Tenth step—Short

When each line relay 1.2 picks up, circuit 22,
€9 or 19 closes to pick up relays X8 and A3 and
to hold relay Y2 energized, and circuit {5, 43 or
44 opens to deenergize relays X2 and A2, C2 or
D2,

Relay RHS is now operated to the left or right
over & circuit {83 or 184 in accordance with the
position of lever RG, the circuits being similar
to circuits (71 and 172 for relay WS already de-
seribed. '

The length of the tenth step is determined in
accordance with the position of the call-on sig-
nal lever CO by means of circuits 85 and 85 for
relay OT which are similar to circuits 13 and 14
controlled by lever LG already described. When
relay OT picks up over circuit 85 or 86 each line
relay L2 releases and closes circuit 31, 28 or 29
to pick up relay Y3 and to hold relay X3 ener-
gized in series with relay A3, C3 or D3, and opens
circuit 22, 68 or 10 to release relay Y2. Relays
Y2 upon releasing complete circuits 87 to pick
up relays PIt and open circuits 82 to release re-
lays Pi0, and relays P{I complete their stick cir-
cuits 88. The office relay Pil upon picking up
opeus circuit 85 or 86 so that relay OT releases
to close line 5.

Eleventh step—Short

When each line relay L2 picks up circuit 36,
34 or 35 closes to pick up relays X2 and A2 and
to hold Y3 energized, and circuit 31, 28 or 29
opens to deenergize X3 and A3, C3 or D3.

Relay CHS is now operated to the left or right’

over a circuit 189 or 180 in accordance with the
bosition of lever CO, these circuits being similar
to those for relay LHS already described. The
eleventh step is short in all control codes, and
relay OT is picked up over a branch 81 of cir-
cuit 87 over contact e of relay P{l, which closes
when relay X3 releases. When relay OT picks
up over circuit 81 and opens line 5 each line re-
lay L2 releases to clese circuit (5 to pick up re-
lay Y2 and to hold relays X2 and A2 energized
and to open circuit 36, 34 or 35 to release relay
Y3.

Relays Y3 upon releasing complete circuits 92
to pick up relays P12 and open circuits 88 to re~
lease relays Pil, and relays Pi2 complete their
stick circuits 93.

The office relay Y3 now completes at its back
contact d a circuit 84 for relay PC comprising a
branch of circuit {6 extending from terminal B
over contact f of relay Pii, the normal contact
of the recall key RC, contact 7 of relay OM, the
left-hand winding of relay PC to terminal C.
Relay PC therefore operates its contacts ¢ and b
to the left, so that when relay OT releases cur-
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rent of normal polarity will be delivered fo-

line 5.

When the office relay Pi2 picks up it opens
the stick circuit 3 for relay SPI at its contact A,
since contact h of relay Sl is now open, and relay
SPI releases. At contact g, the office relay PI2
opens circuit 91 to release relay OT to close
line 5.

Twelfth step

Since the line circuit now becomes energized
by current of normal polarity relays Li at the
office and at all stations pick up, and each at
contacts @ closes a circuit 95 from terminal B
over contact b of relay YO, the upper winding of
relay XO, relay AO to terminal C, so that relays
XO and AO pick up. At the same time circuit
15 is opened at contact d of relay Ll so that re-
lays Y2, X2 and A2 release. Relays Y2 open cir-
cuits 83 releasing relays Pi2. Relays PI3 are
not operated during a control code unless the
recall key RC is operated, as hereinafter de-
scribed.

When the office relay AO picks up it opens
circuit 61, releasing relay SRI.

When the office relay XO picks up it opens the
stick circuit (9 for relay OM at its contact b
and relay OM releases. - The office relay XO, at
contact ¢, closes- a circuit 8§ from terminal
B over contact ¢ of relay ST, relay OT to

terminal C so that relay OT picks up and opens -

line 5 to terminate the line-closed portion of the
twelfth step.

Relays LI therefore release, and éach closes a
circuit §7 to pick up relay YO and to hold relays
XO and AO energized, which at the office ex-
tends from terminal B, contact b of relay Li, up-
per winding of relay YO, contact ¢ and wind-
ing of relay XO, contact ¢ and winding of relay
AO to terminal C. Circuits 97 at the fleld sta-
tions are similar, but each includes, in addition,
a back contact 7 of relay L2. The office relay YO
at contact ¢ closes circuit 1{ to reenergize relay
ST. When relay ST picks up its contact ¢ opens
circuit 95, releasing relay OT to close line 5.

Restoration to normal

All relays Ll now pick up and remain steadily
energized and each closes a circuit 88 from ter-
minal B over its contact ¢, upper winding of re-
lay XI, cortact ¢ and lower winding of relay
YO, contact b of relay AO, relay Al to terminal
C, so that relays X1 and Al pick up and YO is
held energized. At the same time circuit 87 is
opened and relays XO and AO are deenergized.
At each station at which the lock-out relay Z
has been picked up, that relay now releases due
to the opening of circuit 133 at back contact b of
relay XI. When each relay AO releases it opens
circuit 98 at its contact b to deenergize relay Al
and closes a circuit 99 at its contact h to pick
up relay Bl in series with relays Xi and YO.
When each relay Al releases, it similarly opens
circuit 99 and closes a circuit i80 to deenergize
Bi and to pick up relay Cl in series with relays
x| and YO. When each relay Bl releases, it
opens circuit 100 and at its contact k completes
the normally closed holding circuit 6 for relays
X1, YO and Cl. When the station relays Cl
pick up, each at its contact i opens circuit 121
releasing relay CR. All of the apparatus, with
the exception of lever SW and relay WS, which
have been reversed, has now been restored to its
normal condition.

If a starting relay such as S2 has been re-
leased during the transmission of the code just
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described, the corresponding sending relay SP2
will pick up over circuit 2 when relay ST picks
up during the line open period at the end of the
twelfth step. Then when the line becomes
steadily energized, relays AO, Al and Bl release
successively as described, circuit 4 becoming
closed at contact ¢ of relay Bl to pick up relay
OT and thereby initiate the new code, when re-
lay BI releases. The two codes are thus. sepa-
rated by a long positive impulse following the
short positive twelfth step of the first code.

The transmission of a typical indication code
will now be described. As shown in Fig. 2B, the’
station starting relay S has a normally closed
holding circuit 1081, similar to the office circuit 1
already described, which is opened to release re-
lay S upon 2 change in position of any of the in-
dication transmitting relays at the station. If
will be assumed that the coding apparatus is in
its normal condition, as shown, but that the

“track switch at station No. 1 has been operated

to reverse as a result of the reversal of relay
WS by the control code already described. When
the movement of the track switch is completed,
the switch indication relay KR becomes ener-
gized in the reverse direction, opening circuit
101 at its contact a. This initiates the code and
it is to be understood that the station code call
will be represented by one long and four short
impulses, as in the control code to which the ap-
paratus at station No. 1 is responsive, and that
all the function elements of the code are short
steps except the seventh step controlled by con-
tact ¢ of relay KR which is long to indicate that
the track switch is reversed. '

Relay S, at station No. 1, at its contact'g com-
pletes a circuit 102 from terminal B, contact
¢ of relay XI, Fig. 24, contact ¢ of relay M, con~
tact ¢ of relay S through the left-hand winding
of the polar stick relay SP to terminal C. Re-
iay SP operates its contacts to the left, closing &
circuit 103 from terminal B over its contact b
and the contacts g of the P relays, contact ¢ of
relay YO, relay ST, Fig. 24, to terminal C. .

The station relay ST picks up and completes
a circuit 104 which extends from terminal B
over the same path as circuit 183 in Fig. 2B, but
which is completed in Fig. 2A over contact f of
relay CI, contact ¢ of relay B, contact d of re-
lay XO, contact ¢ of relay ST, relay T to termi-
nal C. Relay T therefore picks up and at its
contacts @ and b opens the line circuit § deen-
ergizing the plus line relays Li at the office and
at all stations.

The release of the line relays L has the same
result as in the case of the control code already
described; that is, circuit & is opened and 1
closed, picking up the relays Y3, holding relays
x| and Cl energized and releasing relay YOj;
circuit 8 closes, reversing PC; and circuits 9 and
{0 close picking up and sticking relays PlI.

When the station relay Pl picks up, it opens
circuit 104 at its contact g, releasing relay T to
close line 5. Relay YO upon releasing opens
circuit 103 to release relay ST.

The character of the first step of the code de-
termines the direction of transmission, being
short in a control cede and long in an indica-
tion code.

Since relay PC is now reversed, the closing of
line 5 by relay T causes the minus line relays L2
to pick up, each closing circuit 12 and opening -
circuit 1 to pick up relays X2 and A2 to hold
relay Y3 energized and to release relays X1 and
Cf. The station relay X! upon releasing opens
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circuit 1802. XEach relay C! upon releasing opens
circuit 12 and closes circuit {4, deenergizing re-
lay A2 and energizing relay B2 in series with re-
lays X2 and Y8. Each relay A2, upon releasing,
opens circuit {4 and closes circuit 39, deenergiz-
ing relay B2 and energizing relay C2 in series
with relays X2 and Y3. The station relay B2,
upon releasing, closes a circuit {13 for relay T
which extends over the same path as circuit 193
from terminal B to contact ¢ of relay P2 and
then extends over contact e of relay Pi, contacts
f of relay C2, contact ¢ of relay B2, contacts d
of relays X3 and XI, relay T to terminal C. Re-
lay T therefore picks up over circuit {13 to open
line 5.

When line 5 opens, relays L2 rclease and close
circuits 43 to pick up relays Y2 and to hold re-
lays X2 and C2 energized, and open circuits
39 to release relays Y3. Each relay Y3 upon
releasing, closes circuit 6 to pick up relay
P2 and opens circuit 18 to release PI, and
each relay P2 closes its stick circuit 11. The
relay Y3 -at the transmiiting station closes a cir-
cuit 118 from terminal B at contact d of relay
YO over the same path as for circuit {45 to con-
tact ¢ of relay Pl, thence over that contact and
contact ¢ of relay SP, relay M to terminal C.
Relay M upon picking up closes its stick circuit
119 which extends to terminal B over contact
¢ of relay Ci and contact b of relay XO.

Relay Y3, at the office, upon releasing, closes
a branch 20 of circuit 45 over contact e of relay
Pl to pick up the indication register relay IR,
which upon picking up completes its stick circuit

21 which extends to terminal B over its contact s

a and contact 2 of relay Cé. Relay IR remains
energized until the code transmission is com-
pleted.

When relay P2 at the transmitting station picks
up, it opens the energizing circuit 118 for relay T
at its back contact ¢ so that relay T releasges to
close the line circuit 5.

The operations on second to sixth steps, inclu-
sive, of the indication code are identical with
those effected during the corresponding steps of
the control code already described, except that
the transmission is governed by the station relay
T, which is energized successively over branch
circuits 126, 1317, 148, 151 and 86 similar, respec-

tively, to the circuits 28, 817, 486, 51 and 5% for the :

office relay OT already described.

At each other field station, relay 7 will be
picked up on one or ancther of these steps, over
circuit 132 as in the case of a control code, so
that the relay progression continues beyond the
fifth step at the office and transmitting station
only. On the sixth step, relay S picks up over a
circuit 156 similar to circuit 86 already described,
and closes its stick circuit {01, and at its contact
¢ prepares circuits for controlling relay T on
succeeding steps.

The indication code has six function steps, two
more than the control ccde described. On the
seventh and eighth steps, relay T is controlled,
respectively, over the polar contact ¢ and the
neutral contact b of the switch indication relay
KR, and since it has been assumed that this relay
is energized in the reverse direction, relay T wiil
be energized over circuits {66 and (13; respec-
tively, corresponding to the office circuits 85 and
13 already described, to produce a long seventh
step and a short eighth step, each of which is
registered at the office on the next succeeding
step by the momentary energization of a polar
stick indication relay. Since the seventh step is
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long, it will be feund that relays X3 and C2 or
D2 are in their energized positions at the be-
ginning of the eighth step, and a circuit 74 is
closed from the middle terminal O of the loeal
battery, Fig. 1B, through the winding of the
switch indication relay WK, contact ¢ of relay
P8, contact b of relay SR1, contact ¢ of relay X3,
contact b of relay IR, contact e of relay C2 or D2
to terminal C, energizing relay IWK in the re-
verse direction to close its right-hand contact q.
If the seventh step were short, relays X3 and A2
would be in their energized positions at the be-
ginning of the eighth step, and a circuit 72 would
be closed at the beginning of the eighth step
which extends from terminal B, contact e of re-
lay A2 and thence over the same path as for cir-
cuit 71 through relay {WXK to the middle termi-
nal O of the local battery, to cause relay WX to
move centact ¢ to the left, as shown.

The eighth step being short, at the beginning
of the ninth step, relays X2 and A2 are in their
energized positions and a circuit 77 is closed
from terminal B, contact e of relay A3, contacts
¢ of relays IR, X2, SRl and P$, relay ILK to
terminal O to operate relay ILK to the left.
When the eighth step is long, a circuit 78 similar
to 17 but including contact e of relay C2 or D2
closes at this time and relay ILK is operated to
the right.

It is to be noted that when the movement of
the track switch from normal to reverse is initi-
ated, relay KR releases, transmitting a code to
energize relay IWK in the normal direction and
relay LK in the reverse direction, and the nor-
mal switch indication lamp NWE is extinguished
by the cpening of contact @ of relay LK. “When
the switch completes its movement to reverse an
indication ccde is transmitted to energize relay
WX in the reverse direction and relay (LK in
the normal direction, as described, to light the
reverse switch indication lamp RWE, as will be
apparent from the drawings.

In a similar manner, the signal repeating re-
lays LGP and RGP and the track relays TR and

5 AR control the character of the ninth, tenth,

eleventh and twelfth steps. When the signals
indicate stop, LGP and RGP are both energized,
the ninth and tenth steps are short, relays 1LGK
and {RGK are both operated to the left and lamp
NGHE is lighted. When signal LG or RG is clear,
relay LGP or GRP is released and the corre-

sponding code step is long so that ILCGK and -

IRGK are operated to the right to light lamps
LGE and RGHE, as the case may be.

Similarly, the eleventh and twelfth steps are
short or long depending upon whether the relays
{TR and AR, respectively, are energized or re-
leased, relays ITK and (AX being operated to
the right to light lamps I'TE and (AR by long
impulses on the 12th and 13th steps, respec-
tively, to indicate the occupancy of the respective
track sections.

At station No. 2, the jumper connecticn for
relay S will be arranged to connect circuits 158
and 128, so that when an indication code is initi-
ated at station No. 2, the sixth step will be long
to effect the energization of relay SR2 cver cir-
cuit 63, in place of relay SRI, and another sst of
indication relays XK, not shown, but similar to
those associated with the contrcl panel for sta-
tion No. 1, will be operated over cireunits such as
11 and 17, as will be apparent from the drawings.

The stepping operations on the seventh to
eleventh steps, inclusive, of an indication code
are the same as for the control code already de-
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seribed, but since the indication code includes
two additional steps the succeeding operations
are different. Circuit 94 is open at contact f of
relay OM, and consequently it does not become
closed to restore relay PC to normal during the
line-open period .of the 11th step. It follows
that in an indication code, the 12th step is of
negative polarity, and relays L2 pick up when
relay T releases and closes line 5 at the beginning
of the twelfth step, as on preceding even num-
bered steps, closing circuits 22 and opening cir-
cuits 15 to pick up relays X3 and AS3, to hold
relay Y2 energized, and to deenergize relays X2
and A2, ‘

Relay ITK is energized momentarily on this

step, as already pointed out, and when relay X2

releases, relay T is energized selectively to deter-
mine the length of the step over a circuit 10§
or 106 including contact e of relay Pi2. When
relay T picks up, relays L2 release and each closes
circuit 21, 28 or 29 to pick up relay Y3 and to
hold relay X3 energized in series with relay A3,
C3 or D3, and opens circuit 22, 69 or 70 to re-
lease relay Y2. Relays Y2 upon releasing com-
plete circuits 107 to pick up relays Pi3, and open
circuits 93 to release relays Pi2, and relays Pi3
complete their stick circuits 103. The station
relay Pi3 upon picking up opens circuit (05 or
106 so that relay T releases to close line 5.

At the beginning of the thirteenth step, line ;

relays L2 pick up, closing circuits 36 and open-
ing circuits 3f to pick up relays X2 and A2 and
hold Y3 energized, and to deenergize X3 and A3.

Relay IAK is energized momentarily on this

step, as already described, and when relay X3 =

releases, relay T is energized over a circuit 109
including front contact e of the station relay Pi3.
The thirteenth step therefore is a short impulse,
and relays L2 release, closing circuits 15 to pick
up relay Y2 and to hold X2 and A2 energized,
and opening circuits 36 to release Y3.

The office relay Y2 upon picking up closes a
branch 194 of circuit [7 from terminal B at
contact d of relay YO over contact b of the of~

fice relay P13, through the left-hand winding .

of relay PC to terminal C. Relay PC therefore

operates its contacts ¢ and b to the left during

the line-open period of the thirteenth step.
When the station relay Y3 releases, it opens

circuit 108 to deenergize relay Pi3 and at the g

same time closes a branch 119 of circuit 16
from terminal B over contact b of relay Pi3
through the right-hand winding of relay SP, en-
ergizing relay SP momentarily to restore it to its
reverse position, as shown. Relay SP at contact
a opens circuit 169 to deenergize relay T.

When relay T releases, line 5 becomes ener-
gized by current of normal polarity to begin the
fourteenth step, and relays Li at the office and
all stations pick up, closing circuits 95 to pick up
relays XO and AO, and opening circuit {5 to
release Y2, X2 and A2, as already described in
connection with the twelfth step of the control
code.

The office relay AO upon picking up opens cir-
cuit 61, releasing relay SRi. The station relay
XO upon picking up opens circuit (19, releasing
relay M. At the same time the office relay XO
closes circuit 86 to pick up relay OT to open
line 5.

Relays Ll release, and, as already described,
close circuits 97 to pick up relay YO and to hold
X0 and AO energized. The office relay YO closes
circuit (i, picking up the office relay ST, which
opens circuit 96 releasing OT to close line 5.
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All relays Li now pick up and remain steadily -
energized and close circuits 98 and open circuits

97 to pick up relays Xi and Af, to hold YO ener-
gized and to release relays XO and AO. Relays

X1 open circuits 133 to release relays Z at the

stations at which these relays have been ener-
gized, and as the end of a control code, circuits
99, 100 and 6 close to energize relays Bl.and Ci
successively and to complete the stick circuit for
energizing relay Cl in series with relays X1 and
YO, as shown. When the office relay Cl picks
up circuit 2{ opens to release relay IR. All of
the apparatus with the exception of lever SW
and relays KR and IWK which are reversed, is
now in its normal condition, as shown.

If a starting relay such as relay S has been
released at any station during the transmission
of the code just described, the corresponding re-
lay SP will be reversed by the closing of circuit
102 when relay Xli picks up upon the restoration
of the line to normal. Relays AO, A{ and BI
then release successively, circuit 104 closing at
back contact g of relay Bi to initiate the new
code when relay Bi releases. The two codes are
thus separated by a long positive impulse follow-
ing the short positive 14th step of the first code.

Our apparatus includes a novel “recall” feature
by means of which the operator may cause an in-
dication code to be initiated without causing a
change in the condition of any of the station
devices. This is accomplished by reversing the
recall key RC, Fig. 1B, and by then opening cir-
cuit | by momentarily reversing one of the con-
trol levers. This results in the transmission of
a control code which differs from that herein-
before described in that it includes one additional
step. = Circuit 94 is not closed to restore relay
PC to normal on the 11th step, and consequently,
line 5 is energized by current of reverse polarity
on the 12th step, as in the case of an indica-
tion code. The 12th step is short, because relay
OT is energized over the branch 196 of circuit
2T which extends to terminal B over contact e
of relay Pi2 and contact g of relay PI3. Relay
PC is restored to normal when relay Y2 releases
on the 12th step by energization over a circuit
94a which extends from terminal B at contact
d of relay YO over the same path as circuit 59
to contact f of relay P12, thence over that con-
tact and the reverse contact of the recall key
RC, contact f of relay OM through the left-
hand winding of relay PC to terminal C. Relay
P13 picks up over circuit 107 and opens circuit
{96, deenergizing relay OT, and when relay OT
closes line 5 to begin the 13th step, line relays
L{ will pick up, the remaining operations in-
volved in restoring the apparatus to normal being
similar to those previously described. The re-
call code, however, will produce a different result
at the selected station. Since the 11th step of
the code is short, relay A2 will be in its ener-
gized position at the beginning of the 12th step
and since the 12th step is negative relay X3 will
pick up to close a circuit 102¢ momentarily from
terminal B at contact b of relay CR over the
same - path as circuit 1712, front contact d of°
relay P12, the left-hand winding of relay SP to
terminal C. Consequently, relay SP will be op-
erated to the left by the control code and will
connect terminal B to circuit 103, so that cir-
cuit 104 will become closed when relay Bi re-
leases following the restoration to normal at the
end of the code, thereby initiating the transmis-
sion of an indication code, the two codes being
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separated by a long positive impulse as in the
cases previously described.

Our apparatus is so arranged that after a code
has been initiated by any transmitter it can not
be interfered with by the operation of other
transmitters, and also so that if two or more
codes are initiated simultaneously, no interfer-
ence will occur, but the codes will be transmitted
one at a tilme in a pradetermined order of code
superiority.

No station relay SP can be operated to the left
by the release of the associated relay S during
transmission because circuit (€2 is opened by re-
lay XTI which releases when the line circuit is
opened at the beginning of a code. Similarly,
no office relay such as SPl can pick up during
transmission because its- pick-up circuit 2 is
similarly controiled by the office relay ST. It
may happen, however, that two or more relays

such as SP! ard SP are operated at the same ¢

time.

Since all circuits for the station transmitter
relay T, except the initiating circuit 104 and
circuit i3 for producing a long first step, in-
clude front contacts of relay M, relay M must
pick up in order to permit a station to continue
transmission beyond the first step. The pick up
circuit 118 for relay M is a branch of circuit (45
and closes only when the first step of the code
is a long impulse. If the office and one or more
stations start simultaneously, the station appa-
ratus will be unable to prevent the office relay
OT from opening line 5 to produce a short first
step, consequently, none of the station relays M
can pick up; relay OT will remain in control of
the line, and relay OM at the office will pick up
over circuit 18, which closes only when the first
step of the code is g short impulse, and the
office transmitter will remain in operation.

Relays CR at the stations will pick up in re-
sponse to the short first impulse to condition the
stations to register the control code while the
office relay IR will remain deenergized.

If two or more stations start simultaneously,
their transmitting relays T will be held in step
by the line relays only as long as the code steps
are of identical character. As soon, however, as
a station attempts to transmit a long impulse
while another station is transmitting a short im-
pulse, its operation will be discontinued. As-
sume that station No. 1 starts to transmit the
indication code hereinbefore described, and that
at the same time another station starts a code
having a short second step. At station No. I,
the line relay L2 will release at the end of the
line-closed portion of the second step while relay
A3 is picked up, that is, before relay C3 has
picked up to prepare circuit 130 for relay P3,
consequently, relay Z will pick up over circuit
132, and relay P2 will release without energizing
relay P3, circuit 137 will remain open, and con-
sequently relay T at station No. | will remain
deenergized and the code being transmitted by
the other station will continue without inter-
ference. The operation of the timing relays at
station No. | is discontinued due to the opening
‘of contacts b and ¢ of relay Z.

It will be apparent that a similar result may
occur on any station selecting step of the code,
and that the selection as to which station will
retain control! of the line is on the basis of code
superiority, the transmission of a short impulse
on any step taking precedence over a long im-
pulse. )

Since the office control levers may be oper-
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ated individually or in any combination at any
time, it may happen that a plurality of code
sending relays such as SP! and SP2 are picked
up at the same time and provide a multiple en-
ergization of circuit 4 to initiate different con-
trol codes. On any station selecting step, it is
obvious that the circuit such as 27 or 56 for
picking up relay OT to produce a short code ele-
ment will be closed before the corresponding
circuit 26 or 57 for producing a long element can
be closed and will effect the energization of the
proper relay P to render the latter circuit in-
effective. Consequently, but one relay, SP2 for
example, will remain in control of relay OT, and
no interference between the stored codes will
occur. Each code sending relay SP at the office
will be released at the end of the last negative
step of the code provided the associated starting
relay is reenergized during the tranmission of
the 6th step of the corresponding code, and the
stored codes will be transmitted one at a time in
order.

As explained more fully in the Snavely, Miller
and Jackel Patent No. 2,183,155 hereinbefore
referred to, the station apparatus may be pro-
vided with a plurality of series of relays P such
as are provided for the office apparatus described
herein, when there are a plurality of storage
units, or groups of controlled devices at a sta-
tion to be controlled and indicated by the station
coding apparatus. When the station apparatus
is so arranged, there will be a plurality of relays
SP at a station, one for each storage unit, and
these relays SP may have their contacts b closed
at the same time to initiate different indication
codes. It is evident that, as in the case of the
office apparatus, the station apparatus may be
so arranged that but one relay SP will remain
in control of relay T and no interference will
occur.

If two or more control levers of a group such
as levers SW and LG associated with station No.
| are operated, it is evident that the code will
contain the proper function steps corresponding
to the new positions of all the levers that have
been operated provided these operations are com-
pleted in time to permit the starting relay such
as 81 to pick up over circuit 58, which circuit
closes prior to the transmission of the first func-
tion step of the code. A lever movement occur-
ring during the transmission of the function steps
will open circuits | and 2 at the lever contact a
and cause relay S! to release and open the cir-
cuits for relay OT. This causes the apparatus
to subsequently transmit a new code, thereby in-
suring that the function steps of a completed
control code correspond to the final positions of
the levers.

Since the station circuits are similarly ar-
ranged, it will be evident that similar considera-
tions apply, in the event one or more of the in-
dication controlling devices change their posi-
tions during the transmission of an indication
code from the corresponding station,

In accordance with another feature of our in-
vention, our apparatus is so arranged that stored
codes are usually transmitted in the order ‘in
which they are stored, and only in accordance
with the relative code superiority when the codes
are stored at the same time, or prior to the ini-
tiation of a series of codes. When g plurality
of control codes are stored while the line is
in use, the office will transmit all the stored
control codes in the order of code superiority
when the line becpmes free, before it transmits
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any control codes that become stored while these
stored codes are being transmitted. Similarly,
when the stations obtain control of the line, one
indication code will be transmitted from each
station storage unit which has at fthat time a
code stored for transmission, before any station
storage unit can transmit a second code, and
also before the office can transmit a code which
becomes stored while the stored indication codes
are being transmitted. )

To explain this feature of our invention it will
first be assumed that levers for controlling de-
vices at station No. 1 and at some inferior sta-
tion No. 8 are operated, either at the same time

or while indication codes are being received.:

In either case, pick-up circuits 2 for the two
relays SPI and SP3 will be closed so that both
will: pick up and will jointly energize circuit 4
to initiate a control code when the line becomes

available, which by reason of code superiority:

will be the code for station No. .

It “will also be assumed that one or more
levers for controlling devices at other stations,
including the superior station No. 2, are oper-
ated after the code transmission has started.
The pick-up circuit 2 for relay SP2 and other
similar relays for which the corresponding start-
ing relays S have been released is held open at
contact ¢ of relay ST, and the first code trans-

mitted will be the one for station No. i, but there.

are now two or more control codes stored for
subsequent transmission. Because the code for
the inferior station No. 3 was stored first, it will
be transmitted first, as will now be explained.

The first control code will progress as herein-

before described up to the final, or 12th step, at
which time the line relays Li pick up to open
circuit 15 and close circuit 95 to energize relays
XO and AO and release relays X2, Y2 and A2,

as already described. 'The office relay XO upon:

picking up opens the normal stick circuit 19 for
relay OM, at its contact b, but relay OM does
not release If there are other control codes stored
for transmission, but remains energized over
an augxiliary stick circuit 60 which is closed at

this time by relay AO, comprising a branch of

circuit 4 which extends from terminal B at front
contact b of any relay SP which is already picked
up, such as relay SP3 over back confacts g of

relay SR3 and back contacts of the correspond- ;

ing series of relays P8 to P, contact f of relay
AO, contact ¢ of relay Cl, contact a and winding
of relay OM to terminal C. i

Tt may be noted that relay SP3 now controls
circuit 60 because relay SPI was released when
relay P12 picked up at the end of the 11th step,
and relay SP2 has not been picked up.

As in the case of the control code previously
described, the office relay XO at its confact ¢
closes circuit 96, causing relay OT to open line
5, to terminate the line-closed position of the
twelfth step, thereby releasing relays Li, where-
upon circuits 97 close to pick up relay YO and
to. hold realys XO and AO energized, the office
relay YO closing circuit i1 to pick up relay ST.
Relay ST connects terminal B to circuit 2, but
this circuit is now held open at back contact ¢

_of relay OM. It follows that although relay S2
has been released, relay SP2 does not pick up
at this time. Relay ST opens circuit 96, re-
leasing relay OT and closing line 5.

In the cases previously  described, this ini-
tiated the return to normal at the end of the
code, or the beginning of the long positive im-
pulse interposed between successive codes, but

10

20

25

30

40

60

-1

Tt

13

in the present case, it represents the beginning
of the first step of the second code of the series,
which is a short positive step. Since relay PC
is still normal, relays Ll pick up, closing cir-
cuits 98 and opening circuits 87 so that relays
X1i and Al pick up, relays YO and ST are held
energized, and X0 and AO are deenergized.

The office relay AO now opens the auxiliary
stick circuit: 60 and at the same time relay XO
reestablishes the normal stick circuit {9 for relay
OM and also closes a circuit #a for relay OT
from terminal B at front contact b of relay SP3
over the same path as for circuit 60 just traced
to contact g of relay Pl, thence over contact b
of relay OM, contact f of relay Al, contact d of
relay XO, contact a of relay ST, relay OT, to
terminal C. Relay OT, upon becoming ener-
gized over circuit 4a, opens line 5, releasing re-
lays LI. Each relay Ll upon releasing closes a
circuit 112 from terminal B, contact d of relay
LI, contact b of relay L2, relay Y2, contact b
of relay X2, contact e of relay Al, contact ¢ and
winding of relay Xl, contact ¢ and winding of
relay Al to terminal C. Relays Y2 pick up and
relays X1 and Al are held energized over cir-
cuits 112, and circuits 98 are opened, releasing
relays YO. Since relay XI has been picked up,
the release of the office relay Li ‘closes circuit 8
to position relay PC to the right at this time.
Relays P, it will be noted, have not been op-
erated. .

When relays YO release, each relay P2 picks
up over circuit {14 extending from terminal B,
contact d of relay YO, contact ¢ of relay Y2, con-
tact d of relay Al, relay P2, to terminal C, and
each relay P2 then closes its stick circuit i1. The
office relay P2 at contact g opens circuit 4a, re-
leasing OT and thereby closing line 5. Since the
relays Cl have not been operated, the control
register relays CR at each station remain ener-
gized.

This completes the first step of the second con-
trol code of the series, which, it will be seen, is &
short positive step as distinguished from the
short negative first step of the first control code
of a series as hereinbefore described. The appa-
ratus is now in the same condition as at the
corresponding point of the control code first de-
seribed. The apparatus continues to operate as
hereinbefore described until the code for the
inferior station No. 3 is completed. If other code
sending relays in addition to relay SR3 were
picked up when the series of codes was initiated,
branches of circuit 69 will be completed to ter-
minal B over contact b of such relays at the end
of this code, and relay OM will not release until
the corresponding codes have been transmitted.
Relay OM will release at the end of the last of
such codes, closing its contact g to prepare cir-
cuit 2 to pick up relay SP2, and any other relay
SP for which the corresponding relay S is re-
leased, but will open circuit 4« at its contact b
so that the first code will be followed by a long
positive impulse, terminated when relay OT picks
up over circuit 4 following the release of relay
BI, as already explained in the description of
the restoration of the apparatus to normal at the
end of a code. Since relay Xl picks up at the
beginning of this long impulse, circuit 8 closes
to reverse relay PC during the succeeding line-
open period, so that the next impulse, compris-
ing the first step of the code for the superior sta-

" tion No. 2, will be of negative polarity.

The apparatus is now in the same condition as
at the corresponding point of the control code
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- first described, and will therefore continue to
- operate until the office panels for each of the
stations Mo. 2, ete. transmit their codes in order.
It will be seen that our apparatus functions as
described because we have provided two sets of
relays for storing the codes in two groups, one of
which has priority over the other.

As already explained, the apparatus at a field
station may also be arranged to have a plurality
of storage units each comprising a relay S and &
relay SP, as illustrated by the office apparatus
of Fig. 1B, and when so arranged these relays
will also function in the manner described to
give priority to codes stored pricr to the begin-
ning of a series. This is also true when the codes
are stored in storage units at different stations.

To make this clear, I will assume that the
apparatus. is arranged to have but one storage
unit per station, as shown in Fig. 2B, and that
devices at station No. | and at some inferior
station No. 3 change positions at the same time,
or while the line is not available, so that relays
SP at the two stations are operated to the left
over circuits 102 at the same time, to jointly in-
itiate an indication code when the line becomes
available by the simultaneous operation of their
relays T, and that after the code transmission has
started a device at the superior station No. 2
changes its position.

The relays T at stations Nos. § and 3 will be

_held in synchronism by the line relays L2 only
as long as the code elements are alike. It will
be assumed that the first, second and third steps
of the code for station No. 3 are long, while in
the code for station No. I, as already described,
the first and second steps are long and the third
step is short. Consequently, relays M at both
stations will pick up over circuit {8 on the long
first step, and relays P3 will pick up at both sta-
tions ovar circuit 138 on the long second step.
Relay T at station No. | will be energized over
circuit 137 fo produce a short third step. Con-
sequently, relay P4 will pick up at station No.
over circuit 145, while at station No. 3 the jumper
connections in the circuits over contacts b and ¢
of relay P3 are interchanged so that relay Z will
pick up, relays P2 releasing at hoth stations.
Further progression at station No. 3 is stopped,
as already explained, and although relay M at
that station remains energized over its stick cir-
cuit (19, the energizing circuits for relay T which
it controls are not closed because no relay P is
energized. The transmission by station No. |
will continue as hereinbefors described up to the
final, or 14th step, when the plus line relays L
pick up. At station No. |, which transmitted
the code, relay M is released by the opening of
circuit 148 on this step, while at the inferior sta-
tion No. §, having a code stored for transmission,
relay M is held energized over an auxiliary stick
circuit- 168 extending to terminal B over contact
d of relay Z, which relay is now energized over
its stick circuit £33. Relays Li are released on

- this step by the energization of relay OT over cir-
cuit $8, as on the final step of a control code,
and the code delivered by station No. i is com-
pleted when line § is closed as the result of
opening circuit §6.

This, as already described, results in again
picking up relays Li, XI and Al to begin the
return to normal when there are no codes stored
for transmission but in the present case, although
circuit 183 is opened at this time, releasing relay
Z to open the auxiliary stick circuit 160 for the

energized relav M at station No. 3. the normal ¥
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stick circuit 18 for that relay is reestablished by
the release of relay XO hefore circuit 180 opens.
Consequently, relay M at station No. 3 remains
energized and as soon as relay Al picks up a
branch (84a of circuit {84 is closed. Circuit
{84a includes contact b of relay M and corre-
sponds to the office circuit 4a already described,
so that relay T picks up at station No. 3 to open
line 8. This constitutes the first step of the
second indication code, which like the corre-
sponding step of the second control code of a
series is a short posifive step as distinguished
from the long negative first step of the first in-
dication code of a series, and this step follows
immediately after the last step of the preceding
code.

At the office, relays YO and ST pick up, as
already described, on the line-open period of the
last step, and since relay OM has not been en-
ergized, circuit 2 becomes closed to pick up any
relays SP for which the corresponding office re-
lays S have been released as the result of lever
movement occurring during the code just de-
scribed.

Relays P2 pick up during the line-open portion
of the first positive step of the second code over
circuits {14 and since the office relays Pl and Cl
are not operated, circuits 4, 13 and I8 are held
open and the office relays OT and OM do not
pick up even though there are codes stored at
the office, and circuit 21 remains closed so that .
the indication register relay IR remains en-
ergized.

When the station relays X1 pick up during the
line-closed portion of the first positive step, cir-
cuit 192 becomes closed at each station at which
relay M is deenergized, that is, at each station
except station No. 3, to actuate relays SP if the
relays S at such stations are released, tut since
the station relays P{ and CI are not operated,
circuits 1984, {2 and (18 are held open and re-
lays T and M at such stations do not pick up
even though the stations have ccdes stored for
transmission. Since relay M at station No. |
releases before relay SP is actuated in response
to a change in the position of a device at such
station occurring during the transmission of the
code by that station, it follows that station No. I
will transmit but one code, and at the end of
that code the inferior station No. 3 will assume
control of the line even though the code sending
relays at superior stations become actuated after
the initiation of the code for station No. I.

The apparatus is now ready to begin the sec-
ond step of the second indication code of the
series, and is in the same condition as at the
corresponding point of the indication code first
described, and therefore continues to operate as
described until station No. 3 completes its code.
If no other relays M have been energized, the
apparatus will restore to normal at the end of
this code. After the transmission of a long posi-
tive impulse following the last impulse of the
code from station No. 8, relays Ci will pick up to
close circuit 184 at each station at which relay
SP has been operated to initiate the transmission
of a new series of indication codes.

It will be seen therefore, that any two groups
of codes are separated by a long positive impulse,
while any two codes of a group are separated only
by a brief line-open period similar to the interval
between any two steps of a code. Furthermore,
the first step of each except the first code of a
group is a short positive step, while the first step
of the first code of a group is a long or short
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negative step, depending upon the direction of
transmission. It will also be apparent that the
direction of transmission is established by the
first code of the group, and that all the stored
codes for that direction will be transmitted be-
fore any codes for the opposite directions are
transmitted.

It will be seen that under conditions of heavy
traffic, codes will be transmitted from each office
panel or station in turn until all the stored codes
are transmitted and that new code storages
established subsequently cannot delay the trans-
mission of those codes previously stored, even
though the new codes have superior code calls.
In the absence of this feature, it is apparent that
the transmission of certain code messages might
be delayed to an extent greater than could be
well tolerated.

Another result of this feature of our invention
is that communication with the more superior
stations is held up for longer time intervals than
otherwise due to the more equal division of line
time between the stations. Several successive
changes in the positions of the levers for con-

trolling the devices at such stations or in the ¢

positions of the indicating relays at such sta-
tions may be stored for transmission in a single
code while otherwise each would require a sepa-
rate code, so that the total number of codes is

decreased and the traffic capacity of the system ¢

correspondingly increased.

Another feature of our invention resides in the
arrangement of the apparatus so as to minimize
the effect of a failure of any relay circuit upon
the system as a whole.
that on the third step of an indication code, the
station relay T is energized over circuit (37 and
is holding line 5§ open as already described, but
relay P4 fails to pick up to break circuit 137.

Relay T will not remain energized to prevent fur- -

ther use of the line because relay Y3 will release
due to the opening of the circuit through its
lower winding when relay L2 releases, and P3
will release due to the opening of circuit 33 by
relay Y3.
to release relay T, closing line 5, which will now
remain closed with the L2 relays picked up.
Each relay L2 closes circuit 22 and opens circuit
15, energizing relay A3 in series with relays X3
and Y2 and deenergizing relays X2 and A2, Re-
lay A2 upon releasing, closes circuit 23 and opens
circuit 22, energizing relay B3 in series with re-
lays X3 and Y2 and deenergizing relay A3. Re-
lay A3 then releases, closing circuit 24 and open-

ing circuit 23, energizing relay C3 in series with .

relays X3 and Y2 and deenergizing B3, and when
relay B3 releases, circuit 25 closes and circuit 24
opens so that relay D3 picks up in series with
relays X2 and Y2 and C3 is deenergized. Relay
C8 upon releasing, deenergizes relay D3 but
maintains relays X3 and Y2 energized over cir-
cuit 115 until relay D3 releases. It follows that
relays A2, A3, B3, C3, D3 and Y2 release suc-
cessively in that order and when the office relay
Y2 releases, a circuit {16 is closed from terminal
B over contacts b of relays XI, Y2 and Y3, the
left-hand winding of relay PC to terminal C to
restore relay PC to normal. This releases the
relays 1.2 and energizes relays Ll and the ap-
paratus is then restored to normal in the same
manner as when relays LI pick up at the end
of a complete code. A similar result cccurs if
there is a failure on any other odd-numbered
step of a code, while on the even-numbered steps,
a similar reset is obtained by the successive re-

Assume, for example,

Relay P3 will then open circuit 187 <
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lease of relays A3, B2, C2, D2 and Y3. Since
relay Z at the transmitting station has not been
energized, relay M at that station will be re-
leased in response to the energization of relay
X0 by relay Li. It follows that other stations
having codes stored for transmission, at which
relays M and Z are energized, will take preced-
ence and will transmit their codes before the
station which failed can again initiate a code.
This arrangement permits a station to “repeat,”
as .is desirable, in the event a code is not com-~
pleted, but in such a manner as to not interfere
with the use of the line by other stations.

If the office apparatus for any reason is unable
to complete a code, a similar reset action will
occur, and the operations will be repeated until
a complete code is transmitted, or until they are
stopped manually by cancelling the code storages
by the operations of the knock-down key KD
to release the -energized relays such as Si
and SPH. :

If a failure occurs during a line-closed period,
it will also prevent further progression, and the
apparatus will similarly reset to normal.

This is because the circuits are so arranged
that a failure of any of the relay circuits to close
as intended will merely stop operation, and will
not cause a false selection. Thus for example,
when relay L2 picks up at the beginning of the
first step, relays X2 and A2 are picked up in
series over a circuit 12, and if 1.2 remains ener-
gized, relays B2, C2 and D2 are picked up suc-
cessively in series with relay X2, over circuits
14, 39 and 40. The failure of any of these cir-
cuits to close at the proper time will cause relay
X2 to release and prevent the closing of circuit
{5 when relay L2 releases, so that the progres-
sion is stopped. The selection as to whether an
impulse is registered as short or long depends
upon the release periods of the A and B timing
relays provided by the associated rectifier units.
If the circuit for the unit associated with relay
A2 is open, relay A2 will release quickly when
relay CI releases and open the circuit 12 before
relay B2 picks up over circuit {4, so that neither
relay A2 nor C2 will be energized when relay L2
releases.

It will be apparent from the drawings that in-
surance against improper operation such as is
provided in the few instances just described is
provided in each of those circuits disclosed here-
in, and that the apparatus is not able to hold
the line open for an extended period to prevent
the use of the line by other stations.

Since the various relay operations are checked
on each step and the end of the code is marked
by a positive impulse, the number of steps in a
code may be varied as required without sacrifice
in the reliability of the apparatus.

One manner by which a step may be added to
a control code to provide an additional function
has already been explained in connection with
the “recall” feature of the apparatus. Obviously
a control element for any function of which the
use is relatively infrequent may ke added in this
manner, so that it will be included in the con-
trol codes only when required. In practice the
codes for the different stations do not necessarily
have the same number of steps, but each may
have as many function steps as there are devices
to be controlled or indicated, since in each code
the transmission of negative impulses continues
until relay PC is actuated over a circuit 94, $4a
or 194, and these circuits may be arranged to
include contacts 7 of different P relays as re-
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quired. Each code is definitely terminated and
the apparatus conditioned to initiate a new code
when a circuit such as 94 becomes closed, or in
case a code is not completed when circuit ({8
becomes closed.

Another feature of our invention is the pro-
vision of manual stepping equipment at the of-
fice by which the code progression may be
stopped on each step so that the operation of the
various relays may be more readily observed.
In normal operation, when relays of the types
disclosed in the hereinbefore mentioned Snavely
applications are used, the speed of transmission
is much higher than that usually attained in
apparatus of this character, the time of trans-
mission of a complete code being of the order of
one second. This is because these relays are un-
usually efficient and rapid in operation and the
time constants of the circuits have been mini-
mized in many circuits by including non-induc-
tive resistors in series with the relays, as shown
on the drawings. It follows that the sequence
of operation of the various relays takes place
normally at a too rapid rate to be conveniently
observed, and for this reason it is desirable to
operate the apparatus at a slower rate for pur-
poses of testing and adjustment. )

When the progression of the relays is to he
controlled manually, a key K2 at the office is
operated. This inserts a branch §a into the line
cirecuit 8, which branch includes the front con-
tact ¢ of the neutral line relay LO and the nor-
mally closed contact a of a push button Kf. If
line 5 then opens due to the initiation of a code
by any transmitter, relay LO will release and hold
the line open at its contact a after the transmit-
ter contact which opened the line has again
closed. The code apparatus will be held inac-
tive with the apparatus in the condition herein-
before described, on-the line-open pericd preced-
ing the first impulse of a code. That is, relays
Y3, X1 and C! will be held energized over the
stick circuit 7, and relays Y3 will hold relays Pf
energized over the stick circuit {8, as long as the
line is held open.

If the push button Kl is now operated, its con-
tact b closes to complete a circuit from terminal
B at contact d of relay LO through relay LR to
terminal C. Relay LR picks up and completes
its stick circuit at its contact a and closes con-
tact b which bridges contact a¢ of relay ILO.
When push button X1 is released, its contact b
closes, completing the line circuit 5 through
branch 5a and causing relays LO and Li to pick
up. Relay LO closes its contact ¢ in the line cir-
cuit and releases relay LR, while relays L op-
erate the stepping relays and continue the pro-
gression automatically to the point where the
transmitter relay opens the line to terminate the
first impulse. Then relays LO and Li release,
relays Y2, X2 and A2 are held energized over
stick circuit 1% and relays Y2 hold relays P2
energized over the stick circuit {7, and it follows
that the apparatus will remain inactive until Ki
is again operated. It will be apparent that the
transmission of a compilete code may be car-
ried out in this manner and that it permits the
various relay operations to be readily observed
and any irregularity in operation to be more
readily detected and corrected.

Although we have herein shown and described
only one form of remote control apparatus em-
bodying our invention, it is understoed that vari-
ous changes and modifications may be made
therein within the scope of the appended claims

~ without departing fr
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om the spirit and scope of
our invention.

Having thus described our invention, what w

claim is: )
1. In & remote control system, a pluraiity of
stations connected by a nermally closaed line cir-

cuiy, a source of current at one station fcr ener-
gizing said line circuit, & code transmiiter at each
stalion effective when initiated to transmit an
impulse code of tz ned ‘mpulses of current from
said source over said line circuif, & pole changer
at said cne szation for centreliing the polarity of
the current 2id line cirveuit, means for re-
versing sal e changer in response t6 the open-
ing of said liv i it at the beginning cf a code,
to cause all the imrmlses of such code to be of
the reverse polarity, lock-out means cffective
when a plurality of code transmitters are ini-
tiated siinultaneously to cause the diferent
codes to ke transmitted cne at a-time in & prede-
termined order, a line relay at each station re-
sponsive cnly to current of reverse polarity in
said line circuif, two timing devices at each sta-
tion, circuits centroiled by each timing davice for
operating the cther in response to successive op-
erations of said line relay, inciuding means for
selectively operating one timing device at each
station in accordance with the lengths of the al-
ternate impulses cf a ccde, said circuits also in-
cluding means for sclecuvely'operating the other
fiming device at each station in accordance with
the intervening impulses of szid code; a main
series of stepping relays at each staiion, means
controlled by said hmmg devices for selectively
operating a plurality of said stepping relays one
for each cf a plur ahty of impulses of a code, each
stepping relay cf said plurality being operated
in accordance with the reiative length of a par-
ticular impulse of 2 code but only if said plurality
of impulses are arranged in a particular code
pattern, a plurality of movable devices at each
station, means for causing the operation of ad-
ditional stepping relays of said main series at
a selected station only at which said plurality of
stepping relays have been fully cperated, in re-
spense to additional impulses of a code, means
controlled by the timing device at the selecied
station and by said additional stepping relays for
selectively controiling the movable devices af
such staticn in accordance with the lengths of
the impulses each when a particular one of said
additional impulses is being received, means con-
trolled by the last additional stepping relay of
the series lccated at said one siation for re-
storing said pole changer to normal, thereby en-
ergizing said line circuit by current of normal
polarity to indicate the completion of said cede,
and means dependent upon the energization of
sald line circuit at least briefiy by current of
normal polarity for initiating the operation of
each cede transmitter and for effecting the ener-
gization of the first stepping relay of cach said
series.

2. In a remcte contrcl system, a line circuit
normally energized by CLnent of a given polari-
ty, a code transmitter ﬂﬁucrlv" when initiated to
reverse the pclarity of the current supplied to
said line circuit and to then deliver a code of
timed impulses all of the oppcsite polarity fol-
lowed by sn additional impulse of said given
polarity to said line circuit, means for rest oring
said line circuit to normal in response to the
transmission of said =additicnal impulse, and
means effective only when the line circuit is
normally energized by current of said given

e il
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polarity for initiating the operation of said code
transmitter. :

3. In a remote control system, an office and
a plurality of stations connected by a single line
circuit, means at said office for normally ener-
gizing said line circuit by current of a given
polarity, a pole changer effective when operated
to reverse the polarity of the line current, means
effective if said line circuit is opened momen-
tarily for operating said pole changer, a code
transmitter at each station, each effective when
initiated to momentarily open said line circuit
and to then deliver a code of time spaced im-
pulses over said line circuit to said office pro-
vided the polarity of the line current has been

reversed, means controlled by the last impulse of |

said code for restoring said pole changer to nor-
mal and for then delivering an additiocnal impulse
of normal polarity to said line circuit, and means
for initiating the operation of said code trans-
mitter effective only. when the line circuit is
steadily energized by current of said given polar-
ity. .
4. Apparatus for the selective control of mov-
able devices comprising a  two-position relay,
means for operating said relay repeatedly to one
position and for retaining the relay in said posi-
tion for different time intervals, two groups of
relays each including two stepping relays and a
series of cascade-connected timing relays, means
energizing the first stepping relays of each group
alternately, each in response to a different oper-
ation of said two-position relay to its one posi-
tion, and for successively energizing the timing
relays of the corresponding group in accordance
with the length of time said two-position relay
remains in said one position, means controlled by
the first stepping relay of each group for ener-
gizing the second stepping relay  of the same
group when said two-position relay assumes its
other position, means for maintaining energized
that timing relay which is energized when the
two-position relay assumes its other position un-
til said relay again assumes its one position,
means controlled by the second stepping relay
of each group for selecting the first stepping
relay of the other group for energization when
the two-position relay next assumes said one po-
- sition, means controlled by said stepping relays
for selecting different ones of said movable de-
vices for operation, and means controlled by that
timing relay which remains energized while said
two-position relay is in said other position for
selectively operating that movable device se-
lected by said stepping relays.

5. In a remote control system, a line circuit,
a movable device, a line relay responsive only to
- current of a given polarity in said line circuit,
means for energizing said line relay repeatedly
for selected time intervals, two series of timing
relays, means for operating the timing relays of
said two series alternately in response to re-
peated operations of said line relay, the relays
of each series being operated one at a time in
sequence when said line relay is energized, a
series of stepping relays, means responsive only
to line current of the opposite polarity for oper-
ating the first stepping relay of said series, means
governed in accordance with the condition of
said timing relays for selectively operating a dif~
ferent stepping relay in response to each of a
plurality of operations of said line relay, means
for operating an additional stepping relay of said
series in response to an additional operation of
sald line relay, and means governed by said ad-
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ditional stepping relay in accordance with the
condition of said timing relays for selectively op-
erating said movable device.

6. Apparatus for the selective control of mov-
able devices comprising a two-position relay,
means operating said relay repeatedly to one po-
sition and for retaining the relay in said one
position for different time intervals, a series of
cascade-connected slow-release timing relays, a
circuit for momentarily energizing the first tim-
ing relay of the series including a contact
which closes when said two-position relay is
operated to ifs one position, and a contact which
opens shortly thereafter, a circuit for momen-
tarily energizing the second timing relay of the
series including a contact which closes when the
circuit for said first timing relay is opened and
a contact which opens when said first timing re.
lay releases, a circuit for energizing the third
timing relay of the series including a contact
which closes when the first timing relay releases,
stick circuit means for holding the first or third
timing relay energized if such relay is in its en-
ergized position when the two-position relay as-
sumes its other position, and means for selec-
tively controlling a particular one of said movable
devices depending upon which timing reiay is
held energized by said stick circuit means.

7. Apparatus for the selective control of mov-
able devices comprising a two-position relay,
means operating said relay repeatedly to one
position and for retaining the relay in said one
position for different time intervals, two series
of cascade-connected timing relays, means for
energizing the first timing relay of each series
alternately, one such relay or the other becom-
ing energized each time the two-position relay
is operated to its one position, means momen-
tarily energizing the second relay of the same
series when such first relay becomes deenergized,
meang energizing the third relay of the same
series when such first relay releases, stick circuit
means for holding the first or third relay ener-
gized, if such relay is in its energized position
when the two-position relay assumes its other
position, until the two-position relay is again
operated to said one position, and means for
selectively controlling a particular one of said
movable devices depending upon which timing
relay is held energized by said stick circuit means.

8. Apparatus for the selective control of mov-
able devices comprising a two-position relay,
means operating said relay repeatedly to one po-
sition and for retaining the relay in said one
position for different time intervals, two. series
of cascade-connected timing relays, means for
energizing the first timing relay of each series
alternately, one such relay or the other becoming
energized each time the two-position relay is op-
erated to its one position, means momentarily
energizing the second relay of the same series
when such first relay becomes deenergized, means
energizing the third relay of the same series
when such first relay releases, stick circuit means
for holding the first or third relay energized, if
such relay is in its energized position when the
two-position relay assumes its other position,
until the two-position relay is again operated to
said one position, and means effective when said
two~position relay is next operated to said one
position for selectively controlling a particular
one of said movable devices depending upon
which timing relay has been held energized by
said stick circuit means.

9. Apparatus for the selective conftrol of mov~
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able devices comprising a two-position relay,
means operating said relay repeatedly tc cne
positicn and for retaining the relay in said cne
position for different time intervals, two series
of cascade-ccnnected tiining relays, means ener-
gizing the first timing relay of each series, pro-
vided a relay of the other series is picked up,
when the two-position relay is operated to its one
position, means deenergizing said frst relay and
energizing the second relay of the same series
when said relay of the other series rsleases,
means deenergizing the second relay and ener-
gizing the third relay of the same series when
said first relay releases, means for holding the
first or third relay energized comprising a stick
circuit which closes if such relay is in its ener-
gized position when the two-position relay as-
sumes its other pesition, and which opens to de-
energize such first or third relay when the two-

position relay again assumes said onz position,

and means for selectively controlling a particular
one of said movable devices dependent upocn
which timing relay is held ensergized until said
two-position relay is cperated to said cne pesi-
tion.

10. In combination, a line circuit connecting
control cffice and a plurality of stations, a cod
transmitter at said office operating when initiate
to transmit different impulse codes to said sta
tions over said line circuit, & plurality of code
sending relays at said office, cne for each station,
means effective when a code sending relay is ac-
tuated and the line cirecuit has been free for at
least a brief time interval to initiate the cede
transmitter, means controlled by the actuated
code sending relay for causing the transmitted
code to have a distinctive character for selecting
the corresponding staiton, means restoring each
actuated code sending relay to nermal when the
code for the corresponding station has been
‘transmitted, and means for actuating each code
sending relay effective only when the line circuit
has been free for a time interval greater than
said brief interval.

20 O

11. Th combination, a line circuit connecting a

control cffice and -a plurality of stations, a code
trahsmitter at said office operating when initiated
to transmit different impulse codes to said sta-
tions over said line circuit, a plurality cf start-

ing relays at said office, ene for each station, a -

code sending relay for each starting relay, in-
dependent means for actuating said starting re-
lays, mesns controlled by each starting relsy for
actuating the corresponding code sending relay,
means effective when a cede sending ralay is ac-
tuated and the line circuit has been fres for at
least a brief time interval to initiate said code
transmitter, means contrelled by each actuated
code sending relay for causing the transmitted
code to have a distinctive character for selecting
the corresponding staticn, said means being ef-
fective when a plurality of code sending relays
are actuated to cause the corresponding codes
to be transmitted cne at a time in order, means

restoring each actuated starting relay and code

sending relay to nermal when the corresponding
impulse code is transmitted, and means prevent-
ing the actuation of each code sending relay
by the correspcending starting relay except when
the line circuit has been free for a time interval
greater than said brief interval.

12. In combination, a line circuit, a pluralils
of movable levers, a starting relay and & ccg
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sending relay for each lever, a code transmitier
operating when initiated to deliver different im-
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pulse codes to said line circuit, means controlled
by each code sending relay when actuated to de-
liver a characteristic cede including one or more
elements identifying the position of the corre-
sponding lever, said means being effective when
2 plurality of code sending relays are actuated
simultaneously tc cause the delivery of the corre-
sponding codes cne at a time in a given order of
code superiority, means for actuating each start-
ing relay in response to a movement of the cor-
responding lever, means controlled by each code
for restoring the correspondiag starting relay
tc normal, means restoring each sctuated code
sending relay to normal effective only when the
corresponding code is fully transmitted, and
means efiective only when all actuated code
sending relays have been restcred to normal for
simultaneously actuating each code sending relay
having its starting relay actuated, whereby codes
corresponding to starting relays actuated while
codes are being delivered are delivered subse-
quently irrespective of their relative superiority.

13. In combination, a line circuit, a piurality of
starting relays, a code sending relay for each
starting relay, a code transmitter operating when
initiated to deliver different impulse codes to said
line circuit, means controlled by each code send-
ing relay when actuated to initiate the operation
of said code transmitter to deliver a characteris-
tic code to said line circuit, said means being ef-
fective when a plurality of code sending relays
are actuated simultaneously to cause the corre-
sponding ccdes to be delivered one at a time in
order, independent means for actuating said
starting relays, means controlled by each code
for restoring the corresponding starting relay to
normal, means for maintaining each actuated
code sending relay in its actuated condition un-
til the corresponding code is fully delivered, and
means effective only when all actuated code send-
ing relays have been restored to normal for
simultaneously actuating each code sending relay
having its starting relay actuated.

14. Apparatus for the control of movable de-
vices comprising, a plurality -of movable control
levers, one for each device, a starting relay and
a code sending relay for .each lever, a line cir-
cuit, a code transmitter operating when initiated
to deliver different impulse codes to said line
circuit, means actuating each starting relay when
the corresponding lever is moved from one posi-
tion to another, means effective only when all the
code sending relays are normal for actuating
each code sending relay having its starting relay
actuated, means controlled by each actuated code
sending relay for initiating the function of said
code transmitter to deliver a code having select-
ing elements identifying the corresponding lever
followed by function elements identifying the
position of such lever, said means being effective
when a plurality of code sending relays are actu-
ated simultaneously to cause the corresponding
codes to be delivered one at a time in order,
means restoring each actuated starting relay to
normal as soon as the selecting elements of the
corresponding code are delivered, and means re-
storing each actuated code sending relay to nor-
mal only when the delivery of the corresponding
code is completed.

15. In combination, a line circuit, a plurality
of starting relays, means for operating each start-
ing relay, a master relay, a code transmitier op-
erating when initiated to deliver different im-
pulse codes to said line circuit, means controiled
by each operated starting relay for initiating the
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delivery of a code by said transmitter character-
istic of the operated starting relay, means re-
sponsive to the first impulse of a code to energize
said master relay, storing means effective when
a plurality of codes are initiated simultaneously
to effect their delivery one at a time in order
and for maintaining said master relay energized
unfil all such codes are transmitted, and means
preventing the initiation of a code by an operated
starting relay except when said master relay is
deenergized.

16. In combination, a line circuit, a plurality
of starting relays, means for operating each start-
ing relay, a code transmitter operating when in-
itiated to deliver different impulse codes to said
line circuit, means controlled by each operated
starting relay for initiating the delivery of a code
by said transmitter characteristic of the operated
starting relay, including storing means effective
when a plurality of codes are initiated simul-
taneously to effect their delivery one at a time
in order, means controlled by each code for re-
storing the corresponding starting relay, and
means. delaying the initiation of a code by a
starting relay operated while a code is being de-
livered until all previously initiated codes have
been delivered.

17. In combination, a normally closed line cir-
cuit connecting a plurality of stations, a code
transmitter at each station operating when in-
itiated to deliver a characteristic impulse code
to said line circuit, a starting relay at each sta-
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delivery, one at a time in a predetermined order
of relative code superiority without restoring the
line circuit to its normally closed condition be-
tween successive codes, and means preventing
the initiation of a code in response to a change
in condition of a movable device occurring during
the delivery of a code irrespective of its relative
superiority until said line circuit has been re-
stored to its normally closed condition.

20. In comhination, a plurality of stations con-
nected by a line circuit, a coding unit at each
station comprising a starting relay, a master re-
lay, and a code transmitter operating when in-
itiated to deliver an impulse code characteristic
of the station to said line circuit; means for oper~
ating each starting relay, means controlled by
each operated starting relay for initiating the
delivery of its code by the associated transmit-
ter, means responsive to the first impulse of each
code for energizing the master relay at the sta-
tion at which the code is initiated, lock-out means

 effective in the event a plurality of stations in-

30

tion, means effective when a starting relay is

actuated to initiate the operation of the asso-
ciated code transmitter, means restoring each
actuated starting relay to normal when the as-
sociated transmitter has initiated its code, lock-
out means effective when a plurality of code
transmitters are initiated simultaneously to ef-
fect the delivery of the corresponding codes in
a predetermined order without restoring the line
circuit to its normally closed condition between
successive codes, and means for delaying the in-
jtiation of each code transmitter having ifs
starting relay actuated while a code is being de-
livered, until the line circuit has been restored
to its normally closed condition.

18. In a remote control system, a normally
closed line circuit connecting a control office with

a plurality of stations, a movable device at each _

station, a code transmitter at each station each
operating when initiated to deliver a code in-
dicating the condition of the associated movable
device over said line circuit to said office, means
responsive to a change in the condition of each
movable device for initiating the operation of the
associated code transmitter, storing means ef-
fective if a plurality of codes are initiated simul-
taneously to effect their delivery, one at a time
in order, but without restoring the line circuit to
its normally closed condition between successive
codes, and means preventing the initiation of
each code transmitter in response to a change in
the condition of a movable device occurring dur-
ing the delivery of a code until the line circuit
has been restored to its normally closed condition.

19. In a remote control system, a normally
closed line circuit, a plurality of movable de-
vices, means operating when initiated to deliver
codes to said line circuit each indicating the con-
dition of a different movable device, means re-
sponsive to a change in the condition of each
movable device for initiating the corresponding
code, storing means effective if a plurality of
codes are initiated simultaneously to effect their

40

60

75

itiate their codes simultaneously to effect the
delivery of such codes one at a time in order
and ior maintaining the master relay energized
at each such station only until the correspond-
ing code is transmitted, and means preventing the
initiation of a code by each starting relay oper-
ated while a code is being delivered until all the
energized master relays have been released.

21. In combination, a line circuit connecting
a plurality of stations, a code transmitter at each
station operating when initiated to deliver a
characteristic impulse code to said line circuit,
a code sending relay and a master relay at each
station, means effective when a code sending re-
lay is actuated to initiate the operation of the
associated code transmitter, means restoring
each actuated code sending relay to normal when
the associated transmitter has delivered its code,
lock-out means effective when a plurality of
code transmitters are initiated simultaneously
to discontinue the operation of all but one,
means for energizing each master relay when
a code is initiated by the associated code send-
ing relay and for maintaining such master re-
lay energized until the associated code sending
relay is released at the end of a code, and means
preventing the initiation of a code by an actu-
ated ccde sending relay at a station at which the
master relay is not energized, as long as the
master relay at another station is energized.

22. In a remote control system, a line circuit,
a code transmitter effective when initiated to au-
tomatically deliver an impulse code to said line
circuit at a predetermined rate, means for caus-
ing said transmitter to deliver its code at a slow-
er rate, under manual control comprising a line
relay, a manually operable key  effective when
operated to include the winding and a front
contact of said relay in the line circuit, a second
key, and means responsive to a momentary man-
ual operation of said second key for bridging said
front contact to close said line circuit effective
only as long as said line relay is released.

23. In a remote control system, a line circuit,
a code transmitter effective when initiated to
automatically deliver an impulse code to said line
circuit at a predetermined rate, means for caus-
ing said transmitter to deliver its code at a slow-
er rate, under manual control comprising a line
relay, a manually operable key effective when
operated to include the winding and a front con-
tact of said relay in the line circuit, a second
key, a stick relay, pick-up and stick circuits for
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said stick relay including a reverse contact of
said second key and a front contact of said stick
relay, respectively, each including a back contact
of said line relay, and means for closing said
line circuit to.pick up said line relay including
a normal contact of said second key and a front
contact of said stick relay.

24. In a remote .control system, a plurality of
movakle devices, a line relay, means for operat-
ing said line relay repeatedly tc one position and
for retaining the relay in said one position for
different time intervals, two series of cascade-
connected relays, energizing circuits for the first
relay of each series, each such circuit including
a front contact of a different relay of the other
series, an energizing circuit for each remaining
reiay of each series, each including a front con-
tact of the next preceding relay of the same se-
ries and a back contact of each relay of the
other series, the circuit for each such relay ex-
cept the first and second also including a back
centact of the second preceding relay of the -same
series, means associated with each relay for de-
laying its release when ifs circuit is opened until
the next relay to be operated is fully energized,
means responsive to successive operations of said
line relay for alternately energizing the circuits
for one series of relays or the other to effect the
successive energization .of such relays, and means
rendered effective in response to an operation of
said line relay for selectively contrelling a par-
ticular cne of said movable devices in accord-
ance with the number of cascade-connected re-
lays energized during the next preceding opera-
tion of said line relay.
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25, In a remote control system, a two-position
line relay, means constituting a series of im-
pulses of selected character arranged in accord-
ance with a code for operating said line relay
repeatedly, a main series of stepping relays in-
cluding one relay for each impulse of said se-
ries, a set of four intermediate stepping relays
each having two windings, energizing circuits
for the first and third relays of the set each
including one winding of the relay and a con-
tact closed when the line relay is operated to one
position and also inciuding a front contact and
one winding of the fourth and second relays of
the set, respectively, energizing circuits for the
second and fourth relays of the set each includ-
ing one winding of the relay and a contact
closed when the line relay is operated to the
other position and also including a front con-
tact and the other winding of the first and third
relays of the set, respectively, -circuits prepared
alternately by said second and fourth interme-
diate relays for energizing the relays of said
main series one at a time in order, one for each
impulse of said series, means for completing each
prepared circuit only if the corresponding im-
pulse is of a character in accordance with said
code, a movable device, and means for selectively
operating said movable device requiring the op-
eration of a predetermined number of the step-
ping relays of said main series.
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