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TRANSMITTING APPARATUS FOR REMOTE
CONTROL SYSTEMS

' Lloyd V. Lewis, Pittsburgh, Pa., assignor to- The
Unien: Switch & Signal Cempany, Swissvale,
Pa., a. corporation of Pennsylvania :

Original application March 6, 1943, Serial No.

2,409,697

UNITED STATES PATENT OFFICE

478,252.  Divided and this application August

12, 1944, Serial No. 549,276

14. Claims.
1

My invention relates to transmitting apparatus
for remote control systems, and mere particu-
larly to: centralized traffic contrel systems for
railroads: in- which a. central office is connected
with a plurality of field stations by line wires.
over which code signals are transmitted at times
for controlling selected devices at the: stations,
and at other times-for indicating the condition
of station .devices at the office.

This-application is a division of my copending
application; Serial MNo. 478,252, filed March 6,
1943, for Remote conftrol systems, and is an im-
provement. upon  that disclosed in my Letters
Patent,of the United States No. 2,229,248, granted
January 21, 1941, for Remote control systems.

One object: of my invention'is the provision of
a remote control system whieh is: particularly
adapted to the use of existing line wires with-
out interfering with their joint. use for telephone
or telegraph communication or for other pur-
poses. To-this end the system of my invention
employs-code signals of the alternating current
type in which each code: comprises a series of
impulses of current of alternately epposite polar-.
ity and the time spacing of successive im-
pulses determines the code character, One-ad-
vantage of this type of code is that the line
signals may be generated inductively and conse-
quently. no line battery is needed.

Another advantage is that signals of this type
will pass readily through transformers or repeat-.
ing coils, permitting-line civeuits: to be used which
are not available for battery systems, My sys-
tem, however; deoes not require: the insertion of
any apparatus in.series. with the line; nor is .a
metallic: connection to the line wires essential:
Furthermore, the -apparatus at the office: and at
the several stations:is connected to. the line wires
in parallel and the operation of the. system is
independent of the relative location of the office

and the several stations, one advantage of which.

is 'that in the event of an interruption due to a
break in the line service may be quickly restored

(CL 177—353)
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by main office switching, for example, by connect- .

ing- the line in parallel with a spare line at its:

opposite ends.

‘A feature .of my invention comprises the. pro-
vision of interference: preventing megns which
serves - when - two or more codes are initiated: at
the same time.to effect their transmission se-
quentially in: & given.order, and also to stop the
transmission of a code which is interfered: with
by impulses of foreign current. The interrupted
code may then he reinitiated manually or auto-
matically for retransmission in its entirety:
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Another feature-of my invention relates to the
more efficient utilization- of the code elements.
In the system of the prior patent mentioned,
only the long steps of the code are registered and
for a system capacity of 35 stations seven steps
of the code are used. ' In the system herein dis-
closed, both the short and long code elements are
registered positively and the number of available
combinations is greatly inecreased; six steps for
example, being sufficient, for the selection of 64
stations. In respect to- this feature, my- inven-
tion is an improvement upon that shown in Let-
ters Patent of the United States to Snavely et al.,
No. 2,183,155, issued: December 12,:1939, for Re-
mote control systems.

Another feature of my invention relates to a
reduction in the number: of relays required for
selecting purposes. The selection of the stations
is effected by the operation of a group of pilot
relays, and generally requires but one such relay
for each selecting step of the code... The opera-
tion of the pilot relays is so checked as to permit
their utilization in both the picked up and re-
leased positions. :

Another feature-of my invention comprises the
provision of a pair of relays of the stick polar
type arranged to remain <in-their last operated
position when deenergized, for registering the
short or long character of the code elements.
These relays are operated alternately- by . the
code elements as received and serve to store their
character for delivery to the proper storage relay
while the next element-in turn is being received.

Another object of my invention resides in pro-
visions for ‘allowing only eone code to ba stored
at the control office at a time, thereby insuring
that a series of codes set up manually in a given
order will be transmitted in the same order rather
than in an arbitrary. order of code superiority.

This. arrangement is of advantage, for example,

in the operation of a series of track switches to
set up a route and in effecting the clearing of a
signal governing traffic mecvements over the route
as soon as it is fully set up and eliminates the
need for ‘a route cireuit network for goverhing
the order of transmission of the codes as re-
quired heretofore. In accordance with this fea-
ture of my invention the character of the code
to be transmitted is determined by the momen-
tary operation of a.selected starting button with~
out the use of individual code determining or
starting relays as generally used heretofore. The
apparatusis also arranged that the latter may be
used to store-a plurality of codes for transmission
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in a fixed order without interference when
desired.

The system of my invention employs a chain
of counting relays similar in number and ar-
rangement to those of my prior patent, but in-
cludes novel arrangements for governing the
operation of these relays to render them respon-
sive only to a particular code, no other selecting
relays being needed except when it is desired to
have them respond to more than one code.

Another feature of my invention resides in the
connection of the stick polar relays for registering
code character, in series with the counting relays,
whereby each counting relay together with the
polar relay energized in series therewith functions
like a polar-neutral relay in providing checks
against improper operation. That is to say, those
circuits which inelude polar contacts also include
neutral front contacts the closing of which checks
the energization of the polar relay in the normal
or reverse direction and thereby indicates that its
contacts are in a proper position.

Another feature of my invention resides in
improved arrangements for controlling a trans-
mitter relay for generating the code, in which
each operation of the relay depends upon the clos-
ing of a different one of a series of successively
prepared circuits.

Another feature of my invention relates to the
provision of improved means for preventing undue
delay in the transmission of codes from the dif-
ferent stations under conditions of heavy traffic,
due to the fact that the stations normally have
access to the line in a fixed order of code super-
iority.

A leading object of my invention is the provi-
sion of a system of the desired scope in a form
which can be readily maintained to minimize
service interruptions and which is readily adapt-
able to widely different conditions. On the one
hand, maintenance is facilitated by mounting the
relays in one or more unit housings with detach-
able connections, while on the other hand, dif-
ferent conditions require a variety of units some

.of which may contain idle relays and may be
more efficiently provided for by the use of sepa-
rately mounted relays wired individually accord-
ing to their location. To meet these diverse re-
quirements those relays which are invariable, that
is to say, those the functioning of which is re-
quired regardless of their location or of the scope
of the installation are mounted in a detachable
coding unit such as is provided in the system of
my prior patent, having detachable connections
to which those storage relays may be connectegd
which vary according to the location. One im-
provement resides in the arrangement of the
coding unit so that it may be used at the office or
at any station, only one spare unit being required
for each installation, while other improvements
comprise arrangements whereby the number of
variable relays has been decreased.

A further feature of my invention resides in the

4

in a typical centralized traffic control system
embodying my invention, Fig. 1A showing the
office coding unit and Fig. 1B the associated cffice
storage apparatus.

Figs. 2A and 2B, taken together, show the cor-
responding apparatus at a typical field location,
Fig. 2A showing a coding unit which is struc-

- turally similar to that at the office but which has
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arrangement of the coding unit or that certain .

of the steps of the code may be used to provide
additional controls and indications in installa-
tions in which they are not required for station
selection.

I shall describe one form of apparatus embody~
ing my invention and various modifications
thereof, and shall then point out its novel features
in claims.

In the accompanying drawings:

Irigs. 1A and 1B taken together, show in con-
densed form the apparatus at the control office

70

-

76

different terminal connections, and Fig. 2B the
storage apparatus at a station having only one
unit group of devices to be controlled, each such
group being identified as a station.

Fig. 2C illustrates a modification which is to be
substituted for Fig. 2B at each field location where
the number of devices to be controlled exceeds -
the capacity of a single station or panel.

Fig. 3 shows a modification of the office select-
ing circuits which may be substituted for a por-
tion of Fig. 1B, to provide for the storage of
control codes for transmission in g given order,
as hereinbefore referred to.

Fig. 4 shows a pair of relays which may be
substituted for any one of the pilot relays P of
the other views to obtain the requisite contact
capacity when this exceeds the capacity of a
single relay.

Similar reference characters refer to similar
parts in each of the several views.

Referring to Figs. 14, the reference characters
Y and Z designate a pair of line wires which pro-
vide a line circuit for the centralized traffic con-
trol system of my invention. It is to be under-
stood that these wires extend continuously the
length of the ferritory controlled by the cen-
tralized traffic control system, and that they may
be used jointly for telephone and telegraph com-
munication like the similarly designated line
wires shown in Letters Patent of the United
States to Baughman et al.,, No. 2,303,875, issued
December 1, 1942, for remote control systems.
The system of my invention utilizes the line wires
to provide a channel for the transmisison of low
frequency alternating current of the order of six
cycles per second, and communication between
the office and stations is effected by means of
codes each comprising a series of alternations
or impulses of alternately opposite polarity hav-
ing a low frequency of the order mentioned, with
pauses interposed to provide code character. The
C. T, C. line channel in its normal idle condition
comprises the line wires Y and Z in series, with a
connection bridged across the line wires through
the coils 12 of a low pass filter and the high
resistance winding of a line relay R at the office,
as shown in Fig. 14, and also at each station, as
shown in Fig 2A, the transmitting apparatus at
the office and at each station being normally dis-
connected from the line. FEach line relay R is
of the stick polar type, like relay OR of the
above-mentioned Baughman et al. patent, and
is arranged to hold its contacts magnetically in
their last-operated position when the line is idle
and also during the pauses between successive
impulses of a code, the contacts of each line
relay R normally occupying their left-hand posi-
sion, as shown.

FEach coding unit, such as the one shown in
Fig. 1A, includes transmitting apparatus gov-
erned by its line relay R, consisting of a starting
relay ST, a master relay M, a transmitter relay
T and an impulse transformer {3, this apparatus
functioning as follows: Relay M is picked up,
and is held energized to condition the coding
unit for transmission, by momentarily energiz-
ing relay ST. The closing of front contact a
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of relay M then completes a circuit from the sup-
ply terminal: B of o suitable local source of cur-
rent. over back contact d of relay T and through
the lower primary coil of transformer 13 to the
common return terminal C of thelocal source.
At the same time the closing of front contact.d
of relay. M connects the secondary winding of
transformer . I3 across the line wires ¥ and-Z
through the ceils 12 and 12¢ of a low-pass filter
and rthe closing. of front contact-c of relay M
completes the first of g, series of circuits governed
by the associated line relay R in-a manner here-
inafter described, by means of which relay T is
operated periodically at intervals spaced in ac-
cordance with the desired code. Each time relay
T picksup, the operation of its contact d reverses
the:direction of the current through transformer
{3.. The periodic operation of relay T thus causes
transformer 13 to deliver induced impulses of
alternately opposite polarity:to the line circuit,
the time spacing of which characterizes the code,
Each code normally: comprises sixteen impulses,
providing fifteen - code elements of selectable
character.

Bach line relay R-controls a group of slow; re-
lease timing relays Id, L2, LP, and LB, corre-
sponding to the similarly designated relays of my
prior patent. The timing of these relays is gov-
erned by means of electronic rectifiers as shown,
in the manner explained in the patent, the rec-
tifiers also serving to prevent contact sparkmg
and’ to minimize contact wear.

In response to the first impulse of a code, each
line relay R reverses, and its right hand contact
o completes a circuit from terminal B over back
contact ¢ .of relay L2, back contact ¢ of relay LB,
through relay Ll to terminal C. Relay Ll then
picks: up and its contact.a -completes a circuit
for relay 1.2, whereupon relay L2 picks up and
completes ¢ircuits over front contacts ¢ of relays
.2 and IL{ to pick up relays LP and LB, which
relays, as will be apparent from the drawings, are
arranged to pick up simultaneously and to release
successively following the release of relay Ll
or L2, When relay L2 picks up, its contacts ¢
and d shift the circuit for relay Ld to the left-
hand contact a of relay R so that relay Ll be-
comes deenergized, and during the remainder of
the code relay L{ is energized by relay R over
front: contact ¢ of relay LB when relay R is in its
normal position, while relay L2 is.energized over
its.own front contact ¢ when relay R is reversed.
Relays L.l and L2 remain picked up during: the
brief intervals between succesive impulses con-
stituting the short: elements of the code, and
one or the other of these relays releases during
each patise constituting a long element and they

thus serve to indicate code character.: Relay L¥:

is ‘deenergized upon the release of relay LI or:L2
and governs the length of the long code elements
transmited by the associated transmitter relay
T: Relay LB 'is a bridging relay which remains
picked up for the duration of a:.code and con-
trols various local circuits:as hereinafter pomted
out,

Since relay R is normally deenergized, it may

happen that it will be reversed accidentally when

the system is in its normal at rest condition as,
for example, by an impulse of foreign current.
If this occurs, relays L, L2, LP, gnd LB will pick
up as described-and then relays Ll, LP, and ILB

will release in that order, relay L2 remaining:
picked  up to-close a local restoring circuit for:
relay R extending from terminal B .af front con--

tact ¢ of relay. L2 over back contacts:c and b of
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relays:-Lil and LB.and the local winding of relay
R fo terminal C.. Relay R will thereby be re-
stored to normal, reenergizing relays Ll, LP, and
IB, and then the. timing relays will release in
the order L2, ILP, LB, and Ll. Each code con-
sists. of 'sixteen impulses-and hence relay R is
operated .to nermal by the final impulse and the
timing relays release in the order last mentioned
ab the end-of each code. A code may be initiated
only- when. relays Ll- and L2 are both released,

-and-it follows: that successive codes are spaced

by-an: interval which is materially longer than
any interval- between successive impulses of -a
code.

Bach line relwy- R also controls a -chain of
counting relays | to 8 and 16 for counting the
code impulses, and in series therewith controls a
pair of stick polar relays KS| and KS2 which are
operated. to normal or reverse to register code
character in accordance with the: time spacing
of .the impulses. - 'When relay R reverses in re-
sponse to the first impulse of a code, the ener-
gization of relay’ Ll as above described com-
pletes. a: circuit from terminal B at the right-
hand contact: b of relay R over front contact b
of relay I.4 through the upper winding of relay
S, back contact a of relay LB, front contact g
of relay LI Yhrough-relay | to terminal C. - Relay
{ therefore picks up and relay KSI is held nor-
msl;-as shown.  Relay LB then picks up and
shifts ther circuit: for relays KS# and | to the
branch path extending from the right-hand ter-
minal of relay XKS{ over front. contact a of relay.
LB, back-contact b of relay 2 and thence over the
aront' contact ¢ and: winding of relay {-to termi-

nal C.

If the first element of the code is short relay
KSi:is left deenergized with its contacts normal
as shown, when relay ‘R is operated to-the left
by the second impulse, but if -the first element is
long, relay L releases:hefore the:second impulse
is recelved and-the closing of its-back contact b
shifts the circuit for relay 1 to include the lower
winding of relay Sl in place of its upper wind-
ing, thereby reversing the: direction of energiza-
tion of relay ¥S! to cause the contacts of relay
K8t to move to the right. - In this case relay KS!
is left deenergized with its contacts reversed when
relay R is operated by the second. impulse.

In response to the second.-impulse of a code
relay R closes a..circuit from terminal B at its
left-hand contact b-over front contacts e of relay
IB:and b-of relay 12 through-relay KS2, back
contact a of relay 8, front contact b of relay |
through relay 2 to terminal C, whereby relay 2
is'picked up and relay KS2 energized in the nor-
magl direction as shown. If relay 1.2 releases be-
fore:the third impulse is received, relay KS2 will
be. reversed thereby, that is, relay KS2 is left de-
energized in its normal or reverse position de-
pending on whether the second element is short
or-long, while the third element is being received.
Relays 8 to 8 are provided with circuits gener-
ally similar to those for relays i-and 2 and are

. arranged to pick-up one at a time in the same way

in response to the corresponding impulses of the
code,-each in series with relay KSi or KS2 as de-
scribed.

When relay 8 picks up, a chain repeat relay
R is energized over 'a circuit extending from
terminal B at the front contact f of relay LB over
contact ¢ of relay:8 and the winding of relay CR
to terminal C, and relay CR picks up completing
a stick circuit at its contact @ whereby relay CR.
is:held energized until the end of the code. ‘Con-
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tact b of relay CR prepares a circuit for energiz-
ing relay I'next in order after relay 8, and relays
I to T operate through a second cycle in response
to impulses 9 to 15 of the code. Contact e of
relay CR serves to cause relay 16 to be operated
in place of relay & in response to the sixteenth
or final impulse. It will be understood that on
each step except the last, relay KSi or KS2 is
positioned to normal or reverse in accordance
with the short or long character of the corre-
sponding code element and is held deenergized
in its last operated position to store the code
character for the duration of the next succeed-
ing code element. As explained in more detail
hereinafter, contacts b of relays KS are included
in circuit portions leading over wires 956-59 to
coding unit terminals which may be adjustably
connected externally to those terminals which
lead over wires 22—27 to the right-hand fermi-
nals of the counting relay windings. These cir-
cuit portions provide selectively controlled con-
nections to the common terminal C of the local
source which serve during the first cycle of oper-
ation of the counting relays to prevent their con-
tinued response to a code to which the apparatus
is not adjusted to respond and to check the posi-
tions of the pilot relays P of Fig. 1B. During the
second cycle of operation of the counting relays,
the closing of contacts ¢ and d of relay CR con-
nects wire 55 to wire 58, and wire 51 to wire 59,
and thus renders the operation of the counting
relays independent of the position of contacts b
of KSI and KS2, and during this cycle the pole
changer contacts a and c of the relays KS control
the polarity of the current supplied to a series of
circuits prepared by the closing of front contacts
7 and g of relay CR, completed externally by suit-
able connections to the coding unit terminals
over wires 46—55, which as shown in Fig. 1B con-
trol the indication relays K. Relay KSi also con~
trols relay E in accordance with the character
of the first element of the code, which is made a
short element in each coni‘:rol code transmitted
from the office and a long element in each in-
dication code transmitted from a field station.
The energization of relay E conditions the coding
unit to function as a receiver.

The application of the apparatus of my inven-
tion to a specific installation will now be ex-
plained, assuming for sake of illustration that it
is employed in a centralized -traffic control sys-
tem for controiling spaced groups of traffic gov-
erning devices such as the one shown in the track
plan in Fig. 2B. This group comprises a irack
switch IW and a group of signals LH and RH
which as indicated diagrammatically on the
drawings are arranged to be controlled by code
by the operation of a group of polar stick relays
including a switch control relay WS and the
signal control relays LHS and RHS. It is to be
assumed that the installation includes not more
than sixteen such locations, each having a coding
unit arranged as in Fig. 2A and connected by
line wires Y and Z with one at the control office
arranged as in Fig. 1A. At the location of
switch {W, the coding unit connections are ar-
ranged precisely as in Fig. 2B, this location be-
ing identified as “station No. 1,” the connections
at the other stations being differently arranged
so that each is responsive to a distinctive code
call,

At the office, the coding unit connections are
arranged as shown in Fig. 1B, and include a con-
trol pahel for each station containing the usual
complement of control levers and indication
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8

lamps, of which only the one for station No. 1 is
shown, this including a starting button IPB for
jnitiating the transmission of a control code
containing the code call for station No. 1, a
switch lever SW and a signal lever SIG for con-
trolling the switch and signal relays at station
No. 1, the levers being operatively associated
with the coding unit by the energization of a
selector relay OIS. The indication lamps of the
panel are controlled by a group of indication re-
lays K, which are operatively associated with the
coding unit by the energization of a delivery re-
lay- OID, energized in response to an indication
code received from station No. 1.

Each code call comprises a distinctive combi-
nation of long and/or short steps, four steps pro-
viding sixteen such code calls. The office coding
unit is arranged to transmit control codes of six-
teen steps or code elements, in which the first
and second are short; steps three to six, compris-
ing the code call, either short or long; and steps
seven to fifteen either short or long, to selective-
ly control nine devices at the selected station,
step sixteen governing the return of the appara-
tus to normal at the end of the code. In the spe-
cific arrangement chosen for illustration the
code call for station No. 1 comprises four long
eteps; the geventh step is used to control a main-
tainer’s call signal lamp MC, at the selected sta-
tion, by closing a key MCB, and steps eight, nine,
and eleven are used fto control the relays WS,
LHS, and RHS in accordance with the positions
of the control levers SW and S1G. The remain-
ing steps, not needed for control purposes, are
made short steps.

Each code call is set up for fransmission by
positioning a greoup of four pilot relays, P3 to P8,
Fig, 1B, in a distinctive pattern, the contact d
of each of these relays controlling relay T to
generate a long step of corresponding number if
the relay P is picked up and to generate a short
step if such relay remains released.

The step by step transmission of a control code
to station No. 1, in response to the operation of
the starting button {PB will now be described,
assuming the control levers to occupy their nor-
mal positions as shown,

The transmission of a code by any coding unit
may be initiated only when the coding unit is
in its normal at rest condition, so that relays L
and L2 are both deenergized. In that case ter-
minal B at back contact ¢ of relay L2 is con-
nected over back contact d of relay L/ to wire I,
and a code may then be initiated by connecting
wires [T and 15 together to complete a circuit to
pick up the starting relay ST.

Assuming that button {PB is operated, under
the condition described, the connection from ter-
minal B at wire {7 will be extended over contacts
b to e of button {PB to wires T3 to 15 and thence
through the upper windings of each of the re-
lays P38 to P6 to terminal C. Relays P3 to P6
pick up, as required for the code call of four long
steps identifying station No. 1, and extend the
connection from terminal B at wire {7 over their
contacts ¢ to wire {5 and thence through relay
ST to terminal C. Relay ST picks up, and com-
pletes a circuit from terminal B over its front
contact ¢, shown at the right in Fig. 1A, over
back contact f of relay M to wire 21 and thence
over contacts e of relays P3 to P6 in series,
through relay OIS to terminal C. Relay OIS
picks up, and the closing of its front contact §
connects terminal B at contact f of button IPB
to wire 28 to complete a circuit over front con-
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tact @ of relay-ST; back contacts g and k. of xe-

lays LB .and: E through relay .M to terminal .C.
The energization of relay M over the circuit just
traced:energizes-the impulse transformer . i3 and
connects it.t0 the line as already explained. It
is to!be understood that.when transformer 3
is energized over the branch including back con-
tact d of relay ‘T the resultant line impulse is.of
normal ‘polarity to operate each line relay R to
the left, and when it is energized over front con-
tact.d of relay T the resultant impulse ig of re-
verse polarity to operate each line relay R to-the
right. ~'The: initial impulse due to the closing of
contact aof relay M therefore tends to operate
the relays: R to the position they already occupy
and is not part of the code, its purpose being.to
insure the proper initial magnﬂtxzatmn of trans-
former 13.

‘When relay ‘O!S-picks up, the-opening. of :its
back contact k extinguishes any of the indica-
tion lamps:of the panel, such as lamp NH, which
may be lighted, thereby indicating to the:-opera~
tor-that the code Las been initiated. When. relay
M picks up, it completes a stick eircuit-for the
pilot relays P extending from terminal B at front
contact.e-of relay M to'wire 19, and through the
lower winding and front contact « of each of the
relays P3 to P8, to wire i8, and thence to terminal
C at-back contact ¢ of .relay E. The: closing of
front contact j of .relay M connects terminal B
directly to:wire 21, to:hold relay OiS picked up,
and the operated staltmg button IPB may now
be released.

As soon as relay:M pzcks up, relay T becomes
energized over the circuit extending from termi-
nal B at contact ¢ of relay M; contact b of relay
ST, through the - winding of relay T and resistor
29 to terminal C, and-relay T picks up to deliver
the first impulse of the code:to the line fo-reverse
all'line relays R in unison, each of which operates
its timing relays:and.counting relayi-as already
described: In the coding unit which is transmit-
ting the code the energization of rélay LB trans-
fers relay M: to a -holding: circuit - having :one
branch extending from terminal B over the nor-
mal contact b.of relay R and back contact b of
relay T,:and another branch extending from ter-
minal B overthe reverse contact b of relay R and
the front contact b .of relay T; thence over front
contacts b and g of relays M and LB, back con-
tact 7z of relay E and the winding of relay M to
terminal C. Relay ST becomes deenergized but
is made sufficiently slow release by the provision
of -a rectifier unit as shown so that although its
energizing circuit-is opened:when relay Ll :picks
up, it remains picked up long enough to permit
relay LB to pick up to complete the stick circuit
for relay M. When relay T picks:up it is held en-
ergized independently of relay ST over a stick cir-
cuit including its own front contact ¢. When re-
lay 1 picks up, a connection extends from termi-
nal B at contact ¢ of relay M .over back .contact
b of relay CR and front contact d of relay | to
wire 31. - The wires 31 to 45, inclusive, provide
external connections for completing  a series of
circuits, closed one at & time by the -counting re-
lays, for controlling the periodic ‘operation of re-
lay T to-determine the desired character for each
of the elements one to fifteen, respectively, of the
code. -Any of these wires connected to-terminal
B over acontact d or e of an odd-numbered cotint-
ing relay may be connected externally-to-wire -6f
or Tl to extend the connection of terminal'B to
the left-hand terminal of rélay T-so as-to-shunt

the-relay to-cause'it to-release. “If theconnection
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is made to' wire 61 a short odd-riumbered code

“element will-be generated for the reason that re-

lay T .will be shunted as soon as the corresponding
counting - relay :picks up. :If -the connection is
made:to: wire Tl, a long element will we gener-
ated, relay T being held energized after the
caunting relay -has picked up until relays Li and
L release and.the connection is completed by
the closing of back contact b of relay LP.

{The even:numbered code elements are similar-
1y controlled: by external.connections to wires 60
and 0. - The.second element, for example, will
be.a short element-when wire 32 is connected to
‘wire: 68 because. a circuit will -be ‘closed- to pick up
relay T,'at back contact d of relay ‘I as soon as re-
Iayil is released following the energization of re-
iay 2. If:on-the other hand-wire-32 is connected
to wire 10, a:long element will: be generated, re-
lay~T remaining deenergized until relays L2 and
LiP:release to .close -the pick-up c1rcu1t at back
contact. ¢ of relay LP.

Tt follows therefore that.after relay T,1s initially
picked up by the operation of relay ST it contin-
ues toroperate periodically to generate a code,
provided relay M remains picked up and the as-
sociated-counting relays respond. Each time re-
lay T picks up it is held energized over its.stick
circuit until the associated line relay ‘R reverses
to.pick up.an.odd-numbered counting relay, con~
tact.d.-or e.of whichiconnects terminal B over wire
61 .or 74 to:the left-hand terminal of relay T to
release it by short: circuiting its winding, Each
time relay T releases, relay R is operated to nor-
mal o pick:up an even-numbered counting relay,

whereupon. the Jlast .operated odd-numbered re-
lay releases to prepare a pick-up cxrcult for relay
T ciosed -over. wire: 68 or 710.

:In thetcontrol:code being descnbed, the first
step 'is. short, due to the fact that relay T is
shinted by the connection over front.contact d of
relay fiand-wires 8i:and 81, Fig, 1B, as soon .as
relay 4 picks up, the code being thereby distin-
guished from an indication.code transmitted from
a field station - which has:a long first step. ‘The
second 'step.isimade.a fixed short step by a con-
nection over-back .contact d of relay 1 and front
contact d of relay:2, over wires 32 and 69, over
which:relay T is plcked up in response to the re-
lease of:relay [. 'The. front contacts:d of relays
3.to PH:are now closed, so that wires. 33 to 35
are connécted: to wire-70 or:7i.and the:closing of
the- circuits -including .the :front. contacts d of
relays 3-to-§-is.delayed until relay LP releases on
each of the steps .three: to.six, thereby making.
these steps:long. rAssuming key MCB to be open,
relay “P1 .will occupy 'its. released position, and
the .seventh .step will:be made short due to the
conneection-from wire §% over back contact. d of
reldy. P1, to wire 61.

The!.code transmission continues through the
seven:steps.as:described only if the.code delivered
to-the line by .which relays KSI..and KS2 are
operated,is of the corresponding pattern. Unless
the first step is short, the office relay E picks up
as.hereinafter described, and its back .contact 7
opens.the .circuit for .relay M -to stop further
transmission. Unless relay KS2.remains normal
to reglster a'-short second -step,- relay -3 is not
eperated, Ats circuit-extending from its right-hand
terminal ‘over-wires 22.and 56 to terminal C at
the normal contact b.of relay KS2. Similarly,
the operation of relay 4 is dependent upon the
1eversa1 -of. relay-KS1 to-register the long third
step »the eircuit for relay- 4-extending -from:wire
23-over:front contact b-of relay P38 to wire 59 and
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thence to terminal C over the reverse contact b of
relay KSf. Relays 5to T are controlled over simi-
lar circuits including front contacts b of relays
P4 to P8, while relay 8 is controlled over a circuit
including back contact b of relay P1. It follows
therefore that the office relay 8, and relay CR
controlled thereby, is operated only if steps one
to seven of the control code are of the desired
character. - .

‘When relay CR picks up .on the eighth step, its
contact b transfers the control of relay T from
the d contacts of the counting relays to a series
of eight similar circuits extending from contacts
e of relays 8 and | to 1, respectively, to wires 38
to 45 extending over contacts b to i of relay OIS,
for controlling the character of steps eight fo
fifteen in accordance with the positions of the
levers.of the selected panel in the same manner
as the .preceding steps are controlled by contacts
d of the relays P, as above described. The circuit
for step eight, for example, extends from wire
‘83 over contact b of relay OSI and lever SW to
wire 68 or 19, and is therefore made a shorf{ step
if lever SW is normal and a long step if lever SW
is reversed. The signal lever SIG conirols the
character of steps nine and eleven, both of which
are made short when lever SIG is normal as
shown. Step nine is made long and step eleven
short when lever SIG occupies its left-hand po-
sition, and step nine is made short and step eleven
long when lever S1G occupies its right-hand po-
sition, as will be clear from the drawings. The
remaining steps, in the specific arrangement de-
cribed, are made short steps by the provision of
direct connections from contacts d and f to i of
relay O1S to wires 60 and 6i.

The transmission of the code being described
is terminated with the dropping of relay T to
begin the sixteenth step, during which the ap-

paratus returns to its normal at rest condition. -

Relay 15 is the first to release, then relays L2,
LP, and LB release. Relay LB releases relays M,
CR, and Li, and relay M releases relays P3 to
P6 and OIS, and finally, relay L{ releases.

Considering now the manner in which the con-
trol code just described is selectively received at
station No. 1, and referring to Fig. 2A, since a
coding unit like that shown in this view is pro-
vided at each field location, each of which is simi-
lar to that of Fig. 1A except for its external con-
nections, it follows that the line relays R and the
timing relays at all stations operate in unison with
the corresponding office relays in response to the
control code, likewise relays I, 2, and 3.

Egach station coding unit is conditioned to func-
tion as a receiver by the energization of its relay
E on the second step, as hereinafter described.

At station No. 1, relays 4 to T pick up on the
corresponding steps because wires 23 to 26 of
Fig. 2B are connected to wire 58 or 59 and the
circuits for relays 4 to T are similar to those es-
tablished for the corresponding office relays when
relays P3 to P6 are picked up, as already de-
scribed.

It is to be understood that at each other station
one or more of the wires 23 to 26 is connected to
wire 58 or 57 instead of to wire 58 or 59, as il-
lustrated in Fig, 2C, for example, and conse-
quently at each such station the operation of the
counting relays terminates before reaching the
eighth step of the code containing the code call
for station No. 1.

At station No. 1, however, the counting relays
operate until the sixteenth step is reached, in
unison with the office relays, and when relay CR
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picks up on the eighth step, a branch of its cir-
cuit is closed from terminal B over front contact
b of relay E to wire 9, thence through relay MCR
to terminal C, over the pole changer contacts e
and f of relay P71, whereby relay MCB is ener-
gized in the normal direction if relay P7 is re-
leased, and in the reverse direction if relay P7 is
picked up.

It is to be understood that relay MCB is of a
magnetic stick type and that it closes its contact
to light lamp MC when energized in the reverse
direction, and assumes the released position when
energized in the normal direction, remaining in
its last operated position when deenergized.

Assuming the eighth step of the code being
received to be short, relay KS2 will occupy its
normal position and the polar stick relay WS of
Fig. 2A will be energized momentarily in the nor-
mal direction at the beginning of the ninth step
over a circuit extending from terminal B at the
right-hand contact b of relay R, contact d of
relay LB, normal contact ¢ of relay KS2, contacts
g of-relays CR and E, contact f of relay I, wire
48, relay WS, wire 46 and thence to terminal C at
the normal contact ¢ of relay KS2. If lever SW
had been reversed to make the eighth step long,
relay KS2 would be reversed, and relay WS would
be energized in the reverse direction on the ninth
step. Relays LHS and RHS are similarly con-
trolled in accordance with the character of steps
nine and eleven, respectively, as reflected by the
position of relay KS{, these relays being operated
to normal or reverse on steps ten and twelve, as
will be clear from the drawings.

Each station coding unit is adapted to be con-
ditioned to transmit indication codes in response
to the energization of a code storing stick relay,
such as the relay {CS of Fig. 2B.

hen relay ICS is energized, it connects wire
{7 over its front contact b to wire 5, to which the
starting relay ST of Fig. 2A is connected, and
this relay ST when energized completes a con-
nection from terminal B over wire 28 and its front
contact ¢ to pick up relay M., The energization
of relay ICS thus -corresponds to the operation
of the starting button IPB in the control code al-
ready described, that is to say, it is effective when
the system is at rest, to pick up relays ST and M
to_initiate the transmission of an indication code
by relay T at station No. 1.

Relay ICS may be picked up in response to
changes in the condition cf any of the indicat-
ing relays at station No. 1, as hereinafter de-
scribed in detail; but it is also picked up upon the
delivery of a control code to station No. 1 over
the circuit extending from terminal B at wire 9
through its upper winding to terminal C.

The transmission of a control code to station
No. 1 will thus be followed by a transmission of
an indication code from station No. 1, in which
the operation of the station transmitter relay T,
of the line relays R and of the timing and count-
ing relays controlled thereby are generally simi-
lar to those already described. The indication
code comprises sixteen steps in which the first is
made a long step by connecting wire 31 to wire
71, as shown in Fig. 2B, instead of to wire 61.
Wires 32 to 37, in Fig. 2B, provide connections
similar to those provided for the office relay T in
the control code described. Consequently steps
two and seven will be short and steps three to six
long, the connections of wires 33 to 38 to wire 70
or Tl providing for the transmission of the code
call of four long steps identifying station No. 1.

It is to be understood that at each other sta-



13
tion one or iore of the wires 33 to 35 is connected
to wire €9 or 61, as illustrated in Fig, 2C; for ex-
ample, to effect the transmission of different code
calls. S

When the coding unit of Fig, 2A is in the trans-
mitting condition, terminal B at contact ¢ of re-
lay M is connected.te wire 19, preparing s cir-
cuit which may be completed at contact a of relay
R1 through the upper winding of -rélay PT 1o
terminal C, whereby relay PT may be controlled
to make the seventh step short or long, in ac-
cordance with the position of an indieating relay
R1. The circuit by which relay P7 is held ener-
gized in the receiving condition is ineffective whemn
relay PT is subject to control by rélay R, wire
{8. being: connected to terminal C, at back con-
tact ¢ of relay E.

Steps eight to fifteen of each indication code
may be used to indicate the condition of eight

other station devices by suitable connections to.

wires. 38 to 45, As.shown, wires 88 to 42, control-

ling the transmission of steps eight: {o. twelve, axe.
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connected to contacts d of the indicating relays -

NWP;, LHR, RWP; RHR, and TS, while wires 43,
44, and 46are connected.to wires 61, 69; and. 64,
respectively, so as to make these steps :short.
Since all the connections, except the one for the
first step, are similar-to those for the office relay
T already described, no- further description of
the detailed operations: involved in transmitting
an indication code is deemed necessary.

Since the first step is long, relay E.at the trans-
mitting station is not operated: This:is also true
of: relay: E at each other field station, and: con-
sequently none of these are conditioned to receive
the code; :

Since: each: transmitter has access to the line
when it is free, it may happen thattwo or more
are:set into operation at the same time. If this
occurs, interference. is-avoided: by stopping  the:
delivery of impulses to the line by any coding:unit

which is transmitting & code-if its.line relay R is.
operated by a received impulse during a pause in:

the operation:of the associated:transmitter T,
If relay R is: thus operated: to a position out. of

step:with the relay T it controls, the stick circuit

for relay M:is opened ab contact b of relay R,
releasing relay M to. disconnect: the: transmitter

irom the line, the:coding. unit. then:being in:con-

dition.to. transmit. its: code in. its: entirety when
the line.is.again free.

Since the line relays. R are of the 'stick polar
type, relay: R.at a station: which is: transmitting
2. long code element is temporarily. deenergized
and: in condition to respond to ‘an:impulse. re-
ceived: from; the: line: as: required: for the opera-
tion of’ this. feature.. .

It will be readily apparent, therefore, that the.

use of the line. is allotted' to.the different sta-

tions.in  accordance with the relative superiority:

of their code calls, a short element taking prece-
dence over:a long element in each instance.  Con-

trol codes transmitted from the office are given:

precedence over indication  codes transmitted

from the.stations by the provision of a.short first.

element in:each control: code and of a.long first
element in: each indication. code, as already ex-
plained, 'Thus when a: control code and an indi-
cation code.are initiated: at the same time, the

line relays at:the office and at each station will

be: operated. by: the second impulse of the. code
delivered by the office: relay T, energizing relays
2, LI, and'LP in: each coding unit; Since-the con=

nection for shunting relay. T at:each field sta=.:
tion includes wires:31: and: T1, it will: remain open:
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and the station relay T will' remain picked up
until the associated relay M is. released to dis-
conneet transformer 13 at that station:from: the.
line, leaving the office. transmitter in control to
continue the code.

It has already been mentioned that the coding
unit. at. each field location is arranged to receive
control codes as identified by a short first ele-
ment by suitable: connections: for relay E. . Thius
in: Fig. 2A, wire. I{ is connected to wire 14, and
since relay KS[ remains in' its normal position,
the station relay E is energized in multiple with
relay 2-at the beginning of the second step over
a circuit extending from: terminal B at the left- -
hand -contact b of relay R, front contact. e .of
relay LB, normal contact @ of relay KSI, wires
14 and. i1, contact ¢ of relay | and the upper wind-
ing.of relay E to terminal C. Relay E therefore
picks up, and completes g stick circuit over its:
contact ¢ and lower-winding, extending to ter-
minal B at contact f of relay LB. :

By referring again to Fig. 1A, it will be seen
that the office coding unit is conditioned to re-
ceive indication codes having ‘a long first ele-

. ment by connecting wire {1 to wire 47, in which

case the pick-up circuit for the -office relay E
extends to terminal B over the reverse contact a
of relay KSI.  As already explained, relay KSI|
occupies its reverse position during the second
step only if the first element of the code is long.

‘Referring now to Fig. 1B, it is to be understood
that the key MCB controls the character of the
seventh step of a control code initiated by the
operation of any one of the buttons, IPB to 16PB,
to operate' a maintainer’s call signal at the se-
lected station, and the operation of this feature
will now be described. Assuming that key MCB
is closed, and that button {PB is operated, a con-
trol code will be. initiated as already described.
When relay M picks up, a circuit is closed from
terminal B at its front contact e; Fig. 1A, over
wire 19 and the contact .of MCB, Fig. 1B, wire
1T and the upper winding of relay P17 to terminal
C. Relay PT therefore picks up, and its contact d.
shifts the connection of wire 31 from wire 61
to wire Tl, causing relay T to generate a long
seventh step during which relay Li releases to re-
verse relay KSI, the control code being. in other
respects similar to the one already described in
detail. .

At station.No. 1, the release.of relay Ll on the
seventh- step completes. a. circuit from terminal
B at contact f of relay LB, Tig. 24, over back con-
tact o of relay CR, front: contact: e of relay E,
back contact e of relay Ll, contact ¢ of relay 1,
wire 671 through the lower winding of relay P1
of Fig. 2B, to terminal C, so that the station relay
P1 picks: up' completing: a stick circuit over its
contact. ¢ and. wire 18, extending to terminal B
at front. contact ¢ of relay E.

At the office and at station No. 1, a circuit is
prepared for relay 8 extending from wire 21 over
front contact b of relay P1, wire 59.and the re-
verse contact b of relay KS{ to terminal C, so
that relays 8 and CR pick up. on the eighth step
and at station No. 1, terminal B is connected to
wire 9, energizing relay MCR .in the reverse di-
rection over front contacts e and f of relay PT
to light lamp: MC, as required. The remaining
operations are similar to those occurring on the:
corresponding steps of the confrol code already:
described.

In describing the step-by-step operation of the:
system, it. has beén: assumed. that. the apparatus
7 of Fig. 1B has:beenarranged for sixteen stations,
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tising the elements three to six of the code.in
different combinations of long and short eleménts
to provide the sixteen code calls. Step two of
the code is made a fixed short element by con-
necting wire 32 to wire 63. A pilot relay P is pro-
vided for each of the steps three to seven, having
a contact d for controlling the transmission; that
is to say, each of these steps is made long or
short according to the position of the associated
relay P. Relays P2 to P6 may be arranged in
sixteen different ways to complete a circuit from
wire 21 over their contacts e to i to select. any
one of sixteen S relays, as indicated by the refer-
ences OIS to Oi6S, in Fig. 1B.

. By the addition of a pilot relay P2 to the group
of relays. P38 to P8, to control the character of
the second step, the number of stations which
the system is adapted to control is doubled, five
steps providing code calls for thirty-two stations.
Relay P1, as shown, provides an additional con-
trol or indication element in each code, but this
relay may ke used for station selection by arrang-
ing its circuits like those for relays P3 to P§, and
it follows -that the system may employ codes
having cither five selecting steps and nine func-
tion control steps, or six selecting steps and eight
function control steps, the latter arrangement
providing for the control of sixty-four stations.

For the control of sixteen stations, as shown,
the circuits controlled by contacts e to i of the
relays P consist of two sets of circuits for eight
S relays each, selected over front and back con-
tacts e of relay P3, Similarly, to control thirty-
two stations, two:sets of circuits for sixtesn 5
relays, each set like the one shown, but connected
to wire 21 over front and back contacts, respec-
tively, of a relay P2, may be used. To obtain the
requisite number of contacts one or more addi-
tional relays may be provided for any of the steps.
Thus for the two sets of sixteen circuits men-
tioned, relay P4 may be replaced by a pair of
relays P4A.and P4B, having their windings con-
nected in parallel and their contacts g in series,
as shown in Fig. 4, likewise relays P5 and P3.
Any of the thirty-two circuits thus provided may
be branched over front and back contacts of
relay PT to provide circuits for two S relays, as
is obvious.

The pilot relays have a dual function. When
the coding unit is in the receiving condition, with
relay E picked up, the relays P are picked up one
at a time in response to corresponding long ele-
ments of the code as received, and current is sup-
plied to wire 21 by relay CR to pick up the selected
relay S on the eighth step of the code.

The relays P also serve to condition the coding
unit to transmit a code. That is to say, they may
be set up in any desired combination and the
corresponding S relay energized when the system
is at rest by the operation of a starting button or
code determining relay to initiate the transmis-
sion of a code, in which case the P relays deter-
mine the pattern of the station code call, as
already mentioned.

The step-by-step operation of the apparatus of
Figs. 1A and 1B in receiving an indication code
will now be described. It will be assumed that
the code received is one transmitted from station
No. 1 as above described, in which steps one and
three to six are long steps, and steps two and
seven to fifteen are short, and it will be under-
stood that the office line relay R responds to the
received impulses and controls the associated
timing relays, and that. relays i and 2 respond as
in the codes already described. Since the first
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step is long, relay KSi is operated to reverde in
series with relay { and its right-hand contact
a prepares a circuit including wires 47 and 11 over
which relay E, Fig. 14, picks up. On the second
step, the closing of front contact e of relay B
prepares pick-up circuits for the relays P which
may be traced from terminal B at contact f of
relay LB, back contact ¢ of relay CR, front contact
e of relay E, back contact e:of relay Li or L2,
contacts ¢ of relays 2 to T and the corresponding
wires 62—87, through the lower windings of relays
P to terminal C. In the case of relays P2 to P§,
‘the connection to terminal C includes wire 19
and back contact e of relay M.

Since the third step is long in the code being
described, relay P2 will pick up over wire §3 and
front contact ¢ of relay 3 in response to the
closing of back contact e of relay Ll on that
step, and relays P4, P5, and P6 will pick up over
corresponding circuits on steps four, five, and
six. Since the seventh step is short, relay PT
remains released.

A stick circuit is completed by each relay P
which picks up in response to the closing of
back contact e of relay Ll or L2, which includes
its own front contact ¢ and extends over wire
18 to terminal B at front contact ¢ of relay E.

A check to insure against the failure of the
relays P to assume the positions required for the
code call being received is provided by the con-
nections for the counting relays 3 to 8 which
extend to terminal C over wires 22—27 and con-
tacts b of the relays P, wires 56—59 and contact
b of relay KS{ or KS2. In response to each long
element, relay KSi or KS2 is reversed and com-
pletes a connection to terminal C over wire. 58
or 58 and front contact b of that one of the relays
P which is picked up by the same long element,
to prepare g circuit for the counting relay next
to be operated. If the element is short, relay
KSI or KS2 remains in its normal position and
the relay P is not operated, and the circuit pre-
pared for the next counting relay includes wire
56 or 57 and a back contact b of the relay P. In
case a pilot relay such as P2 is omitted, as in the
case being described, the corresponding wire such
as wire 22 is connected directly to wire 56 or 58,
and as shown, relay 3 responds to the third im-
puilse only if the second step is short.

It follows that relay 8 responds to the eighth
impulse of a code to pick up relay CR only when
the relays P have been set up in a combination
representing the code call received by the relays
{ to 7T and KS. If the first code element is long,
55 as assumed, so that relay E is picked up, relay 8

completes a circuit extending from terminal B

at contact f of relay LB, contact ¢ of relay 8, con-

tact b of relay E, back contacts ¢ and f of relays

ST and M, to wire 2i, and thence as already
60 described in connection with Fig. 1B over front

contacts e of relays P3—P6 and the winding of

the selector relay OIS to terminal C. Relay OIS
is thus energized in multiple with relay CR and
the closing of front contact a of relay CR com-
65 pletes a stick circuit for holding both of these
relays picked up until the end of the code. When
relay OIS picks up, a branch of its circuit extend-
ing from terminal B over contact b of relay E to
wire 9 is closed at contact @ of relay OIS through
70 the winding of relay OID to terminal C, whereby

relay OID is energized. The closing of contact e

of relay OID then completes a circuit for operat~

ing the indication relay K1 in accordance with
the character of the seventh element, this circuit
75 having a connection to terminal B at wire 9
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whereby relay K1 is energized in the normal or
reverse direction acecording to the position of con-~
tacts e and 7 of relay P1. - The indication relays
may be of the ordinary stick polar type, but pref-
erably are of the type shown in Letters Patent of
the United States to Agnew No. 2,301,992 granted
November 17, 1942 -for Electrical relays, which
relays are operable to their picked up-and re-
leased positions by current of normal and reverse
polarity, respectively, and are adapted to remain
in their last operated position when deenergized.

Contacts b to i, inclusive, of relay OID prepare
circuits for operating the relays K connected
thereto in accordance with the character of steps
eight to fifteen of the code.  For example, the
operation of relay R to the right in response to
the ninth impulse connects terminal B to contact
¢ of relay KS2, which relay is then held deener-
gized in its normal or reverse position to store
the character of the eighth element. Relay |
picks up, completing a circuit from terminal B to
terminal C over contacts a and c of relay KS2,
including contacts ¢ of relays CR and E, contact
f of relay |, wires 48 and 486, contact b-of relay
01D and the winding of relay NWK, whereby re-
lay NWK is energized normal or reverse to corre-
spond with the position of relay KS2. The oper-
ation of relay R to the left in response to the
tenth impulse opens the circuit for relay NWK
and connects terminal B to contact @ of relay
KSI, and also restores relay KS2 to normal and
energizes relay 2, while relay KS2 is held deener-
gized in its normal or.reverse position to store
the character of the ninth element.  Relay 2
completes a circuit from terminal B to terminal
C over contacts ¢ and ¢ of relay KS|, including
contacts f.of relays CR.ahd E, contact f of relay
2, wires: 49 and 47, contact ¢ of relay OID and
the winding of relay LHEK, whereby relay LHK is
energized normal or reverse to correspond with
the position of relay KSI.

The operations occurring during the remain-
ing steps of the code are similar to those de-
scribed, as will be readily apparent.

It follows that on steps eight to thirteen, re-
spectively, relays K1, NWK, LHK, RWK, RHK,
and TK will each be operated to g position reflect-
ing that of the corresponding indicating relay at
station No. 1. Steps thirteen to fifteen are fixed
short steps in the code being described, but addi-
tional indieation relays Ki3 to K15 may be pro-
vided for indicating the character of these steps if
required.  The operation of relay R to the left in
response to the sixteenth impulse picks up relay
18, and contact b-of relay 16 completes the circuit
for operating relay Ki5 to a position in accord-
ance with the character of the fifteenth element.
Relay (8 is not provided with a stick circuit and
releases after a short interval. Relay R remains
in its normal position, consequently relays L2, LP,
and LB release in that order. Relay LB releases
relays CR, E, OIS, and OID, and relay E releases
the energized P relays, thereby placing the appa-
ratus in condition to receive g new code.. Relay
LB also-deenergizes relay Li, which is the last to
release: 'The release of relay Ll connects ter-
minal B to wire 11, thereby placing the apparatus
in: eondition to initiate the transmission of a new
code. :

Considering now the transmitting condition of
the apparatus of Fig. 1B, with reference more
particularly to the upper right-hand portion of
that view, which shows circuits controlled by the
buttons for controlling the:relays P2—P§ as re-
quired by various code calls. ~The front contacts
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b to e, etc., of buttons PB, which provide a cori-
nection from wire 17 to wires 13—76, correspond
to. the long elements in each of the fifteen code
calls set up by the operation of buttons IPB to
I8PB. The sixteenth code. call, assigned to bui-
ton. 16PB, does not require the energization of any
of the relays P3 to P8, . It follows that the code
combination assigned to each of the panels may
be readily identified from the drawings.

Terminal B is connected to wire 17 only when
the system is at rest, or at the end of a relatively
long time interval following the sixteenth im-
pulse of a code, as already explained, under which
condition the operation of any of the buttons
except 16PB extends the connection from termi-
nal B to one or more of the wires 13—76 and
thence through the upper windings of the cor-
responding relays P to terminal C, thereby en-
ergizing a relay P for each long element of the
selected code call. The energized relays P by
closing their contacts ¢ complete a connection
from wire {7 to wire 15 to pick up relay ST. The
operation of button {6PB completes a connec-
tion from wire 11 over its contact b to wire 15
to pick up relay ST without operating any of
the relays P, the code call for this button com-
prising four short steps.

When relay ST picks up, a circuit is closed from
terminal B at its front contact ¢ over back con-
tact f of relay M to wire 21 to pick up the relay
S whieh corresponds to the combination set up
by the relays P, opening back contact kX of the
operated relay S to extinguish the indication
lights of the selected panel. . If the relays P have
been positioned properly this panel will be the
one containing the operated button. That is to
say, relay OIS will be energized only if each of
the relays P3 to P6 pick up in response to the-
operation of button IPB, whereupon terminal B
at-contact f of button {PB will be connected over
contact j of relay OiS to wire 28 and thence over
contact a.of relay ST, to pick up relay M, thereby
setting relay T into operation to transmit the
code asalready described. !

It is to-be understoed that-the connection to
wire 28 over contact f of each of the starting
buttons iPB to I6PB .includes contact j of the
corresponding S relay. It follows that relay M
wili.not pick up if, due‘to a fault, the pilot relays
P. do not occupy the positions required for the
code call identifying the operated starting. but-
ton.

When relay M. picks up, its front contact e
connects terminal B over:wire 19 and the lower
windings and contacts a. of the energized relays
P2 to Pb to wire. 18 and thence to terminal C
at back contact ¢ of relay &, and it follows that
the operated button may be released as soon as
relay M picks up to initiate the code.

The condition of relays P2 to P§ cannot be dis-
turbed by further operation of any of the start-
ing buttons PB because wheén a code is being sent
or received, terminal B is. disconnected from
wire I7. .

- As previously explained, when relay M is picked
up, wires 3i-—37 afford connections over contacts
d.of the counting relays-to wires 60, 61, 70, and
11-for governing the operation. of relay T to gen-
erate the first seven elements of the code, the
character of the variable elements being deter-
mined. by the positions of the contacts d of the
pilot relays P in. the circuits. At the beginning of

the eighth. step, contact b of relay CR. picks up

75

to shift the circuits for relay T to. contacts e of
the counting relays and wires 38—45, and thence
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over contacts b to 7 of that one of the selector
relays OIS to OI8S which is energized, and con-
tacts of the control levers of the corresponding
panel to wires 60, 61, 70, and T, or directly to
wire 60 or 6{ when a control step is idle, and de-
termines the character of the ninth to ﬁfteenth
elements, in the manner already pointed out.

When relay T drops in response to the ener-
gization of wire 45 to transmit the final impulse
of the code, it remains released. Relay R there-
fore remains in its normal position, and relays
i8, L2, LP, LB, and Ll release in that order. Re-
lay LB releases relays M, CR, and the energized
selector relay S, and then relay M releases the
energized relays P. Relay L!, which is the last
to release, connects terminal B to wire 17 to ren-
der the buttons PB effective to contrel the ini-
tiation of the next code.

It is to be noted that each operation of relay

T to generate either a short or long code element

is dependent upon the closing of a circuit over
one of the wires 31—37 or 38—45. A failure of
any of the circuits to close would make the ele-
ment indefinitely long, allowing the timing re-
lays to release as at the end of the code to reset
the transmitting apparatus in its normal condi-
tion. A similar release at the receiving station
prevents the registration of the uncompleted ele-
ment,

It may readily occur that an indication code

will be initiated by a station at the same time
that a control code for a different station is ini-
tiated. Normally the control code will take prec-
edence by reason of its short first element, but if
due to a fault, the short first element is not prop-
erly transmitted the station transmitter will re-
‘tain control of the line to deliver a long first ele-
ment. If this occurs, the office relay E will pick
up in response to the second impulse as in the
case of a normal indication code, releasing the
office relay M by the opening of back contact &
of relay B. Those relays P at the office which
were picked up to initiate the code will now re-
lease, due either to the dropping of relay M or to
the reversal of polarity of the current supplied
to their stick circuits over wires I8 and 19, when
relay E picks up. It follows that the office ap-
paratus will be conditioned at the beginning of
the second step to respond to the received code,
that is, to pick up the relay P for any of the steps
two to seven in accordance with the code as re-
ceived.
It may also happen that two or more startmg
buttons are operated at the same time. The code
determining contacts controlled by the starting
buttons and connected to wires T72—16 are so ar-
ranged, however, that irrespective of the num-
ber of sets operated, only one set of code deter-
mining contacts is effective to determine the code
and no interference occurs, due to the provision
of novel circuit arrangements as will now be ex-
plained.

By reference to the drawings it will be seen that
each odd-numbered button PB has a front con-
tact e for energizing wire 16, and that wire 18
must be deenergized to set up the combination
for any even-numbered button. Each of the lat-
ter has a back contact e in the connection to wire
15 which opens when the button is operated, to
prevent the energization of wire 16 by operation
of any higher-numbered button. Similarly,
when button 3PB or 4PB is operated, the opening
of back contact d of the operated button prevents
the energization of wire 75 by operation of any
higher numbered button. In place of back con-

<X
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20
tacts in the sets of code determining contacts,
back contacts of the P relays may be used with
the same effect; thus back contacts f and ¢ of
relay P3, which open in response to the opera-

- tion of relay P38 by any of the buttons 5PB—8PB,

prevent the energization of wires 74 and 75 by
operation of any higher numbered button. It
will be clear from the drawings that the sets of

. code determining contacts are connected to the

conductors 73—77 in such an order that they are
effective only one set at a time, in a fixed order
of code superiority.

It is believed that the modification of the code

~ determining circuits to provide code calls of five

5 or six steps as required for the control of addi-

tional stations will be obvious from the circuits
as shown. Thus, for example, to control thirty-
two stations, two groups of sixteen contact sets
each may be used, each similar to the one shown

" except that in one group each set will have an

additional contact for energizing relay P2, while
the contacts of the other group will be connected
over back contacts f to i of relay P2, as 1nd1cated

‘ by dotted lines in Fig. 1B.
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In certain applications of the centralized traf-
fic control system of my invention, particularly
in connection with the control of train move-
ments on single track railroads, it may be prefer-
able to provide for the storage of codes at the
control office so that when several starting but-
tons are operated in a rapid sequence the codes
will he transmitted in order without further at-
tention, as in the system of my prior patent.
This may be accomplished by the provision of a
code determining relay CS for each panel, each
controlled as shown in Fig,. 3.

In this modification the contacts b to f of each
starting button are replaced by similarly func-
ticning contacts of the associated relay CS in
the circuits of Fig. 1B, each starting button hav-
ing only a single contact a. In this modification
a storing relay such as OICS is picked up at once
in response to the operation of the associated
button (PB regardless of the condition of the cod-
ing apparatus, and is then held energized over the
stick circuit extending to terminal B at back con-
tact m of the associated selector relay OIS.
When wire 17 becomes energized, contacts b to f
of the lowest numbered one of the operated re-
lays CS will be effective to operate the P relays
as required to pick up the associated selector re-
lay S and to connect terminal B to wire 28 to
jnitiate the code as described in connection with
the circuits of Fig. 1B, as will be readily appar-
ent. In response to the operation of relays P3 to
P8 by relay OICS for example, relay OIS is
picked up and its contact m inserts back con-
tact a of relay {6 in the stick circuit for relay
CiCS as shown in Fig, 3, whereby the circuit is
opened to release relay OICS in response to the
transmission of the sixteenth impulse of the cor-
responding control code to allow the next ener-
gized relay CS in order to initiate the next code
to be transmitted.

A contact § of the assoociated dehvery relay
O!D provides a connection to terminal B which
serves to prevent the release of relay OICS by
relays OIS and 16 at the end of an indication

_code, in the event that the starting button IPB

70

75

is operated and relay OICS picked up, during the
reception of an indication code.

Referring now to Fig. 2B, it has already been
explained that this view together with Fig. 2A
shows an arrangement suitable for use at a field
location having a limited number of controlled
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devices within the capacity of a single office con-
trol panel such as the one shown in Fig. 1B, these
devices being those required for the control of
a single track switch IW, and a group of signals
LH and RH, located at one end of a passing
siding on a smgle track railroad, as indicated by
the track pldn shown. Suitable circuits for the
safety control of such devices are well known,
one arrangement being shown, for example, in
my prior patent hereinbefore referred to; and
accordingly these circuits are shown herein only
in diagrammatic form, to indicate how a typical
group of traffic governing devices may be con-
trolled by code by means of stick polar relays.
Wires 46—55 leading to the coding unit of Fig.
2A provide circuits for the control of eight stick
‘polar control relays, of which but three are re-
quired for the simple layout shown, namely, the
switch control relay WS which governs the oper-
ation of the switch machine 1SM, and the signal
control relays LHS and RHS which govern- the
signal relays LHR and RHR to clear the sig-
nals for the desired direction of traffic movement
and for putting the signals manually to stop.

It has also been explained that the apparatus
of Fig. 2B is arranged as required at station
No. 1 by connecting wires 22-—27 to wires 5659
in such a manner as to render the counting re-
lays selectively responsive to the code call set
up by operation of the starting button IPB of
Fig. 1B. It will be apparent that the operation
of the counting relays will be ‘discontinued on
one step or another of any control or indication
code containing a different code call. More par-
ticularly, the station relay E responds to a short
first element, indicating the office -as the place
of origin, ahd relay CR responds only if the
second element is short and elements three to
six are long, indicating statioff No, 1. as the
intended destination, and if relay PT corresponds
in position to the character of the seventh ele-
ment as received. Since the station coding unit
in this case responds selectively to only one.code
call, selector and delivery relays corresponding to
relays CfS and OfD are not required, the clos-

ing of the contacts f and g of relays CR and E-

in the cireuits including wires 46—F85 being suf-
ficient to indicate the selective response of 'the
coding unit. In other respects the circuits for
controlling the stick polar relays- such as WS
are similar to those for the indication relays R
of Fig. 1B, as will be readily apparent.

Although the apparatus of Fig. 2B is ‘ar-
ranged specifically for use at. only one location,
namely, at station No. 1, it will be readily ap-
parent that similar ‘arrangements may be pro-
vided at each other location for which nine con-
trols or indications' suffice,” and at each such
location one or more of the wires 23 to 26 will
be connected to wire 56 or 57 instead of to wire
58 or 59, the connections at each such location
being arranged in a distinctive pattern to ren-
der the counting relays selectively responsive to
the code call set up by fhe corresponding one of
the starting buttons PB. - Furthermore, the con-
nections of wires 33 to 36 by which relay T is con-
trolled will be arranged at each station in g pat-
tern corresponding to the connections for the
counting. relays at that station.

‘The 1n1t1at10n of .indication codes by the ap-
paratus.of Fig. 2B is governed by a group of
three relays, comprising a change relay {CH, a
storing relay [CS, and a station sequence relay
S5, as will ‘now, be descnbed

Tt Has already been explained that an 1ndica-

22
tion code is‘initiated by picking up relay (€S to
connect wire 17 to wire (5, and that relay I{CS
may be picked up by manual control by trans-

_ mitting a control code to station No. 1. An indi-
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cation code 'is also initiated automatically, in
response 1o a change in position of any of the
indicating relays which control the character of
steps seven to fifteen of the .code. In the spe-
cific arrangement shown, a relay R1 controls the
character of the seventh element, the eighth and
tenth elements are controlled in accordance with
the positions of contacts d of switch indication
relays NWP and RWP, and the signal relays I.LHR
and RHR gimilarly control the ninth and elev-
enth elements. The track relay TR for the de-
tector track section including switch I'W con-
trols the character of the twelfth element by
the operation of a storing relay TS. :

Relay ICH, as shown, is normally held ener-
gized over a stick circuit extending from termi-.
nal B at contact b of relay RHR over contfacts b
of the indicating relays mentioned, and the front

.contact ¢ and winding of relay ICH to terminal C.

Relay ICH is released in response to & change
in position of any of these relays to extend the
connection from terminal B over its back con-
tact ¢ and front contact a¢ of a relay SS through
the lower winding of relay ICS to terminal C.
Relay S8 is a slow pick-up relay normally ener-
gized over wire 17 and consequently is released
when' the line is in use and becomes reenergized
following the release of relay Li:at the end of a
code. Relay {CS therefore picks up in response
to the closing of contact a of relay SS, after the
linie has been free for g time sufficient to enable
relay S8 to pick up, and the closing of front
contact b of relay {CS connects terminal B at
wire 17 to wire {5 to pick up relay ST. In Fig.
2A, wire 28 is connected directly to terminal B,
80 that relay M. picks up at once to initiate the
code. When relay I.B picks up in response to
the first code impulse, a circuit is closed from
terminal B at front contact f of relay LB over

_‘back contact ¢ of relay CR to wire 10 and thence
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over contact ¢ of relay ICS through relay ICH
to terminal C, whereby relay ICH is picked up
to reestablish its stick circuit. Relay 1CS is held
energized until the final step of the indication
code is transmitted, over a stick circuit includ-
ing its contact a and wire 20, extending to:-teérmi-
nal B at back contact @ of relay 16, and thus
maintains the coding unit in condition to initiate
an indication code repeatedly, if necessary, until
such code is transmitted in its entirety.

Relay CR disconnects terminal B from wire (0
on the eighth step, consequently a change in the
position of any of the indicating relays occur-
ring after relay CR picks up is effective to release
relay [CH to effect the transmission of a second
code.

An indication code follows each control code
received by the station, even though the control
code causes no change in the position of any of
the indicating relays, for the reason that during
each control' code received, the delivery wire 8
is.connected to terminal B as already explained,
and as will be clear from Fig. 2B, relay ICS is
thereby energied. over its upper winding to estab-

~ lish the- stick circuit including its lower winding.

70

75

. up.

At the end of a control code, wire 8 remains.con-
nected to terminal B until after relay 16 releases
to: reestablish the connection to ‘terminal B at
wire 20, ‘conseéquently relay {CS remains picked

Relay ‘TS provides means for insuring the
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transmission of an indication of the occupancy
of the track section controlling relay TR, even
though the section is vacated before the indica-
tion is transmitted. Relay TS picks up in re-
sponse to the release of relay TR and if relay
TR then picks up again, relay TS is held energized
over a stick circuit including back contact b of
relay ICH until relay (CS picks up, and then over
front contact d of relay ICH, releasing after the
transmission of the corresponding “track occu-
pied” code, provided relay TR is then energized.
When relay I'TS releases, its contact b operates
to release relay {CH to effect the transmission of
a “track clear” code.

In installations having a large number of sta-
tions and controlling heavy traffic it may happen
that the number of changes occurring is suffi-
cient to keep the apparatus in continuous opera-
tion for considerable periods of time, resulting
in undue delay in the delivery of codes from infe-
rior stations if the stations are given access %o
the line in a given order of code superiority as
described. :

Relay SS provides means for preventing undue
delay under this condition. Assuming for ex-
ample, that several stations initiate codes at the
same time, it will be evident that the codes will be
transmitted in a fixed order, each relay CS
which picks up at the beginning of the series of
codes being released at the end of its code, until
all are released. When wire IT becomes energized
at the end of each code, a relay ST will be picked
up to initiate the next code before relay SS has
had time to close its contact ¢. Conseguently no
additional relays CS can be picked up. In other
words, each station unit is allowed to transmit
only one code if some other station has a code
stored for transmission, for the reason that its
relay CS cannot be picked up in response to a
change in station conditions unless the line has
been free for an interval somewhat longer than
the normal interval between successive codes.

Referring now to Fig. 2C, this view together
with Fig. 2A shows the apparatus required at a
field location at which the number of controlled
devices exceeds the capacity of a single office
panel, as for example, would be the case in the
control of a remotely controlled interlocking as
indicated by the track plan in Fig. 11 of my prio1
patent. In Fig. 2C as shown, it is assumed that
the location includes four groups of devices each
similar to that of Fig. 2B, comprising stations Nos.
5 to 8, inclusive of which only station No. 5 is
shown. )

The code combination required for each of the
different stations may be readily ascertained
from the connections of the starting button con-
tacts as shown in Fig, 1B. In view of the descrip-
tion of that view and of Fig. 2B already given,
it will be readily apparent that the apparatus of
Fig. 2C is connected to respond to the code calls
set up by the operation of buttons §P to 8P, in
which step three is long and step four short.
These code calls differ one from another only
in respect to steps five and six, and the two relays
PS5 and P§ provide circuits for the selection of
four relays 5S to 88 similar to the correspondingly
numbered selector relays O5S to O8S of Fig. 1B.

With the apparatus of Fig. 2C in the receiving
condition it is clear that any one of the four codes
to which it is adapted to respond will suffice for
the operation of the maintainer’s call signal MC,
accordingly this feature is arranged as in Fig. 2B.

The circuits for operating the stick polar relays
such as relay SWS differ from those of Fig. 2B
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in that they are selected over contacts of the
associated delivery relay 5D, and they are con-
sequently similar to those for the indication re-
lays K of Pig. 1B, already described.

The step-by-step operation of the apparatus
of Figs. 2A and 2C in response to a control code
transmitted to station No. 5, for example, will
now be described.

Assuming the system to be in its normal at rest

- condition, the operation of the office starting

button 5PB picks up relays P2, P4, and P5 of
Pig. 1B, energizing relay ST of Fig. 1A to pick
up relay OSS, thereby connecting terminal B to
wire 28 to pick up relay M of the office coding
unit to initiate the code, which differs from the
one already described in detail, by having a short
fourth step. It is to be understocd that the -
coding unit for stations 5 to 8 is the only one
responsive to codes having g long third step and
a short fourth step and consequently the only
one at which relay 5 picks up. Relay E, Fig. 2A
picks up in response to the short first step and
prepares a circuit closed when relay Ll releases
on the long fourth step, over wire 65, to pick
up relay P5, Fig. 2C. Relay Ll reverses relay

" KSi, and the closing of front contact b of relay
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" gized over a similar circuit.

P5 connects wire 25 to wire 59 extending to ter-
minal C at the reverse contact b of relay KSI
so that relay & of the station coding unit picks
up in unison with the office relay 6, which is ener-
In a similar man-
ner, relay P§ of Fig. 2C is picked up on the sixth
step to prepare a circuit for relay 7. At the
office and at the location of stations Nos. 5 to 8,
relay 7 picks up on step seven, and then on step
eight, relays 8 and CR pick up, and at the field
location terminal B is connected to wires 21 and 9
to pick up relays 58 and 5D, in turn, and to
operate relay MER in accordance with the char-
acter of step 1. The closing of contact a of relay
5D completes g circuit from terminal B through
the lower winding of relay 5CS to terminal C,
so that relay 8CS picks up. The closing of con-
tacts D, ¢, and e of relay 5D connecis relays
5WS, 5LHS, and 5RHS to the wires 48, 49, and
51 leading to the coding unit to prepare cir-
cuits for operating these relays in accordance
with the character of steps eight, nine, and
eleven, respectively, as already described. When
the sixteenth step is reached, the apparatus re-
stores to normal in the usual manner, but relay
5CH remains picked up over a stick circuit ex-
tending from terminal B at back contact & of
relay 5S over its own front contact a and lower
winding to terminal C.

If button 8PB had been operated in place of
button 5PB, for example, steps five and six of
the code would have been short steps and relays
P5 and P§ would have remained released, result-
ing in the operation of a selector relay 8S and
the corresponding delivery relay 8D, not shown,
to deliver the code to station No. 8. If, however,
due to a fault, relay P5 or P8 at the station fails
to pick up on the corresponding long steps of
a code for station No. 5, relay 8S is not operated
for the reason that in that case the station count-
ing relay 6 or T will not be operated. .

The transmission of indication codes by the
apparatus of Fig. 2C is effected by the provision
of a pair of relays such as the relays 5CH and
8CS for each group of devices, together with a
single relay SS, which relays function like the
corresponding relays of Fig. 2B.

In Fig. 2C each relay. CS is provided with
additional contacts for operating the station pilot
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relays P over circuits similar to those controlled
by the starting buttons PB in Fig. 1B, in other
words, they function as described in connection
with relay OICS of Fig. 3, except that the check
circuit including wire 28 is omitted. It follows
that if relay 5CS is picked up, the release. of
relay Li at the end of the control code described
completes a circuit from terminal B at wire |1
over contacts d and e of relays 5CS, wires 15
and 716 through relays P5 and P6 to terminal C so
that relays P5 and P8 pick up, extending the
connection of terminal B over their contacts ¢
to wire 18 to pick up the station starting relay
ST, which ir turn picks up relays &S .and M to

initiate an indication code in which . steps one; .

five, and six are long and steps two and four
are short, to select the office panel for station No.
5, and in which steps seven to fifteen are con-
trolled by a group of indicating relays selected
by relay 5S. It will be clear that in Fig. 2C,
the connections from wire 17 to -wires 15 and
18 are so arranged that if the relays §5CS to 8CS
are all energized at the same time, the corre-
sponding codes will be transmitted one at a time
in order without interference. ‘

Relay SS in IPig. 2C controls the connection
to terminal C for the upper winding of each
of the relays 5CS to 8CS, and functions as de-
scribed in connection with Fig. 2B, so that codes
for indicating changes occurring after the relays
CS have been picked up will be stored by, the
relays CH and the corresponding relays CS can-
not be reenergized until each of the relays CH
energized at the beginning of the serles has
transmitted its code.

In the event the office and one or Imore sta-
tions initiate codes at the same time, the trans-
mission of the second impulse by the office trans-
mitter to make the first step short will open the
stick circuit for each field .station relay M, if
closed, and will also pick up relay E at''each
field location, and at each location such as that
of Fig. 2C at which one or more relays P have
been picked up, these relays will be released due
to the reversal of the polarity of the current
supplied to their stick circuits-as already ex-
plained in connection with the similar relays of
Fig. 1B. Consequently only the office transmitter
remains in operation and the apparatus at each

station is in proper condition to respond to a .

control code containing the corresponding sta-
tion code call. -ITn Fig. 2C, the release of the
P relays prepares a circuit for a selecting relay
8S similar to relay 58 shown, but this relay
will not be operated unless the corresponding code
call is received so as to enable the counting relays
to respond to the first eight impulses of the
code.

In view of the similarity of Fig. 2C to Fig, 1B,
it will be readily apparent that additional relays
P controlled over one or more of the steps two
to seven of the code may be provided to. ex-
pand the capacity to eight, sixteen, thirty-two,
or gixty-four stations, at the same field location,
and that any of the code calls not used at a.given
location may be used at other locations.

Although I have herein shown and described
only one form of remote centrol apparatus em-
vodying my invention ‘and several modifications
thereof, it is understood that varicus changes
and modifications may be made therein within
the scope of the appended claims without depart-
ing from the spirit and scope of my invention.

Having thus described my invention, what I
¢laim is:
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1. A code fransmitter for generating different
multiple element codes comprising a master re-
lay and a transmitter relay, a group of pilot relays
including one for-each element in a group of se-
lecting elements in each code, a plurality -of sets
of contacts including one set for each of the pos-
sible -combinations of said pilol relays in their
operated and released positions, circuits closed in
response to the momentary operation of any set
of contacts for energizing each pilot relay occu-
pying an.operated position in the combination
identifying said set of contacts, a circuit con-
trolled by all of the pilot relays which is’ closed
only when each cccupies its energized or released
position as required for said combination for en-
ergizing said master relay when said combination
is set up, means controlled by said master relay
when energized for setting said transmitter relay
into operation to generate a code in which the
character of each selecting element is controlled
in accordance with the position of the pilot relay
for that element, and circuit means effective to
prevent any change: in . the combination of pilot
relays set up during the transmission of said code.

2. A code transmitter for generating different
multiple element codes all including the same
number of selecting elements comprising, a group
of pilot relays including one for each element
for arranging the selecting elements in different
combinations, a plurality of sets of contacts for
setting up the different combinations by energiz-
ing one or more of said pilot relays in a com-
bination which is distinctive for each set of con-
tacts, a starting relay, a transmitter relay, a plu-
rality of selector relays including one for each
combination, a circuit closed in response to the
energization. of any of said pilot relays for ener-
gizing said starting relay, a circuit for each se-
lector relay including: a . front contact of said
starting relay and a front or back contact of each
pilot relay so arranged that each- selector relay
is energized only when the corresponding com-
bination is set up, a circuit ineluding one con-
tact in the -operated set of contacts and a con-
tact of the corresponding selector relay closed
when such relay picks up for setting said trans-
mitter relay into.operation fto generate a . code
in which the character of each selecting element
is ‘controlled in accordance with the position of
the pilot relay for that element, and circuit means
effective ‘to prevent any change in the combi-
nation of pilot relays set up during the trans-
mission of said code.

3. Code transmitting  apparatus comprising a
two position-neutral relay having pick-up and
stick eircuits, means for transmitting a code-ele-
ment in response o the operation of said relay
to either of said.two positions, cireuits including
a. group of four conductors for operating said
relay so arranged that when the relay is in its
released position the energization of the first or
second conductor completes & pick-up . circuit
therefor to operate the relay to its energized po-
sition in which said stick circuit is closed to hold
the relay ehergized after such conductor is- de-
energized, the subsequent 'energization -of  the
third or fourth conductor being effective fo op-
erate the relay to its released position by short
circuiting its wiriding, timing means effective to
delay. the operation’ of said relay to its energized
or released position when said second or fourth
conductor becomes energized to thereby prolong
the corresponding code element, and means for
energizing said conductors in a predetermined or-
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der to operate said relay repeatedly in accordance
with a particular code.

4. In combination with ‘a line circuit, code
transmitting apparatus comprising a transmitter
relay of the neutral type for controlling said line
circuit, a series of contacts arranged to be closed
one at a time in order in response to the alter-
nate pick-up and release of said transmitter re-
lay, a series of pick-up circuits for said relay each
providing a connection from one terminal of its
winding of a source of current over g different
contact of the series, each such contact being

cr

10

one which is closed in response to the release of

said transmitter relay, a stick circuit for said
relay independent of said series of contacts pro-
viding a connection from said one terminal of
the relay winding to said source of current over
a front contact of said relay, a series of circuits
for shunting said transmitter relay each provid-
ing a connection from the other terminal of the
relay winding to said source of current over a
different contact of the series each such contact
being one which is closed in response to the op-
eration of the relay to its picked up position,
timing means set into operation to close said
contacts at the end of a predetermined time in-
terval following each operation of said transmit-
ter relay, and means for interposing a contact of
said timing means in any of said ecircuits pre-
pared by said series of contacts to delay the next
operation of said transmitter relay for a prede-
termined time interval.

5. In a remote control system, a transmitter
for generating a series of code elements each of
which may have one selected character or another
arranged in different code patterns each pattern
constituting a distinctive code, a group of code
determining conductors including one for each
element of said series, means for determining the
character of each code element generated by the
transmitter in accordance with the condition of
energization of a different conductor in said
group, a plurality of contact sets, one for each
different code pattern, one set being effective
when operated- to supply energy to all of said
conductors as required to form its code pattern,
others to supply energy to certain of said con-
ductors only and still others to supply energy to
said remaining conductors as required to form
their respective code patterns, and interference
preventing means comprising additional contacts
in certain sets only which open when a contact
set is operated to supply energy to certain of said
conductors only, said additional contacts serving
to disconnect other contact sets from said re-
maining conductors so that when a plurality of
sets are operated only one set is effective to de-
termine which of the conductors are to be ener-
gized.

6. In a remote control system, a transmitter for
generating a series of code elements each of which
may have one selected character or another ar-
ranged in different code patterns each pattern
constituting a distinctive code, a group of code
determining conductors including one for each
element of said series, means for determining
the character of each code element generated by
the transmitter, in accordance with the condition
of energization of a different conductor in said
group, and means for selecting different code pat-
terns for successive transmission comprising a
code determining relay for each code pattern,
said code determining relays having front con-
tacts which when closed supply energy to said
conductors, one relay being arranged to supply
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energy to all of the conductors others to supply
energy to selected conductors only as required
to form the different code patterns, interference
preventing means comprising back contacts of
certain ones only of those relays which supply
energy to selected conductors, said back contacts
being connected in series with the remaining
conductors so as to render only one such relay
effective to determine the code pattern when a
plurality of such relays are energized at the same
time, means for independently energizing said
code determining relays effective only when said
code transmitter is not in operation, means for
setting said transmitter into operation in response
to the energization of any of said code determin-
ing relays, and means controlled by said trans-
mitter for selectively releasing each code deter-
mining relay in response to the transmission of
a series of code elements having the correspond-
ing code pattern.

7. In a remote control system, a transmitter for
generating a series of code elements of one se-
lected character or another arranged in different
code patterns each constituting a distinetive code,
a group of code determining conductors including
one conductor for each code element of the series,
means for generating a code element of one char-
acter when the corresponding conductor is ener-
gized and of another character when such con-
ductor is deenergized, a plurality of contact sets
including one set for each of the different code
patierns in which said elements may be arranged,
each set except one including one or more nor-
mally open contacts which are effective when the
set is operated to supply energy to only those
conductors the energization of which is required
to form the corresponding code pattern said sets
being arranged in a given order of code supe-
riority, and interference preventing means ren-
dering only one contact set effective to determine
the code pattern regardless of the operation of
other sets, comprising normally closed contacts
controlled by certain of the sets by which supe-
rior code patierns are formed which serve to

5 disconnect those conductors the deenergization of

which is required to form such code patterns, so
arranged that the operation of one contact set
to form a superior code pattern serves to ener-
gize one or more conductors and to disconnect
another conductor from the contacts of other
sets by which inferior code patterns are formed if
the deenergization of such conductor is required
in order to form the superior code pattern corre-
sponding to said one contact set.

8. In a remote control system, a transmitter for
generating a series of code elements of selected
character arranged in different code patterns
each constituting a distinctive code, a group of
code determining conductors including one con-
ductor for each code element of the series, means
for generating a code element of one character
when the corresponding conductor is energized
and of another character when such conductor is
deenergized, a plurality of contact sets including
one set for each of the different code patterns in
which said elements may be arranged, each set
except one including one or more normally open
contacts which are effective when the set is oper-
ated to supply energy to only those conductors
the energization of which is required to form the
corresponding code pattern, and interference pre-
venting means rendering said conductors subiject
to control by said contact sets one set at a time
in g given order of code superiority, comprising
normally closed contacts included in only those
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sets by whieh superior code patterns are formed,
by means of which any conductor may be discon-
nected from the contacts of inferior sets in re-
sponse to the operation of a superior set if the
deenergization of such conductor is required:in
order to form the code pattern corresponding to
said superiorset.

9. In a remote control system, a transmitter
for generating a series of code elements of se~
lected . character including a group of selecting
elements arranged in different code patterns,
additional €lements the character of which is de-
termined by the positions of movable devices
there being a group of such devices for each dif-
ferent code pattern, a group of pilot relays includ-
ing one for each selecting element of the series,
a selecting relay for each group of movable de-
vices, means for governing said transmitter to
cause each selecting element to have one char-

acter or another in-accordance with the energized

or released condition of the corresponding pilot
relay, a plurality of contact: sets including:one
set for each of the code pattérns in which said
selecting elements may be arranged, means com-

prising the contacts of each set for energizing 'o:

each pilot relay the energization of which is re~
quired to form the corresponding code pattern,
means for energizing each selector relay com-
prising a eircuit including contacts of all of the
pilot relays completed when the pilot relays oc-
cupy the positions required for the corresponding
code pattern, means for setting the transmitter
into operation in response to the operation of any
one of said contact sets when the corresponding
code pattern has been set up, means controlled
by the energized selector relay for governing the
character of the additional elements of said series
each’'in accordance with the position of a differ-
ent one of the movable devices in the correspond-
ing group, and means controlled by the trans-
mitter for maintaining each pilet relay in its op-
erated or released position as required to maintain
such selector relay energized until the series of
code elements has been generated.

10. In a remote control system, a transmitter
for generating a series of code elements of se-
lected character arranged in different code pat-
terns each constituting a distinctive code, a group
of pilot relays including one for each element of
the series, means for generating an element of
one character or another in accordance with the
energized .or released condition of the corre-
sponding pilot relay, a plurality of contact sets
arranged in a given order of code superiority in-
cluding one set for each of the code patterns in
which said elements may be arranged, means
comprising normally open contacts in each except
one of said sets, which when any of such sets is
operated complete circuits for energizing each
pilot relay the energization of which is required
to form the corresponding code pattern, and
means comprising back contacts of one pilot re-
lay which is energized in response to the opera-
tion of one contact set to form a superior code
pattern for opening a contact in the circuit for
another pilot relay to maintain it released as re-
quired for the code pattern of said one contact set
even though another contact set controlling an
inferior code pattern is operated to close a con-
tact in the energizing circuit for said other pilot
relay. :

11. In a remote control system, a code trans-
mitter for generating a series of code elements of
selected character arranged in different code pat-
terns, a group of pilot relays including one for

2,409,697

30

each element of the series, means for controlling
the character of each element generated by said
transmitter in accordance with the-energized or

" released position of the corresponding pilot relay,
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a plurality of sets of code determining contacts
including one set for each of the code patterns
in which said elements may be arranged, a plu-
rality of selector relays including cne selector re-
lay for each set of contacts, means responsive to
the operation of any one of said sets of contacts
for first energizing only those pilot relays the en-
ergization of which is required to form the corre-
sponding: ‘code pattern and for then selectively
energizing the corresponding one of said plurality
of selector relays, the energizing circuit for each
selector relay being closed in accordance with
the energized or released positions of all said pilot
relays only when they are arranged to form the
code pattern identifying the corresponding et of
contacts, and ‘a circuit including an additional
contact in- the operated set of code determining
contacts and .a front contact of the associated
selector relay for:setting said code transmitter
into operation to generate said series of code ele-
ments.

12. In a remote control system, a code trans«
mitter for generating a series of ‘code elements of
selected character arranged in different code pat-
terns, a group of pilot relays including one for
each element of the series, means for controlling
the character of each element generated by said

transmitter in accordance with the energized or

released position of the corresponding pilot relay,
a plurality of push buttons including.one for each
different code pattern to be transmitied, means
responsive to the momentary operation of any
push button when said transmitter is not in oper-
ation to enhergize one or more of the pilot relays if
such energization is required to set up the code
pattern for the operated button, a starting relay,
an energizing circuit for said starting relay con-
trolled by all of the pilot relays and arranged to
be closed in response to the operation of any of
said push buttons when said transmitter is not

5 in operation but only if the pilot relays occupy the

positions required for the corresponding code pat-
tern, means' acting when said starting relay is
energized to set the transmitter into operation
to generate a series of code elements having a

80 code pattern in accordance with the positions of
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the pilot relays, and means controlled by the
transmitter for preventing a change in the posi-
tion of any of said pilot relays during the trans-
misgsion of a code. .

13. In a remote control system, a code trans-
mitter for generating a series of code elements of
selected character including a group of selecting
elements arranged in different code patferns and
additional elements the character of which is de-
termined by the positions of movable devices, a
plurality of ‘groups of such movable devices in-
cluding one group for each code pattern, a nor-
mally energized change relay, a selector relay
and a code determining relay for each group,
means for releasing each change relay in. re-
sponse 1o a change in position of any movable
device in its group, means for energizing each
code determining relay in response to the release
of the corresponding change relay, & group of
code determining conductors, means for deter-
mining the character of each of the selecting ele-
ments in each series, each in accordance with the
condition of energization of a different conductor
in said group, circuits controlled by each code de-
termining relay when energized for setting said
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code transmitter into operation and for supply-
ing energy to one or more of sald conductors to

cause the selecting elements of the resulting code -

to have a distinctive pattern identifying a par-
ticular code determining relay which is energized
even though a plurality of such relays are ener-
gized at the same time, means controlled over
said conductors for energizing the selector relay
for the group of devices identified with said par-
ticular code determining relay, circuits controlled
by said energized selector relay for governing the
character of the additional elements of said series
‘each in accordance with the position of a differ-
ent one of the movable devices in its group, means
for reenergizing each change relay having its
storage relay energized when said transmitter is
set into operation, means for holding each ener-
gized code determining relay picked up until the
corresponding code is completed, and means ef-
fective when one or more code determining relays
have been energized for preventing the energiza-
tion of any other code determining relay in re-
sponse to the release of its change relay until
after all of said energized code determining re-
lays have been released.

14. In a remote control system, a code trans-
mitter for delivering to a line circuit a series of
code elements including a fixed number of select-
ing elements arranged in different code patterns
each constituting a distinctive code, a plurality
of code determining relays arranged in a given
order of code superiority including one for each
different code pattern, means effective when a
code determining relay is energized and the line
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circuit has been free for at least a brief time in-
terval to set the code transmitter into operation
to deliver a code fo said line circuit, a group of
conductors including one for each selecting ele-
ment for controlling the pattern of the trans-
mitted codes, means including front contacts of
each code determining relay for supplying energy
selectively to one or more of said conductors as
required to form the code pattern identifying
such relay, certain of said relays having back
contacts connected in series with the remaining
conductors so arranged that but one such relay
is effective at a time to select the code pattern
even though other code determining relays hav-
ing inferior code calls are also energized, circuits
controlled in accordance with the pattern of the
transmitted codes for releasing each energized
code determining relay at the end of a code of
corresponding pattern, said circuits being so ar-
ranged that a plurality of code determining relays
energized at the same time effect the delivery of
their codes one at a time in a fixed order, a slow
pick-up relay, means for energizing each code
determining relay effective only when said slow
pick-up relay is in its picked up position, and
means for energizing said slow pick-up relay only
when the line is free, said relay assuming its
picked up position only when the line remains
free for a time interval which is longer than the
brief time interval required to set the code trans-
mitter into operation if a code determining relay
is already energized.
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