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13 Claims.

Our invention relates to remote control sys-
tems, and more particularly, to the communica-
tion or line circuits for such systems.

Our invention is particularly adapted for,
though in no manner limited to, centralized traf-
fic control systems for railroads, in which a train
dispatcher’s office or other suitable point of con-
trol is connected with a plurality of field stations
by line wires, over which impulse codes of signals
are transmitted for controlling selected track
switches and railway signals at the stations, and
for indicating, at the control office, the condi-
tion of the controlled switches and signals, and
for also indicating the positions of trains in the
controlled territory.

Our invention may advantageously be applied,
for example, to the centralized fraffic control
system of the ‘“time code” type, such as is dis-
closed in Letters Patent of the United States No.
2,229,249, granted January 21, 1941, to L. V.
Lewis, for Remote control systems.

In Letters Patent of the United States No.
2,208,446, granted July 16, 1940, to G. W, Baugh-
man, for Remote control apparatus, means are
disclosed for providing additional communica-
tion channels for telephone communication or
for code signaling, or both, over the series line
circuit of the system of the above-mentioned
Lewis patent, and for utilizing these additional

channels to provide a multiplex C. T. C. system 3

in which a plurality of sets of coding apparatus

employ the same line wires without interference.-

In accordance with this arrangement, when the
number of stations or the length of the line is

greater than can be well handled by the system :
as shown in the Lewis patent, the line is divided

into sections by means of electrical filters or the

10

like at one or more points, each section provid- ,

ing a battery line circuit for the control of the
usual number of way stations, and the code sig-
nals transmitted between the control office and
the stations included in the remote sections are
relayed over the intervening sections by the use
of two non-interfering one way carrier current
channels, employing alternating currents of dif-
ferent frequencies. :

In our prior application, Serial No. 326,440,
filed March 28, 1940, now Patent No. 2,303,875,
issued December 1, 1942, for Remote control sys-
tems, we have disclosed improvements upon the
time code system sbove referred to, employing a
central battery bridged line circuit, which has
the advantage over the series line circuit as used,
for example, in the system of this Baughman

patent, that the station line relays and code trans- 5
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mitting contacts are bridged across the line wires
so that the line wires do not require to be sec-
tionalized at any way station. In other words,
our prior application discloses a remote control
system of the central battery type, in which com-
munication is effected in two directions between
the office and stations over line wires which are
maintained continuous from end to end, as is .
required, for example, when the line is simplexed
to provide a ground return telegraph channel.
This arrangement greatly facilitates the non-in-

terfering use, by the C.T. C. system, of line wires

already equibped to provide a plurality of chan-
nels for telephone or telegraph communication
or for other purposes, as described more fully in

‘our prior application.

The present invention relates to improvements
upon the system of this prior application, com-
prising the adaptation of that system to multi-
plex operation along the lines of the above-men-
tioned Baughman patent. In accordance with
our invention, one of the plurality of non-inter-
fering communication channels which two line
wires afford provides a cenfral battery bridged
line circuit for one set of C. T. C. apparatus com-
prising the office and station coding units of the
Lewis patent, while one or more additional sets
of similar apparatus each having its own line cir-
cuit are arranged to be governed from the same
central office by remote control, each additional
set employing two one-way channels including
the same line wires, over which alternating cur-
rents of different frequencies modulated in ac-
‘cordance with the codes are transmitted. Line
units of a novel type are interposed between the
office coding unit and the battery end of the line
cireuit to which the station coding units are con-
nected, at each end of the alternating current
line, for effecting the transmission of the alter-
nating current codes and for other purposes in-
cidenta] to the proper operation of the system,
as will now be pointed out.

In our central battery bridged line system, the
transmission of indication codes from the sta-
tions to the office is effected by periodically con-
necting the line wires together at the transmit-
{ing station through a low-pass filter so as to
vary the current delivered by the line battery in
accordance with the code. These codes of cur-
vent variations are received at the office by 2
polar line relay connected to the line through a
transformer, and thereby rendered responsive to
the variations. - 'This line relay is of the magnetic
stick type, arranged to be held in its last oper-
ated position when deenergized, and is so con-
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trolled by timing relays included in the office cod-
ing unit that it is automatically restored to its
normal position after a time interval if it is ac-
cidentally reversed, and the relay is in that man-
ner maintained in its normal position when no
signals are being transmitted over the line.

A feature of the present invention is the pro-
vision of means for similarly governing a line re-
lay of this type, without the provision of corre-
sponding timing relays, when the relay is located
at a point remote from the office, at which no
coding unit is available.

Another feature of our system as- disclosed in
our prior application relates to provisions for pre~
venting interference when two or more trans-
mitters initiate their codes at the same time,
These provisions include the use of current of a
normal polarity for control codes, and of a reverse
polarity for indication codes.
is reversed by the action of the office coder in
response to the first impulsé of an indication
code; and theé station transmitter is thereby con~
ditioned to complete its code. - The office trans-
mitter takes precedence if it happens to start at
the same time as a staticn, while if two or more
stations start at the same time, but one remains
in control of the line dependent upon the rela-
tive superiority of their respective codes. The
system as disclosed: herein operates similarly,
and a feature of the present invention resides -in
the provisions for ‘reversing the polarity of the
remote line circuit for the transmission of an
indication code, and for restoring it to mnormal
upon the receipt.of a complete code at the control
office.

A further feature of our invention, dependent
upon. the foregoing, resides in the provisions for
reinitiating a station transmitter if its indication
codé is not received complete at the control office
everi though the code is transmitted over a one-
way channel the condition of which is not observ-
able’at the sending station.

Other objects, purposes and features of our in-
vention will be pointed out as the description pro-
ceeds.

Two forms of apparatus embodying our 1nven-
tioir will now be described, and the novel features
thereof will then be pointed out in claims.

Réferring to the accompanying drawings, Figs.
1A and 1B illustrate the office equirment, and
Figs. 2A and 2B the field equipment for a multi-

‘plex C. T. C. system embodying our invention.
More partlcularly Fig. 1A shows in diagrammatic
form the o"ﬁce apparatus employed for the direct
control of a ‘group of stations lecated st spaced
points adjacent the line wires YI and Z{ each
equipped as shown in Fig. 2A. Figs. 1B and 2B
show the apparatus located respectively at the
office and at the control end of a reémote line, as
arranged for the remote control of g second group
of stations located at spaced points adjacent the
line wires Y2 and 22, each of which staticns is
also equipped as shown in Fig, 2A. This remote
control apparatus of Figs. 1B and 2B is adapted
to employ the same line wires Y1 and Z{ as those
used for direct control and additional sets of the
remote control apparatus may be superimposed
upon these line wires and also upon the lihe wires
Y2 and Z2 as required, without interference.

Referring’ to Fig. 1A, the apparatus enclosed
within the dot-and-dash line and bearing the
legend “Office coding unit No. 17 combrises a
portion of the office coding unit-of Fig. 1 of the
Lewis Patent No. 2,229,249, modified in accord-
ance with our invention and corresponding gen-
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erally to the portion marked “Office” in Fig. 1 of
our prior application hereinbefore referred to.
This coding unit is interposed in the usual man-
ner in the connections between the line bat-
tery 89 and the line wires Y{—Z] to which the
stations controlled by this office coding unit are
connected. It will be understood that the re-
mainder of this coding unit, not shown herein,
and likewise the office storage units which it con-
trols, of which one is to be provided for each

for the control of a station, are arranged as de-
scribed in the Lewis patent. A portion of one

. of these storage units is shown at the right in

g, 1A. )

In Fig. 1B a portion of a coding unit is shown,
bearing the legend “Office coding unit No. 2,”
which is identical with the No. 1 unit in respect
to its internal connections, but which is arranged
to control a second group of stations located
along a remote line circuit, by means of con-
nections-to an “Office line unit,” comprising a
group of four relays, which in turn, is connected
to the line wires Y{ and Z{ through a carrier
current unit containing a suitable oscillator and
amplifier, and designated “C. C. unit No. 1.”

The. interposed line and C. C. units serve to
transform the control codes of interrupted direct
current produced by the coding unit No. 2 into
modulated alternating current of frequency fl
in the line Yi—Z!, and to receive modulated
alternating current of a different frequency f2
from the line and to transform it into codes of
battery current variations to govern the line re-
lay 8R of the coding unit.

As insurahce against an 1nter1upt10n of serv-
ice, a reserve C. C. unit No. 2, similar to the No. 1
unit, is arranged to be interposed in place of No.
1 by the operation of a changeover relay ICH,
in response to the closing of a manually operable
key K.

- Fig. 2A shows a portion of the station coding
unit of Fig. 6 of the above-mentioned Lewis pat-
ent, but modified in accordance with our inven-
tion and corresponding generally to the portion
marked “C. T. C. station” in Ifig. 1 of our prior
application above referred to. It will be under-
stood that the remainder of the station coding
unif, not shown herein, and likewise the station
storage unit or units which it controls, function
as described in the Lewis patent, and that one
such coding unit is to be located at each controlled
station.. The line terminals Y and Z of the cod-
ing unit at each station controlled by office cod-
ing unit No. 1 are to be connected across line
wires Y4 and Z!, while those of the coding unit
at each station confrolled by addifional office
coding units such as No. 2 are to be connected
across the line wires of the corresponding remote
line circuit.

Fig. 2B shows the apparatus located at the
control or battery end of each such remote line
circuit, the line wires of the remote line shown
herein being designated Y2 and Z2. This appa-
ratus is interposed between these line wires and
another pair extending toward the office, such as
Y1 and Z1, and its purpose is to transform the
modulated alternating current of frequency jl
received from the office into control codes of in-
terrupted direct current in line ¥2—272, and to
transform the indication codes of battery current
variations received from that line into modulated
alternating current of frequency 72 in line
¥i—Zi. The two lines shown in Fig. 2B may be
different sections of the same through telephone
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line, isolated with respect to the coded currents
by a band-pass filter VF or otherwise. The ap-
paratus of Fig. 2B includes a “Remote line unit”
comprising g group of five relays, and a carrier
~control unit designated “C. C. unit No. 3” struc-

turally identical with the C. C. units at the office
but with the coils and condensers F'l and F2, com-
prising filters for selectively passing the -cotrre-
sponding frequencies 7I and f2, interchanged in
position. It is to be understocd that other sets
of apparatus as shown in Fig. 2B may be arranged
to employ the same line wires by the use of dif-
ferent filters arranged to pass other frequencies
as required, and that. the oscillators OSC of the
carrier current units may be adjusted by the op-
eration of a suitable switch, not shown, to deliver
‘any one of the frequencies used in the system.

" A reserve carrier current unit, here designated
No. 4, is arranged to be interposed in place of
No. 3 by the operation of a changeover relay
2CH. This relay, moreover, is arranged to be
remotely controlled from the office by transmit-
ting a code to the last station, designated No. 35,
on the first section of the line. Thus the opera-

tor at the office, by positioning a manually :

operable key such as K2, Fig. 14, is enabled to
transmit a code over any section to replace the
C. C. unit which governs the transmission of
codes over the next succeeding section of the
through line. The particular carrier current
units in service at any time are indicated at the
office by the lighting of correspondingly num-
bered lamps CC shown in Figs. 1A and 1B. those
for the units at the office heing controlled directly
by relay 1CH, and those for the units at the re-
mote location being governed by indication codes
transmitted by station No. 35 in accordance with
the position of relay 2CH. R

It is also to be understood that the liné wires
may 2lso be used for the operation of a .tele-
phone call selector system, arranged. either as
shown in our prior application above referred to
or in other ways, such for example as shown in
our application, Serial No. 401,092, filed July 5,

1941, now Patent No. 2,332,191, issusd Octoher. 19,

1943, for Remote control systems.

A feature of our invention, as will be apparent
from the foregeing, is the construction-of a sys-
tem of the character described from interchange-
able units of a relatively few types and in the
provision: of arrangements for insuring con-
tinuity of service, a factor of importance in
view of the large amount of apparatus that may
be involved, and in view of the use of existing
line wires which may extend over relatively long
distances.

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

The relays shown herein which correspond
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with relays of the Lewis patent are designated °

by the same reference characters as employed in
the patent, the office relays being distingnished
by the prefix 0 and those of the remote line unit
by the prefix f, where corresponding relays are
used in the office and in the field. In the patent,
all of the code system relays are of the same
general type, but some of the relays shown herein
are of other types. For example, the line relays
8R and IR are of the stick polar type, each being
adapted to hold its contacts in the last operated
position when the relay is deenergized. These
relays may be, for example, of the type shown in
T.etters Patent of the United States No. 2,140,604,
granted December 20, 1938, to C. S. Snavely. The

3
station line relay R of Fig. 1B, and likewise re-
lays PR, NR and O0CR of the office line unit of

Fig. 1B and relay 1CR of the remote line unit
of Fig. 2B are of the biased polar type, such for

-.example, as shown in Letters Patent of the Unit-

ed States No. 2,283,270, granted May 19, 1942, {o
R. M. Laurenson, each of these relays being iden-
tified by a horizontal arrow to indicate that it is
responsive only to current flowing in the corre-
sponding direction.

It is to be understood that each biased or stick

polar relay shown herein responds to close its
left-hand contacts when the positive terminal B
of a suitable source of current is connected to
its winding at the left, with the negative or com-
mon return terminal C of the same source con-
nected to its winding at the right, and that when
these connections are interchanged the relay. is
operated to its right-hand position, the latter po-
sition being the one to which the biased relays
move their contacts when they become deener-
gized. '
" Wires 1T and 18 connected to the normal and
reverse contacts of relay OR in Figs. 1A and 1B
correspond to the wires leading from the office
coding unit to the front and back points, respec-
tively, of contact b of relay OR of Fig. 1 of the
Lewis Patent No. 2,229,249, while wires ITa and
{2¢ in Fig. 2A correspond with those leading from
the station coding unit to contact b of the station
line relay R of the patent. '

Considering first the direct control system of
Figs. 1A and 1B, the normally closed line circuit
may be traced from the line bhattery 80 through
the primary of transformer 48, back contacts b
and d of the transmitter relay 0T and of the
pole changer relay PC through:a low pass filter
LF to the line wires Y1 ‘and Z!, and thence in
multiple, to the terminals Y and Z of the coding
unit at each station of the group controlled by
office coding unit No. 1, where a branch is com-
pleted as shown in Fig. 2A through the coils of
a similar filter LF, back contacts § and k of the
master relay M and the winding of the line re-
lay R, each station. line relay being normally
energized as shown. The condensers associated
with the station filter LF are normally discon-
nected from the line, thereby materially increas-
ing the impedance to voice frequericies, of the
connections across the line at each station, which
is .of obvious advantage since there may be a
large number of such connections bridged across
the same telephone line. This arrangement has
the further advantage of protecting -these con-
densers against lightning. When relay M picks
up, however, the left-hand condenser of the sta-
tion filter LF is connected across terminals Y and
Z at its front contact h, and the right-hand con-
denser at ifs front contact 4, and. the filter func-
tions'in the usual manner to render the trans-
mitted code inaudible. o v ‘

With the system in its normal at rest con-
dition, relay OR_is connected to the line circuit
through transformer 40, and is thereby rendered
responsive to a change in line current of a suit-
able amount, irrespective of its actual magnitude,
and it is to be understood that contact b of relay:
0 is operated to the right upon an increase in
line current, and to the left, as shown, upon a
decrease in line current. When relay M of Fig.
2A is picked up, the closing of contact b of relay
T connects the line terminals Y and Z together
through filter LLF to increase the line current to
operate contact b of relay O0R to the right, and
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the line current decreases to its normal value to
restore the contact of relay OR to its left-hand
position when contact b of relay T opens.
Although relay 6R is normally deenergized
with its contact b held in its last operated posi-
tion, its contact b normally occupies the left-
hand position, corresponding to the normally en-
ergized position of the station line relay R, for
the following reason: Assume relay 0R to become

_reversed as a result of a momentary. accidental-

cross hetween line wires YI—Z1, for example; its
contact b connects terminal B of the local source
of current to wire 18, causing the timing relays
0L(, 812, OLP to pick up in order, and then re-
lays OLB and 8LBP pick up, as explained in the
Lewis patent. Relay. 0Ll becomes deenergized
again, upon the opening of back contact @ of
relay 012, and if relay 8R remains reversed, re-
lays GL{, O0LP, 0LB and 0LBP then release one at
a time in order, each upon completion of its re-
spective release pericd, relay 0L.2 being held en-
ergized over its contact @. When relay 0LBP re-
leases, a restoring circuit is closed from terminal
B over the contacts g of relays 0LBP, 812 and
O0LI1 through the lower winding of relay R to the
other terminal C of the local source of current,
thereby restoring relay 0R to normal, as shown.

The reversal of relay OR has the further ef-
fect of completing a circuit from terminal B
over wire (8, back contact j of relay 8M, back
contact 7z of relay BL2 or front contact k. of re-
lay O0Ll, back contact f of relay 8LBP through
the pole changer relay PC to terminal C, and
relay PC picks up to complete its stick circuit at
its contact ¢ when relay OLBP picks up. Con-
tacts b and d of relay PC reverse the polarity of
the current in line Y{—ZI, releasing the line re-
lays R at each station controlled thereover. Ry
reference to Fig. 2A it will be seen that each re-
lay R upon releasing connects terminal B to wire
180, to cause operations of the station timing
relays substantially . in unison with the corre-
sponding office timing relays as above described,
opening the pick-up.circuit for the station mas-
ter relay M at contact b of relay Li or L2 to
prevent any station from initiating a code at this
time.

At the office, relay PC is released to restore the
line polarity to normal when relay GLBP re-
leases to restore relay 9R to normal. When re-
lay PC picked up, the closing of its contact e en-
ergized a-slow-acting repeater relay PCP, which
relay picks up shortly thereafter and releases
again shortly after relay FC releases. The opera-
tions of pole-changer contacts b and d of relay
PC necessarily causes some variation in the line
current through transformer 48, but the effect
of this is nullified by a shunt closed momentari-
Iy across the secondary terminals of transformer
48 and the upper winding of relay OR at contacts
¢ of relays PC and PCP each time relay PC picks
up or releases. Furthermore, when relay PC
picks up upon the reversal of relay OR, a local
circuit is closed momentarily from terminal B
over contacts f and a of relays PC and PCP and
the middle winding of relay 6R to terminal C
to. maintain relay O0R reversed, and when relay
PC release, a second local circuit is closed mo-
mentarily over contacts f and b of relays PC and
PCP and the lower winding of relay R to main-
tain relay §R normal.

When relay 0R is restored to normal as above
described, relay 0L{ becomes energized over wire
1T and front contact f of relay 0L2, reenergizing
relays OLP, 0LB and 0LBP, and then relays 0L:2,
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O0LP, OLB and OLBP release, conditioning the
apparatus to receive a code, and finally, relay 0L}
is released by the opening of front contact b of
relay OLBP to condition the apparatus to trans-
mit a code. When the station relays R pick up "
in response to the release of relay PC, the sta-
tion timing relays are similarly operated.

It will be seen therefore, that althoughre-
ly OR is arranged  to remain deenergized  in
either position to which it is operated on the suc-
cessive steps of a code, it is always restored to
normal if it remains reversed for a time inter-
val materially longer than that required for the
normal operation of the system, and that an ac-
cidental operation of that relay which. leaves it
in an abnormal position merely suspends the op-
eration of the system for but a relatively short
period which in practice is in no way detri-
mental. .

The transmission of a control code by the ap-
paratus of Fig. 1A will now be briefly explained,
starting with the apparatus in its normal condi-
tion, as shown.

The starting relay IST corresponds to any one
of the starting relays identified by a code num-
ber such as relay 234 in the Lewis patent, and
when relay IST is picked up in response to the
operation of the corresponding push buitocn as
described in the patent, a circuit is closed over
back contacts b of relays §LI and 0L2 to pick
up relay STP, completing a circuit from terminal
B at wire 17, contact m of relay 0M, contacts a
of relays STP and 0LB through relay 0M to ter-
minal C. Relay 8M picks up and at its contact
k, shunts the upper primary winding of trans-
former 49, rendering relay 0R non-responsive to
the operation of the tranmitting contacts b and
d of relay 0T in the line circuit, and prepares a
circuit at its contact 2 to enable relay SR to be
controlled locally by the operation of contact f
of relay 0T. Relay OM also opens its contact 4
in the circuit for relay PC to prevent the opera-
tion of that relay, and by closing its contact e,
energizes relay 0T which then transmits a code
of line open and line closed steps as described
in the Lewis patent, the line relay R at each sta-
tion operating in unison with relay SR. A con-
trol code is therefore transmitted by the office
coder and received at the selected station in the
manner described in the patent.

The transmission of aun indication code by the
apparatus of Fig. 2A will now be explained, as-
suming terminals Y—Z to be connected across
line Y1I—ZI.

It will be understood that a change in condi-
tion of a station device having indications to
transmit picks up the start relay ST, and if the
line relay R is steadily energized so that relays
L{ and L2 are both released, contact ¢ of relay
ST completes a circuit from terminal B over back
contacts ‘b of relays S8, L2 and LI, contacts a
of relays CO and LB, contact ¢ of relay 186, con~
tact d of relay E, through relay M to terminal C.

Relay M picks up to initiate the code by closing
a shunt across terminals Y—Z over its front con-
tact -and back contact d of relay LBP, thereby
reversing the office line relay 6R and releasing
the station line relay R. The front contacts k
and j of relay M connect the condensers of the
station filter LF across terminals Y—Z as al-
ready described, and front contact e of relay M
completes the circuit for the transmitter relay
T, which then picks up to shunt terminals Y—2%
over contacts b of relays T and E, while contacts
j and k of relay M reverse the connections of
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relay R to terminals Y and Z to render that re-
lay responsive only to line current of reverse po-
larity. -Relays 0R and R initiate the operation

of “their respective timing relays as already de--
scribed, relay PC picking up fo reverse the line

polarity, thereby releasing relays R at all other
stations at which relay M is released, these re-
lays remaining released for the duration of the
code to lock out their respective stations. Re-
lay T is rendered effective to transmit the indi-
cation code by the opening of back contact &
of relay LBP upon the initial energization cf
that relay, and then relay T operates its con-
tact b repeatedly in the usual manner to trans-
mit the code, relay R at the transmitting station
responding to the current of reverse polarity in
the line, being released each time relay T picks
up and energized each time relay T releases; and
relay GR is operated in unison with relay R in
response to the current variations impressed on
the’line by the operation of contact b of relay
T, The coding units therefore function in the
usuzl manner and the indication code is trans-
mitted by the station and received at the office
as described in the patent. As explained there-
in, each indication code has sixteen steps, the
last step comprising the return of the line circuit
to normal, a relay 16 at the transmitting station
and a similar relay 0—18 at the office being picked
up momentarily on this step. In the patent, all
line relays assume their normal positions at the
beginning of this step, but in the present case
this is true of relay 8R and of relay R at the
transmitting station only.

At the office, relay 0—16 opens its contacts d
and e, opening the circuit over the upper winding
of relay 8R to hold relay OR normal, and releas-
ing relay PC, which then releases relay PCP,
thereby restoring the line polarity.to normal as
already .described. = At the transmitting station,
contact ¢ of relay 8 disconnects the right-hand
contact of relay R from wire 18¢ and connects it
to wire iTa, to prevent further operation of the
coding unit by relay R, and contact ¢ of relay 16
opens the circuit for relay M, releasing relay M
to restore the connections of relay R to normal.
The remaining operations of restoring the system
to normal are effected in the usual manner as
described in the patent.

Code interference is. prevented as follows
First, a code cannot be initiated until the line

relays have been restored to normal to release

relays 1.2, and relays LBP and LI have also re-
leased, as already described. Second, the direc-
tion of transmission is determined in accordance
with the character of the first impulse, which is
long in each control code and short in each indi-
cation code.- Relay E is responsive to the long
first step of a control code, and in the event the
office and a station start at the same time, the
line is held cpen by the office transmitter until
after the timing relay Ll of Fig. 2A is released,
relay | being picked up on this step, and a circuit
is closed frem terminal B at front contact a of
relay LBP, back contact ¢ of a relay SP; front
contact d of relay 1, back contact g of relay Li,
front contact f of relay LBP through relay E to
terminal C. Relay E picks up and its contact 4

opens the circuit for relay M, which then re-

leases, completing a stick circuit for relay E and
conditioning the station unit to receive the con-
trol: code; and the indication code is stored by
relay ST to be transmitted subsequently as de-
scribed in-the :Lewis patent.. Third, the shunt
applied - to the line by relay- M and relay T is
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effective to release the line relay R at ahy sta-
tion more remote from the office, which has been.
conditioned to respond to current of reverse po-
larity by having its relay M picked up.. When
two or more stations start to transmit indication
codes at. the same: time, they may continue in
operation as long as the code elements of their -
respective codes are alike, but when a difference
occurs one or another is locked out by means of
an additional pick-up circuit provided for the
station relay E.  In this case relays R and T -will
be out of step, that is, when relay. T releases to
remove the line shunt, relay R remains released
due to the shunt maintained by relay T at an-
other. station, completing a circuit from terminal
B.to wire 18a, back contact g of a relay CR,
back contact d of relay T, front contact a of relay
M, front contact f of relay LBP through relay
E to terminal C. Relay E will pick up, open-
ing its contact d in the circuit for relay M, and
then relay M will release, restoring the connec-
tions of relay R to normal. Relay R is thereby
rendered non-responsive to the line current of
reverse polarity and remains released until the
indication code transmitted by the other station
is completed, releasing its timing relays and con-
sequently releasing relay E by the opening of
contact f of relay LBP, as well as releasing the
other: coding relays, as. occurs under similar
conditions in the system ag described in the pat-
ent. It follows therefore that a plurality of indi-
cation codes stored by different stations at the
same time are transmitted one at a time in order
in a definite order of code superiority, as ex-

- plained more fully in our prior apphcatlon Se-

rial No, 326,440,

. The apparatus of Fig. 24 includes an additional
feature by which undue delay in transmission
of codes from the inferior stations is avoided.
In transmitting an indication code from any sta-
tion, a selector relay S is picked up in response
to the transmission of the corresponding code
call for that station, and at the end of the code,
relay SS picks up over a circuit from terminal B
at contact a of relay LBP, front contact b of
relay {6, back contact ¢ of relay E, front contact
e of relay S, through relay SS to terminal C.
Relay SS therefore picks up at the end of the
code transmitted by the same station, and is held
energized over a stick circuit extending to termi-
nal B at front contact g of relay LBP. As already
mentioned, the release of relay LBP during the
clearing out operation at the end of a code con-
ditions the apparatus at the corresponding sta-
tion to receive the next code. The opening of
front contact b of each relay LBP, due to the
release of relay LBP following the release of relay
L2 at the end of the code, deenergizes the asso-
ciated relay Li, and release of relay Ll at any
station having its relay ST picked up and its relay
SS released initiates the transmission of a code
by that. station. The relay SS at the  station
which hag just completed its code becomes de-

energized upon the release of relay LBP, provided-
relay L2 is released at the same time as relay L,
but. has a longer release period, and so holds the
starting circuit open at its contact b until after
the next code is startgd; provided another section
Had a code stored at the same time, whereupon
relay S3 becomes reenergized and is held picked
up-for the duration of that code by the closing
of front contacts' ¢ and ¢ of relays L2 and LBP.

Consequently, when there are 2 plurality of indi--
cation codes stored, the transmission of a second
code by any station is delayed until each other
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station has had a chance to transmit one code,
and the maximum delay in the transmission of
any code is measured by the time required to
transmit one code from each station.

The operation of the remotely controlled
C. T. C. system comprising Figs. 1B and 2B will
now be explained, assuming that a plurality of
station units of Fig., 2A similar to the one just
described are connected to the line Y2—Z72.

The office line unit of Fig. 1B, which is identical
with that of Fig. 1A already described, is con-
nected to a dummy line circuit including the
oppositely connected biased polar relays PR and
NR of the office line unit. This circuit may be
traced from terminal B of the local source of
current. through the upper primary winding of
transformer 40, back contacts b of relays 0T and
PC, resistor 28, relay NR, back contacts d of
relays PC and 6T, the lower primary winding
of-transformer 49 through relay PR to the other
terminal C of the same source. Relay PR is nor-
mally energized and serves as a direct repeater
of relay 6T to transmit control codes, while relay
NC is normally held in its released position and
is picked up only when its connections are re-
versed by relay PC as occurs when an indication
code is being received.

In the carrier control unit No. 1 the oscillator
OSC is normally supplied with energy at its left-

hand terminals from a local alternating current.

source indicated by the terminals BX and CX,
over back contact & of relay (CH, and constantly
delivers current of frequency 1 at its right-hand
terminals, which are connected through filter Fi
over back contacts b and ¢ of relay ICH to line
YI—2Z1, but this current of frequency f{ -is nor-
mally shunted over back contacts  and ¢ of re-
lay ICH and contact b of relay PR, and is sup-
plied to the line only when relay PR is released,
that is, when relay 8T is picked up on the odd-
numbered steps of a code.

. The current.of frequency 1 thus is modulated
by the operation of contact b of relay PR in ac-
cordance with the code, and this modulated cur-
rent is supplied over line YI—Z! and back con-
tacts band ¢ of relay 2CH, Fig. 2B, through the
filter F'l of C. C. unit No. 3, and it is then ampli-
fied and demodulated by a suitable amplifier as
indicated by the device 'AMP, energized from
the local alternating current terminals BX and
CXas shown, and is supplied over back contacts
d and e of relay 2CH to the normally deener-
gized biased polar relay {CR of the remote line
unit; - -

The remote line circuit is normally energized
from the line battery 80a over the primary of
transformer 40q, contact b of relay ICR, con-
tacts b and d of the pole changer relay IPC
through a-low pass filter LF connected to the
line-Y2—z2. -

" The line relay IR of the remote line unit of
Fig. 2B is connected to the line Y2—72 through
transformer 48a, and controls the pole changer
relay IPC and its repeater IPCP and in turn is
controlied by these relays in a manner generally
similar to that already desecribed in connection

. with relay 8R. 'Relay IPCP however has an
additional energizing circuit extending to termi-
nal B at the front contact ¢ of relay ICR, so
that relay IPCP is energized on each odd-num-
bered step, and remains picked up for the du-
ration of each control code. " Relay IPCP holds
relay- IR energized in its normal position,. as
shown," by the -energization of the lower wind-

[+
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ing of relay IR over the restoring circuit includ-
ing-front contact b of:relay IPCP. Relay IPC
has 'a pick-up circuit extending from terminal
B at the right-hand contacts ¢ of relays ICR
and {R which is thus held open by relay IR,
and relay IPC remains released for the dura-

_ ‘tion of a control code, and the normally energized
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slow acting relay L remains energized over back
contact e of relay IPC.

Since the connections from battery 80a to the
line ‘are similar to those for battery 80 except
that a contact b of relay ICR, which is a direct
repeater of the office transmitter relay 0T, re-
places the contacts of the latter relay, it will be
apparent that control codes will be delivered to
line Y2--7Z2 by office coding unit No. 2 similar to
those  delivered to line YI—ZIi by office coding
unit No. 1 as already described, these codes being
received by the coding units of Fig. 2A which are
connected to line Y2—7Z2 in a manner which will
be readily understood without further description.

The line relay IR serves to receive the indi-
cation codes comprising battery current vari-
ations in line Y2--Z2 and to retransmit them
as modulated alternating current of frequency 72
over line Y{—ZI -and its operation will now be
described.

In the carrier .control unit No. 3, the oscillator
OSC is arranged to constantly deliver current of
frequency f2 at its right-hand terminals, which
are connected through filter F2 over back con-
tacts b and ¢ of relay 2CH to line YI1—ZI, but
this current of frequency f2 is normally shunted
over back contacts f and ¢ of relay 2CH and con-
tact b of relay IR, and is supplied to the line
ocnly when relay iR is reversed. Xach “on”
period of the alternating current indication code
delivered by relay IR therefore corresponds to an
increase in the current suppiied to line Y272,
due to the closing of contact b of a station trans-
mitter relay T to transmit an odd-numbered step
of an indication code. The current of frequency
72 thus modulated by the operation of contact b
of relay IR in accordance with the code is sup-~
plied over line Yi—ZI and back contacts b and ¢
of relay ICH, Fig. 1B, through the filter F2 of
C. C. unit No. 1, and it is then amplified and
demodulated by amplifier AMP and is supplied
over contacts d and e of relay ICH to the nor-
mally deenergized biased polar relay 0CR of the
office. line unit. When relay T picks up, there-
fore, the current in line Y2—Z2 is increased, re-
lay IR is operated to the right and current of
irequency 72 is supplied to line Yi—Z{ to ener-
gize relay OCR, which relay closes its contact b
to shunt resistor 28 to cause an increase in cur-
rent through transformer 40 to reverse relay OR.
Relay OR is therefore a direct repeater of relay
IR. Since relay IR is of the stick polar type, it
remains to be shown how this relay is arranged
to be normally self restoring,

If relay 1R becomes reversed as g result of a
momentary accidental cross between line wires
Y2—Z2, for example, its contact b removes the
shunt from the line channel of frequency 72 caus-
ing relay OCR to pick up, thereby reversing re-
lay OR of Fig.-1B. Relay IR also closes its con-

~ tact @ causing relays {PC and IPCP to pick up

70
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successively, reversing the.polarity of the current
supplied to line Y2—Z2, thereby releasing the line
relays R-at each station controlled thereover, and
breventing any station from initiating a code at
this time. The opening of back contacts e of re-
lays IPC and IPCP deenergizes relay L, which
releases.- Back contact ¢ of relay L now . closes,
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shunting contact b of relay [CR to prevent the:

opening of line ¥Y2—Z2 in response to a control
code impulse of frequency f1, relay L also open-
ing its contact ¢ in the shunt across line Y2—Z2
which includes the left-hand contact b of relay
ICR and resistor 8. This shunt normally pro-
vides a discharge path for the distributed ca-
pacity of the line as is desirable when the line
is in cable, and corresponds to the similar ones
associated with the relays 6T and described in
the Banghman Letters Patent of the United
States No 2,208,446, hereinbefore referred to.

At the office, the reversal of relay 0R of Fig. 1B

causes the timing relays and relays PC and PCP.

to be operated as already described in connection
with the reversal of relay 0R of Fig. 1A, but in the
present instance, the operation of contacts b and
d of relay PC reverses the connections to relay
NR, causing that relay to close its left-hand con-
tacts ¢ and b; contact b of relay NR applies a
shunt across the oscillator output terminals, and

contact a of relay NR completes the circuit for a:

slow release relay TA which picks up and at its
contact b opens the shunt across the oscillator

terminals normally closed over. contact b of relay.

PR. Relay NR now replaces relay PR in prevent-
ing the delivery of current of frequency 71 to line
Yi—2Z{. The office timing relays, with the ex-
ception of relay CL2, now release in sequence,
relay OLBP, the last to release, restoring relay 0R
and deenergizing reiay PC as already described.
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Relay PC, upon releasing, restores relay NR to its -

normal position as shown, and relay NR by open-
ing contact b allows current of frequency fI to
be delivered to the line to energize relay ICR.
Contact o of relay ICR is therefore operated to
the left, releasing relay {PC but holding relay
{PCP energized, and these relays cause the ener-
gization of the lower winding of relay IR cver
their respective contacts f and b to operate relay
IR to normal and to hold it energized in that
position. '

The restoration of relay NR to normal by re-
lay PC opens the circuit for relay TA which re-
leases after an appropriate time interval to ter-
minate the impulse of current of frequency fI,
whersupon relay {CR releases, and in turn re-
leases relay IPCP.

The release of relay (PC reenergizes relay L
and restores the polarity of the current in line
Y2—72 to normal, reenergizing the station line
relays, and finally the timing relays Li—LBP
become energized and release in the usual man-
ner to condition the system to send and receive
codes. '

The transmission of an indication code by the
apparatus of Fig, 2A will now be explained, as-
suming terminals Y—-Z to be connected across a
line Y2—Z2 having ifs connections to the con-
trol office effected over line Yi—Z1 by means of

the two one-way carrier channels provided by the.

apparatus of Figs. 1B and 2B.

--Assuming the apparatus to be in its normal
condition as shown, when the start relay ST of
Fig. 2A is operated, relays M and T pick up as
already described, shunting line ¥2—Z2 to cause
relay IR of Fig. 2B to reverse, thereby supplying
current. of frequency f2 to line Yi—Zl to ener-
gize relay @CR and consequently increasing the
current through transformer 83 to cause relay
R of Fig. 1B to reverse.
the timing relays and in addition the relays NR
and TA become energized, and in Fig, 2B, relays
IPC and IPCP become energized, deenergizing
relay I, as already described. Since relay ICR is

Relays PC, PCP and
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not .energized at this time, relay IPC remains
energized over its stick circuit regardless of the
operation. of relay IR and reverses the polarity
of: the current supplied to line Y2—Z2 to allow
relay T at the transmitting station to deliver its
code to operate relay IR. Current of frequency
#2. modulated by the operation of contact b of
relay IR in accordance with the code is supplied
over line Y{—Z1 to operate relay 6CR, and conse-
quently to operate relay OR of the office coding
unit No. 2, these cperations being carried out in
the usual manner as already described in connec-
tion with the office coding unit No. 1, until the
last step, comprising the return of the-line cir-
cuits to normal is reached, at which time relays
16 and 9—I16 pick up and relays PC and PCP
release. In the present case relays NR and TA
now release successively to transmit a single brief
impulse of frequency fl. over line Y{-——Z{, ener-
gizing relay {CR to release relay {PC and thereby
restore the polarity of the current in line Y2—22
to normal. Relay L is reenergized upon the re-
lease of relay IPC, but this relay is of the slow
pick-up type and does not operate until after
relay I|CR has released at the end of the impulse,
consequently relay ICR does not repeat this im-

-pulse through the remote line unit to the remote

station as it does in the case of the control code
jmpulses. The remaining operations of restoring
the apparatus to normal follow in the usual man-
ner as already described. .

In the event that a control code and an indi-
cation code are initiated by the operation of their
respective starting relays at about the same time,
it will be evident that the control code will take
precedence unless relay OR .is reversed before
relay 8M has closed its front contact m and that.
in the latter case the indication code will take
precedence because relay 8M will be unable to,
pick up, because relay 8R will have disconnected
terminal B from wire {7 in the pick-up circuit
for relay 6M. Otherwise the control code will
take precedence, even though relay {PC has been
picked up, in which case the operation of relay
ICR by the long first step of the control code
releases relay {PC . immediately and holds the
remote line circuit open to condition the stations
to receive the control code, just as if relay IPC
had not been operated.. It will be clear that all
of the featurss of the system by which interfer-
ence is prevented as described in connection with
the direct control of the stations funection in the
normal manner .when the earrier current con-
trol is. interposed.

Since the indicaticn codes are used for report—
ing trains it is desirable to guard against their
loss in transmission, due to temporary disturb-
ances in the transmitting medium. In the sys-
tem of the Lewis patent this result is attained
by registering -each element of the code by. the
receiver at the transmitting station, and in re--
leasing the starting relay only in response to the
delivery to the line circuit. of a complete code.
It follows that a code which is interrupted due

- to-a temporary cross or open in the line will stop

the operation of the line relay at the transmitting
station, and the code will be re-initiated when
the line is restored. If the station does not suc-
ceed .in.-completing its code after several at-
tempts, a thermal relay.CO is operated: to tem-

transmitter to’ allow other stations to transmit
their codes. -

It will be mamfest from Fig, 2A that these pro-
visions are effective in both the direct control
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and the remote control forms of the system as
disclosed herein insofar as the battery line circuit
is concerned, since the operation of the station
line relay R is dependent upon- the integrity of
the line circuit over which the station delivers
its codes, but that on the other hand, the con-
dition of the carrier current channel over which
the indication codes are transmitted is not direct-
1y observable at the transmitting station.
However, the office receiving apparatus func-
tions in such a manner that if the delivery of an
indication code is interrupted due fo a temporary

cross or open. in the carrier current channel, the

restltant stopping of the periodic operation of
the line relay 8R will cause the transmission to
be stopped and then re-initiated. ’

Upon the initiation of an indication code by
a station on the remote line circuit, relay (PC is
picked up by relay IR and relay PC by relay

€R, along with the timing relays including relay

8LBP, and relay PC energizes relays NR and TA,
while relay {PC energizes relay {PCP, which then
releases relay L. Relay PC releases either upon
the energization of relay 0-—i6 at the end of a
completé code or upon the release of relay JLBP

due to the stopping of the periodic operation of

relay 8RR before the code is completed, and upon
releasing, releases relays NR and TA succes-
sively to transmit a single impulse of current of
frequency fl over the line to pick up relay ICR
and thereby release relay IPC as already ex-
plained. Relay [PC upon releasing restores the
polarity of the remote line to normal, and if this
occurs before the code is completed the periodic
operation of relay R at the transmitting station
will cease because this relay is at the time re-
sponsive only to line current of reverse polarity,
thereby releasing relay M to.stop further trans-
mission of the incomplete code, the apparatus
then resetting to normal to initiate a new code
in the usual manner,

It will also be apparent that the carrier cur-

rent system as herein disclosed is. suitable for
use over electrically long lines and that the car-
rier current units together with their receiving
relays are adapted to be used without change
to serve as direct repeaters for insertion at an
intermediate point in such lines when required.
Thus, for example; a pair of C. C. units such
as Nos. 1 and 3 may be located at such a point,
C. C. unit No. 3 receiving modulated current
of frequency fI to control a relay CR govern-
ing the transmission of control codes by C. C.
unit No, 1, and the latter unit receiving modu-
lated current of frequency f2 to control ancther
relay CR governing the transmission of indica-
tion codes in the opposite direction by C. C.
~unit' No. 3. The line circuits of the system of
our invention are highly flexible in respect to
their applicability to a wide variety of condi-
tions likely to be encountered in practice, and
in different installations may vary widely in their
arrangement. For example, it may be incon-
venient to locate the control station at the junc-
tion of the two line sections as shown in Fig.
2B. If this is the case, it may be located at any
other point -on line Y2—Z2, for example, at the
distant end, with respect-to the location of the
central office; in which case the filter VF' would
be replaced by one adapted to pass the frequen-
cies fI and f2 as well as voice frequencies. Fur-

thermore, although the office coding unit No. 2

controls a-local “dummy line” this may as well
be an actual line circuit like that controlled by
Office .coding unit No. 1, to control one or more
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stations between the office and the location of
the receiving relay OCR, the remainder of the
ofiice line unit being retained at the office, as
shown. Alternatively, the office line unit may
be located at the distant end of this line, in
which case relay PR would be replaced by one
responsive to either polarity and the unit would
be connected across the distant end of the line
through a suitable filter LF.

Although we have herein shown a.nd described
but two forms of apparatus embodying our in-
vention and several modifications thereof, it will
be understooq that various changes and modifi-
cations may be made therein within the scope
of the appended claims without departing from
the spirit and scope of our invention.

Having thus described our invention, what we

claim is:

1. In a remote control system, a remote line
circuit extending from a control station through
a piurality of remote stations, line wires provid-
ing a plurality of non-interfering communication
channels and extending from said control station
to a central oiffice, a stick relay at said control
station, a code transmitter at each remote sta-
tion adapted when initiated to deliver a multiple
impulse code to said remote line circuit, means
preventing the initiation of any code transmit-
ter except when said stick relay is released,
means preventing any code transmitter which
has been initiated from completing its code un-
less said stick relay is energized, a repeating re-
lay at said control station adapted to deliver
the codes received from said remote line circuit
to one of said channels, means controlled by said
repeating relay in response. to the first impulse
of a code received over said remote line circuit
to operate said stick relay, a code receiver at the
office responsive to codes received over said one
channel, a code transmitter at the office adapted
when initiated to deliver multiple impulse codes
to aneother of said channels, a repeating relay
at said control station .adapted to deliver the
codes received -over said other channel to said
remote line circuit to contrel code responsive
devices at the remote stations, means controlled
by said office code receiver for delivering a single
impulse to said another channel upon the recep-
tien of a predefermined number of impulses con-
stituting ‘a complete code over said one channel,
reeans controlled by the repeating relay at the
control station in response to said single impulse
for releasing said stick relay, and means prevent-
ing the delivery of said single impulse to said
remote line circuit when said repeating relay
responds to said impulse.

2. In -a remote control system, a line circuit
extending from a control station through a plu-
rality . of remote stations, line wires extending
from said control station to a central office, a
stick relay at said control station, a ccde trans-
mitter at each remote station adapted when ini-
tiated to deliver a multiple impulse code to said
line circuit, means preventing the-initiation of
any code transmitter except when said stick re-
lay is released, means preventing any code trans-
nmitter ‘which has been initiated from transmit-
ting its code unless said stick relay is energized,
a repeating relay at said control station adapted
to repeat said codes .over said line wires to the
central office, means controlled by said repeating
relay in response to the first impulse of a code
to operate said stick relay, a code receiver at the
office responsive to the codes repeated over said
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. line ‘wires, and means controlled by -said code
receiver for releasing said stick relay upon the re-
ception of a predetermined number of impulses
constituting a complete code. i S

3. In .a remote control system, a line circuit
extending from a control station through a plu-
rality .of remote stations, line wires extending
from said control station to a central office, a
code transmitter at each remote station adapted
when initiated to deliver a code to said line cir-
cuit; a repeating relay at the control station re-
sponsive to'said codes, means including contacts
of said repeating relay for delivering the codes
to said line wires, a code receiver at the office
responsive to the codes delivered to said line wires
by said repeating relay, a stick relay at the con-
“trol station, means for energizing said stick relay
in response to the first operation of said re-
peating relay upon the initiation of a code by
any transmitter, means controlled by the stick
relay when energized for conditioning such trans-
mitter to complete its code, and means remotely
-controlled by the code receiver at the office for
releasing said stick relay upon the reception of
a complete code.

4. Tn a remote control system, a line circuit
extending from a control station through a plu-
rality of remote stations, line wires extending
from said control station to a central office, a

stick relay at said control station, a code trans- £

mitter  at each' remote station -adapted when
initiated to deliver a multiple impulse code to
s4id line circuit, means preventing the initiation
of any code transmitter except when said stick
relay is released, means preventing any code
transmitter which has been initiated from trans-
mitting its code unless said stick relay is ener-
gized, a repeating relay at said control’ station
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adapted to repeat said codes over said line wires _

to the central office, a line relay at the office re-"

sponsive to the successive impulses of each code
repeated over said line wires, and means effec-
tive in the event the operation of said line relay

is discontinued after it has responded to one or

more impulses of a code for releasing said stick *

relay to re-initiate such code. o .
 5,'In a remote control system, line wires ex-
‘tending from a central office to a distant con-
trol station, a line circuit extending from sald

“control station to a remote station, a code trans-"

mitter at said remote station adapted when ini-
tiated to deliver a multiple impulse code to- said
line circuit, a repeating relay at said control sta-
tion adapted to deliver said codes to said line
wires, a line relay at the office responsive to the
codes delivered to said line wires by the repeating
relay, and means remotely controlled by said line
relay and effective if its operation is discontinued
after it has responded to one or more impulses
of a code for re-initiating the operation of said
code transmitter.

6. In a remote control system, a line circuit
extending from a control station through a plu-
rality of remote stations, line wires extending
from said control station to a central office, a code
transmitter and a line relay for governing its
operation at the office and at each remote sta-
tion, a repeating relay at said control station
controllable from the office over said line wires
for delivering codes to said stations to which the
station line relays are responsive, means con-
trolled by said office code transmitter for operat-
ing the office line relay locally in accordance with
a code and for simultaneously operating said
repeating relay in accordance with such code,
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and means including a repeating relay at the
office controlled over said line wires by the sta-
tion code transmitters for operating the office

‘line relay in accordance with other codes:
B, I
tending from a central office to a control sta-
tion, a line circuit extending from said control
“station to a remote station and including a source

7. In a remote control system, line wires ex-

.of direct current, a normally deenergized line re-
lay of the two position stick polar type arranged
to be held in its last operated position when

-deenergized, a transformer at said control sta-
-tion interposed between the :relay and: said line
_circuit for causing isaid relay to operate to re-

verse and to normal in response to:variations in

-the current from said source, a code transmitter
-at.said remote station adapted to periodically
-vary the current delivered to: said line circuit to

operate the-line relay in accordance with a code,

“means including contacts -of the line relay for
.delivering said code to the line wires extending

to the-office, a repeating relay at the office cori-
trolled over: said ‘line wires: and repeating:the
operation of said line relay, and means controlled
by said repeating relay for delivering an impulse
over said line wires to restore said line relay to
its. normal- position in the event it remains re-
versed for more than a predetermined time in-
terval. :

. 8, In a remote control system, line wires ex-

tending from a central office to:a control sta-
tion and affording two one way communication
channels, a3 line circuit extending from said con-
trol station to a remote:station and including
a -source -of direct current, a normally: deener-

‘gized line relay of :the two position stick polar

type arranged- to-be held in its lastoperated
position when-deenergized located at'sdid con-
trol station, a 'transformer interposed between
the relay and-said-line circuit for causing said
relay to operate to reverse and to normal in
response to variations in the current from said
source, a repeating relay at the office controlled
over.one of said channels by said line relay and

‘repeating its operation, and means controlled by
_said- repeating relay: for -delivering 'an impulse
‘over; the -other of -said-chanrels to restore said
Jine relay. to:its normal position in-the event it
‘remains reversed:for more ‘than’a predetermined
time interval; - ooine T oo e

-9, Tn ‘a rémote control system; liné¢ wires ex-

tending from a central officé toa distant control

-station, a line circuit extending from the control
:station to a temote:station and normally sup-

plied with direct current at said control sta-
tion, a code transmitter at said remote station
adapted when initiated to deliver an impulse
code to said line circuit but only if current of
reverse polarity is being supplied thereto at said
control station, means for initiating said trans-
mitter to deliver the first impulse of such code
effective only when current of normal polarity
is being steadily supplied to said line circuit, a
repeating relay at.said control station responsive
to said code, means including contacts of said
repeating relay for delivering said code to ‘said
line wires, a line relay at the office responsive
to codes delivered to said line wires by said re-
peating relay, means controlled by said repeat-
ing relay in response to the first impulse of a
code for reversing the polarity of the current
supplied to said line circuit, and means remote-
ly controlled by the line relay and rendered ef-
fective when it has responded to the first impulse
of a code delivered by said repeating relay, for
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restoring the polarity of the line circuit to nor-
‘mal upon the termination of such code.

2,350,668

~ 12. In a remote control system, two communi-

-cation channels including the same line wires ar-

10. In a remote control system, two line wires '

extending from a control office through a first
group of way stations to a control station, a. first
line circuit including said line wires and arranged
to.provide code communication between the office
and said stations, a second line circuit arranged
to provide code communication between said con-
trol station and a second group of way stations,
two alternating: current channels. superimposed
‘upon said first line circuit- and arranged for
code transmission in opposite directions between
the office and said control station and providing

communication between the office and the sta--

tions of the second group, two sets of similar
apparatus at said control station each adapted. to
supply current for ‘code transmission over one
-of said superimposed channels and to amplify the
“eurrent received from the. office over the other,
a changeover relay at-said control station, means
for connecting one set or the other of said appa-
ratus to said channels, according to the position
of ‘said changeover relay, and means for trans-
mitting codes over said first line circuit to effect
the remote control of said changeover relay from
the office and to indicate its position at the office.

11. In a remote control system, two line wires
extending from a control office through a first
group of way stations to & control station, a first
line circuit including said line wires and arranged
to provide code communication between the office
and said stations, a second line circuit arranged
to provide code.communication between said con-
trol station and a second group of way stations,
two alternating current channels superimposed
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‘upon said first line circuit and arranged for code

transhiission in. opposite directions between the
office and said control station and providing com-
munication between the office and the stations
of the second group, two sets of similar apparatus
‘at each end of said alternating current channels
each including an oscillator for supplying current
‘to one channel and an amplifier responsive-toeur-
‘rént received ‘over the other, a changeover: relay
at each end of said alternating current channels,
means for-connecting one set or:the:other of said
apparatus to said c¢hannels at each end, accord-
ing to" theé position of the associated changeover
relay, and means including manually operable
levers-at- the office for operating said changeover
relays; such operation being -effected when the
changeover relay.is at a point remote from the
office, by means of codes- transm1tted over said
lme wires. - - .
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ranged: to provide code communication in oppo-
site directions, each having relay contacts at one
end which control a receiving relay at the op-
posite end, a code transmitter and receiver located
at & céntral office having a transmitter relay and
a.line rélay of the stick polar type, a normally

“closed ~circuit extending from: said office to one
-end -of said channels including a source of direct

current, contacts of said transmitter relay and
the’ primary of a. transformer, said line relay of
the stick polar type being connected to the sec-
ondary of said transformer, and thereby rendered
responsive ‘to current variations in said circuit, a
repeating relay in said circuit responsive to the
operation ‘of :said -transmitter- relay contacts,
medns comprising said repeating relay for con-

“trolling the contacts. in:onerchannel to govern

the receiving relay at its distant end, and means
comprising the receiving relay of the other chan-
nel for varying the-current in.the circuit includ-
ing said transformer to thereby control sald line
relay:

13. In a remote control system two communi-
cation channels including the same line wires ar-
ranged to provide code communication in oppo-

‘site directions, each having relay contacts at one

end which control a receiving relay at the opposite
end, a code transmitter and receiver located at a
distant station having a transmitter relay and a
line'relay; a. normally closed line circuit including
said line relay and extending to a point adjscent

-one:-end of said-channels, said: circuit also includ-

ing. a -source’ of direct current, contacts of the

-receiving relay of one channel and the primary of
.& transformer,-a relay of the stick polar type con-

trolling-the contacts of said other channel, and

-having & winding connected to the secondary of

said transformer to render the relay responsive to
current variations in said line circuit, a slow act-

ing relay contrelled by the receiving relay of said
-one.-channel, a-holding circuit for said stick polar
‘relay controlled by said:slow acting relay and
-effective.to prevent. its response to variations in

the current in said-line cireuit due to the opera-
tion. of the receiving. relay of said one channel,
and means comprising contacts-of the transmitter
relay. at the.distant station for- varying the cur-
rent in sald line 01rcu1t to-control said stick polar -
relay -
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