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UNITED STATES PATENT OFFICE.

GEORGE A. LOCKE, OF GLEN COVE, AND HAKON H. HAGLUND, oOF. NEW YORK, N. Y.,

ASSIGNORS TO BELL TELEPHONE LABORATORIES, INCORPORATED, OF NEW YORK, .

N. Y., A CORPORATION OF NEW YORK, AND THE WESTERN UN ION TELEGRAPH COM-
PANY, OF NEW YORK, N. Y., A CORPORATION OF NEW YORK.

, BIGNALING SYSTEM.
Application filed July 21, 1926. Serial No. 123,861,
This invention relates to control of electri-

cal transmission systems, especially subma-
rine telegraph systems. In a specific aspect

stations switching means operable for con-
ditioning the system to transmit in opposite
directions alternately, the switching meang

the invention relates to timing control mech-
anisms connected with automatic telegraph
signaling systeins, especially those adapted
for operation over submarine cables. i

It has been suggested that in the simplex
operation of automatic telegraph signaling
systems over long lines or submarine cables,
the dirvection ‘of transmission be automati-
cally reversed at periodic time intervals at
all stations by means of timing devices lo-
cated at the respective stations.

An object of the instant invention is to con-
trol apparatus associated with an electrical
transinission path, from a point remote from
the apparatus, by control energy sent over
the path. L

A specific object of the invention is to con-
trol, by energy sent over a submarine cable,
apparatus which is located at different sta-
tions on the cable and which starts the opera-
tion of timing devices such as those just men-
tioned.

In A. A. Clokey Patent 1,601,941, ranted
October 5, 1926, it is suggested that w ere, in
signaling over a submarine cable extending
between two stations simplex operation with
automatic periodic reversal of the direction
of transmission is adopted, there may be em-
ployed a multiplex printing telegraph sys-
tem having a distributor at each station, the
distributors operating synchronously, and
transmit-receive switches operated automati-
cally and periodically under control of tim-
ing devices which are located at the stations
and which are driven from the distributors
through clutches. In order to start opera-
tion of the timing devices at the two stations
at proper relative times, engagement of the
clutches is effected by prolonged current
pulses initiated at one of the stations, the
impulse for the distant station being trans-
mitted thercto through the cable.

As an example of forms which the instant
invention may take there is shown and de-
scribed herein a specific application of the
invention to a submarine cable multiplex
printing telegraph system having synchro-
nously operating distributors at the terminal
and repeater stations and at each of these

being under the automatic control of timing
devices operated from the distributors. In
the specific form of the invention shown in
the drawing, in order to start operation of the
timing devices at the different stations at
proper relative times, each station is pro-
vided with a clutch for driving the timing
device at that station from the distributor,
and engagement of the clutches is effected by
control impulses individual to the clutches,
initiated at one of the stations. The impulse
initiated for each distant station is trans-
mitted through a sending segment of the dis-
tributor at the Initiating station, (the seg-
ment being individual to the distant station

asregards the sending of the control impulses

and normally belonging to one of
ing channels), and over the cable to the dis-
tant station, and through the corresponding
receiving segment of the distributor there,
The control Impulses, in passing from the in-
itiating station to a distant station, may pass
through intermediate or repeating stations,
traversing a signal channel through the lat-
ter stations, the signal repeaters at the latter
stations serving to repeat control impulses.

In accordance with the invention, it s pos-
sible to control the starting of the timing
mechanisms at all stations at very nearly the
same time, by the sct of impulses sent out
over the system from one of the stations.
The invention also enables this series of elec-
trical impulses to be sent out over the system
from the station which originates them in
such an order as to at least partly compen-
sate for the lag of the line or cable by per-
mitting the timing mechanism at the most
distant Foint to be started by the first of the
series of impulses, that at the next most dis-
tant point by the next of the impulses, and
s0 on, the mechanism at the point where the
control is initiated starting from the last of
the impulses.

Other objects and features of the invention
will be apparent from the following descrip-
tion and claims.  The drawing is a diagram

the signal-

‘showing the form of the invention referred to

above, when Sheets 1 to 4 ure horizontally ar-
ranged consecutively, with Sheet 1 at the left.
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Fig. 1 shows a terminal station for the sys-
tem, connected by a land line to a cable termi-
nal station; Fig. 2 shows the cable terminal
station just mentioned; and Figs, 3* ahd 3°
taken together show a station at the other
end of the cable just mentioned, arrun{;ed as
» cable terminal station for certain of the sig-
as an automatic repeat-
ing or retransmitting station for the other
channels.

The system shown in the drawing is ar-
ranged for five channel multiplex operation,
with automatic periodic reversal of the direc-
tion of transmission for all channels substan-
tially simultaneously. Only two channels,
Jesiemated 1 and 5, are shown, the irregular
breaks in the contact rings of the distributors
described hereinafter indicating the presence
of other channels in the system. A land line
10 extends between the west terminal station
A of the multiplex circuit or system, at which
multiplex terminal e uipment described here-

inafter is located, and the west cable terminal.

station B, which is & repeating station for
the multiplex circuit. A submarine cable 11
extends eastwardly from the latter station
to a station C which may be either a channel
terminal station or a two-way repeating sta-
tion as regards any of the channels, and
which is therefore shown arranged as a chan-
nel terminal station for certain of the chan-
nels, as for example channel 1, and arranged
to automatically repeat or retransmit signals
of certain channels, for example channel 5,
between cable 11 and cable 12. The cable 12
may, for example, be regarded as extending
to a cable terminal station (not shown) at
which the signaling channels employing cable
12 terminate in multiplex equipment of the
same general character as that at station A.

At station A are shown a line relay 15 for
relaying impulses received from the line 10,
printers 16 and 17 of usual type terminating
signaling channels 1 and 5 respectively when
the system is transmitting westwardly and
perforated-tape controlled transmitters 18
and 19 of usual type, for example the type
disclosed in Yorke and Benjamin Patent
1,298,622, March 25, 1919, terminating chan-
nels 1 and 5 respectively when the system is
The printers and
the transmitters for the other channels are
omitted from the drawing in the interest of
simplicity. - Printer 16 comprises five select-
and a printing magnet 21, the
so-called sixth pulse magnet. - Printer 17 com-
prises five selecting magnets 22 and a printer
magnet or sixth pulse magnet 23. Transmit-
ter 18 comprises five transmitter contacts 24
movable between stationary front and back
contact studs connected to positive and nega-
tive battery, and a transmitter stepping mag-
net or so-called sixth pulse magnet 26 for step-
ping the transmitter tape. Similarly, trans-
mitter 19 comprises five movable contacts 28

1,681,488

for connection to positive and negative bat-
tery, and a stepping magnet 29. -

At station A 1s also a rotary distributor 30,
comprising a receiving fuace and a sending
face.
common receiving ring 33 and a ring of re-
ceiving segments 34 for distributing im-

ulses, received by the ring 33 from the re-
ay 15, to the selecting magnets such as 20
and 22 when a brush 85 passes over the solid
and segmented rings. The receiving face fur-
ther comprises a printer local ring 37 and
printer operating local segments 38 for con-
trolling the sixth pulse magnets such as 21
and 23 when a brush 89 moves over the ring
and segments; and the receiving face also
comprises switch control rings 40 and their
brush 42 which control the reversal of the di-
rection of signal transmission in the system
in a manner explained hereinafter. 'Lhe
rings of the distributor, and also those of the
other distributors described hercinafter, are
shown developed in straight lines, and of the
receiving and sending segments only those
corresponding to channels 1 and 5 are shown.
The sendingé face of the distributor com-
prises & solid or common sending ring 50 for
connection to line 10 when the-system is to
transmit eastwardly, and a ring of sending
segments 51 for connecting the transmitter
contacts such as 24 and 28 to the ring 50 when
a brush 52 moves over the solid and segment-
ed rings. The sending face further com-
prises a transmitter local ring 57 and trans-
mitter operating local segments 58 for con-
trolling the sixth pulse magnets such as 26
and 29 when a brush 59 moves over the ring
and segments; and the sending face also’com-
prises switch control rings 60 and their brush
62 which control the reversal of the direction
of signal transmission in the system in a man-
ner explained hereinafter.

At station B is a polar relay 65 operating
from line 10 into multiplex equipment com-
prising a rotary distributor 70, the relay and
the distributor constituting a rotary repeater
tor retransmittin% or sending out over the ca-
ble 11, the signais originating at station A.

For repeating at station B the signals re- -

The receiving face comprises a solid or 7

|0
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1
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11

ceived over the cable which are to be trans-—1!

mitted on to station A, there is an amplifier
75, including a signal shaping network (not
shown), and a polar relay 76 which operutes
directly directly from the amplifier output.
The amplifier with the signal shaping net-
work is preferably of the type disclosed in
the patent granted to A. M. Curtis, No.
1,624,396, dated April 12, 1927, and the relay
is preferably a polar relay.

‘At station C the signals of all of the sig-
naling channels, whether or not the channels
are to terminate at the station, pass through
a rotary distributor which comprises receiv-
ing rings 78 and transmitting rings 79 for
eastwardly directed signals and comprises

1
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receiving rings 87 and transmitting rings 88
for westwardly directed signals. The rotary
distributor operates as a terminal distributor
for the signa{in g channels terminating at sta-
tion C, such as channel 1; and the rotary dis-
tributor operates, in conjunction with an
castwardly pointed amplifier 89 and relay 90
and a westwardly pointed amplifier 95 and
relay 96, as a two-way rotary repeater for
the other channels, such as channel 5.

The line 10 is a two conductor line and may
be of considerfable length, as for example 20
miles. The cable 11 comprises a conductor
81, and in addition, has-at its west and cast
end portions cable sea-earth econnections 82
and 83, respectively,  The connection 82 com-
prises a conductor shown as within the cable
armor, extending from the shore end of the
cable to a point where the water has a con-
siderable depth, as for example 500 feet,
where it is connected through a resistance
84 to the cable armor at point 85, a conven-
tional symbol indicating that the armor is
carthed. The conductor 82 together with the
impedance 84 earthed at point 85 constitutes

~an interference reducing cireuit. The sea-

earth connection 83 comprises a conductor
and a resistance 86, and is similar to the con-
nection 82. The cable 12 comprises a con-
ductor 91, and in addition may have at its
terminals sea-earth connections similar to
those just described. One designated 92 is

sections 11 and 12 may be of any suitable
type. DPreferably each of their conductors
comprises a copper conductor provided with
a helical wrapping (not shown) of an alloy
consisting principally of nickel and iron, and
having high permeability at low magnetiz-
ing forces. The construction and advan-
tages of such a Ioaded eable condnctor are de-
scribed in U. S. Patents to Buckley 1,586,874,
Tilmen 1,586,884, and Elmen 1,586,887, all

- granted June 1,1926,and U. S. Patent to O. E.

Buckley, 1,486,863, March 18, 1924. The
present invention is, however, applicable also
to ordinary unloaded cables used with or
without balancing sea-earth connections.

For conditioning the cable circuit to trans-
mit eastwardly, that is, in the direction from
station A toward station C, mechanisms de-
scribed hereinafter close to the right, as
shown, switch 100 at station A, switches 101
and 102 at station B, and switch 103 at sta-
tion C, and close switch 104 at station C to
the left; and for conditioning the cable eir-
¢uit to transmit westwardly, mechanisms de-
scribed hercinafter close each of these
switches to the opposite side.

Switch 100, when closed to the right, con-
nects the west end of line 10 to a conductor
110 and a ground 111, between which the
brush 52, when moved over ring 50 and seg-
ments 51, connects circuits comprising bat-
tery and the contacts of the transmitters such

The cable

.sending segments 51 which

as 18 and 19, for transmitting marking or

spacing impulses to the line 10, which corre-
spond to the elements of any signal charac-
ters that the tape transmitters have set up.
For example, the circuit for transmitter 18
extends from ground through a switch 112
controlled as described hereinafter, conductor
113, battery and contacts of the transmitter;
and the circuit for transmitter 19 extends
from ground through a switch 114 controlled
as described hereinafter, conductor 115, bat-
tery and the contacts of the transmitter. = The
connections of the movable contacts of the
transmitters to battery are so arranged that,
switches 112 and 114 heing closed, when any
movable contact such as 24 or 28 is in its nor.
mal or inoperated or spacing position, in
which the contacts are shown, potential of one
polarity or the other is applied to the seg-
ment 51 to which that contact is connected ;
whereas when that contact is in its right hand

or operated or marking position, it causes its .

connected segment 51 to receive potential of
the opposite polarity. The polarity of the
spacing signals sent out from the terminal
distributor at station A may, for example, be
positive for channels 1, 3 and § and negative
for channels 2 and 4.

The distributor brushes of all of the dis-
tributors in the system are driven over the
distributor rings in synchronism by any suit-
able means (not shown). It is assumed that
they move from left to right over their rings
as shown developed into stricht lines,
Brushes 52 and 59 on the transmitting face of
the distributor are shown in alignment, and
the sixth pulse magnet 26 is therefore shown
as adapted to be connected to one of the seg-
ments 58 which is reached by brush 59 just
after brush 52 has traversed the group of five
represents the
signaling channel 1 which terminates in
transmitter 18. There are five segments 58,
each individual to one channel. The circuit
through which magnct 26 is operated from its
local segment extends from negative battery
through magnet 26 to conductor 105, thence in
parallel through left hand winding of differ-
ential relay 106 and upper contacts of the dif-
ferential relay and right hand winding of
the differential relay, contact 108, conductor
109, contact 121 and conductor 124, thence
through conductor 126 to the local segment,
and thence through brush 59 and ring 57 to
ground. The contact 108 is operated by the
transmitter tape stop lever 129, as described
in A. F. Dixon Patent 1,192,171, July 25,1916,
and controls the differential relay 106 in the

circuit of the transmitter tape-stepping or-

sixth pulse magnet in the manner pointed out
therein, to cause energization of the sixth
pulse magnet, for stopping the tape feed and

-holding the transmitter contacts in their spac-

ing positions. Upon the opening or closing;

of contact 121, which is accomplished by cam -
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181 in a manner described hercinafter, the
transmitter contacts and the tape feed are
controlled in the same manner that they
would be by the opening or closing, respec-
tively, of the contact 108. The sixth impulse
magnet 29 of transmitter 19 is adapted to be
connected to one of segments 58 over which
brush 59 passes just after brush 52 has trav-
ersed the segments 51 representing channel 5,
and while brush 52 is next traversing the seg-
ments representing channel 1. The cireuit
through which magnet 29 is operated from its
local segment extends from negative battery
through magnet 29 to conduetor 1057, thence
in parallel through right hand winding of
differential relay 1067 and npper contacts 1077
of the differentinl relay and right hand wind-
ing of the differential relay, contact 108%, con-
duetor 109’, contact 1217 and conductor 1247,
thence through conductor 126" to the local
segment, and thence through brush 59 and
ring 57 to ground. The contacts 108" and

1217 are operated in the same manner as the

contacts 108 and 121 respectively, and per-
form for transmitter 19 the sume functions
that contacts 108 and 121 respectively per-
form for transmitter 18, the operation of con-
tact 121’ being cllected by a ¢ 131" actu-
ated in & manuer described hereinafter. Toach
of the transmitters in the system has, for con-
trolling the circuit of its sixth pulse magnet,
a differential relay and a cam switch corre-
sponding to the differential relay 106 and the
cam switch 121, although, in the interest of
simplicity, the only other one of these sets of
control devices which is shown is the differ-
ential relay 106" and the cam switch 1217,
Switeh 100, when closed to the left, connects
the west end of line 10 to the winding of line
or printer relay 15. Relay 15 is a two position
polar relay operating in conjunction with
ring 33, segments 34 and brush 35, and
switehes such as 116 and 117 controlled as de-
ccribed hereinafter, to encrgize the selecting
maguets of the printers such as 16 and 17
from battery. For example the selecting
magnets 20 are encrgized over a circnit ex-
tending from battery through armature of
relay 15, ring 33, hrush 35, seaments 34, mag-
nets 20, hattery. conductor 118, and switch
116, to ground: and the selecting magnets 22
are energized over a circuit extending from
battery through armature of relay 15, ring
33, brush 35, segments 34, magnets 22, battery,
conductor 119, and switch 117, to ground.
Although the system has only five signaling
channels and each signal character consists
of only five signal clements or impulses, there
are fifty of the scgments 34, ten for ecach
channel, (of which only the ten for chan-
nel 1 and the ten for channel 5 are shown).
Of the ten for cach channel, only alternate
ones are connected to printer selecting mag-
nets, the other five being not connected in cir-
cuit. The purpose of this construction is to

1,681,489

permit only the center portions of the re-
ceived current pulses as relayed by the line or
printer relay 15 to pass into the selector mag-
nets of the printers, so that the variations
which occur in the end portions will be elimi-
nated. These variations are the principal un-
desired variations which occur in cable sig-
nals and are due to capacity distortion and
so-called “zero wander” which tend to cause
the line relay to operate irregularly with re-
spect to the signals sent out from the sending
distributor, the reversals of the signals as re-
ceived by the line or printer relay coming too
early at times and too late at other times.

The brushes 35 and 39 are shown in align-
ment, and the sixth pulse magnet 21 is there-
fore shown connected to one of the segments
38 which is reached by brush 39 just after
brush 85 has passed from the last of the se-
lecting segments 34 which 1s ascociated with
printer 16. ‘There are five segments 38, each
individnal to one channel. The sixth im-
pulse magnet 23 1s connected to the one of
segments 3% over which brush 89 passes just
after brush 35 has passed from the segments
31 associated with printer 17, in channel 5,
and while brush 35 is next traversing the seg-
m(in{s 34 associnted with printer 16, in chan-
nel 1.

Switch 101, when closed to the right, con-
nects the east end of line 10 to the winding of
the polar relay 65 which is a two position line
relay repeating impulses received from line
10 into the multiplex distributor 70. The
distributor comprises a receiving face and o
sending face. The receiving face comprises
a solid or common receiving ring 120 and a
ring of receiving segments 122 adapted to be
conneeted to the solid ring by movement of a
brush 123 over the solid and segmented rings;
and the sending face comprises a solid or
common sending ring 125, and a ring of seg-
ments 127 adapted to be connccted to the
solid ring by movement of a brush 128 over
the solid and segmented rings, and also com-
prises switch control rings 130 and their
brush 132 which controls the reversal of the
direction of signal transmission in the system
n a manner brought out hereinafter. - The
drawing shows only those portions of the re-
ceiving rings which correspond to signaling
¢hannels 1 and 5; and shows, of the transmit-
ting segments, only those included in channel
1 and a part of those inclnded in channel 5.
The operation of a relay such as relay 65 is
subject to considerable variation in time as
the wave shape of the current impulse in its
winding varies, and consequently the signals
outgoing from the relay reflect the distortion
of the received signals by variations in the
time length of individual current impulses
cent out. While these variations might not
actually produce errors in the received ree-
ord at the distant end or terminal of the sig-
naling channels, they tend to cause o loss in
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possible transmission speed over the system
taken as-a whole. This loss is prevented by
including in the means for repeating signals
from line 10 to cable 11 the multiplex rotary
distribu’or 70 for timing the length of the

outgoing-signals accurately and preventing:

initia] distortion in the signals as transmitted
from line 10 to cable 11.  The rotary repeater
thus prevents variation in the time lgngth of
the individual outgoing impulses due to the

“distortion of the signals as received by it.

The signals transmitted from the rotary or
regenerative repeater comprising the relay
65 and the rotary distributor 70 are more reg-
ular and perfect as to shape and timing than
those transmitted from the contacts of a relay
such as 65. The rotary repeater is intended
to transmit to cable 11 signals which are as
nearly perfect as is practicable and which
hayve been properly curbed in a manner which
will presently be described. ,

Switch 102, when closed to the right, con-
nects the west end of conductor 81 of cable 11
to one end of a conductor 183, which includes
a sending network represented by a condenser
134 and resistance 185 in parallel with each
other, and which has its other end connected
to the common sending ring 125 of distribu-
tor 70. 'The sending network may be of any
suitable form. The preferred form is that
disclosed in the application of A. M. Curtis
Serial No. 56,825, mentioned above,

The armature of relay 65, operating in ac-
cordance with signaling impulses received by
the relay winding from line 10, applies posi-
tive and negative battery potentials to the
common receiving ring 120. The receiving
segments 122 are connected to the windings
of two-position polarized storing. relays 141
to 145, to energize those windings when the
movement of brush 123 connects the segments
to the ring 120. In the case of these seg-
ments, as in the case of the receiving segments
of distributor 30, although there are fen re-
ceiving segments for each signaling channel,
only alternate segments are adapted to be
connected in ‘circnit, the other segments
being inactive. The connection of the wind-
ing of relay 141 to the segments 192 is
to the first active segment (counting from
left to right in the drawing) for each signal-
ing channel; similarly, the winding of relay
142 is connected to the gecond active segment
of each of the five signaling channels, the
winding of relav 143 to the third active seg-
ment of each channel; the winding of relay
144 to_the fourth active segment of each
channel, and the winding of relay 145 to the

-fifth active segment of each channel.

There are also fifty of the sending segments

127, ten for each sienaling channel, and the

(]

armatures of relays 141 to 145 are connected
to alternate ones; or even numbered ones
(counting from left to right in the drawing),
of thess segments, the armature of relay 141

‘send out the signal elements

being connected to the first ‘even numbered
one of the segments 127 for each channel, the
armature of relay 142 being connected to the
second even numbered one of the -segments
for cach channel, and so on in direct rotation,
When the armatuares operate in response to
impulses in the relay windings, the station-
ary contacts of the armatnres are connected
to the even numbered segments 127 and apply
to those segments positive and negative bat-
tery potentials.  As brush 128 traverses the
ring 125 and segiments 127, these positive and

0

]

negative potentials are applied from the seg- °

ments to the ring and are trausmitted thence
through conductor 183 including the sending
network, and on through the switch 102 to
the conductor 81 of the cable 11. The arma-
tures of relays 141 to 145 thus act as movable
contacts of transmitters for applying to the
transmitting segments 127 potentials which
are transmitted eastwardly on cable 11,

" In order to permit the relays 141 to 145 to
operate from recéived impulses and settle
down in their new positions before brush 198
reaches the positions for sending out the im-
pulses as repeated by the relays, the connec-
tions from the tongues of the storing relays
to the sending segments are advanced two seg-
ments in the direction of the rotation of the
brushes, with respect to the receiving seg-
ments, this feature being indicated
drawing by the relative positions in which
the brushes 128 and 128 are shown. This
means that as the brushes rotate the receivin
brush will first pass over a segment conn’ecteg
to the windings of one of the storing relays
causing it to operate in response to the cur-
rent pulse received at that instant. A fter the
brushes have advanced two segments the send-
ing brush reaches the sending segment con-
nected to the tongue of that storing relay,
sending out over the cable 11 a pulse of the
polarity applied to that segment by that re-
lay. The sending and receiving brushes have
a fixed angular relation with each other, being
mounted on the same rotating brush arm, and,

in the -

80
85
80

5

108 °

10

—

as indicated above, the connections to the . .

sending segments are made in the same order
of rotation as the receiving segments so as to
or impulses in
the same sequence as they were received. The
rotary repeater introduces a definite fixed
time delay or lag in repeating signals, which
is added to the
and the cable sections such as 11 and 12.

In sending current pulses out over a cable,
if the outgoing signal pulses are made short
and sharp and the cable is earthed at the send-
ing point for a short time after each pulse,
the received signals are
For this so-called “curbing”, a combination

lag produced by the line 11

much less distorted.

115

120

125

which gives good results from a shaping -

standpoint is that where time intervals occu-
pied by the outgoing pulses alternate with
time intervals which are equal to the duration

130
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of the pulses and throughout which the cable
is earthed at the sending point. With this
so-called 50% marking, the pulses of marking
and spacing polarity are each equal to the in-
tervals of carthing. ‘The segments of the dis-
tributor 70 are shown arranged to send out
pulses of this nature, the odd nurpbered ones
of the segments 127 keing cqual in length to
the even numbered ones, and being all con-
nected to earth through a resistance 155 so
that in sending eastwardly over cable 11,when
brush 128 contacts with any odd numbered
one of the segments 127 the conductor 81 of
cable 11 is earthed through a circuit extend-
ing from conductor 81 through switch 102,
conductor 133 and the sending network, ring
1925, brush 128, the segment 127 in contact with
the brush, and resistance 155.

In the transmission of the multiplex signals
over a long submarine cable such as 11 it is
desirable to keep the positive and negative
impulses as eyenly balanced as possible in
order to prevent distortion in the received
signals with its accompanying zero-wander.
With a 5-channel systen the standard method
of inverting the polarities of marking and
spacing batteries in each channel causes a
predominance of one polarity over the other
on the average and when certain combinations
are sct up in the transmitters permits an
exaggerated unbalance of polarities to be im-
posed on the cable. In or<]ler to cut down the
probability of heavily unbalanced conditions
occurring, the system has been arranged to
invert the polarities of marking and spacing
batteries between the second and third im-
pulses of each channel signal combination
when sent out over the cable 11. The polari-
ties of marking and spacing on the five chan-
nels then become, for example, as follows:

Positive.
Marking:
Tulses 3, 4, 5 on channels 1,3 and 5.
Pulses 1, 2 on channels 2 and 4.

Negative.

Tulses 1, 2 on channels 1, 3 and 5.
Pulses 3, 4, 5 on channels 2 and 4.

Positive.
Spacing:
Pulses 1,2 on channels 1,3 and 5.
Pulses 3, 4, 5 on channels 2 and 4.

Negative.

Pulses 3,4, 5 on channels 1,3 and 5.
Pulses 1, 2, on channels 2 and 4.

This splitting of the channels and invert-
ing of polarities has been done in the rotary
repeater at station B by reversing the polari-
ties of battery connected to the contacts of
the storing relays between the second and
third relays, as shown in the drawing. The
signals are sent out from the terminal dis-
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tributor at station A ih accordance with the
standard arrangement and are repeated onto
the cable 11 with the lpolarities of the third,
fourth and fifth impulses of each channel in-
verted.

‘Similarly, westwardly directed signals in
cable 11 have the polarities of the third,
fourth and fifth impulses of each channel in-
verted from the polarities which they would
have were their transmission over the cable
in nccordance with standard practice. To,in
effect, rectify the inverted polarities of the
third, fourth and fifth impulses of each chan-
nel combination of the signals received at
station A, the common connections from the
selector magnets of each of the printers are
split between the second and third magnets
of the printer and carried to opposite poles

of battery. That is, the first and second mag-.

nets of the printer 16 are connected to the
positive pole, and the third, fourth and fifth
magnets to the negative pole. For the print-
er of the second channel (not shown) the first
and second magnets are connected to the
negative pole and the third, fourth and fifth
to the positive pole. The printers for the
{hird channel (not shown) and the fifth chan-
nel are connected in the same way as the
printer 16, and that of the fourth channel
(not shown) in the same way as the printer
for the second channel. This, in effect, recti-
fies the polarities of the last three impulses
of the received signals of each channel. The
right hand stationary contact of relay 15 is
connected to positive battery, and t?{e left
hand stationary contact of the relay is con-
nected to negative battery. Therefore, when
the relay closes its right hand contact, as
shown, the selector magnets connccted to
positive battery cannot become encrgized but
any other selector magnet will be operated if

_ its receiving segment 1s engaged by brush 35

o

and its control switch such as 116 or 117 is
closed. Similarly, when the relay closes its
left hand contact the selector magnets con-
nected to negative battery cannot become
energized but any other selector magnet will
be operated if its receiving segment is en-
gaged by brush 35 and its control switch such
as 116 or 117 is closed.

Switch 102, when closed to the left, con-
nects cable conductor 81 to the input of am-
plifier 75, to transmit to the amplifier west-
wardly directed signals coming into station
B over cable 11. The signals are amplified
and corrected for distortion in the amplifier,
and then pass into the winding of the relay
76. Switch 101 being closed to the left, re-
lay 76 retransmits the signals to station A
over line 10. The relay prevents the umpli-
fier from unbalancing the line 10 with respect
to earth, thus reducing deleterious effects of
extraneous electric fields to which line 10 may
be subjected. as disclosed in A. M. Curtis Pat-
ent 1,639,929, granted Aug. 23, 1927, entitled
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Si%naling systems. The signals are distorted
so little by t%eir passage over a comparatively
short land line such as 10, that no rotary re-
peater is provided at station B for westward-
ly directed signals. Consequently, the ro-
tary repeater at station I3 is a one-way rotary
repeater. :

witch 103, when closed to the right, con-
nects cable conductor 81 to the input of am-
plifier 89, to transmit to the amplifier east-
wardly directed signals coming into station
C. The amplifiers 89 and 95 may be, for ex-
ample, like the amplifier 75. The signals
pass from amplifier 89 into the winding of re-
lay 90, which is a two position polar relay

operating in conjunction with the pair of

rings 78 and their brush 160 to energize stor-
ing relays 163, and operating in conjunction
with the brush and rings; and with a switch
156 actuated as described hercinafter, to ener-
gize the selecting magnets 161 of a printer
162. This operation 1s substantially like the
operation of selector magnets 20 and storing
relays 141 to 145, the pair of rings 78 com-
prising a solid or common receiving ring 164
and a ring of segments 165 similar to the solid
and segmented receiving rings, respectively,
at stations A and B. The pair of rings 79

-comprise a solid or common sending ring 166

and a ring of segments 167, these being simi-
lar to the sending rings at station B, and the
odd numbered ones of the segments 167 being
carthed through a resistance 168 which corre-
sponds to the resistance 155. A brush 169 is
movable over rings 79 to connect segments 167
to ring 166. A transmitter 170, similar to
transmitter 18, has its'movable contacts con-
nected to the cven numbered sending seg-
ments of channel 1 and the storing relays 16:
have their tongues connected to the even
numbered sending segments of channel 5, just
as the tongues of the storing relays 141 to 145
at station B are connected to the cven num-
bered sending segments 127 of each of chan-
nels 1 to 5.

Switch 104, when closed to the left, con-
nects the west end of conductor 91 of cable 12
to one end of a conductor 175, which includes
a sending network 176 similar to the network
134, 135 of station B, and which has its other
end connected to the common sending ring
166. :

"The stationary contact studs of transmitter
170 are in circuit with battery and a switch
177 actuated as described hereinafter, and,
with switch 177, closed, as brush 169 traverses
ring 166 and segments 167 positive and nega-
tive battery potentials can be applied to the
segments from transmitter 170 and storing re-
lays 163 and transmitted to the ring 166 and
thence through the conductor 175 including
the sending network, and on through the
switch 104 to the conductor 91 of the cable 12,

for transmission eastwardly thereover.

7

Switch 104, when closed to the right, con-
nects cable conductor 91 to the input of am-
plificr 95, to transmit to the amplifier west-
wardly dirccted signals coming into station
C. The signals pass from the amplifier into
the winding of relay 96, which is like relay 90
and operates in conjunction with the pair of
rings 87 and their brush 180 to energize stor-
ing relays 185, and operates in conjunction
with the brush and rings, and with a switch
183 actuated as described hereinafter, to en-
ergize the selecting magnets 181 of a printer
182. The operation of magnets 181 and re-
lays 185 is like the operation of selector mag-
nets 161 and storing relays 163, the pair of
rings 87 comprising a solid or common re-
ceiving ring 186 and a ring of segments 187,
similar to the solid and segmented receiving
rings 164 and 165. The pair of rings 88 com-
prise a solid or common sending ring 188 and
a ring of sending segments 189, and is sim-
ilar to the pair of rings 78, the odd numbered
ones of segiments 189 being earthed through a
resistance 190 which corresponds to the re-
sistance 168. A brush 191 is movable over
rings 88 to connect segments 189 to ring 188,
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A transmitter 192 similar to the transmitter .

170, has its movable contacts connected to
segments 189 of channel 1 and the storing re-

lays 185 have their tongues connected to the -

sending segnments 189 of channel 5, just as the
corresponding parts of transmitter 170 and
relays 163 are connected to segments 167.
Switch 103, when closed to the left, con-
nects the cast end of eable conduetor 81 to one
end of a conductor 193, which includes a
sending network 194 similar to the network
176, and which has its other end connccted
to the common sending ring 188, '
The stationary contact studs of transmitter
192 are in circuit with battery and a switch
199 actuated as described hereinafter, and,
with switch 199 closed, as brush 191 traverses
ring 188 and segments 189 positive and nega-
tive battery potentials can be applied to the
segments from the transmitter 192 and stor-
ing relays 185 and transmitted to the ring
188 and thence through the conductor 193 in-
cluding the sending network 194, and on
through the switch 103 to the conductor 81 of
cable 11, for transmission westwardly there-
over. :
The polarities of battery connected to the
marking and spacing contacts of transmitters
170 and 192 are reversed between the second
and third contacts of each transmitter, so
that the signals are sent out from the trans-
mitter with the polaritics of the third, fourth
and fifth impulses of each channel signal com-
bination inverted. This splitting of the
channels and inverting of polarities is for the
purpose pointed out in the description above
of stations A and B. Such splitting of chan-

nels and inverting of polarities is not required
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of the storing relays 163 and 185, since the
signals incoming to these reluys are signals
which have alrewdy been so treated.

The sending brush 169 and the receiving
brush 160 are shown in different relative posi-
tions along the segmented rings 167 and 165,
for the same reason that the sending and the
receiving brushes at station B3 are shown thus
relatively displaced.  Brushes 191 and 180
are likewise shown relatively displaced. The
printing magnets and the transmitter tape
stepping magnets, and the printer and trans-
mitter local rings for generating the so-called
sixth pulses for operating these magnets, are
omitted from the showing of station C, in the
interest of simplicity.

The rolary distributor comprising rings
78, 79, 87 and 88 also comprises a pair of
rings 195 and their brush 196, and a pair of
rings 197 and their brush 198, these rings and
brushes 195 to 198 controlling reversal of the
direction of signal transmission in the sys-
tem, in a manner brought out hereinafter.
The pair of rings 195 comprises a solid ring
200 and a ring of segments 201. Brush 196
is movable over this pair of rings to connect
the segments to the solid ring. The pair of
rings 197 comprise a solid ring 202 and a ring
of segments 203. Brush 198 is movable over
this pair of rings to connect the segments
to the solid ring.

When during the changing of station B
from its condition for sending signals to cable
conductor 81 to its condition for receiving
signals from that conductor, switch 102 1is
operated from its right hand to its left hand
position to disconnect that conductor from
conductor 133 leading from common sending
ring 125 and connect the conductor 81 to the
input circuit of amplifier 75, an auxiliary con-
tact 210 on the switch 102 momentarily earths
ile eontact connected to the conductor 81, to
momentarily earth conductor 81 during the
time it is being disconnected from the send-
ing ring 125 and before it is connected to the
input circuit of amplifier 75. This short
earthing period is sufficient to considerably
reduce earth currents which might flow
through the input circuit of am lifier 75 be-
tween conductor 81 and the earth at 85 upon
thie connection of conductor 81 to that input
cirenit. These earth currents, if excessive,
would tend to paralyze the amplifier.

Similarly, when conductor 81 is being dis-
connected from conductor 193 leading from
sending ring 188 hefore being conneeted to
the input of amplifier 89, an auxiliary con-
fact 211 of switch 103 momentarily earths
the cable conductor 81 to protect amplifier 8.

Similarly, when conductor 91 is being dis-
connected from conductor 175 leading from
sending ring 166 before being connected to
the input of amplifier 95, an auxiliary contact
919 of switch 104 momentarily earths the*
cable conductor 91 to protect amplifier 95.

1,681,489

The send-receive switch 100, at station A,
is operated by a cam 225 on a switch-operat-
ing cam shaft 226 which is driven in clock-
wise direction by an electric motor 227. Half
of the periphery of the cam is depressed, and
the switch has a cam follower bearing on
the periphery, the switch being closed to the
left when the cam follower is in the depres-
sion but being closed to the right when the
cam follower bears on the remaining -or
yaised portion of the periphery. A slip-
cluteh 298 is interposed between the motor
and the shaft 216 so that an escapement 229
operated by a steppingz magnet 230 can con-
trol and regulate the motion of the cam shaft.
The escapement magnet 230 is controlled by
the conjoint action of timing switches 235,
936 and 237 of a timing device 240, distributor
rings 40 and 60, and a transfer switch 242
which is operated by a transfer cam 241 on
the cam shaft 226 to Lransfer the control from
rings 40 to rings 60 and vice versa for a pur-
pose explained hercinafter. The circuit of
magnet 230 for starting the magnet stepping
under control of rings 40 and 60 and their
brushes, extends from negative battery
through magnet 230, a conductor 243, thence
to the right hand contact of switch 242 cither
through conductor 244, lower ring 40, brush
42, upper ring 40, conductor 245 and left hand
contact of switch 242 or through conductor
246, lower ring 60, brush 62, upper ring 60,
conductor 247 and middle contact of switch
949, in accordance with the position of cam
241, and thence through conductor 250 and
the right hand contacts of timing switches
935, 236 and 237, to ground. A locking cir-
cuit for the stepping magnet is described
hercinafter, which shunts the path through
the right hand contacts of switches 235, 236
and 237, to maintain the magnet stepping for
a predetermined period, regardless of the
opening of that path.

The timing device 240 comprises cams 251,
952 and 253 for operating switches 235, 236
and 237, respectively, and gearing for oper-
ating the cams from the drive shaft 254 of
the distributor 30 through a clutch 255. The
cluteh is normally held in engagement by a
spring 256 although shown as held is disen-
gaged position by a latch 257. The latch is
controlled by a cluteh releasing magnet 258
for starting the cams 251, 252 and 253 upon
encrgization of magnet 258 in a manner de-
ceribed hereinafter. The clutch shaft may
be driven at a speed of, for example, 1C%
R. . M. when distributor shaft 254 is rotat-
ing at the speed which corresponds to the nor-
mal transmisison speed of the associated cable
cireuit. Through a gear train 259 the clutch
chaft drives a shaft 260 at a speed of, say, 2
R. P. M. Through gear trains 261, 262 and
263, shaft 260 drives the cams 251, 252 and
953. suy clockwise at speeds of /5 R. P. M,
1 R. P. M. and 4 R. P. M., respectively. Each
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tion in its periphery, and the cam 251 in the
specific form shown has in its periphery, two
depressions which are diametrically opposite
each other. The switches 235, 286 and 237
have cam followers which bear on the periph-
eries of the cams 251, 252 and 253, respective-
ly, the switches being closed when their re-
spective cam followers are in the depressions,
but being opened when their respective cam
followers are on the remaining or raised por-
tions of the cam peripheries.

‘With clutch 255 engaged, switch 237 will
close four times each minute, each period of
closure lasting % of a minute or about 4 sec-

- onds; switch 236 will close once each minute,
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each period- of closure lasting, say, 15 sec-
onds; and, when cam 251 has the specific form
shown, switch 235 will close once every 6
minutes, each period of closure lasting 14
minute. This specific form of cam 251 is in-
tended to cause the system to reverse the di-
rection of signal transmission over the cable
circuit once every six minutes. This cam, or
what amounts to the same thing, other cams
(not shown) which may be caused to func-
tion in its stead in the system, may have other
forms, with depressed portions separated by
raised portions of any suitable length, to
reprecent any suitable time periods of traffic
in either direction. If desired. the alternate
spacings between the depressions around the
periphery may be made unequal, for taking
care of traffic which is heavier in one direction

% than in the other in the general manmer dis-

closed in U. 8. Patent to Clokev 1.601.941,
granted October 5. 1926. mentioned above.

The relative angular positions of cams 251,
252 and 253 on their shafts is such that dur-
ing each reriod of closure of switch 235 there
will be a neriod in which both of the switches
236 and 237 are in the closed condition. or in
other words. a period of coincident closure
of switches 235. 286 and 287. . Therefore. the
above traced cirenit extending throuh step-
pine magnet 230 for starting the stepping
of that maonet. is cloced. and starts that mac-
net stepning. Moreover, when magnet 9230
starts stepning. the motor 227 has already
started and accelerated to normal speed: for
the relative angular positions of cams 9251,
252. and 258 on their chafts is such that the
neriod of coincident closiire of switches 235.
236 and 237 beoins while switches 235 and
236 are alreadv in closed condition and have
been in closed condition for the lenoth of time
which the motor requires to accelerate, and
the cirenit of the motor is complete whenever
these switchee 235 and 236 are hoth in closed
condition. This motor cireuit extends from

. negative hatterv.throuch the motor field 264,

4o

the motor armature. a conductor 265, and the
Jeft hand contacts of switches 235 and 236 in
series, to oround. Whenever this circuit has
been closed, the motor starts and when the

switch advances one step a locking circuit is
closed for the stepping magnet 230 at a
switch 266, this switch being operated by a
cam 267 on shaft 226. This cam has two short
depressions at diametrically opposite points

.on its periphery, and the switch 266 has a cam

follower pressing on the cam and is main-
tained closed by the remaining or raised por-
tions of the periphery except when the cam
follower is at one of these two points. Upon
closure of the motor circuit through switches
235 and 236 and consequent establishment of
the locking circuit for the stepping magnet
by switch 266, the stepping magnet continues

to step due to the impulses generated by rings

40 and brush 42 or rings 60 and brush 62,
until the shaft 226 has moved through 180°
from its starting position, and then the step-
ping magnet and consequently the shaft 226
stops due to the opening of switch 266, the
relative angular positions of cams 251, 252
and 253 on their shafts being such that the

stepping circuit through switches 235, 236

and 237 has opened while the shaft was turn-
ing through the 180°. The locking stepping
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circuit through switch 266 extends from con-

ductor 250 through switch 266 to ground,
thus shunting that part of the stepping cir-
cuit traced above which extends from con-
ductor 250 through the right hand contacts of
switches 235, 236 and 287 to ground. The
relative angular positions of cams 251 and
252 on their shafts are such that the motor

circuit through switchés 235 and 236 remains.

closed at least until magnet 230 stops step-
ping, that is, until shaft 226 has turned
through 180° from its starting position, and
then or shortly thereafter the motor circuit is
opened at switch 236 or 235, thus avoiding
unnecessary running of the motor and slip-
ping of clutch 228, .

The shaft 226 is shown in the position of
rest which it occupies when the send-receive
switch 100 is in condition for transmission
eastwardly from station A, or in other words,
the position which it would occupy after
completing the half revolution described just
above, provided that half revolution was be-
gun when the switch 100 was in condition for
transmission westwardly, that is, in condi-
tion for reception by station A. Throughout
the first part of such half revolution, or, in
other words, throughout that part of the half
revolution in which station A was connected
to the line for receiving, the transfer switch
242 maintained the stepping magnet under
control of the rings 40 and brush 42 of the
receiving face of distributor 80; and then
when cam 225 shifted the send-receive switch
100 to the send position, the transfer cam 241
allowed the transfer switch 242 to transfer
control of the stepping magnet 230 from the

receiving face of the distributor to the rings’

60 and brush 62 of the sending face. Thus,
when the station is being changed ‘from a
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condition for transmission in one direction in
the system to a condition for transmission
in the other direction in the system, the con-
trol of the stepping of shaft 226 is performed
by the distributor face active in transmitting
signals in the one direction, until the in-
stant at which the connection of the line to
the station becomes proper for transmission
which is to pass in the other direction in the
system, and at that instant the control of the
stepping of shaft 226 is transferred to the
other distributor face, which is then about to
become the distributor face active in the
transmission of signals in the system. In
this way there is obtained accuracy in the
timing, with relation to the signal impulses,
of various switching operations which forms
steps in the operation of changing the station
from the receiving to the sending condition
or vice versa. These steps may include, for
example, the opening and closing, as de-
scribed hereinafter, of contacts 112, 114, 116
and 117 in the circuits of the selecting mag-
nets of the printers and in the circuits of the
tape operated contacts of the transmitters,
the opening and closing, as described here-
inafter, of the contacts such as 121 and 121
in the circuits of the sixth pulse magnet of
the transmitters, as well as the operation of
switch 100 itself in switching the line 10
from the winding of the recelving relay 15
to ground and the common sending ring 50 or
vice versa.

The lower one of the stepping rings 40 is
divided into ten segments. However, the
ring operates magnet 230 as though the ring
consisted of two segments equal to each other
in length. The sixth to the tenth of the seg-
ments (counting from left to right in the
drawing) are not connected in circuit, and
the first five are connected together and act,
asregards operation of magnet 230, as a single
long segment connected to conductor 244.
Thus, in generating pulses of current for op-
erating the magnet 230, rings 40 and brush
42 cause the magnet to receive one current
pulse during and throughout each 4 revolu-
tion of the brush, and cause the magnet cir-
cuit to be open during and throughout the
other half of each revolution of the brush.
Rings 60 .and brush 62 operate likewise.
Thus, the shaft 226 takes two steps, or turns
through an angle equal to 360° divided by
the number of the teeth of the escapement
wheel of escapement 229, for each revolution
of the distributor. There may be, for ex-
ample, thirty teeth (though for clearness the
escapement wheel in the drawing is shown as
having fewer teeth), in which case thirty
revolutions of the distributor, and thirty
steps of the shaft 226 will be required for
each 14 revolution of shaft 226. ‘The 15
revolution of shaft 226 may require a time
of the order of six seconds, by way of ex-
ample. During the first three of these six

1,681,480

seconds required for the complete changeover
in the condition of the station from say the
receiving to the sending condition, there is
accomplished the opening of switches 116
and 117 in a manner about to be described.

At the end of the three seconds, the switch

100 moves from its left-hand closed position
to its right-hand closed position and the
switch 242 transfers control of the stepping
magnet from rings 40 to rings 60, and during
the next three seconds the closing of switches
112 and 114 is accomplished In a manner
about to be described.

Shaft 226 drives a shaft 269 through a gear
train 268 having a 1 to 1 speed ratio. Cams
131, 191/, 279, 272, 273 and 274 on shaft 269,
operate switches 121, 1217, 112, 114, 116 and
117, respectively. The operation of the last
four of these switches 1s in the order in
which they are here named, when shaft 220
is heing turned clockwise from its present po-
sition through 180°. Thus, when the sta-
tion is being changed from the transmitting
to the receiving condition, transmitter 18 is
removed from circuit, thereafter transmitter
19 is removed from circuit, subsequently the
transmit-receive switch 100 is operated from
the transmit position to the receive position,
thereafter printer 16 is connected in cir-
cuit, and subsequently printer 17 is con-
nected in circuit. The switch 112 controls
the transmitter (not shown) for channel 2
in the same manner in which it controls the
transmitter 18 for channel 1; the switch 114

controls the transmitters (not shown) for .

channels 3 and 4 in the same manner in which
it controls the transmitter 19 for channel 5;
the switch 116 controls the printer (not
shown) for channel 2 in the same manner in
which ‘it controls printer 16 for channel 1;
and the switch 117 controls the printers (not
shown) for channels 3 and 4 in the same
manner in which it controls the printer 17
for channel 5. As indicated above, the trans-
mitter for each channel has a cam and a
switch corresponding to the cam 131 and
switch 121,

When station A is being changed from
the receiving to the transmitting condition,
first the printers for channels 1 and 2 will
be cut out of circuit by switch 116. then the
printers for channels 3, 4 and 5 will be cut
out of circuit by switch 117, then the switch
100 will be operated to the left, then the
transmitters for channels 1 and 2 will be cut
in circuit by switch 112; and finally the
transmitters for channels 3, 4 and 5 will be
cut in circuit by switch 114,

At a distant terminal station for one or
more of the channels of the system, such as
station C or a station lying to the cast of sta-
tvion C and terminating the system, there is
apparatus. similar to that described above
for station A, for periodically changing the
condition of the station from the condition
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for transmission in one direction in the sys-
tem to the condition for transmission in the
opposite direction. This changing includes
periodically changing the channel termina-
tions at the station from a sending to a re-
ceiving condition and vice versa; and where

- a channel is longitudinally divided into two

10
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‘separate signaling circuits and so has two

channel terminations at the same station, as
in the case of the two terminations of chan-
nel 1 at station C, one. of the two termina-
tions undergoes a change from the receiving

“condition to the sending condition while the

other ‘is undergoing the change from the
sending to the receiving condition, and vice
versa. This simultaneous changing is ef-
fected, as will now be described for station
C by way of example, by having at the sta-
tion two_ direction-control switch-operating
cam shafts 226° and 226 such as the cam
shaft 226 of station A, one shaft functioning
to operate switches including switches 108,
177 and 156 and the other functioning to op-
erate switches including switches 104. 183
and 199, and both controlled by a timing
device 240° such as the timing device 240 of
station A and by a transfer switch 249,
stepping rings 195 and stepping rings 197
corresponding to the transfer switch 249,
stepping rings 40 and stepping rings 60 of
station A. '

The cable switch or direction control
switch 103 at station C (which is the send-
receive switch for that signaling circuit of
channel 1 extending west from station C and
is a cable switch or direction control switch

- for transmission in each of channels 1 to 5)

corresponds in structure and function to the
send-receive switch 100 at station A, and is
operated from shaft 226° by a cam 225, Ele-
ments at station C desighated by reference
characters having “c” or “c’” appended, cor-
respond in structure and function to elements
at station A designated by the same reference
characters without such appendage. The
transfer switch 242¢ is operated from shaft
226° by a cam 241°. The shaft 226° is oper-
ated by a motor 227°, clutch 228, and escape-
ment 229°, the magnet for operating escape-
ment 229° being designated 2302, A locking
switch 266° for the circuit of macnet 280° is
op,zerated from shaft 226° by a locking cam
267e, '

The cable switch or direction control
switch 104 at station C (which is the send-
receive switch for that signaling cirenit of
channel 1 extending east from station C and
is a cable switch or direction control switch
for transmission in each of channels 1 to 5)

corresponds in structure and function to the:

send-receive switch 100 at station A, and is

onerated from shaft 226 by a-.cam 225¢,

Shaft 226°” is operated by a motor 227,
clutch 228 and escapement 229¢’, the magnet
for operating the escapement being designat-

cuit of magnet 230° is operated from shaft
226* by a locking cam 267, '

The circuit of magnet 230° for starting the
mal.fnet stegpmg under control of rings 195
and 197 and their brushes, extends from neg-
ative battery to the left hand spring of
switch 242¢, thence to a conductor 270 ejther
through middle spring of switch 242¢, con-
ductor 271, distributor ring 202, ‘brush 198,
ring 203, and conductor 275 or through right
hand spring of switch 242¢, conductor 2 6,
distributor ring 200, brush 196, ring 201, and
conductor 277, in accordance with the posi-
tion of cam 241, and from conductor 270
through magnet 230, conductor 278, middle
contact of switch 2385¢, left hand contact of
switch 286° and switch 287° to ground.

The circuit of magnet 230 for starting the
magnet stepping under control of rings 195
and 197 and their brushes, extends from neg-
ative battery to conductor 275 over the paths
just traced for the circuit of magnet 230°, and
from conductor 275 through conductor 280,
magnet 230, conductor 281, left hand con-
tacts of switches 285° and 236°, and switch
237° to ground.

The circuit for motor 227 extends from
negative battery through motor field winding
264°, the armature of the motor, conductor
282, and right hand contacts of switches 236¢
and 235¢ in series, to ground. ‘Whenever this
circuit has been closed, the motor starts, when
the shaft 226° advances ome step, the opera-
tion of cam 267°, closes a locking circuit for
the stepping magnet 230 at switch 266c.
This locking circuit extends from conductor
278 through switch 266° to ground, thus
shunting that part of the stepping eircuit
traced above wﬁich extends from conductor
278 through switches 235¢, 236¢ and 237 to
ground. : ,

The circuit for motor 227 extends from
negative battery through motor field winding
264¢", the motor armature. conductor 285. and
right hand contacts of switches 236¢ and 235¢
in series, to ground. Whenever this circuit
has been closed, the motor starts and, by the
operation of cam 267 closes a locking cir-

cuit for the stepping magnet 230~ at switch.

266°’. This locking circuit extends from
conductor 281 through switch 266¢’ to ground,
thus shunting that part of the stepping cir-
cuit traced above which extends from conduc-
tor 281 through switches 285¢, 236° and 2387°
to ground.

‘When station C is being changed from the
condition in which it should be while the sys-
tem is transmitting eastwardly to the condi-
tion in which it should be while the system is
transmitting westwardly, or, in other words,
when station C is being changed from a con-
dition in which the rings 78 and the rings 79
are the active receiving and sending rings toa
condition in which the rings 87 and the rings

11

ed 230*. A locking switch 266% for the cir.
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88 will be the active receiving and sending
rings, the stepping magnets 230° and 230°
are first under control of the stepping rings
195 on the distributor face comprising the re-
ceiving rings 78 and the transmitting rings
79, and then, as rings 78 and 79 cease to be the
active receiving and transmitting rings and
the rings 87 and 88 become the active receiv-
ing rings and transmitting rings, cam 241°
causes switch 242¢ to transfer control of the
stepping magnets 230° and 230¢ to stepping
rings 197 on the distributor face which com-
prises the receiving rings 87 and the transmit-
ting rings 88 as these rings 87 and 88 become
the active receiving and sending rings. Simi-
larly, at each instant throughout the period
during which the station C is being changed
from its condition for westwardly directed
transmission in the system to its condition for
eastwardly directed transmission in the sys-
tem, the stepping magnets 230¢ and 230°" are
under the control of the pair of stepping rings
on the same distributor face as the receiving
and sending rings which happen to be active
at the instant. In this way, there is ohtained
accuracy in the timing, with relation of the
signal 1mpulses at station C, of various
switching operations which form steps in the
operation of changing the condition of the
station from that for transmission in one di-
rection in the system to that for transmission
in the opposite direction in the system, and
vice versa. These steps include, by way of
example, the operation of switches 156, 177,
183 and 199, the operation of switches (not
shown) corresponding to switch 121’ and
also the operation of switches (not shown)
for switching the amplifiers 89 and 95 in cir-
cuit in several steps as disclosed in a copend-
ing application of A. M. Curtis, Serial No.
119,536, filed June 30, 1926. This switching of
the amplifier in steps is to avoid paralyzing
the amplifier by the voltage surges incident
to switching the cable to the input of the am-
plifier after sending signals out over the cable.
The switches 156 and 177 are operated by
eams 286 and 287 on a shaft 269° driven by
chaft 926¢ through a gear train 268° having
a1 to 1speed ratio. The switches 188 and 199
288 and 289 on shaft
996¢’. Switch 177 may control any transmit-
ters of channels 1 and 2 connected to segments
167. If any of channels 3 to 5 have transmit-
ters connected to segments 167, another switch
(not shown) operated from shaft 269° will
be provided to control those transmitters, so
that the transmitters connected to segments
167 will be switched in two groups, as is de-
seribed above for the transmitters at station
A. Switch 156 may control any printers of
channels 1 and 2 connected to segments 165.
Tf any of channels 3 to 5 have printers con-
nected to segments 165, another switch (not
shown) operated from shaft 269° will be pro-
vided to control those printers, so that the
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printers connected to segments 1685 will be
switched in two groups, as is described above,
for the printers at station A. Similarly,
switches 183 and 199 may each control more
than a single printer or transmitter connected
to segments 187 or 189, and additional
switches may be provided for similarly con-
trolling still other printers and transmitters
connected to those segments. The operation
of the dpparatus at station C for changing the
condition of the station from that suitable for
transmission in one direction in the system to
that suitable for the opposite direction and
vice versa, being similar in general to the
operation of the direction control apparatus
at station A described above, will be apparent
without further description other than to
note again that the operation of switches 103
and 104 of this direction control apparatus
at station C changes the connections of the
two-way rotary repeater to the circuit from
the condition for automatically repeating in
one direction to that for automatically repeat-
ing in the opposite direction, and vice versa,
so that the operation of the direction control
apparatus at station C conditions the station
for reversal of the direction of transmission
not only with regard to the signaling chan-
nels which have one or more terminations at
the station. such as channel 1, but also with
recard to the channels, such as channel 5, in
which signals are automatically repeated
through the station.

Switch 102 at station B is a polarized relay.
As noted above, operation of switches 101 and
102 at station B condition that station for
reversal of the direction of transmissior.
through the station. The means for periodi
cally reversing the positions of each of thest
switches is similar to the means describec
above for operating the send-receive switcl
100 at station A and the cable change-ove:
switches 225¢ and 225¢ at station C, and com
prises a motor 227° driving a cam shaft 226
through a slip-clutch 228°, a cam 225
mounted on shaft 226> and operating switel
101, a2 cam 225" mounted on shaft 226 an
operating a switch 102’ which controls rela;
102, an escapement 229° controlling sha
296% and having a stepping magnet 230° con
trolled by stepping rings 130 and brush 13
a timing device 240° for controlling the circu
of motor 227 and stepping magnet 230°, an
a cam 267° mounted on shaft 226° and opel
ating a switch 266° which controls a lockin
cirewit for the stepping magnet. Element
at station B designated hy reference chara«
ters having “b” or “b"” appended correspon
in structure and function to the elements ¢
station A designated by the same referenc
characters without such appendage.

The circuit of magnet 230° for starting tl
magnet stepping under control of rings L
and brush 132 extends from negative batte:
through magnet 230°, conductor 295, low:
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ring 130, brush 132, upper ring 130, conduc-’

tors 296 and 297, switch 237 ® and left hand
contacts of switches 236> and 235° in series,
to ground, : ,

he circuit for motor 227 extends from
negative battery through the motor field 264®
the armature of the motor, conductor 298, an
right hand contacts of switches 236 and 235v,
to ground. Whenever this circuit has been
closed, the motor 227> starts and, by opera-
tion of cam 267®, closes a locking circuit for
the stepping magnet 230° at switch 266p.
This locking circuit extends from conductor
297 through switch 268
shunting that part of the stepping magnet cir-
cuit traced above which extends from con-
ductor 297 through switches 237°, 236" and
235" to ground. The operation of the appa-
ratus at station B for changing the condi-
tion of the station from that suitable for
transmission in one direction in the system to
that suitable for transmission in the opposite
direction, and vice versa, being similar in
general to the direction control apparatus at
above, will be ap-
parent without further description. The
amplifier 75 may be switched in cireuit in sev-
eral steps, by switches (not shown) operated
from cams on shaft 226", as is mentioned above
for the amplifiers 89 and 95 at station C.

As stated above, -the distributors at the
different stations of the system are operat.d
in synchronism. That 15, the distributor
brushes are rotating at the .same angular
velocity and each brush is in time bhase with
the signals passing through it, the angular
displacement of each receiving brush with

. respect to each distant brush sending signals

thereto representing at each instant the time
required for a transmitted signal to traverse
the circuit between the two.brushes,

With the distributors so operating, and
with the system in the condition shown 1n the
drawing, the system operates to transmit sig-
nals, sent by transmitters such ag 18 at station
A, from station A ‘eastwardly over line 10
and through the rotary repeater at station B,
and over cable 11 to station C. At station C,
these signals in all of the signaling channels
1to 5 pass through amplifier 89 and relay 90,
and the signalsin certain of the channels, such
as channel 1, are printed by printers such as
printer 162 and the signals in other channels
such as channel 5, are automatically transmit-
ted through rings 78 storing relays 163 and
rings 79 and eastwarcfly over cable 12 to a ter-
minal station (not shown) where they may be

rinted by printers such as printer 162,
{)Vhile station A is thus sending signals, sta-
tion C may be originating other signals, at
transmitters such as transmitter 170, and
transmitting the latter signals eastwardly, in
channels such as channeﬂ which have two
terminations at station C. These latter sig-

nals may be transmitted over cable 12 to a ter-

to ground, thus

13

minal station (not shown) where they may

be printed by printers such as printers 162,

’Fo cause the direction of transmission in
the system to be periodically reversed auto-
matically, the direction contyol apparatus at
each station is started by energizing the clutch
control magnets such as 255, 255" and 255¢ in &
manner, described hereinatter, such that en-
gagement of the clutches at all of the stations
is effected substantially simultaneously,

When the clutches have thus engaged, the
timing devices such as 240, 240° and 240° have
accordingly started; and the consequent oper-
ation of the motor driven cam shafts such as
226, 226", 226° and 226 causes each of the sta-
tions to be periodically changed as described
above, from a condition for transmission in
one direction in the system to g condition for
transmission in the other direction in the sys-
tew and vice versa. The time intervals be-
tween the changes at any station are equal to
those at each of the other stations, since the
cams, such as 251, 251" and 251° in use at any
one time, are all alike and the distributors are
operating synchronously. Therefore, in view
of the above specified relative starting times
of the timing mechanism the local and line
connections at each station will be changed,
from the condition for transmission in one
direction to that for transmission in the other
direction and vice versa, in synchronism with
the changes in the direction of the signals-at
the station. At each station, the proper rela-
tive timing as described above of the different
switching steps involved in changing the sta-

‘tion from the condition for transmission in

one direction to the condition for transmis-
sion in the other direction is obtained b

properly shaping the cams on the shafts sucg
as 226, 269, 226v, 296°, 269° and 226 and
properly adjusting the relative angular posi-
tions of those cams upon their shafts, Ag

noted above, where the cams such as 251, 2510,

and 251° are of the form indicated the direc-
tion of transmission is reversed every six
minutes,

When the system has been changed from
the condition in which it is shown, that is, the

condition for transmission eastwardly, to the
condition for transmission westwardly, by
the turning of each of the shafts such as 226,
269, 226", 226°, 269° and 226 through 180
from the positions in which they are shown,
signals will be transmitted westwardly over
czillle 12 to station C from a station (not
shown) which lies east of station C and which
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may be, for example, the station terminating

the system at its east end. These signals may
originate at the latter station in transmitters,
such as the transmitters 18 and 19 of station
A, terminating channels 1 to 5 at their east
end. Upon arriving at station C all of these
signals pass through amplifier 95 and relay
96, and the signals in certain of the channels,

such as channel 1, are printed by printers such
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as printer 182 and the signals in other chan-
nels, such as channel 5, are automatically
transmitted through rings 87, storing relays
185 and rings 88 westwardly over cable 11 to
station B. Signals may also originate at sta-
tion C in transmitters, such as 192, of channels
which have two terminations at that station,
such as channel 1. The sionals originating
at station C are also transmitted westwardly
over cable 11 to station B. All of the signals
arriving at station B from station C pass
through amplifier 75 and relay 76 and are
transmitted westwardly over line 10 to sta-
tion A where they are printed by printers
such as 16 and 17.

To facilitate adjustment of the relative
angular positions of the cam shafts of timing
device 240, as for instance in the initial ad-
justment or lining up of the system, the
right-hand end (not shown) of shaft 260 is
so mounted as to permit the left-hand bear-
ing 810 of the shaft to be lowered and raised,
and a cam 311 and cam latch 812 are provided
for holding the shaft in its raised position.
By releasing the latch and turning the cam
311, the gears of each of the gear trains 261,
962 and 263 ma&l be disengaged. Similar
means is provided, as shown, for facilitating
adjustment of the relative angular positions
of the cam shafts of each of the other timing
devices, such as 240° and 240°

Means will now be described for energizing
the clutch control magnets such as 258, 258
and 258° in the manner mentioned above for
causing engagement of the clutches such as
955, 255 and 255° substantially simultane-
ously.

At station A is a switch 315 having four
movable contacts 316 to 319, of which con-
tacts 816, 317 and 318 are transfer contacts,
each movable between two stationary contact
studs for connecting the first three transmit-
ting segments 51 of channel 5 either to mov-
able contacts of transmitter 19, as shown, or
to negative battery. When the switch is in
the position shown, the movable contact 319

is open; but when the contact is in its right-~

hand position it closes a gap in a circuit ex-
tending from negative battery through the
latter contact, conductor 394, right-hand
movable contact of a switch 325, clutch con-
trol magnet 258, middle movable contact of
switch 325, conductor 326, a transmitter local
segment 58, brush 59, and local ring 57, to
round.

At station B is a switch 330 which in the
position shown closes a gap in the connection
extending from the third of the active re-
ceiving segments of channel 5 through con-
ductor 332, switch 330 and conductor 333 to
the winding of storing relay 143. When the
switch 330 is closed to the right, it discon-
nects the receiving segment just mentioned
from relay 143 and connects the segment to
oround through a circuit extending from that
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segment, through conductor 332, switch 330,
clutch control magnet 258 and conductor
334. When magnet 258° is energized by cur-
rent sent through the latter path as described
hercinafter, and releases clutch lever 331
from latch 257, the clutch lever operates
switch 330 from its right-hand to its left-
hand position, which is the position it should
have when signals are to be transmitted
through the rotary repeater comprising dis-
tributor 70 and storing relays 141 to 145.
At station C is a switch 330 which, in the
position shown, closes at its left-hand mov-
able contact, a circuit extending from the
second active receiving segment 165 of chan-
nel 5, through conductor 336, left-hand mov-
able contact of switch 835, and conductor 337,
to the winding of the storing relay 163 cor-
responding to the receiving segment just
mentioned. When switch 335 is operated to
its right-hand position, its left-hand movable
contact disconnects the receiving segment
and storing relay winding just mentioned
from cach other, and connects that segment
to ground through a circuit extending from
that segment through conductor 836, leit-
hand movable contact of switch 335, con-
ductor 338, and clutch control magnet 258°.
With the system in the condition shown
if it is desired to energize the clutch control
magnets such as 258, o58° and 258° for caus-
ing engagement of the clutches such as 259,
o553 and 255¢ substantially simultaneously
the switches 325, 330 and 335 should be oper-
ated from the positions shown to their right-
hand positions. Thereafter, switch 315 may
be operated from the position shown to its
right-hand position. ~ This operation of
switch 315 should occur at a time after brush
52 has passed beyond the transmitting seg-
ment connected fo contact 318 and has not
reached the transmitting segment connected
to contact 316 on its next passage OVer seg-
ments 51 from left to right in the drawing,
and should also occur at a time after brush 59
has passed beyond the segment 58 to which
conductor 326 is connected and has not
reached that segment on its next passage over
rings 57 and 58 from left to right in the draw-
ing. Switch 315 having been thus operated,
upon the next traverse of the brushes 52 and
59 over the segments connected to switch 315
and conductor 326 the brush 52 transmits to
line 10 a pulse from negative battery (con-
nected to the right-hand stationary contact
studs of movable contacts 316, 317 and 318)
as each of the segments connected to the
cwitch 315 is traversed by that brush, and
the brush 59 causes a pulse from negative
battery (connected to contact 319) to energize
cluteh control magnet 258 over the circuit
traced above for that magnet as the segment
58 connected to conductor 326 is traversed
by that brush. The negative pulses trans-

‘mitted to line 10 from the segments connected
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to contacts 316, 817 and 318 pass over line
10 to relay 65 and common receiving ring
120 of distributor 70 at station B, anf from
ring 120 these impulses are transmitted by
brush 123 to" the corresponding ones of re-
ceiving segments 122 since the distributors of
the ‘system are operating in synchronism,
The negative pulse thus transmitted from the
third sending segment of channel 5 at sta-
tion ‘A and received by the third active re-
ceiving segment of channel 5 at station B

. energizes clutch control magnet 258° over

15

20

25

the circuit from that receiving. segment
through conductor 332, switch 330, and con-
ductor 334 to ground, whereupon latch 257°
releases clutchhlever 331, so that spring 256°

causes engagement of clutch 255° and opera-

tion of switch 330 to its left-hand position.
The negative clutch control pulses trans-
mitted from the first and second sending
segments of channel 5 at station A and re-
cerved by the first and second active receiving
segment of channel 5 at station B energize
storing relays 141 and 142 and are repeated to
the first and second even numbered sending
segments 127 and transmitted through brush
128 and ring 125 and eastwardly over cable 11

~ to station C where they are amplified by
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amplifier 89 and transmitted by relay 90 and
brush 160 to the first and second even num-
bered recciving segments 165 of channel 5.
The pulse thus received by the second of the
even numbered segments 165 energizes clutch
control magnet 258° over the circuit extend-
ing from that segment through conductor
336, switch 335, magnet 258°, and conductor
338, to ground, thereby releasing latch 257c,
whereupon spring 256° causes engagement of
clutch 255°. The switch 335 may then be
manually operated to its left-hand position
so that it cannot interfere with signals to be
subsequently transmitted through channel 5.

The clutch control pulse transmitted to the
first even numbered segiment 165 of channel
5 as described above, energizes the storing re-
lay 163 connected thereto, and is transmitted
from the storing relay to the first even num-
bered sending segment 167 of channel 5 and
thence through brush 169 and ring 166 and
eastwardly over cable 12 to the station (not
shown) mentioned above as forming the east
termination of the system. At the latter
station, the re-received clutch control pulse
energizes a clutch corresponding to clutches
255, 255 and 255°, in the manner in which
clutches 255 and 255° are energized as de-
scribed above. :
_When the clutch control impulses for the
different stations have been generated at sta-
tion A, the switch 315 may be operated to the
position shown, so that the switch cannot in-
terfere with signals to be subsequently trans-
mitted by transmitter 19.

Since the impulses for operating the

clutches at the different stations substantially

15

simultaneously are all generated at station
A, and the pulses sent from that station to the
other stations require different times to reach
the distributor segments on which the clutch
control pulses are received at the stations east
of station A, preferably the impulses for con-

trolling the clutches af the different stations

are originated at segments of distributor 30
which, as is shown in the drawing, the dis-
tributor brushes reach in the inverse order of
succession of the stations along the cable cir-
cuit, starting from station A, in order to at
least partly compensate for the lag of the
line or cable. This lag, between stations A

‘and C, may be of the order of three tenths

of a sccond, for example. .
The automatic switching of the system
from the condition for transmission in one
direction to the condition for transmission in
the other direction starts at the same instant
at both ends of the system. That is, the op-
eration of the shafts such as 2926 and 296°
starts at the same instant. - The instant the
end of the transmission period for one direc-
tion arrives, and regardless of whether the
message being transmitted in that direction
is completed, the transmitters are automati-
cally locked up just after the last character
is sent out from each one in turn. At the re-
ceiving end the printers are cut off just after
they have each recived the last character sent
from their respective transmitters. There-
after in definitely timed steps the switching
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operations take place, transferring the cable °

from the sending network to the amplifier at
one end and from the amplifier to the sending
network at the other end and ﬁna,lly cutting
in the transmitters and printers. Transmis.
sion is then resumed in the reverse direction,

continuing the messages where they were.

100

stopped at the end of the preceding period for -

transmission in that direction,
break in the printed records. .
It may at times be desired to start the mo-
tors such as 227, 227% 227 and 297 and
stepping magnets such’as 230, 230° and 230¢
manually, as for instance to observe whether
the cam shafts 226, 226, 226° and 2926¢’ stick
or hesitate in operation or operate irregular-
ly. Means is indicated at station C for ac-
complishing such starting of motors 227¢

without any

and 227¢ and magnets 280° and 230¢’, and it .

will be apparent from such indication how
the corresponding motors and stepping mag-

nets at the other stations may be similarly

started. .

At station C switches 360 and 361 are pro-
vided for manually starting motors 227¢ and
227¢, respectively, and a key 862 may be de-
pressed for closing the circuits of the magnets
230° and 230 to start them stepping. under
control of segments 201 and 203. The cireuit
controlled by key 362 for magnet 230° extends
from negative battery to the magnet over the

path traced above for operating the magnet,
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and thence through the magnet conductor
978 and left-hand contact of key 362 to
oround. The circuit controlled by key 362
for magnet 230° extends from negative bat-
tery to the magnet over the path traced above
for operating the magnet, and thence through
the magnet, conductor 281 and the right-hand
contact of switch 362 to ground. Magnet
930¢ may be manually operated step by step
when brushes 196 and 198 are at rest by alter-
nately depressing and releasing a key 363, the
civeuit controlled by this key for the magnet
extending from negative battery through the
right-hand contact of the key, conductor 270,
magnet 230°, conductor 278 and left-hand con-
tact of the key to ground. Similarly, magnet
230° may be manually operated step by ste
when brushes 196 and 198 are at rest by al-
ternately depressing and releasing a key 364,
the circuit controlled by this key for the mag-
net extending from negative battery through
the right-hand contact of the key, conductor
280, magnet 230/, conductor 281, and the left-
hand contact of key 364 to ground.

The invention is disclosed herein by way
of example, as applied to a specific submarine
cable multiplex printing telegraph system
having synchronously operating distributors
at different stations and having switching
means operable for conditioning the system
to transmit in opposite directions alternately,
the switching means being adapted for oper-
ation automatically and periodically under
control of timing devices controlled by the
distributors. A copending application of
A. M. Curtis, Serial No. 119,537, filed June
30, 1926, discloses most of that system in more
detail as regards certain features than does
the instant application. The preferred form
of the synchronizing means mentioned here-
in, for synchronizing the distributor brushes
and correcting their positions, is claimed in a
copending application of George A. Locke,

Serial No. 123,328, filed July 19, 1926.

What is claimed is: ,

1. In a signaling system, synchronous dis-
tributors at respective stations, receiving de-
vices individual to certain elements of the
distributor at one station, an operating de-
vice different in character from said receiv-
ing devices, means for temporarily connect-
ing said operating device to one of snid cle-
ments, means at a distant station including
the corresponding element of the distributor
at said distant station for sending an impulse
to operate said operating device, and means
to disconnect said operating device from said
element and restore the normal connection
to its respective receiving device.

2. In a signaling system, synchronous dis-
tributors at respective stations, transmitting
and receiving apparatus at said stations, con-
nections for conditioning said apparatus for
transmission in one direction only, means at
said stations under the control of the respec-
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tive distributors for reversing the direction
of transmission, and means controlled at one
of said stations for starting said reversing
means substantially at the same moment, sai

last means comprising in series a source of 7

potentinl, a distributor element at the con-
trolling station, the simultancously connect-
ed distributor element at the controlled sta-
tion, and an eclectro-responsive device at the
controlled station.

3. A system, according to claim 2, compris-
ing an electro-responsive starting device at
the controlling station operated through a

“distributor element other than said first men-

tioned element.

4. A system, according to claim 2, com-
prising a plurality of controlled stations each
having a starting device, each of said start-
ing devices being controlled over a separate
series of distributor clements at its own and
preceding stations.

5. A system, according to claim 2, in which
is provided manually operated means for con-
necting the starting means to the distributor
element, and means operated in response to
the starting operation for disconnecting it.

¢. The method of controlling electro-re-
sponsive means for controlling the connection

of signal transmitting means and signal re- -

ceiving means, alternately, to a signaling cir-
cuit extending between synchronous distribu-
tors, which comprises sending control cur-
rent to said electro-responsive means over a
path extending through said circuit and ex-
tending through onc of said distributors.

7. A multiplex signaling circuit, synchro-
nous distributors included in said circuit,
means operable for changing said circuit
from a condition for transmitting signals in
one direction to a condition for transmitting
signals in the opposite directions, and vice
versa, periodically at predetermined time in-
tervals, electro-responsive means for control-
ling the starting of the first mentioned means,
and a control circuit for said electro-respon-
sive means extending throuzh said distribu-
tors and extending through a part of said
signaling circuit included between said dis-
tributors.

8. The method of claim 6 which comprises
amplifying the energy of said control cur-
rent in the passage of said current through
said circuit.

9. The combination with a transmission
line of signal transmitting means at each ter-
minal, signal recciving means at each ter-
minal, signal repeating means between said
terminals, means operable to vary the con-
neetion of said line at predetermined time in-
tervals from said transmitting means to said
receiving means and vice versa, means oper-
able to condition said repeating means for
repeating in opposite directions in said line
at predetermined time intervals equal to said

first mentioned intervals, one direction only

13

80

88

20

5

100

165

110

116

120

12t

13



10

1,681,489 .

at a time, electro-responsive means operable
for starting said connection varying and re-
peater cong
mitting current over said line, from one of
said terminals to said other terminal and to
said repeater, for controlling said starting
means.

10. A signaling system comprising two sta-
tions and a station intermediate said two

stations, a signaling line interconnecting all

of said stations, means at each of said sta-
tions operable for conditioning that station

ition means, and means for trans-

17

for transmission alternately in opposite di-
rections in the system at predetermined time
intervals, electro-responsive means operablé
for starting said first mentioned means, and
means for transmitting current over said line,
from one of said stations to said other two

* stations, for controlling said starting means.
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In witness whereof, we hereunto subscribe 20

our names this 25th day of June, A. D. 1926.

GEORGE A. LOCKE.
HAKON H. HAGLUND.




