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2. Claims. (C. 179-84) 
The invention relates to spulse repeating SyS 

type operating on a half-duplex basis. 
It is an object of the invention to provide a 

tems and: more particularly to systems of this 

pulse repeating system-with a simplified, duplex 
balance and capable of efficient operation: under 
conditions of line variations and interference. 

'It is a more specific object of the invention to 
provide a system of this type which with stand ardized equipment is adapted for repeating-se 
lecting and supervising pulses for telephone 
switching systems, over, lines of greatly differing 
characteristics and lengths. 

outgoing signals when the impedance balance is 
good. For this purpose the polar relay may be 
connected in any well-known manner, as by hav 
ing its operating windings: directly included in 
the two balanced circuits or connected in a bridge 
between the balanced circuits, in accordance with well-known practice in telegraph repeating sys 
tems. The system is also equipped for the trans 
mission of busy signals comprising a seriest of 

The selective supervisory operations of auto 
matic telephone switching systems are frequently 
performed over extensive line circuits, such as 
toll lines, the lengths of which differ greatly and 
which are subjected to well-known disturbances. 
and interferences. The selecting pulses, usually 
termed the dial pulses, are usually transmitted 
from one telephone exchange to another over 
half-duplex pulse repeating circuits, which 
hitherto have been carefully balanced to operate 
satisfactorily under the changing operating con 
ditions in the line circuit. The reason for du 
plexing the pulse circuit is mainly to be found in 
the fact that the traffic. requirements include the 
transmission in both directions over the line cir 
cuit of Supervisory signals or pulses. The opera 
tions are further complicated by the requirement 
that, in the series of operations involved in the 
setting up of a connection, the line circuit is 
placed under two different conditions, which may 
be termed the idle and the busy conditions. 
The pulse repeating system is adapted to re 

ceive dialing pulses from a calling station, which 
may be a remote telephone subscriber's station 
or a local operator's dialing circuit, and to re 
peat: the pulses over an outgoing line circuit to a 
distant telephone exchange, equipped for auto 
matic switching-in-response to the dial pulses for 
the selection of another 
scriber's station. 

and spacing or current and no current. 
upon a duplex circuit including the line circuit 
in one branch and the balancing circuit in the 
other branch. . . . - - - - - - - - 
A polar receiving relay is included in the duplex 

circuit for reception of signals incoming over 
the line circuit, this relay being unaffected by 

'. 

exchange or another sub 

s 

pulses of...a predetermined frequency, usually 
about 80 cycles per minute, which are impressed 
upon the duplex 
changer. ... "... . . . . . 
As is well known it has hitherto been necessary 

to establish a fair balance between the line cir 

circuit by operation of the pole 

cuit and the balancing networkin duplex systems 
of either type referred to above, in order to pre 

20. 

vent the receiving-relay from responding to the 
outgoing pulses. When signals are impressed on 
an unbalanced system unbalance currents arise 
which may operate the receiving relay. Thus in 
two operating windings will be unequal or un the differential duplex circuit the currents in the 
balanced and the stronger current may operate 

25 the relay. In the bridge duplex circuit the poten 
tials applied to the relay winding are unequal and 
an equalizing or unbalance current will flow 

30 
through the windings and may operate the relay. 
In accordance' with a feature of the invention, 

the balancing network is simplified and is stand 
ardized to supply a fair balance for a large variety 
of-line circuits so that it may be manufactured 

ating conditions including temperature and leak- . 
age changes. This simplification of the balanc 

40 . 

- large amount of designing work involved in the 

at comparatively low cost. In accordance with 
the invention the system is furthermore arranged . . . 

5 so that it will be unnecessary to adjust the bal- : 
ancing network to compensate for sporadic vari- i. 
ations in the line circuits during ordinary oper 

ing network is further effective in reducing the 
provision of a large variety of differently dimen 

50 

severe demands for accuracy. 
- . . . . sioned balancing networks for the corresponding. The repeating circuit includes a pole changing 

relay for applying two different transmitting-po- 45 
tentials to the line circuit corresponding to the 
two conditions of the pulses, namely, marking 

The . pulses from the pole changing relay are impressed 

varieties of line circuits to satisfy the present day. 
For the purposes just outlined the invention 

provides an arrangement for preventing false op 
erations, which would be due to improper re 
sponses by the receiving relay during the trans 
mission of outgoing pulses resulting from un 
balanced conditions. By this provision: a given. 
design of balancing network may be based on 
certain average or predominant line, conditions 

i among the large variety of conditions met with in 
the plant, Such a network may thus provide an 

  

  

  

  

  

  

  

  

  

  



2 
accurate balance for a large number of lines with 
average characteristics; it would however be less 
accurate in the balancing of line circuits having 
more diverging characteristics, Without, however, 
establishing a circuit condition which would re 
sult in false operations due to unbalance condi 
tions caused by line Variations or interference. 
When the pulse repeating system is idle, the 

pole changing or sending relay will apply an idle 
condition to the toll line, which may be assumed 
to be a spacing or no current condition, the other 
end of the line circuit being assumed to apply a 
similar condition to the line. In response to the 
seizure of the repeater station by a calling sta 
tion or an operator, the pole changer applies a 
busy or marking condition to the toll line. After 
the transmission of dialing pulses, the distant 
station also applies a marking or answering con 
dition to the line circuit which consequently will 
operate the polar receiving relay at the repeating 
station. 

After this condition has been reached, further 
pulses may be transmitted in either direction over 
the line circuit. For example, a rering pulse 
may be transmitted by the sending station in 
the form of a pulse which will cause the distant 
exchange to rearing the called line; busy flashes 
may be transmitted back to the calling line; and 
switchhook flashes may be transmitted in either 
direction. - 

The polar receiving relay at the repeater sta 
tion will respond to incoming pulses from the line 
circuit and will respond to the answering condi 
tion imposed upon the line circuit from the dis 
tant end by operating to marking position. Thus, 
the receiving relay is arranged to control circuit 
equipment which, in Well-known nanner, may 
be arranged to respond in proper sequence to the 
traffic signals, such as "answering' and 'busy,' . 
from the called line. It may furthermore bear 
ranged to function in response to dial pulses from 
the distant station, when the call is in the oppo 
site direction, for control of the selecting opera 
tion of telephone switches at the exchange with 
which the repeater is immediately associated. 

It will, therefore, be seen that in a sense the 
repeater operates under full-duplex conditions, 
ina.Smuch as it will operate With either of tWo 
polarities applied to either or both ends of the 
line circuit. However, though the repeater is re 
quired to operate in both directions, it will oper 
ate only in one direction at a time, so that for any 
particular line condition the repeater Will be 
Operating on a half-duplex basis. 
This particular condition permits of the intro 

duction of a feature of the invention which 
basically resides in rendering the receiving relay 
ineffective during the transmission of Outgoing 
signals and restoring the receiving relay circuit 
to effectiveness upon termination of the retrans 
mission. Of Outgoing Signals. 
In accordance with a more specific feature of 

the invention, holding impulses are caused to flow 
through the receiving relay during the transmis 
Sion of outgoing pulses to prevent “kick-off' of 
the relay, and for this purpose a holding circuit 
is Connected to one or more Windings of the re 
ceiving relay for applying holding impulses to 
the relay Only during the passing of outgoing 
transitions. By this provision any unbalance 
currents from the line and balancing circuits due 
to the outgoing pulses will be opposed. 
In accordance with another specific feature of 

5 
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receiving relay in one or the other position in 
accordance with alternate line conditions. 
The invention will now be described more in 

detail as to its organization and operation and 
as applied to specific embodiments. In the de 
scription reference will be made to the attached 
drawings, in which: . . . 

Figs. 1, 2, and 3 are diagrammatic representa 
tions of different typical pulses that may be 
transmitted in either direction over the line cir 
cuit; 

25 

30 

35 

40 

45 

50 
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the invention, the holding impulse circuit in- i. 
cludes inductive means for holding or locking the 75 

Fig. 4 is a circuit diagram of a repeater circuit 
representing a specific application of the inven 
tion; and 

Figs. 5, 6 and 7 are similar circuit diagrams of 
a repeater circuit representing other specific 
applications of the invention and including dif 
ferent modifications of the arrangement shown 
in Fig. 4. 

Referring to the drawings, it will be assumed 
that a subscriber's station is connected to a tele 
phone exchange and desires to make a call to a 
distant Subscriber's station at another telephone 
eXchange. The two exchanges are connected 
together Over toll lines. - 
In accordance with established traffic condi 

tions in the telephone plant, the Subscriber first 
removes his receiver from the hook, thereby 
establishing a calling condition. Thereafter the 
subscriber operates his calling dial which trans 
mits the usual groups of dialing pulses. The 
distant exchange then applies an answering con- . 
dition to the line circuit and rings the called sub 
scriber, who answers by lifting his receiver off 
the hook, thereby establishing a busy condition. 
If the called subscriber should be busy, a con 
tinuous Series of busy pulses Will be transmitted 
back to the calling station at the rate of 80 
pulses per minute. Other busy conditions, as 
for local trunks or distant trunks, are indicated 
by similar impulses of different frequencies. 
Upon the distant Subscriber disconnecting pre 
maturely, a rering pulse may be transmitted 
from the calling end of the line circuit. Sub 
Scriber's Switchhook flashes may be transmitted 
at any time in either direction. 
The diagram in Fig. 1 shows the signaling. 

current in the line circuit at the time of a call. 
Thus, When the line circuit is seized, the line. 
Current increases from a no current or spacing 
condition to a steady marking current condition. 
Thereafter the marking current is interruped by 
the dialing pulses, whereupon the line current 
remains Steady. In the case of a Subsequent 
rering the line current is momentarily inter 
rupted. 

Fig. 2 refers to the conditions at the called 
end of the toll line, which normally is applying a 
Spacing condition to the line circuit. Upon 
answering, the called exchange transmits a 
Steady line current which may Subsequently be 
interrupted by SWitchhook flashes. w 

Fig. 3 shows conditions at the called exchange 
when a busy condition exists in which case the 
Steady marking condition is interrupted by spac 
ing conditions. 

Referring now particularly to Fig. 4, the cir 
cuit is that of a repeater station R, connected 
Over a toll line circuit TL to a distant exchange 
Station represented at E. The repeater station 
may be assumed to be located at an exchange to 
which a plurality of subscribers are connected, 
one of which is shown at S. - 

Subscriber station S may be a conventional 
station with a SWitchhook SH and a dial D. The 
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station:is connected over a subscriber's line SL 
to theirepeaterstation. However, for the pur 
poses of the invention the line circuit SI may 
be connected to a toll operator's circuit instead 
of to a subscriber's station, in which case the 
switchhook may be replaced by a key and the 
dial by: an operator's pulse sending device. 
: The repeater station. Ricomprises the pole . 
changer, or sending relay. 400 connected in the 
line circuit-SL, to receive pulses; and having: con 
tacts, for alternately applyingrground and battery 
to the line circuit TL: in sending the pulses out 
going from the exchange. A source of busy 
signal 40 may be connected throughousy"key 
4 or any automatic means for applying the 
busy signal to the line circuit: SL for operation of relay, 4G0, . The polar receiving relay 459 has a cbiasing 
winding normally holding the rélay in its spac 
ing-position; and two operating windings.cooper 

inductance., through the upper operating wind 
ing of relay. 450, to the toll line TL and through 
the lower operating winding to the balancing 

affect relay 450, since proportionate currents 
pass through the two windings in opposing: rela 
tion in accordance with;the balance between the 
line. circuit TL and the network. BN. . . . . . . . . 
The distant exchange E may include a suit 

able responsive switch control: circuit:49. The 
station E may also include a repeater a circuit 
similar to the circuit R with a receiving relay 
similar to relay 450 and with transmitting con 
tacts, 490 similar to those of relay: 400. . . . 
When the circuit is in the condition, shown in 

the drawing, ground is applied to both:ends of 
the line TL and to the balancing network BN 

400 operates, battery is connected to the bridge 
point P. and current flows through one winding 
over the line circuit to:ground at E. and through 
the other winding through the balancing net 
work to ground. The windings being opposed 
under, this condition, relay 450 would not re 
spond provided the balance is good. "With relay 
400 applying ground to the duplex circuit and 
contacts, 490 at the distant end of the line oper so The subscriber now operates the dial, the con ated to apply battery, the incoming line: current 
will pass through the upper operating winding to 
ground at relay 400 and in a direction to over 
come the biasing winding and operate relay 450 
to marking. If now relay 400 ber operated to 
also apply battery to the duplex circuit, practi 
cally no current will flow in the line and through 
the upper operating winding; the battery at re 
lay. 400 will, however, send current through the 
lower operating winding on relay 450 in a direc 
tion to keep relay. 450 operated to marking. 
Thus, in receiving incoming, marking, and spac 
ing pulses, the two operating windings of relay 
450 will be in cooperative relation to operate the 
relay to marking or spacing respectively. 
Although the receiving relay 450 is shown in 

the drawings and is described hereinas being con 
nected in a differential duplex: circuit, it should 
be understood: that in accordance with the in 
vention, this relay may be connected in a duplex 
bridge: circuit with similar:advantages. 
Relay 450 in marking condition-applies ground 

to relay 460 and at the same time to a circuit 
equipment 470 which is part of the exchange 
equipment:and serves in part to selectively con 

65 450 to foperate out of spacing. 

sponse to pulses incoming from a distanti-ex 
change to the repeater:R. . . . . . . . . 
The contacts of relay 400;are also connected 

5 through resistance, 445 and the primary winding 
of transformer Tito ground. The secondary 
winding is divided into two parts and is con 
nected over rectifiers:46 land 462 and over con 
tacts of relay A60 to resistances 465 and 466, 

slo which in turn are connected in series in the 
balancing: branch of the duplex circuit. The ar 
irangement is such lithat impulses induced in . 
either half of the secondary winding in response 
to operations of relay 400 will normally be ap 

-15 plied in the same direction to the balancing, cir 
cuit through resistance 465. However, when re 
lay: 460is. operated the induced impulses will be 

ance. 466. The impulses from the transformer 
20 Tapplied to the balancing branch will be super 

ating to operate the relay to marking. The 
contacts of relay -400 are connected, through an . imposed upon the signal pulses from relay 400 

during the transmission and thus will counter 
act: any unbalance currents: between the line cir 
"cuit. TL and the balancing network BN, during 

25 the ssending of a transition, thereby preventing 
network BN. Thus, the operation of relay 400 - - - - - 
in sending outgoing pulses will not ordinarily The operation of the circuit will now be de 

scribed. It will be assumed that.the circuit is in 
therest.condition, as shown in the drawings. 

'kick-off' by relay,450. . . . 

30. When the subscriber moves: the receiver from 
the 'hook:SH, ground is extended over the sub 
scriber's line SL, through the winding of relay 
40 which quickly operates. iRelay 400 applies 
battery to the duplex: circuit, and over the line to 

35 the distant exchange E for operation of the 
switch control circuit 491. 

Relay: 400 also applies battery to the trans 
former T : causing an induced impulse to flow 
through resistance. 65. This impulse will estab 

- - - - 40 lish: a potential difference across the resistance so that no current will be flowing. When relay . Which will be poled in the proper direction to 
oppose any fortuitous potential established in 
the duplex circuit due to an unbalance condition 
and so directed as to tend to cause: an unbalanced 

45 current to flow:which would operate relay:450 
out of its spacing position. The impulse pro 
duced by the transformer is of short duration 
to be effective. in. preventing this operation during. 
the sending of the space-to-mark transition. 

tacts of which produce spacing pulses, as shown 
in Fig. 1, by short interruptions of the ground 
connection to the line SL. On the arrival of the 
first, pulse, relay 400 'releases and applies 

55 ground to the line circuit and also deenergizes 
the primary winding of transformer T, thereby . 
inducing an impulse in the secondary winding in 
the opposite direction of the previous impulse 
and, therefore, passing through the rectifier 4.62, 

to from the left-hand portion of the secondary 
winding to the resistance 465 in the same direc 
tion as before; the potential difference across 
resistance 465 thus again will oppose any poten 
tials in the duplex. circuit tending to. cause relay. 
At the end of the first dial pulse, relay 400 

operates to apply battery to the duplex circuit 
and to transformer T, thereby again inducing an 
impulse through rectifier 46 and, resistance 465 

70 for holding relay 459 in spacing. EDuring each 
pulse; series relay 480 will repeat each, marking 
and spacing transition and will cause a locking 
impulse to be produced by transformer T through 
resistance':465. During an interval between pulse 

is series relay 400 remains attracted and during the 

trolswitches: for setting 'llpa connection in re- ... 

applied in the reverse direction: through resist 

  



4. 
succeeding series of pulses the operations are re 
peated. 

Thereafter steady battery will be applied to 
the duplex circuit by relay 400 in marking posi 
tion. 
When the answering condition is established at 

the distant end of the line TL, as by the contacts 
490 operating to battery, relay 450 will operate 
to marking, thereby applying ground to the cir 
cuit equipment 470 for the proper reception of 
the answering signal. Relay 450 also operates 

0. 

relay 460 to switch the impulse circuit from 
transformer T from resistance 465 to resistance 
466. Since the rectifiers 36 and 462 remain con 
nected to the same point in the balancing branch 
and the mid-point of the transformer is Switched 
from the right-hand side to the left-hand Side 
of the resistances relative to the rectifier con 
nection, the impulses produced by the trans 
former Will traverse the resistance 466 in the Op 
posite direction relative to the impulses previ 
ously produced in resistance 465. The potential 
drop across resistance 466 will thus be in a direc 
tion to oppose stray potentials in the duplex 
circuit poled so as to tend to produce unbalance 
currents which would cause relay 450 to operate 
out of its marking position. 
The desired connection may now be aSSumed 

to have been established and the called Sub 
scriber will be rung by the ringing equipment 
at the exchange E. When the called Subscriber 
answers, the conversation may be carried On Over 
a talking circuit, not shown in the drawings, but 
which Would be closely associated. With the toll 
line TL, as by being included in the same cable 
quad or by some composite arrangement. 

It will now be assumed that Some Special cir 
cumstance arises, as for example, that the dis 
tant subscriber hangs up prematurely, necessitat 
ing the sending of further pulses from the call 
ing end, for example, a rering pulse, as indicated 
in Fig. 1. The relay 40 would momentarily in 
terrupt the battery connection and an impulse 
would be produced through rectifier 462, resist 
ance 466 and over make contact of relay 460 
which, as already explained, will prevent "kick 

5 

20 

25 

30 

35 

40 

45 

off' of relay 45 under the changed line condi 
tion. At the end of the rering pulse relay 400 re 
turns to apply battery to the line circuit, thereby 
again causing a holding impulse to flow through 
resistance 466 in the same direction as before, 
the impulse in this case passing through recti 
fier 46. 

In the case of a busy condition existing at the 
distant end after all dial pulses were transmitted, 
a series of marking pulses, would be transmitted 
by the contacts 490 over the line TL, through 
the Windings of relay 45 and network BN to 
ground, causing relay 45 to operate in unison 
with the busy pulses, and apply corresponding 
busy pulses to the circuit 470 for suitable re 
sponse. The consequent operation of relay 460 
Will have no effect. 
In the case of a call incoming to repeater Sta 

tion R, relay 45 would be operated to marking 
in response to the application of battery at the 
distant exchange E to the line. Subsequent in 
terruptions, as by dial pulses, Would cause relay 

50 

55 

50 

85 

450 to Oscillate and apply corresponding pulses 
to the circuit 4 for selective operation of 
switches. In response to this selective operation a 
Switch may ultimately connect the Subscribersta 
tion. S to the repeater. Station R. This Switch 
is diagrammatically represented by contacts LF; 
contacts LF may also represent the line finder 

O 

75 

2,866,884 
switch for connecting the subscriber station to 
the repeater in response to a call by the sub 
scriber. With the subscriber connected in this 
manner, switchhook flashes may be transmitted 
back to station E in the manner already de 
Scribed. 
In case the subscriber S is busy, the connection 

at switch LF will remain open and the circuit 470 
may be arranged to automatically operate the 
key 4' for application of busy signal from in 
terrupter 410. This will cause relay 400 to oper 
ate in unison. With the busy pulses and produce 
holding impulses through resistance 466, as al 
ready described. 
On Observing the busy signal, the distant call 

ing station at E. Will hang up and thus will send 
a disconnect signal by applying steady ground 
over contacts 490, through the windings of relay 
450, thereby operating the relay back to spacing. 
The circuit 40 responding to this operation may 
be arranged to automatically disconnect the in 
terrupter 40 by means of contacts 4f , where 
upon the Whole system will be restored to idle 
COndition. 
The inductance I is inserted between the con 

tacts of relay 400 and the apex P for the purpose 
of shaping the outgoing pulses in any desired 
ale. 

The purpose of the holding circuit for relay 
450 is attained during the transmission of out 
going pulses. Thus, in accordance with the in 
vention and as already explained above, the bal 
ancing network is of simple construction and is 
designed so that networks- of this kind may be 
used universally with toll lines of different 
lengths and different characteristics. It is, of 
course, Within the scope of the invention that a 
few Standardized types of network may be pro 
Vided, each type to be used with lines having 
characteristics within comparatively narrow 
limits and the different types of networks Slip 
plementing one another to satisfy the require 
ments of all types of lines. Thus, any one net 
work Will be connected to a particular line cir 
cuit and may establish only an approximate bal 
ance, and the unbalance may be so pronounced 
that the receiving relay would “kick-off during 
transmission of outgoing pulses. 

It is furthermore well known that long line 
circuits, as used in toll service, are subject to 
Sporadic Variations in their characteristics which 
are beyond control. Where a Very close balance 
is necessary, it has been the practice to contin 
uously observe the line conditions and COes 
Spondingly vary the balance by the network. 
By the provision of the holding circuit for the 

receiving relay appreciable leeway is afforded 
n the balancing of this circuit, thereby permit 
ting the use of universal networks for approxi 
mate balancing over wide ranges and also in 
Special cases obviating the need for continual re 
adjustment of the network. Thus, during send 
ing of pulses any stray potentials tending to pro 
duce unbalance currents in or out of the line cir 
cuit or the network due to unbalance conditions 
would be opposed by the potentials established 
in the balancing circuit by the holding pulses 
through the transformer T. 
By always applying the neutralizing potentials 

in a direction corresponding to the position of 
the receiving relay, it is insured that this relay 
will not "kick-off' under either of the steady 
State conditions in the line circuit. 

It should be understood that the invention may 
readily be adapted for application to a telegraph 
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asbess 
repeating system with similar advantages; where 
sending takes place against two-different signal 
ing conditions imposed by the remote station. 

Referring now more 
system is somewhat similar to that shown in Fig. 

In the circuit of Fig. 5 the receiving relay 550. 
has two separate holding-windings and the hold 
ing current is switched through one or the 
other winding by relay 560, dependent upon the 
position of the receiving relay. Relays 500 and 
54 are biased polar relays having their operat 
iiig windings serially included in the subscriber's 
dial circuit. SL. Relay: 54 
ground to the holding circuit to short-circuit 
the holding: windings of relay. 550. In response'. 
to each transition of the dial pulses, relay. 541 

other winding of the receiving relay. 

4 and corresponding elements are correspond 

normally connects. 

seriber calls, relay 600 operates to marking and 
applies battery to the line circuit TL. Relay 64. 

particularly to the em. 
Fig. 5 of the drawings; the 5: . 

responds to the space-to-mark transition in the 
circuit SL and operates, momentarily closing the 
holding circuit through resistance 665 and the 
upper holding winding of relay 650 over the spac 
ing the relay: 650 in spacing 

10 space-to-mark transition. 
ing contact of relay: 660 to ground, thereby lock 

position : during the 

During a mark-to-space: transition relay, 64. 
will respond to the decaying current in resistance 
643 and again momentarily close the holding cir 
cuit through the upper holding winding of relay. 

5 ... With battery supplied to the toll line. TL from 
the distant exchange:E, relay. 650 will operate 
to marking and relay, 660, will be operated to 
marking to transfer the holding circuit', from 
the upper to the lower holding winding of relay 

20 

Under the normal conditions, as shown in Fig. 
5, a holding: circuit is closed through resistance, 
565, over the break contact of relay 560, through 
the upper holding winding of relay 559, resistance. 
51 to battery. When current flows in this 

ing will aid the biasing 
lay: 550 in spacing. How 

ever, due to the short-circuiting ground at relay 
- 54, no current normally flows in the holding. 

the duplex circuit, relay 54 operates to marking 
and during the travel time the short-circuit is 
opened, thereby permitting a holding impulse to 
flow through the upper holding winding during 
the sending of the space-to-mark transition. 
When relay. 500 operates, back to spacing, relay 
54 again momentarily opens the short-circuit 
for the upper holding winding and relay 550 will 
again be held against spacing during the mark 
to-space transition. Y 
With battery supplied to the line circuit at the 

distant end of line TL, relay. 550 will be operated 
to marking and relay 560 will be energized, there 
by connecting the lower holding winding into the 
holding circuit. 
by relay 500 relay 54 f will follow the operations, 

650. During each outgoing transition relay 64 
will close the holding circuit through the lower 
holding winding, thereby locking relay 650, in 
marking position. . . . . 
The circuit arrangement showns in: Fig. 7 is 

similar to those described above with the 
principal modification that the receiving relay - has a single separate holding winding. 

In this arrangement the dialing circuit SI from 
the subscriber's station extends through relay Too, 

30 

40 

45 

During the sending of pulses 
5?): 

during each travel time permitting a holding im 
pulse to flow through the lower holding winding 
of relay 550 which will overcome the effect of any 
unbalance current in the operating windings of 
the relay and lock the relay in marking position 
during outgoing transitions of either polarity. 
The circuit arrangement shown in Fig. 6 is 

similar to those shown in Figs. 4 and 5 and is 
particularly similar to that in Fig. 5 in that relay 
650 has two additional holding windings. The 
arrangement differs from that in Fig.5 mainly 
in the fact that the holding circuit is normally 
open. The relay 64 is connected through con 
denser. 642 across resistance 643 in the sub 
scriber's line circuit SL and thus will receive 

resistance 743 to battery. The holding circuit is 
connected across the resistance 743 to receive a 
charging impulse through condenser 742, full y 590 operates to place battery on wave rectifierbridgeRB, and through the holding 
winding of relay 750 in one direction or the other, 
dependent upon the position of relays: 750 and 
760. : 
With the circuit in the condition shown in the 

drawings the condenser 142 is discharged over the 
branch b of the rectifier bridge, the right-hand 
portion of resistance R, the break contact of 
relay 760, the branch d of the rectifier bridge and 
resistance 743. 
When the repeater is seized by the subscriber 

S, relay 700 operates to apply battery to the line 
circuit TL and the rising current in the pulse 
circuit and through resistance 743 causes a charging impulse to pass from the upper positive 
side of resistance 743, branch a of the rectifier 
bridge, through the right-hand portion of re 
sistance R, break contact of relay 760, branch c 
of the rectifier bridge, and through the condenser 
742 to the negative side of resistance 743. Due 

55 

other side of resistance R. 
under this condition is in a direction to aid the 

60. 
against spacing during 
mark transition. 

'to the potential drop in resistance Ri current 
will also flow from the mid-point of the resist 
ance, through the left-hand portion thereof, 
through the holding winding of relay. 150, to the . 

The holding impulse 

biasing winding of relay 750 in holding the relay 
the outgoing space-to 

For the sending of a mark-to-Space transition 
the decaying current through resistance 743 will 
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operating potential across the resistance when 
current flows in the circuit SL. 
During a rise of current in resistance 643 con 

cause the condenser 742 to discharge over the 
branch b, resistance R?, branch d and resistance 
743. The potential drop across resistance Rd 

denser 642 will be charged and the charging im 
pulse will operate the neutral relay 64. During 
a decline of current through resistance. 643 con 
denser 642 will discharge and the discharge im 
pulse will temporarily operate relay 64 . . 
With the circuit in the condition shown in the 

drawings, relay 64 f is released. When the sub 
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in spacing position. 

due to the discharge impulse Will be in the same 
direction as before, thereby causing a holding im 
pulse to flow through relay 750 to lock the relay 

... In answering condition the distant exchange E. 
applies battery to the line circuit, thereby operat 
ing relay 750 to marking which, in turn, operates 
relay 760. Relay 760 now transfers, the con 

  

  



6 
denser and rectifier circuit to the left-hand por 
tion of resistance R, thereby reversing the direc 
tion of the holding current through relay 750 to 
lock the relay in marking position against "kick 
off" by unbalance currents arising during out 
going transitions of either polarity. Thus, a 
charging current in resistance 743 will set up a 
potential drop across the left-hand portion of 
resistance R. In this case a shunt path may 
be traced from the mid-point of resistance. Rf 
through its right-hand portion, through the 
holding winding to the other end of resistance 
R. 
What is claimed is: 
1. A two-way signaling system comprising an 

approximately balanced line circuit normally 
maintained alternately in marking and spacing 
steady state conditions from the remote end, re 
ceiving relay means having contacts for control 
of a receiving circuit in response to incoming 
marking and Spacing signal pulses superimposed 
On Said steady State conditions, auxiliary circuit 
means connected to be responsive to outgoing 
marking and Spacing signal pulses to prevent 
Said control by said relay means contacts in re 
Sponse to unbalance currents due to said outgoing 
pulses, and Switching means connected to be re 
Sponsive to said steady state conditions for the 
conditioning of said auxiliary circuit means for 
the proper prevention of said control under both 
of Said steady State conditions, said auxiliary cir 
cuit means comprising a locking circuit con 
nected to produce pulses through said receiving 
relay means for locking said receiving relay 
means in alternate positions, said locking circuit 

3. 
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including two oppositely poled electromagnetic 
winding means, and said switching means includ 
ing relay means connected for switching one or 
the other of said winding means into said locking 
circuit for reversing the locking action in accord 
ance with said alternate steady state conditions. 

2. A tWO-Way Signaling System comprising an 
approximately balanced line circuit normally 
maintained alternately in marking and spacing 
steady state conditions from the remote end, re 
ceiving relay means having contacts for control 
of a receiving circuit in response to incoming 
marking and Spacing signal pulses superimposed 
on said steady state conditions, auxiliary circuit 
means connected to be responsive to outgoing 
marking and Spacing signal pulses to prevent said 
control by Said relay means contacts in response 
to unbalance currents due to said outgoing pulses, 
and switching means connected to be responsive 
to Said steady state conditions for conditioning 
said auxiliary circuit means for the proper pre 
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vention of Said control under both of said steady 
State conditions, said auxiliary circuit means 
comprising an impulse circuit connected to a 
winding circuit for said receiving relay means for 
locking Said receiving relay means in alternate 
positions in accordance With alternate steady 
state conditions, said impulse circuit including 
tWO Oppositely poled inductance circuits for pro 
ducing impulses for Said locking, and said switch 
ing means comprising relay means connected for 
Switching the impulses from one or the other of 
Said inductance circuits to said winding circuit 
in accordance with said steady state conditions. 

SAMUEL I. CORY. 


