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This invention relates to what are known as 
duplex signaling systems commonly used in tele 
phone systems for direct current signaling over 
relatively long lines. 
Such a system is described in Patent 1,287,831 

in which compensation for di?erencesqin earth 
potentials at the two terminals of the line is ef 
fected by a compensating or thirdlwinding on the 
.multiwinding line relay at each terminal, which 
compensating windings are connected in series 
between ground at each terminal over a separate 
line conductor. By this arrangement, differences 
in potential between the ground connections at 
each‘ terminal will cause current to flow through 
both of the compensating windings in series 
thereby maintaining the proper balance in the 
differential windings of the two relays. 
Such an arrangement, however, does not com 

pensate for voltage differences between the sig 
2O naling batteries at the two terminals of the line 

which may, at times, be su?iciently great to ef 
.fect the proper operation of the signaling relays 
which are, of necessity, adjusted to very close 
margins as regards their-operate and non-oper 
ate currents. 
An object of the present invention, therefore, 

is to compensate not only for differences in 
ground potentials at the two ends of such a sys 
tem, but also to compensate for potential di?er 

3O ences between the signaling batteries at each 
end during the transmission of signals, particu 
larly dial impulses. 
.- A feature of the invention whereby the fore 
going object is attained resides in connecting 
each end of the compensating circuit to a point 
in a potentiometer supplied by the respective 
signaling batteries, thus applying a predeter 
mined fraction of the voltage of each battery to 
the respective ends of the compensating circuit 

L0 whereby any di?’erence which may exist between 
the signaling battery voltages at the two ends of 

. the line, which might otherwise cause distortion 
and improper operation of the signaling relays, 
will also cause a proportional ?ow of current in 

L5 the compensating winding of each relay in such 
a direction as to balance out such distortion 
effect. ' 

The invention will be understood fromv the ac 
companying drawing which shows two physical 

;0 two-wire lines extending between distant ster 
minals arranged to provide three signal trans 
mission channels in each direction. ‘ 
No attempt has been .made to show any par 

ticular system of signals other than to diagram 
,5 -matically indicate a signal transmitting means 

(01. 1784-59) 
such as the contacts of a pulsing device (dial) and 
a signal receiving device such as a pulse relay 
per channel at each terminal, it being obvious 
that any desired system of signal control can be 
employed both for transmitting and receiving ,5 . 
signals over the transmission channels herein 
provided. ' 

A description of the invention follows: Between 
the terminals A and B extend two physical two 
wire lines L and LI terminating at each end in [.10 
any desired telephone or other equipment'not " 
shown,‘ as for example, in telephone switching 
apparatus shown in the before-mentioned Bas 
com Patent 1,287,831. ' 

For purposes of signaling between terminals, :15 
three two-way signal channels areprovided com 
prising line conductor I of line L and conductors 
3 and 4 of line 2 and multiwound polarized relays 
5, t, l, 8, 9 and Ill. Relays 5, 6, ‘I, ‘8, 9 and I0 
have three windings each, the upper windings 
being designated the line windings, the middle 
designated the biasing windings and the bottom 
designated the compensating windings. 
Associated with each of the above relays is shown 

an auxiliary pulse receiving relay I I ,' I2,v I3, I4, I5 
and I6, respectively, which is caused to respond “ 
when its associated polarized relay is operated. 
Also, associated with each polarized relay are 
respective transmitting. relays and dial contacts 

I'i, I8, I9, 20,*2I,.22, 23, 24,725, 26 and 21, 28,30 
Under normal conditions relays I'I, I9, 2|, 23,25, ' 
and 2? are released and connect ground through 
the upper or line winding of their respective 
polarized relay to one of the line conductors, re- ' 
lay IT, for example, connecting ground through 5 
limiting resistance 29, back contact of relay I'I, ' 
upper winding of relay 5 and impedance coil'30 
to line conductor ‘I where it meetsground ap 
plied to the other end of this same conductor over 
the back contact of relay 23 and upper winding 
of relay 8. ' 

If the ground potential is thesame at terminals 
-A and B, no current flows in the line windings 
of relays 5 and 8 and these relays are not af 
fected. . , 45 

It should be mentioned that although different ‘ I 
batteries are indicated on the drawing for each 
signal channel at each terminal, all the batteries 
indicated by the reference character B at ter 
minal A are one and the same battery at that 
terminal and those indicatedas B’ at terminal ' 
B are also one and. the same'battery forthat 
terminal. It, also is assumed that battery‘B at 
terminal A and battery B’ atterminal B are norl 
mally of the same voltage. 
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2 
Relays I1, 23, I9, 25, etc. while in their normal 

condition also connect ground to one end of the 
middle or biasing windings of the respective re 
lays 5, 8, B, 9, etc., the other ends of which are 
connected through a network N1, N2, N3, N4, N5 
or N6 to a point in a battery potentiometer ar 
rangement P1, P2, P3, P4, P5 or F6, so chosen in 
practice as to be approximately one-third the 
potential of the supply battery B or B’. ‘In 
practice, the values of the two resistance ele 
ments of potentiometers P are of the high order 
‘of 1500 and 3000 ohms, thus reducing the cur 
rent drain on the respective battery to a sub 
stantially negligible quantity. 
Assuming relay H to be in its released condi 

tion, ground is connected through resistance 29 
to one end of the middle winding of relay 5, and 
as the other end is connected to the point 3| of 
potentiometer P1, current will therefore flow in 
this Winding in a direction, which is predeter 
mined by the connection of the two ends of the 
winding in the circuit, to energize relay 5 in a 
non-operate direction thus maintaining this re 
lay'in a released condition. 
When battery is connected to one end of a 

channel, for example, when dial contacts 18 are 
closed, thus causing relay I? to close its contacts, 
battery B is substituted for the ground connec 
tion including resistance 29, whereupon current 
flows in the opposite direction in the middle or 
biasing winding of relay 5, which current flow 
tends to operate this relay. However, under this 
condition current also flows in the upper or line 
winding of relay 5 in a direction which opposes 
the operating e?ect of the current in the middle 
or biasing winding and therefore the relay re 
mains released. 
At the other end of the channel, however, if 

relay 23 remains released, current now flows in 
the line winding of relay 8 in a direction to cause 
it to operate,'which current overcomes the non 
operate effect of the middle winding due to the 
direction ‘of the current flow therein and there 
fore relay 8 operates and closes a circuit to oper 
ate relay I4. ' 
As before mentioned, the points, such as 3!, 

in the respective potentiometers are so chosen 
that the potential thereof is a certain predeter 
mined portion of the potential of the battery, in 
‘this case one-third. Therefore, when relay H, 
‘for example,'is in its normal or released condi 
tion and ground is connected at its back contact, 
current at one-third the potential of the bat 
tery B flows in the middle winding of relay 5 
in a non-operate direction and no current ?ows 
in the upper or line winding, whereas when re 
lay “ operates and battery B is connected at its 
‘front contact, current at the full potential of the 
battery flows in the upper line winding in a non 
operate direction and at two-thirds the poten 
tial of the battery B in the middle or biasing 
winding in an operate direction whereby the re 
lay 5 is still maintained in a non-operate con 
dition. ~ ' 

On the other hand, when relay 1'! is operated at 
terminal A and relay 23 is released at terminal 
B, current at the full potential of the battery B 
flows in the upper or line winding of relay 8 in 

‘ an operate direction and at one-third the poten 
tial of battery B’ in a non-operate direction in the 
middle or biasing winding thus causing relay 8 
to operate. 
In the case of simultaneous signal transmis 

sion from each terminal over the same channel, 
both relays l1 and 23',“‘for example, are operated 

2,133,832 
thereby connecting battery to line conductor I at 
each terminal through the respective line wind 
ings of relays 5 and 8 and if batteries B and B' 
are assumed to be equal no current will ?ow in 
the line windings of these two relays and both 
will operate due to current flowing in an opposite 
direction in their biasing windings as previously 
described. 

It will be noted from the drawing that line con 
ductors I, 3 and 4 are utilized as signaling chan 
nels and that a connection at each terminal ear-1 
tends from conductor 2 through the lower or 
compensating windings of all three polarized re 
lays in series to a point in a fourth potentiometer 
GP or CF’ connected in shunt to the grounded 
signal batteries B and B’, respectively, which 
point is also the same proportion of the signal 
battery voltage as that of the point 3| of the po 
tentiometer P1, for example. 

In the patent to Bascom 1,287,831, previously 
referred to, a compensating circuit is described 
which serially includes a line conductor and a 
third winding on each of the signal relays, which 
circuit is connected to ground at each terminal 
of the line. Such a circuit arrangement is de 
scribed as providing compensation for the effect 
on the'signal or line winding of the multiwound 
relays R3, R3’ by current ?owing in the ‘trunk 
conductors L, L2 and L3 due. to a difference in the 
ground-potential between the two terminals of 
the line. 
Bascom’s system, however, has no provision for 

compensating for voltage variations in’ the sig 
naling batteries at each end of the line and such 
compensation is not necessary for the type of 
signaling disclosed in the patent, i. e., supervisory 
signaling. 

In the present arrangement, which provides 
for dialing in either direction, it is necessary, for 
the proper functioning of the switching equip 
ment, that the line relays, i. e., relays 5, 8 and 6, 
9, etc., follow the received dial pulses within cer 
tain de?nite predetermined limits as otherwise 
failure in the operation of the switching equip 
ment takes place“ To obtain ‘this desired result, 
the relays 5, 8, etc., are electrically polarized by 
current flowing in the middle or bias winding. 
"The direction and value of this bias current is 
' fully described in the preceding pages. 

As mentioned above,rthe two batteries at the 
’ opposite terminals are assumed to be normally of 
the same potential and under this condition if 
the other elements of the circuits are properly 
proportioned, the relays 5, 8, etc., will respond to 
the current impulses generated by the dialing 
contacts at the distant end in such a manner as 
'tocontrol» the switching equipment without fail 
ure. If, however, in the absence of compensation 
for differences in battery potential at the two 
ends of the line, a potential difference occurs,; 

- i. e., let us assume for example that the normal 
. voltage of batteries B and B’ is 45 bolts and that 
battery B becomes overcharged and its voltage 

‘ rises to '51 volts, while battery B’ remains at its 
‘normal value, then a potential difference of 6* 
volts exists between batteries B and B’ and the 
potential of point 3| of potentiometer B is 17 
volts,‘ whereas the corresponding point ‘in poten 
tiometer B’ is 15 volts. Now When dial 18 at ter 
v'minal A is transmitting pulses there will be a: 
greater proportionate flow of current in the op 
erate direction in the upper winding of relay 8 
of terminal B, (i. e., current due to 51 volts) than 

_ in the non-operate direction in the middle wind 
' ing of the same relay (1. e., current due to‘ 15/1 
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volts), thus causing a greater magnetizing flux in 
the relay thangwould- be the case if the transmit 
ting battery at the terminal A were at itsnormal 
potential of 45 volts. This, of course, will in 
crease the speed of operation of relay 8 and when 
the pulse ends there will be an equivalent lag in 
its release with the consequence that the periods 
during which relay 8 is operated due to the dial 
pulses are longer than desired and the periods 
‘during which the relay is released are shorter 
than desired, which may affect the operation of 
the switching equipment which requires a rather 
de?nite ratio between the closed and open condi 
tion of the contact of the line relay 8. - 
On the other hand if the dial 24 at terminal 

B'gis operated there will be proportionally less 
current ?owing in the operate direction in the 
upper winding of relay 5 (i. e., ?ux due to 45 
volts) than in thenon-operate direction in the 
middle or bias winding of the same relay (1. e., 
flux due to 17 volts) which will tend to cause re 
.;ay 5 to operate more slowly. When each pulse 
ends relay 5 will tend to release more rapidly than 
when it is energized by the normal ?ux and now 
the closed interval of contacts of relay 5 is rela 
tively shorter and the open interval longer than - 
normal which ratio may also affect the operation 
of the switching equipment at that end of the 
line. 
In the foregoing description, it has been as 

sumed that no ground potential difference exists 
between the. two ends of the line. Of course if 
such a condition does exist such differences must 
be compensated for which can be done as shown 
in the Bascom patent, above refered to, by con 
necting ground to the end of a compensating cir 
cuit including a third winding on each of the 
two line relays 5 and 8, and a conductor 2 of 
the line, but this will not affect any compensation 
for the difference between the potentials of the 
two batteries. 
In the foregoing it has been shown that in a 

system of the type disclosed in the present appli 
cation, a compensating circuit connected to 
ground at both ends will not compensate for vari 
ations in the line battery. This result can. how 
ever, be obtained by includinga fraction of the 
potential of each battery in the grounded com 
pensating circuit shown in the drawing, i. e., in 
addition to the three potentiometers P1, P2, P3 of 
terminal A, and P4, P5 and P6 of terminal B, 
which are connected in shunt to their respective 
batteries B and B’, a fourth potentiometer GP or 
CF’ is connected in shunt to each battery (B or 
B’) and by connecting one end of _the compensat 
ing circuit, to point 32 in the fourth potentio 
meter CP of terminal A and the other end to 
point 33 in the potentiometer CP' of terminal B. 
It will be noted that each end of the compensat 
ing circuit is still connected to ground, which 
compensates for differences in ground potential 
between the two ends of the line, as in the Bas 
com arrangement, but also by including the bat 
tery at each end any increase or decrease from 
normal of either battery will also affect each re 
lay in the circuit in such a manner as to counter 
act the undesired effects caused by abnormal cur 
rents in the other two windings of the same relay. 
For example, in the case before assumed, when 
battery B is 51 volts and B’ 45 volts, with the 
compensating circuit connected as shown in the 
drawing, there will be a potential difference of 2 
volts between point 32 of potentiometer CP at 
terminal A and point 33 of potentiometer CP' at 
terminal B which will cause current to ?ow in the 

lower windings of relay 5 and'8 in. such a'direc 
tion as to increase the effective-bias in relay’8 to 
avalue which would be equal to that which would 
exist if the battery B’ had been 51 volts instead 
of 45 volts, and to decrease the effective bias in 
re1ay'5 to a value which would be equal to that 
which would exist if the "battery B had been 45 
volts instead of 51 Volts. Therefore, it can be 
stated that regardlessof the voltage at either 
end, that is for reasonable variation from nor 
mal, the effective bias current at the terminal 
receiving‘the dial pulses will always be equal to a 
value which would existif the battery at the 
receiving terminal were the same as that at the 
sending terminal. ' 

What is claimed is: 
‘1. In ‘a duplex signaling system, a line, a 

grounded source of direct current and a multi 
winding polarized relay at eachend thereof, a 
line winding on each relay connected to one side 
of theline, a biasing winding on each relay en 
ergized in a local circuit by a fraction of the 
potential of the respective current source, a po 
tentiometer in shunt of each source, and means 
for compensating for differences in the poten- , 
tials of the two earth points and also the two 
current sources, said means including a compen 
sating win-ding on each relay connected between 
the other side of the line. and a point in the re 
spective. potentiometer. 

2..In a duplex signaling system, a line, sta 
tions at each end thereof, multiwin-ding polarized 
signal relays at each station, direct current 
sources of normally equal potential associated 
with each relay, a local biasing circuit for each;-v 
relay including a winding thereof, means for ap 
plying a predetermined proportion of the voltage 
of each source to the respective biasing circuit, a 
potentiometer in shunt of each current source,-a 
signaling winding on each relay connected to one 
side of the line, and a compensating winding on 
each relay included in a circuit from ground at 
one station through a portion of the respective 
potentiometer over the other conductor of the 
line to ground at the other station through an ., 
equivalent portion of the potentiometer at the 
station, said potentiometers associated with the 
compensating circuit being so arranged that the 
potential applied to either compensating winding 
is the same as the potential normally applied to 
the respective biasing winding. 

3. In a duplex signaling system, a line, stations 
at each end thereof, a grounded source of sig 
naling current at each station, said sources being 
normally of substantially equal potential but 
subject to independent variations, multiwinding' 
polarized signal relays at each station, a local 
biasing circuit for each relay including one wind 
ing thereof and means for applying a potential 
thereto comprising a potentiometer in bridge of 
‘the respective source, said potentiometers being 
so arranged that the potential applied to each 
biasingvwinding is the same proportion of the 
voltage’of the associated source, switching means 
at each station normally connecting ground: 

~ through a second winding of the respective relay 
to one conductor of the line and adapted, when 
operated, to substitute the respective grounded 
source for said ground connection and to re 
verse the current in the biasing winding and 
change the applied potential thereof, a second 
potentiometer at each station in shunt. of the 
respective source, and a compensating circuit in 
cluding the other conductor of the line, a third 
winding on each relay and a connection to ground 
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at each station through a portion of the respec 
tive second potentiometer, the point of connec 
tion to each compensating potentiometer de 
livering the same proportion of the voltage of 
the associated source as the normal potential 
applied to the corresponding biasing winding. 

4. In a duplex signaling system, a line, equal 
potential grounded sources of signaling current 
at each end thereof, said grounds and current 
sources being independently subject to varia 
tions of potential, a multiwinding polarized sig 
nal relay at each end of the line, one winding of 
each relay being in a signal circuit including one 
conductor of the line, a second winding being in 
a local biasing circuit energized by the respective 
current source and a compensating circuit, includ 
ing a third winding on each relay, extending from 
the grounded source at one end over a second line 
conductor to the grounded source at the other 
end, said compensating windings being so ar 
ranged and connected in the circuit as to com 
pensate for effects on the respective relays caused 
by currents ?owing in said biasing and signal 
windings due to a di?erence in potential between 
said grounded sources. 

5. In a duplex signaling system, a two-con 
ductor line, a station at each end thereof, a multi 
wound polarized relay and a grounded source of 
direct current at each station, a potentiometer 
in bridge of each source, switching means at each 
station normally connecting ground through 
one winding of the respective relay to one side 
of the line and through a second winding to a 
predetermined point of the respective poten 
tiometer, the potential of said points being equal 
fractions of the voltage of the respective sources, 
said switching means being adapted, when oper 
ated, to substitute the respective grounded 
source for said ground connection and said ?rst 
and second windings being so proportioned and 
connected that operation of either means will 
cause operation of the distant relay only, a 
second potentiometer in bridge of each source 
and a connection from the other side of the line 
at each station through a third winding on the re 
spective relay, to a point in the respective second 
potentiometer which is at the same voltage as 
the point in the ?rst potentiometer thereat, said 
‘third windings being so connected that current 
flowing therethrough due to a difference in 
potential between the two grounded sources will 
compensate for the effect in the ?rst and second 
windings caused by said potential di?erence. 

6. In a duplex signaling system, a two-con 
ductor line, a station at each end thereof, a 
multiwound polarized relay and a grounded 
source of direct current at each station, said 
sources being normally of equal potential, a 
normal connection at each station from one side 
of the‘ line to ground including one winding of 
the respective relay, a potentiometer in bridge of 
each source and of substantially equal resistance, 
a connection from the same proportionate point 
in each potentiometer to ground including a 
second winding of the respective relay, trans 
mitting means at each station for simultaneously 
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substituting the respective grounded current 
source, for said ground connection, to both the 
?rst and second windings thereat, a second equal 
potentiometer in bridge of each source, and con 
nections from points therein of the same poten 
tial as the connecting point of the respective 
?rst potentiometers to the other side of the line 
including a third winding of the respective re 
lay, said third windings being so arranged and 
connected that any current change in said ?rst 
and second windings due to a difference in poten 
tial between said two grounded sources will be 
neutralized by the current ?owing in the third 
windings. ' 

7. In a duplex signaling system, a two-con 
ductor line, a station at each end thereof, a 
multiwinding polarized relay and a grounded 
source of direct current at each station, said 
sources being normally of equal potential, a nor 
vrnal, connection at each station from one side of 
the line to ground including one winding of the 
respective relay, a potentiometer in bridge of 
each source at each station, a connection from a 
predetermined point‘ in each potentiometer to 
ground including a second winding of the respec 
tive relay, transmitting means at each' station 
for simultaneously connecting the respective cur 
rent sources in series with both the ?rst and 
second relay windings thereat, said relay wind 
ings and current sources being 'so connected that‘ 
under normal or no-signal conditions each relay 
will be biased in a non-operate direction by cur 
rent ?owing in the second winding determined 
by the potential of the predetermined point in 
the respective potentiometer and only such cur 
rent will flow in the ?rst winding as may be due 
to a difference between the ground potentials at 
the two ends of the line, when signals are being 
transmitted over the line current will ?ow in the 
?rst winding at the transmitting station in a 
non-operable direction and in the second wind 
ing in an operate direction determined by the 
potential of the predetermined point of the po 
tentiometer associated therewith, which current 
is insufficient to overcome the non-operate ?ux 
caused by the current in the ?rst winding, and 
,at the receiving station current of a certain value 
continues to ?ow in a non-operate direction in 
the second winding thereat determined by the 
associate potentiometer connecting point and, 
of a greater value in the ?rst winding in an' 
operate direction to overcome the biasing action 
of the second winding current and cause the 
relay to operate, and when both the stations 
are simultaneously transmitting only such cur 
rent will ?ow in the ?rst windings of the two 
relays as may be due to differences in the poten 
tials applied at the two ends and both relays 
will operate due to the operate direction of the 
current ?owing in the second windings and any 
di?erences in earth potential, or in the current 
sources, at the two ends of the line will be com 
pensated for in both relays by current deter 
mined by these di?erences ?owing in the third 
winding. 

GEORGE A. PULLIS. 
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