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, ASSIGNOR TO AUTOMATIC ELECTRIC
A CORPORATION OF ILLINOIS.

TELEPHONE TRUNEK-CIRCUITS.

1.267,031.

Specification of Letters Patent,

Application filled Augnst 23,1916, Serial No. 110,488.

10 all whom it may concern :

Be it known that T, Brexarn D. WiLLis,
4 ertizen of the United States of America,
and o restdent of Chicago, county of Cools,
and State of Illinois, have invented certain
new and useful Improvements in Telephone
Trunk-Cirenits, of which the following s
it shecification, '

My invention relates in general to inter-
office trunk eircuits, bat is more particularly
concerned with circuits of this character
wihitch ave adapted for use in automatic
telephone systems.
3 1,156,912, granted April 20, 1915, to 'T. 3.
Martin, there is shown and described a 1wo-
way trunk eircuit for use in a two-wire or
non-grounded automatic telephone systen.
The trunk circuit there illustrated is pro-
vided with a repeater at each end for trans-
mitting operatin iInpulses to an automatic
switeh at the Otﬁ.ﬁl’ end over the two sides
ot the (runk line in series, .

Such a trank circuit is well adapted for
use it a system in which the different oftices
ov exchanges are only a few miles apart. In
more extensive inatallations, however, com-
prising widely seattered exchanges, which
My he separated by a hundred miles or
more, 1t 1s advisable to lower the resistance
of the impnlse transnutting circuit by malk-
g use of a ground return. The repeaters
he arranged to
receive impulses transmitfed over the two
sides of a line in series, and repeat these
unpulses over a ground return eircuit to ap-
end, where the im-
Pilises are again translated to the Series

variety in order to operate the usual two-

wire automatic switches. This method of
operation, if special precautions are mnot
taken, is open to the objection that the im-
pttlses are Hable to be affected by variations
in the ground potential at the opposite ends
In many Joecalities the
may vary from nega-
or twenty volts abova
at other points, which

potential of ground
tive values to fifteen
the ground potential

15 sufficient to very seriously affect the

(quality of impulses transmitted over ground
return cireuits, - | |

T'he object of my invention is to provide a
trimk cirenit of the general character set
forth above which is adapted to auto-
matieally compensate for any variations in
the ground potential which may occur,

particular

In U. S, Letters Patont

‘selector switeh.

thereby  securing accurate transmission of
lmpulses regardless of such variations, The

foregoing results will be fully described
hereinafter, and its operation explained,
reforence being had to the accompanying
drawing, which shows diagrammatically g
‘Wo-way automatic trunk circuit embodying
the principles of my invention. ‘

In the drawing, the reference characters
1 and 76 indicafe the two line conductors
ot the trunk circuit, which terminate at op-
posite ends in the windings of the repeat-
ing coils R” and R=. Through the medium
of repeating coil R’ the trunk conductors
% and 76 are inductively connected to con.-
ductors 11 and 12, which in turn are adapted
for connection either with conductors 5 and
T or conductors 8 and 10, depending on the
divection of the call. In g similar manner
the repeating coil R2 serves to inductively
connect the line conductors 75 and 76 with
conductors 111 and 112 which are adapted
for connection either with conductors 105
and 107 or conductors 108 and 110.

The manner in which connections are
established to or from the trunlk cireuit may
be understood clearly by referring to the
previously mentioned patent to Martin.
Thus the bank contacts 2, 3, and 4 are as-
simed to be multiplied in the banks of first
selector switches such as the one there
shown and described, while the. conductors
S, 9, and 10 extend to and terminate either
1 a line switch, as shown in the said Martin
patent, or directly -in a second selector
switch. In the same manner, at the opposite
end of the trunk circuit, the bank contacts

1102, 103, and 104 are multiplied in the banks

of first selectors in the distant exchange
while the conductors 108, 109, and 110 ex-
tend ecither to a line switch or to a second

The two groups of relayg indicated col-

lectively by reference characters M’ and Mz

comprise two repeaters through the medium
of which the operating and talking circuits
are established and ' controlled. It 1S
thought that the functions of these relays
can best be explained by describing the oper-
ations incident to the establishment of a
connection over the trunk circuit. Aececord-

ingly it will be assumed that a calling sub-
seriber has established

connegtion through
the medium of instrumentalities mcluding

means employed to secure the

*atented May 21, 1918,
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a selector switch with the hank contacts 2,
3. and 4 for the purpose of connecting via
the {runk circuit with a subseriber in the
distant exchange.

Upon the completion of the connection to
the bank contacts 2, 3, and 4, the double-
wound line relay 15 is energized over a eir-
cuit which may be traced us follows: ground
at (37, Tower winding of line relay 15, and
conductor 7 bank contuact . thence by way

of the lower selector wiper (not shown),

the calling subscriber’s loop and the upper
selector wiper (also not shown), to the bank
contact 2, and thence by way of conductor
5 and the upper winding of line relay 15
to the ungrounded pole of battery B’. On
attracting its armature, the line relay 15
completes a circuit for the slow-acting re-
lease relay 16 as fellows: ground at (x',
armature 24 and its working contact. and
winding of relay 16 to the ungrounded pole
of battery B’. Upon energizing, relay 16
prepares a cireuit for relay 17 by means of
{he armature 26:; switches the conductors
37 and 38 by means of armatuves 28 and 20
from connection with the impulse recetving
relay 19 into connection with contacts con
trolled by the line relay 15; and by means
of armature 27 prepares a holding civeuit
for the selector switch which may be traced
in part as follows: ground at G, armature
97 and its working contact, and conductor

6 to bank contact 3, whence the circuit ex-

tends back Lo a relay in the selector swilch

‘which is maintained energized in the usual

manner to prevent the release of the said
selector.

As a further result of the energization of
relays 15 and 16 a circuit has been com-
pleted for the impulse receiving relay 119
in the repeater M? at the distant exchange.
This is the circuit over which the operat-

ing impulses will be transmitted and it cx-

tends over the following path: ground at
G2, winding 120 of relay 119, armature 125
and its back contact, conductor 137, wind-
ing 133 of repeating coil R?, trunk line con-
ductor 75, winding 33 of repeating coil
R’, conductor 37, armature 28 and its work-
ing contact, armature 23 and its working
contact, resistance 26, and battery B*® to
oround at G° At the same time a circuit
is completed over the lower trunk lme.con-
duetor 76 which corresponds in every par-
ticular to the circuit just described except
that it includes the lower winding 121 of
relay 119 and that the hattery B* 1s onitted.
Assuming that the ground potentials at the

two exchanges are the same, this latter C1r-

enit extending from ground (7 in one ex-
change to ground G'? in the other exchange

“will earry no current and may be for the

I

present neglected. *
1Tron the completion of the etrenit
throuzh its winding 120, relay 119 1s cn-

1,267,081

ergized by current flowing over the trunk

line conductor 75, and upon attracting 1ts
armature, completes an cnergizing circuit
for the slow-acting relay 122 which may be
traced as follows: ground at (', armature
152 and its working contart, and winding of
relay 122 to the ungrounded pole of battery
B*. By the attraction of armatures 150 and
151 of relay 122, the conductors 111 and
112 are shifted from connection with bank
contacts 102 and 104 Into connection with
conductors 108 and 110, which latter con-
Juetors 1t will be assumed terminate in the
windings of the line relay of a second se-
lector switch.

This selector line relay will now be en-
ergized over a loop just completed by relay

119 and which may be traced as follows:.

condnctor 10%, srmature 153 snd its work-
ing contact, aind winding of impedanec coll
115 to conductor 110.  On the energization
of the selector line relay and the consequent
encrgization of the associated slow-acting
release relay, the conductor 109 is grounded
in the well known muanner, whereby the re-
peater M* is protected against seizure by a
first selector switch throngh the medium of
thie ground potential on bank confact 103
and 1ts muliiples.

The foregoing operations have taken
place as the result of the extension of the
calling line to the repeater M’; which ex-
tension mav be assumed to have been ac-
ccanplished by ihe calling subscriber through
the removal of his receiver and the manipu-
lation of his ecalling device in accordance

with the first digit of the desired number.

The calling subscriber may now operate his
calling device in accordance with the second
digit of the desired number thereby result-
ing in a series of interruptions of the cir-
cuit of the line relay 15. Responsive to
these interruptions of its circuit the lipe
relay 15 deénergizes a corresponding num-
Ler of tinwes and at the first deénergization
completes a cireuit for the slow-acting relay
17 which may be traced as follows: ground
at (7, armature 24 and its back contact,
armature 26 and its working contact and
the winding of relay 17 to the ungrounded
pole of the battery B% Relays 16 and 17,
heing slow-acting, retamn thejr armatures
during a series of impulses, after which relay
17 is deénergized. In its cnergized condi-
tion relay 17 by means of its armatures 30
snd 30" opens the bridged windings of re-
peating coil R” whereby the condensers 81
and 32 are prevented from interfering with
ihe transmission of impulses. Tt will be
clear now that at each deénergization of the
line relay 15, the energizing cirenit of the
impulse vecciving relay 119 at the distant
xchange will be broken. Ralay 119, there-
fore, vibrates its armature in synchronisn
with the reluy 15 and interrupts at each de-
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bridge of said conductors at one end. a con-
nection from the middle point of said relay
to ground, connecctions {rom the other end
of said conductors to ground, and a battery
i sertes-with one of sawd fast ground con-
nections. |

5. In combination, a relay compuising a
continuouns winding in one direction ground-
cd at 1ts middle pomnt, line conductors con-
nected at one end, respectively, to opposite
ends of said winding, 2 batlery, and means
for connecting said line conductors to
ground at the other end and for imcluding
said battery 1n series with one of sawd con
(luctors.

6. In combmmation, s relay comprising a
continuous winding in one direction ground-
ed at its middle pomnt, hine conductors coti-
nected at one end, respectively, to opposite
ends of said winding, g baitery having its
positive pole grounded, and means for con
necting said line conductors at ithe other
cinl, respectively, to growd and to {he une
crounded pele of said baliery,

Oooinoa telephone system, a ground veraren
circutt connecting fwo exchahioes and o
chuling a relay in ove exchange, moanz in
the other exchange for transnhutiing evrrent
unpulses over said crenlt to operaie suid re-
lny, and automatic means for preventing
diffevencos 1n the ground potential an the

L
v
r

—d
]

{wo excinnges from interfering with the

opviratien of ward relay.

8. Jr oo ceopiome systen, 2 pronnd relurn

civett connectmge two exchanges and in-
cindmg st one exchange one winding of a
double-wound relay, means at the othoer ex-
change for transnmiting eurrent vupulzes
over sand creuti fo operate sad relay, and
an auiomatic ground relurn compensating
circhit aizo conneciing the two exchanoes
and including the second winding of =ad
relay, wherehy the snid relay s not aifected
by criferences 10 eround porentinl ot the two
cxchanges.

9. The combination with o relay and a
oround retnrn circmit therefor, of means for
securing uniforin operstions of said relay
unaffecied by varying earth potentials, said
means comprising a2 second ground return
circmt for said relay so conmected that
fluctuations of current in said first cirenit
due to variations in earth potential are comn-
pensated for by corresponding fluctustions
of eurrent in sald second eircuet,

10. The combination with a relay pro-
vided wilth two windings, of scparate ground
return circaits for said windings, and a
battery in one of said circuils, zaid battery
and relay windings heing so connected that
currents im-the eirenit containmyg the battery
cansed by unequal ground potentials are
counter-bajanced by corvesponding currents
in the other circuit. |

11, In a telephone system, means for re-

1,267,031

peating current impulses from one exclmnge
to another, said means comprising a ground
return civeutt including a battery at one end
and one winding of a relay at the other end,
nnd a second ground return circuit includ-
iy 2 second winding of said relay, whereby
dilferences in ground potential between the
two exchanges which oppose or assist the
current freosy satd buttery also cause com-
pensating cnrrents to How 1n said second cir-
e, |

2. In a telephone system, an impulse
transunltting celay and a differential im-
pulse recelving relay, two opposing ground
return circuits for the latter relay controlled
by the former relay, and a battery in one
of «ud ewrcuits. |

J3. The combination with a relay having
Cwo windings, of separate circuits for: ﬂﬂ-i§
windings having a commen conductor, an
optrating baitery in one of said circuits out-
sige the conmuvon conductor, and means for
Coodducing aoseries of interruptions in said
civenits Lo eperate said relay intermutientiy.

(4, Fhe combination with a relay pro-
vided with two windings., of separate cip-
sty for sud windings having a common
carth return, a battery in one of said cir-
cuits only, the other circult copstituting a
path for the How of earth currents unop-
posed by artificial sources of potential, and
means for producing a series of interrup-
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tions in said ecircuits to operate ssid relay

intermtittently.

15. The combination with & trunk lLine
connecting two exchanges, of a relay pro-
vided with two windings 1z one eschange, s
hattery in the other exchange for operating
said relay, ground return circuits for the
sald relay windings including, respestively
one conducter of said trunk hine and snifl{
battery, and the olher conductor of said
frunk line exclusive of said battery, and
means for producing a series of imterrup-
tiong 1n said circuits to operate said »elay In-
termittently. . '

16. The combination with a relay pro-
vided with two windings, of separate ground

return circuits for said windings, a battery

in one of said cireuits, said battery and velay
windings being so connected that currents m
the ¢ircmit containing the battery mused*b{

“unequal ground potentials ave counter-bal-

anced by corresponding currents in the other
cireiiit, and means for producing a serics of
interriuptions in said circuits to operate satd
relay. intermittently. |

17. The combination with a relay having
two windings, of separate cirenits for «aid
windings having a commion conductor, a but-
tery for aperating soid relay tn o of wad
circuits nutside the comimon condictor a
third civemit under the conivol of «uidg st
reluy, and a second relay for producng .
series of Interruptions in said ciremts fo
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energization the previously described con-
trolling - circuit of the selector switch 1n
which the donductors 108 and 110 terminate.
In this' manner the selector switch 1s
controlled to extend the connection In ac-
cordance with the second digit of the called
number. It i1s understood that the slow-

acting relay’12% remains energized during

the momentary deénergizations of relay 119.
The remaining digits of the desired num-

“ber may now be called one after the other
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and are repeated by the relays 15 and 119
to successive switches In the distant ex-
change in the manner just described until
finally the connection is completed to the
called subscriber’s line. Thereafter the
usual instrumentalities are brought into play
to effect the signaling of the called subscriber
and conversation may then be held over the
completed connection in the customary man-
ner. For the sake of clearness the talking
conductors of the trunk circuit have been
shown in heavy lines.

The foregoing 1s descriptive of the opera-
tion when the ground connections at the re-
spective exchanges are at the same poten-
tial. It will now be assumed that due to the
effect .of street raillway currents or other
agencies, the ground at G’ and G° 1s at a
higher gotential than the ground at G*.
This difference of potential will be 1n eppo-

‘sition to the potential of the battery B? and

the current flow over the trunk lhine conduc-
tor 75 and through the winding 120 of relay
119 will therefore be reduced. Such redue-
tion of current flow in the winding 120
would seriously affect the operation of relay
119 were it not for the provision of the com-
pensating circuit, over which current now
flows as follows: ground at G, resistance 35,
armature 25 and its working contact, arma-

ture 29 and its working eontact, winding 34

of repeating coil R’, trunk line conductor 76,
winding 184 of repeating coil R?, armature

129 and its back contact, and the winding
121 of relay 119 to

_ o ground at G**. The di-
reotion of current flow in winding 121 1s
such that it assists the current in winding

120, whence it will be seen that the loss of

current in the one winding is compensated
{67 by a -current in the other winding.

. Assuraing now that the potential at ground

D0

~ this difference in potential also results in a
current in the lower winding 120 of relay

‘G3*? is higher than the

at the other exchange, this difference in po-

tential will be added to the potential of the

battery B* and the curyent in winding 120 of
relay 119 will accﬁrdingly be increased. But

119 via the path previously traced except
that now the current flow is in the reverse di-

rection. Currents in the two windings of

65

relay 119 now oppose each other, whence it

will be clear that the effect of the increased
current in winding 120 i< counteracted by

Eotentia,l of ground

3

the current in winding ~ 121, Relay 119
therefoire will operate unizormly without re-
gard to any difference in ground potential
which may exist.

It has been already mentioned that the -
trunk circuit shown is adapted for two way

operation, Since the equipment at one end
is an exact duplicate of the equipment at
the other end it is not thought to be neces-
sary to explain in detail the operations which
take place when the call is in the other di-
rection. It may be stated, however, that the
bank contacts 102, 103, and 104 may be
seized by a selector switch, assuming, of
course, that the trunk circuit is idle, after
which the line relay 115 is operated in re-
sponse to interruptions of the calling line to
transmit impulses to the impulse receiving
relay 19 at the other end of the trunk cir-
cuit. Relay 19 in turn operates to control a

series of automatic switches over the con-

ductors 8 and 10.
Tt will be seen from the foregoing that 1
have devised an exceedingly simple and efli-

cient. trunk circuit comprising & ground re-

turn impulse transmitting circuit, together
with means for automatically compensating
for differences in the ground potentlals at
opposite ends thereof. '

While I have shown and described a cer-
tain specific embodiment of my invention I
consider it probable that modifications may
be made in order to adapt the invention for
use in other telephone systems, or even for
other purposes altogether. I do not, there-
fore, wish to limit myself to the precise form
shown, but desire rather to include and have
protected by Letters Patent all forms and
modifications of my invention which come
within the scope of the appended claims.

What T claim as my invention 1s: _

' 1. The combination with a relay having
two windings, of separate circuits for said
windings having a common conductor, and
a battery for operating said relay in one of
said -circuits outside the common conductor.
9. The combination with a relay provided

with two windings, of separate circuits for
.said windix
turn, -and a battery

having a common earth re-
in one of. said circuits
only, the other circuit constititing a path
for the flow of earth currents unopposed by
artificial sources of potential. |

3. The combination with a ttunk line con-
necting two exchanges, of a relay provided
with two windings in one cxchange, a bat-
tery in the other exchange for operaling
said relay, and ground return cn'cuits for
the said relay windings including, respec-
tively, one conductor of said trunk line and
said battery, and the other conductor of said
trunk.line exclusive of said battery.

4, The combination with a two conductor
trunk line, of a relay continuously wound

in the same direction and connected 1n
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operate sud fivst relay intermtittently, wlhere-
Ly corresponding Iterraptions are pro-
diieed 1n said third eireuit.

18. T'he combination with g relay provided
with two wiudi11;[__1;':-3'z of separate circuits for
sithd windings having a common carth re-
turn, a battery in one of said circuits only,
the other cireuit constituting a path for the
fiow of earth currents unoppuspd by arti-
fictal sources of potential, a -thirdrcireuit
under the control of said first relay, and a
second relay for producing a series of inter-
ruptions in said circuits to operate said first
relay intermittently, whereby corresponding
Interruptions are produced in satd third cir-
cuit. | - :

19. The combination with & trunk line con-
necting two exchanges, of a relay provided
with two windings in one exchange, a bat-
tery 1n the other exchange for operating said
relay, ground return circuits for the said
relay windings including, res ectively, one
conductor of said trunk line and said baltery,
and the other conductor of said trunk line
exclusive of said battery, a third circuit

<

under the contvol of said Grst relay, and a
secand relay for prodicing a series of inter-
ruplions in <aid civenits to operate said first
relay nteritiently, whereby  correspond-
g interruptions e produced in said thicd
circuit.

20, The combinsiion with veluy provided
with two windines, of sepurate ground re-
Lurn aircuiis for snid windings, a battery in
(i Of :‘:-Elit] Uil‘t‘li}fh, Eil}{!
windings heing <o connectod that currents
m the cirenn contaiming the battery caused
by uneqnal oround potentials are counter-
balanced by corresponding currents in the
other civeuit. a third cireuit under the con-
trol of said first relay, and a second relay
for producing u series of interruptions in
sald circuils to operate said first relay inter-
mittently, whereby vorresponding interrup-
tions are produced in said third cirenit.

Signed by me at Chicago, Cook county,
State of Tlhinois, this 4th day of August,
1916.

BERNARD D. WILLIS.
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