No.833,006. © PATENTED 0CT. 33, 1906.
1.6 WRAY, E.T. GARDNER & W. G, KINTON.
 TELEPHONE SWITCHING AND BUSY TEST APPARATUS.

APPLICATION FILED JULY 3, 1905

2 BHEETS—HEET 1,

!N VENT OR-S

%ﬁf '

.*“A_TTOR?VEK,{



N 333 906. '_ " PATENTED 0CT. 23 1906
B G WRAY H. T, GARDNER&W G. KINTON.
TELEPHONE SWITGHING AND BUSY TEST APPARATUS

o APPLIGA'I:IUII FILED JULYB 1906,

e sHEETS—BEEET 2.

- W]TNESSES

‘ oWk P& arromwmy




| UNITED STATES PATENT OFFICE.

- State of Illinois; have invented certain Im- |
and. -

" JAMES G. WRAY, OF CHICAGO, HERBERT T. GARDNER, OF MAYWOOD,

'AND WILLIAM G. KINTON, OF CHICAGO; ILLINOIS, ASSIGNORS TO
- AMERICAN TELEPHONE AND TELEGRAPH COMPANY, A CORPORA-

~ TION OF NEW YORK.

' No. 833,906;

T(J;‘ aZtham 7t May.,cbrbcefn;f e
Be it: known that we, JAMES G. WRAY, re-

‘siding at Chicago, HERBERT T. GARDNER, re-

siding at Maywood, and WiLLiaM G. KINTON,
residing at Chicago, in the county of Cook,

provements in Telephone Switchin

- Busy-Test Apparatus, of which the following

‘18 a specification.. -
10

exchange systems, and isshown as comprised
in a trunk-line switchboard apparatus for

‘connecting one central station with another

. or substation-lines converging to one central

station with those centering at another, the
principal feature of the invention consisting

- 1nan .automatiéally-opéra,tiqg busy-test sys-

tem and appliances for the multiple part of
said trunk-line switchboard apparatus in as-
sociation with an automatic signaling system

20

- for the wanted substation, the operator at the
~_calling central station being, moreover, noti-

- fied if the line wanted is busy by the auto-

matic operation of a ‘‘busy-back” signal.
. The system is further so arranged that sin-

_gle-party lines or selective two-party lines
may be signaled, the lines of both classes be-

| '. ,30

ing equipped with multiple jacks or jacks at

~ each section of the multiple switchboard and

the two-party lines being also provided with

~ two jacks—that is, one for_ each of its sta-

- tionsat the several multiple-switchboard sec-

40

tions. The calling system 1s automatic, so
~ that it is only necessary for the operator at.

- 35 th P
 the proper jack in order (provided the lne of |
 such jack be not already engaged) to signal
_the desired subscriber. The system 1s so ar- |

the called central station to insert the plug in

ranged that it is impossible to signal any sub-
seriber until the proper connection has been
" actually made at both central stutioiis; the

 final connection and giving of the mgnﬁl de=

pending upon the operation of a miii ielay

" at the called central station, such operation,

45

- tions as to msure 't

however, being de]z}»‘endeﬁt upon such condi-
_ ‘the proper connections be-
 fore the signal has been given. The busy-,
~ back-signal to the call-originating station

~also depends for its-ultimate operation upon

5'_03 this relay, the back contact of an armature

“controlled by said relay maintaining a cir-

~ cuit which previously had been closed by an-

- Speciﬁcafiﬁn of Letters Pa.texit. o
Avplication filed July 3, 1905, Serial No. 268,214,

Fatented Oct. 28, 1908,

other relay and upan which the aforesaid sig-

nal depends, while the conditions are such
‘that the relay cannot attract its armature if

the line is busy. ~ The operation of the main
ciently low resistance to short-circuit the re-

sald shunt-circuits being controlled by a re-

L | lay which depends for 1ts OEera,tion upon the
The present invention relates to telephone-

insertion of the plug at the calling central
station, while the other.depends upon the ac-

‘tion of a relay controlled by the insertion of

the plug at the called central station, so that

one or the gther, or both; of said shunts will be
“closed around the main relay pending the in-

sertion of both plugs in the jacks. The giv-

| ing of the signal further depends upon the

operation of the main relay at the called cer-

tral station, and the-said relay cannot oper-

55

relay is controlled by shunt-circuits of suffi- | .

lay and prevent the operation thereof, one of . .
.60

70

ate until both shunts have been opened, so

that 1t 1s impossible:to give a premature sig-

nal or to give a signal at all in the case of an

error in the assignment of the trunk-line.

75

The main relay, furtherimore, is influenced

by a special circuit which is so arranged as to

called for is busy, this circuit being so ar-

ranged that if the-potential of the battery is
on the line both terminals of the relay will be .

prevent the operation of the relay if the hne

8o

connected to the same terminal of the bat-

tery and both terminals of the relay con-
nected also with the opposite terminal of the

‘battery through substantially or approxi-
mately equal resistances, whereby the mag-

netizing effect is substantially balanced, so

that suflicient magnetismx cannot be devel- .

oped to attract the armature. _ _
the signal on the line wanted 1s under these

conditiéns thus prevented, while the busy--
back signal is placed in operation, and the

calling subscriber and the ‘calling operator
thereby notified that the line is busy.

R
1

~ Figure 1 is a alagram of the circu

The giving of

. _ | 1ts at the

calling central station. Fig. 2 i1s a diagram
of the circuits at the called central station,
_sald figure also showing the answering and

go

95

calling jacks and multiple representatives .

Of the lﬁttﬁr f()l‘ a One-part}r lln_e_ 1-}:.1_1(]_ _&,-It“TO"'.u

party line. , Fig. 3 is a diagram illustrating

been inserted into a jack belonging to a busy

100

| the battery connections when a plug has

| line, and Figs. 4 and 5 are details showing =
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mechanical expedients for operating the cir-

cuit-controllers in a manner necessary to
insure the necessary operations. -
The salient features of the invention are

malnly 1llustrated in Fig. 2; but certain of

the circuits extend through both central sta-

- tioms, and iIn tracing such circuits it is to be

10

understood that the conductors indicated by
the reference characters @’ and ¢* in Fig. 2
are continuations of the conductors desig-
nated by the same reference charactersin Fig.
1, the same being true in both figures of the

- conductors designated by the characters b’

B

20

and 6% | | -

~ In describing the invention the successive
operations performed by the operator at the
calling subscriber’s central station and the
operator at the called subscriber’s central
station wilf” be followed, and the results of

each operation traced out with reference

to the drawings. '

After the operator' at the calling sub-
seriber’s central station (which will be herein-
alter designated as ‘“station M’’) has been
signaled in the usual way and has ascertained

the desires of the calling subscriber the said

operator inserts the plug B in the jack B!,
~which corresponds to the trunk-line L hav-

ang maln conductors b’ 6% which has been

30

assigned, the operator having previously by .
~ means of the circuit 1> having conductors a’

and «® asked the operator at the called cen-

- tral station (hereinafter designated as ‘“sta-

35

‘tion N”’) to assign the trunk to be used, and

stated to the latter operator the number of
the station wanted. N

~ Assuming that station N 0 500, Fig.'.25 on

a sirigle-station line 1s the station wanted, the

operator at the central station N inserts the
plug C 1nto the jack C'° and if conaitions are

normal—that 1s to say, if the operator at the

- station M has placed the plug B in the jack
B*® and the line leading to station 500 is not

45

- taking down of the receiver.” =
.- 'The operations of producing the signal and

- ‘ent mvention, and 1t i1s sufficient to state |

50

busy—a signal will be given at the said sta-
tion, which signal will be stopped upon the

stopping the same form no part of the pres-

that under the conditions hereinbefore out-
lined a circuit is closed from the generator

through the condenser and bell at the sta-

"~ 55

tion, the said circuit including the main coil

- é* of relay ¢ and winding 51 of theinduction-

coll I, so that the bell is rung and an audible

~signal repeated back to the calling-stations,

bc

the said signal being stopped upon taking

‘down the receiver at station 500, which by

shunting the bell and condenser causes an
increased-flow of current through the relaye,
so that the armature of said relay will be
attracted, thereby breaking the signaling-cir-

- cuit. The completion of the signaling-cir-

65-

cuit, however, ae}:flends upon the operation

trol, so that it will fail to operate unless the
plugs at both central stations M and N have

‘been placed 1n their appropriate jacks, and
1f the called or wanted line is busy. For this

purpose the main relay f, which is in a cir- 70
cuit primarily closed by the connection of
the sleeve C* of plug C with the frame or

| socket C*° of the jack C'°) is provided with

shunt-circuits of sufficiently low resistance
to prevent the operation of the relay so long 75
as the said ‘shunts remain closed, two of.

‘these circuits depending, respectively, upon

the operation of relays controlled, respec-

‘tively, by the plugs at the oppositeendsof the

trunk-line, there being also a third circuit, 8o
which 1s capable of influencing the relay f
and preventing the operation thereof when

the wanted line is busy. Under normal con-
ditions if the wanted line is not busy and
both plugs have been inserted in their re- 8s

spective Jacks the relay d, Fig. 2, will have
| been energized by current in a circuit which

may be traced as follows: battery D, con-
ductor 1, conductor 2, conductor-3, the wind-
ing of said relay.d, conductor 4, winding 50 of g0
the induction-coil I, cenductor b’, jack-spring
B?° tip B? of plug B, conductor 5, to-ground
(+*, thence returning to ground G*° %‘i'g.' 2,

‘and thus tothe other terminal of the. attery. -
‘The armatures d* and & of the relay d will g5

therefore be-attracted or moved to a pPosi .
tion the reverse of that'shown in Fig. 2.° A~ -
circuit will also be closed through the relays. -

f and m and the coil ¢ of relay ¢, which may -

be traced as follows:. Starting from the bat- 100

tery D, the circuit passes through.the con- = -

ductor 6, coil €*, winding of relay m, winding
of relay f, sleeve C¢, jack-frame C*°, conduc- -

tor 7, cut-off relay A, conductors 8 and 9 te

ground G*°; and thence back through ground ros

| G*® to the other side of the battery D.” Un-

der normal conaitions the relaysf and m will
attract their armatures, so that thesaid arma-
tures will be m the position -opposite that =~
shown in Fig. 2 of the drawings, wﬁjle'the coll 110

¢ of the relay ¢ will magnetize the core of

said relay sufliciently to retain the armature

et thereof attracted after the exalted action of

the main coil €% due to the taking down of the
receiver at the called substation. The talk- 115
ing-circult 1s then closed from the tip.of the

plug to its ring through conductor 10, arma-

ture 1%, conductor 12, incuction-¢oil windin

51, to the battery and from the other termina

of the battery through induction-coil winding 120
52, supervisory relay 7, armature ¢!, condue-
tor 13, armature 73, and conductor 14. The

final completion of this circuit, however,

depends-upon the energization of the coil ¢ .

_of the relay e, which, as previously stated, 123

takes place upon the removal of the receiver
at the called substation, this feature re-
quiring no further explanation, since it does
not enter into the present invention.

of the relay f; which relay is subjected to con-.| ~ In order to prevent the operation of the re- 130



ay f and the consequent completion of the |
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signaling-circuit and subsequently of the talk-

~ ing-cireuit in case the conditions are not suit-

~able for connection, the operation of the said

relay -is controlled in accordance with the
present invention by means of shunt-circuits,

~ which circuits in turn are controlled by the

- relays m and d, there being, first, a closed
“shunt around the rela.y{ up to the time that |

10

E ;

both the plugs B and C have been inserted in

the jﬁeGkS, ' c"fl.r]f].dJ '_ .'Sec(mdi 8 OlOSed Circu.it

through a suitable resistance which is capa-

~ ble of influencing the re_la;y f if the line wanted

o isbusy.. o o o .
- TFor convenience in description these cir-
cuits will be hereinafter referred to as ‘‘ shunt
‘X, shunt: Y, and special circuit Z,” these rei-

- erence characters, however, not being placed

20.

upon the drawings, since they-are merely

used for the purpose of distinguishing the

~ circuits in the description,

. .

 The shunt X, which is controlled by the re-

lay d, extends through conductor 15, back
~_contact of relay d, armature d?, and conduc-
tor 16 to the conductor 6, which leads to the.

battery and forms part of the usual circuit
controlled by the sleeve and frame, the main

 cireuit including the relays f m and coil € of
~“relay e. . The shunt X thus affords a low-re-

30

sistance path around the relay f, through

which prior to the operation of the relay d
the relay f is short-circuited, the result being

- that the said relay f is thus far not energized

40

and does not attract the armatures f? and f*.

Since, therefore, the relay d is controlled by

the operator at the station M, the signaling |
and talking circuits, which are finally con-

trolled by the relay 7, cannot be closed prior

-+ to the insertion of the plug B in the proper
trunk-jack B'? at station M. -

-

" The shunt Y extends 't_hrough the confdu‘c_-;
tor 15, conductor 17, armature m? of relay m, -

~ and conductors 18 and 16 to the conductor

6, thus making a second short circuit around

the relay fin addition to that of the shunt X.

'This circuit is ¢ontrolied by the armature m?*

~ of the relay m, which relay being included in
-the main sleeve and. frame-circuit becomes

. energized - upon insertion of the plug C in:

50

the jack C'9, it being obvious, therefore, that

the relay f will not operate until the plug C

- has been placed in position.

~ .So far as relates to the preventioﬁ ofa pre-

ks,
" affor

6o

. h

mature signal or false signal in case of a

Wrong' trunk assignment the shunts X and Y

‘the necessary protection; but these
shunts by themselves will not operate to pre-

vent the giving of the signal and the final-

connection of the two substations if the

'To prevent. the*operé;ti'dxibf *the'r'e:lay f '-‘in

~ case the wanted line is busy, the special cir-

cuit Z is employed,; and before tracing this
circuit in Fig. 2 reference may be had to Fig.

3, which shows in a ‘simple diagram the con-

‘elsewhere, as by the

ditions existing if the

jack C'? of a line which is alrea

El_ug- C is placed in'the
_ y connected
plug C'% inserted in .

jack C**° of said line at another section of the . '_

|- unites th _
line. At the same time the opposite termi-
‘nal of the battery is connected to both ends

1

:

establis

| l
-

multiple switchboard. In this case it will be

seen that one terminal of the battery D will -

be connected through the coils of the relays

e and m to one end of the relay f, while the

Came torminal of the battery 19 connected

through the corresponding relays €!°,m!°, and

therela{; ft
e

75

£19 of the busy line associated with the cord-

circuit Of:‘plu%r(}l.““ to the opposite terminal of =
ough the conductor 7, which

several jack-frames of the same

89"

of the relay f through the cut-off relay & at
one end and at the other through a .special

resistance r,- which is included in the special
cireuit Z under consideration, this special
circuit being controlled by the operation of

the relay f itself if the said relay :is free to -

operate. The resistances of the relay-coils-

¢}, m, and f of the cord-circuit terminating in

switch-glug C, through which it is sought to
ing relay-coils ', m°, and f*° of
tion -has previously been made wit
special resistance r and the resistance of the

cut-ofl relay Ine _
busy a similar potential is establighed at

both terminals of the relay'f, whic¢h accord-

connection with a wanted:line, are
~of course the same as those of the cor%espohd- o

_ ~the cord-
circuit of plug Ct°°, through which aconnec-
i 18 h such’

wanted line, establishing the busy condition
of the same, and are so proportioned to the

95

that if the line called for is

100

ingly will not operate and the signal will not
be given nor the line connection completed.

which is connected with one terminal of the

relay f, the special circuit may be traced .

- Starting with the conductor 6, Fig. 2,

105

through .conductor 16, armature d°, the for-

ward contact of said armature, conductor
19, armature f* of relay f, conductor 20,
which includes the resistance r, conductor

110

21, armature m® of relay m, and conductor 22

‘to the ground at G*°, thus connecting one
terminal of relay f with the ground, the same

terminal being connected with the other pole -

of the battery through the coil ¢ of the re-
lay ¢ and the coil of relay m. The opposite
terminal of relay f is grounded in the usual

ﬁe plug-sleeve, jack-frame,

way through t sleeve, jack-fra
conductor 7, and cut-off relay h-and if the
line-is busy 1s also connected with the other

113

120

terminal of the battery through the jack,

with the wanted line.” Undér these ¢ondi-

tions, therefore, thére is a balance of poten

‘plug, and associate relays €%, m''; and f'°at
the section of the multiple switch Where a
‘previous connection has beéi established

15%

tials, so that the magnetizing effect 1s sub-

‘stantially negligible, thus preventing the op-
_ - OF Tlle . It will be noted. frow-
ever, that the circuit Z above -traced 1s nor-

eration of the relay 7.
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“the operation of the relay fif the line is busy

TO

15

of the relay f if the line wanted is busy.

mally open at m® and:also at d®, becoming |
 closed at m® upon the insertion of the plug C
1mto its jack and at d® upon the insertion of

- the plug B. ~ The operations of these relays,

however, as previously -described, cut out
the shunts X and Y, and in order to prevent

the armature m?, which controls the special
circuit 7, is arranged to reach its back con-
tact before the armature m? which controls
the shunt Y, has opened the said shunt, the
armature d*, which controls the shunt X, op-
erating in the same way, so that one or the
other of said shunts is momentarily closed at
the same time that the special circuit is

closed, thereby insuring the short-circuiting

- The failure of the relay f to operate leaves

20-

- blISj"'b ac

~ductors 12 23 24 25 and armature m* of relay

25

the armature f? in circuit with its back con-

tact, thereby completing a circuit including

a Windinﬁ 53 of the inducton-coil I? of the

tioni-coil I, the said circuit ineluding the con-

m, which is then in engagement with its for-

" ward contact, and thereby connected with |
conductor 26. . The pusy-back-signal-produc- |

. ing apparatus, which is indicated as a rotat-
- ing.member s, having a ring s* and a commu-

30

tator or rotary circuit-interrugter s%,1s sup-
~ plied-with current through con

98 and conductors 24 and 23, the induction-

35

with an armature m®, which controls the or- |

coil winding 55 being in this ciréuit.

in shewn, the relay m maybefurther provided

dinary busy-test circuit and mode of opera~

40

tion, which may be utilized, if desired, in case-
.there. are several lines leading to one substa-
" tion, making it desirable for the operator at

“station N to test independently of the oper-
ator at station M. Otherwise the operator at

N, being.warned by the lighting of the usual

lamp-signal H that the operator at M has, in |
- view of the busycondition of the wanted line,

withdravin the plug B, disconnects by with-

: drawing the plug C.

50

~one circuit before another is broken. In Fig.

Figs. 4 and 5 illustrate details shbvﬁng
racticable devices for controlling the circuits
%, Y, and Z in the manner described to close

4 the armature d* of the relay d is shown as

55

provided with ‘a_spring ¢*°, connected with
conductor 16 and having sufficient play to re-

main in contact with the conductor 15 until

.the.end of the said _spl'tinﬁ is engaged by the

overhanging arm d* of t

g

e armature, which

‘constitutes a-conductor to connect conductor

6o

16 with conductor 19, after which the final |

movement of the armature separates the

spring d* from conductor 15.

. In Fig. 5 the armature of thé_ I"elaj m is

 shown as provided with two spring-contacts

65.

m*® and m*, corresponding, respectively, to

signal and the winding 51 of induc-

uctors 27 and

There- |
- moval of the plug C breaks.the busy-back cir-
c¢uit by releasing the armature m*. As here-

0
first-named terminal of the relay with the

. 838,906

the separate armatures m? and m°, (shown in.
Fig. 2,) one of said springs m* having suffl-
cient play to remain in engagement with the

conductor 17 until after the other spring m*®

has made engagement with the conductor 21,
thus obtaining substantially the same result.

- As illustrated in Fig. 2, the system herein-

before described is applicable to use with a
selective two-partyline, the control of the sig-
naling being provided for by the engagement

70

75

of the springs in multiple spring-jacks, there

being one signal-bell branched to ground from
one side of the line and another signal-bell
branched to ground from the other side of the

| line, this system requiring no further detailed

description, since it forms no part of the pres-
ent invention. .

It is to be understood, of course, that the
drawing is a conventional illustration of the

‘system, the relays being shown where the con-

trol of two or more circuits is involved as pro-

-vided with two.or more armatures. ~In prac-
tice” each relay may be and usually is pro-

vided with a single armature adapted to actu-
ate such contacts as may be necessary for.the
control of the several circuits.

In order to avoid any possibility
derstanding, it may be stated that the lower-
most jack K* of each set of jacks shown in the

drawings is the answering-jack for the line to

which it belongs, the operation of -said an-
swering-jacks not being referred to, since no

‘novelty is involved, the jacks being shown
simply to comFIete the illustration of the sys-

tem in genera

What we claim is— -
1. In a telephone system for connecting
two central stations, a relay controlled by

‘the plug and jack at the calling central sta-

tion; a 'relagf controlled by the plug and jack

‘at the called central station; a third relay to

control the main connecting-circuit from one
central station to the other; and shunt-cir-

“cuits around said ‘third relay controlled re-

spectively by the other two relays.
2. In a telephone signaling system, a sig-
naling-circuit; a relay to control said circuit;

80

of misun- -

95

100

105

110

a source of current; a conductor'which con-

nects one terminal of said source of current

| to one. terminal of said relay; multiple jacks;

a conductor or ground connection to connect

sald jacks with the other terminal of said

source of current; means for connecting the
OFposite terminal of said relay.with any one
f said jacks; a conductor to connect the

second-named terminal. of the source of cur-

115

120

rent; means controlled by said relay for con-

troling a circuit including said conductor;
and one or more separately-controlled shunt-
circuits around saidrelay. .

3. In a telephone signaling system, a sig-
naling-circuit; arelay to control said circuit;
a source of current; a conductor which con-

| nects one terminal of said source of current

125_
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“to one '.terminal-ﬁf_ said relay; :friiultiplé jacks;
“a conductor or ground connection to connect

" said jacks.with the other terminal of said

. source of current; means for connecting the

5 ogpoﬂite terminal of said relay with any one

. .second-named terminal of the source of cur-

“one or more separately-controlled shunt-cir-

- cuits _amund.s'a;ld_'rél'a.y:‘;__one Or more circuit-
~controllers 1n a circuit including said conduc-

-tor, the said shunt-circuits. around said relay

|| |:"

including '_
- _shunt-circuits;, - -
20

- trunk-lines, a main relay to control the sig-

. naling and talking circuits; a shunt-circuit | at both of the terminals thereof, when- the ..

around said relay adapted to be opened by
- . the insertion of the plug in the jack at the
25 ‘calling central station; a second shunt-cir-

-cuit adapted to be opened by the insertion:of |

. the plug at the called central station; a spe-

- -cial circuit arranged to prevent the operation.
~ of said relay if the line wanted is busy; and

30 means for closing said special circuit

. “jack; a switch-ph
35 Jjack; a relay associated with said plug con-

* trolling the continuity of the main circuit |

{ ed in said.jack, the line connected with said .
| jack.is disengaged; and means for establish-
mi e | ing substantially
of said. jacks;.a conductor to connect the i term _
. first-named terminal of the relay with the | venting its operation on the insertion of the.
“rent; means controlled by said relay for con--

trolling a:circuit including said' conductor;

- being alse under control of the said circuit-
controllers; and means whereby the said cir-

. eult-controllers operate to close said .circuit |
' said conductor before opening said .

4, In:a. tel ph_'one'l . 31gna.luig ""s;yste'm, for.

neans for ¢ . prior to |
“the opening of 6ne or the other of said shunt--

-plug to-be inserted in said

B
| 't,h;émof;aﬁd '-adapted fﬁo 0 era.te:- énd tgi ..0_1.033.
' said circuit when, the said plug being insert-.

stantial X._similar potentials -at both
. terminals of said relay, and for thereby pre-
- plug, when the line connected with said jack
1s already occupied; substantially asset forth. 45

| apparatuscomprising a multiple switehboard;

& switch-plug . and main and local conductors
associated therewith; a test-circuit umiting.
the frame-pieces of the several jacks of a line 50
and adapted to be completed through the
local-circuit conductor OF sald: plug; a relay =
connected with said local-¢ircuit conductqor .
and controlling the said main-circuit conduc-

| tors; and means for either establishing an s5.

_operative ocurrent: through said relay, or es-
‘tablishing substantially similar potentials

"Sa'.idsﬁitch-plu(ﬁéspla_ced in ae-épﬁhg-j‘é,ck.' of

already busy; substantially as set forth. =~ =
| . In testimony- whereof we have signed.our

| names to this specification, in the presence of

two subscribing witnesses, this 25th day"of
-June, 1905. . Sk S et 4

HERBERT T. GARDNER, .

- 5. In itelgghone tl'tmhng Sﬁfem,;‘ﬁ line- | . WILLIA.M G ;’KINTON’-‘ -

~  GeorGg E. CHIPMAN.

4.
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