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(Nn medel )

7o all whom it maly CORCerm:

- Be it known that I, JAMES L. I\IOQUARRIE
residing at Boston, in the county of Suffolk
and State of Messa,chusetts have invented
5 certain Improvements in Multiple-Switch-
board Busy-Test Circuits and Apparatus, of
which the following is a speicfication.
~ This invention relates to multiple switch-
boards and to busy-test apparatus and circuits
- 1o for use in connection therewith. Multiple
switchboards are now extensively employed
in central telephone exchanges,and of course
‘require at each section some torm of busy-test
appliance whereby an operator at such sec-

15. tion may at any timme be enabled to ascertain.

- whethera givenlinecalled forisatlibertyoris
~alreadyin use at anothersection of the switch-
- board. It isnow customary, inorderthat in-

duetive disturbance may be avoided, to con-

20 struet metallie telephone-circuits. The ordi-
- nary busy-test which has in practice been
found most convenient is to touch the frame

of the desired plug-socket for-an instant with
the tip of the plug-connector which is to be

25 inserted and atthesame instant to listen in the
- supervisory telephone. A click heard in the

 telephone or the absence of sound in the tele-.

phone (as may previously be arranged) upon

making the above test denotes that the line

30 1s at liberty and that the connection may be
proceeded with—that is to say, in Some Or-
ganizations it is understood that if on mak-

ing the test a clicking sound be heard in the
telephone the tested line is already busy and
35 that if there be silence the line is at liberty,
- while in otherexchanges it is understood that
if no such click be heard the line 1s busy,

~ while the occurrence of the click indicates
that the line is at liberty. It is not difficult

4o to arrange apparatus for either mode of test-
ing.
frames have been permanently in connection
with one side of the metallic telephone cir-
cuit; and it has in practice been found with

45 many such metallic eircuits on applying the

plug for tests that a false signal has been re-

~ e¢elved, aclick belnﬂ'obbewed in the telephone
when the conditions should have called for

its absence. Investigation of the subject has

to shown that such false signals are attributable
- to the presence of a charn*e upon the a

In metalhe circuits the several socket-

each a:

test wires and contacts.

metellie—cireuit_lines, which parallel or are
adjacent to electric raiiways or to the wires

of some electric-licht systems, which charge

upon _the application of the test-plug dis- 55
charges through the testing operator’s tele-
phone in the form of a current, thereby pro-
ducing in the said telephone a sound which
is - not easily dlstmwmshable from the tr ue -
busy-test click. - 6o
The object of my mventmn is to provide a |
system of fest appliances for metallic ¢ircuits
which shall entirely avold this liability to give
false test signals and to effect this deswable
result: Wlthout any unnecessary complication
in circuits or apparatus.

My invention is based on the principle that
if the test-wireuniting theseveral plug-socket
frames or test-contacts 1s normally severed
from the line-circuit or made local in the cen-
tral station in other ways—such as by attach-
ing a dead-earth connection to it—a false test
will be prevented. Accordingly I provide for
Tected line a relay, which normally
maintains the said desired localization of the 75
test-wire and contacts of such line and which
may be connected with two contacts for its

“armature and arranged to ground the test-

wire through its own electro-magnetic helices
and also to maintain a dead-earth connection
upon the return-line from the sub-station or
which alternatively may have its armature
provided with a single electrical contact and
arranged to ground the main conductor from
the sub-station through the electro-magnet
and to apply a dead-earth to the return and
T'he former arrange-
ment gives the positive signal in the opera-
tor’s telephone when the line is busy and the
latter gives the positive signal when the line
1S not busy The former plen is perhaps to

80.'
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be preferred in that the positive signal toin-

dicate a busy line is the more fdl]]lll&l‘ and

most frequently used mode of operation, while

the latter has an advantage in that the con-
tinuity of the circuit does not depend upon
the perfection of one of the relay-contacts.
In both the test-wire is normally cut off by
the inter posmon of a dead-earth from the out-
side line, and in both the insertion of a plug-
connector in any socket of the circuitacts by

95
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fected | enermzmw the eleetro magnet of the reley to
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disconnect the S&ld dead-earth eonnee‘mon and
to establish the continuity of the return-line
conductorthrough the plug-socket frames and
also makes such a change in the electrical
condition of the said frames that when the

test-plugisapplied toanyone of them a test in-_

dicating the present status 01':' the line is 1n-
dleated with certainty.

In the drawings which aceompany and
form a part of thls specification, Figure 118 a
diagram illustrative of that exemphﬁeatlon
of my invention in which the helices of the

relay are included between the test-line con-

- necting the plug-socket frames and earth; and

20

30

Fig. 2 is a like diagrara illustrative 'of the
modification in which the test-line 1s abso-
lutely and directly earthed, the relay-helices

being in a branch from the direct maﬂn con-

dnetor to earth.

In Fig. 1, O 18 a oentra,l station, to which
any number of metallic circuits W, extendmﬂ'
from sub-stations S S?, &e., converge, and M
is a multiple telephone smtchbomd divided
as usual into sections, to which all lines loop |
and at which the said lines are represented
by spring-jack plug-socketsJ. Theline L of
each circuit passes through its seriesof jack-
contacts and also throun"h the helices of its
call-annunciator A, these being apportioned
in amannerwell nder%tood between the sev-

“eral sections, so that at each section all ecir-

- ecuits are accessible for connections and a

35
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given number have theircalls answered. The
direct line of each metallic sub-station circuit
I have, as already intimated, designated by
the letter L, the return-line by L? and the ex-
tension of the latter through the 5w1tohboa1d
by L3, - - |

"R is a relay, which in practice has been

wound to.about five hundred ohms and which
is constructed to have a high self-induction

coefficient, so that its nnpedenee to currents

- which ha,ve a high frequency of change-—such

45
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- nected with the earth at K. 1ts other pole
connects with an omnibus-wire D, from which

‘as 'telephone-eur-rents——-is very considerable.

- X'Y Z indicate the several operators’ sec-

~ tions of the multiple switchboard M, and at

each are a number of plug-and-cord connect-

ors each having a listening-key fin its cir-

cuit, whereby the operators’ telephones can
be connected or disconnected at -will in a
bridge-circuit between the two conductors of
the eonnectlnw-eord

In the dramnws for the avmda,nce of com-
plication thetelephones are carried out at
section X only. For each connectling-link at

- each section there is a disconnecting or clear-
ing-out annunciator A? which also is bridged

between the two conductors of its cord. |
B is a test-battery or othersuitable electrie

oenerator, which may be common to the en-

tire switchboard and which has one polecon-

at suitable points 5, 6, and 7 branches extend

through retardation-coils C to connections at

8 with the flexible-cord conductor 30, which
terminates in that conduecting-surface of the

|

shown,of a receiving-telephonel'and atrans-

|
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plug connector that connects with the metalhc __

jack-frame.

Each spring-jack or plug-socket =
J consists of a conducting frame or socket g,

70
which receives the plu,:,, a contact-spring s,

and a resting contact-pin or anvil e therefor,

a plug within its socket, as is shown at sec-
tionZ. Each COIlIlthl_I]“‘-pluﬂ" P has anon-con-

‘on which the spring s normally rests, but |
from which. it 1s separated by the 1nsertlon of -

75

ducting ha,ndle h, a sleeve or shank conduct-

tip- .contacts of the two plugs of a pair are

‘united by cord conductor 29, and the sleeve-

contacts are united by cord conductor 30.
The telephone outfitin practice consists, as

mitter ¢, the latter being in c¢ircuit, as usual,
with a local battery 6 and the primary helix
of an induection-coil I, the secondary helix of
| the said induction- oml being arranged for the
sake of perfectly balancing the olrcmt in two
parts 7, one on each side of the receiver. The

nw-surface s, a,dapted to make contact with
'the spring-jack frames g, a tip-conduecting
piece p,adapted to make contact with thPJaGk-
springs, and separating-insulation g. The

S0

0O

receiving-telephone T has a connection 31

run from the central point of its helix to earth

at E. The two wires 25 and 26, extending as
a loop from the telephones, conneot with the
two innersprings z of the listening-key f and

05

are thus discontinuous in the recumbent po-

tion of the key and connect with their com-

panion spring«x inthe elevated position there-

of, the said springsxbeing in tarn united by

wires 27 and 28, reSpeetively, to the cord con-

ductors 29 and 30 at the points 13 and 12,

ICO

thus providing the before- mentloned brldﬂ'e- |

circuit for the telephone..

A condenser ¢ is mterposed in the circuit |

of the tip-uniting cord conductor 29 for the
purpose of preventing misleading sounds in
the telephone, while permitting the free pas-
sage of the voice-currents. If this were not

105 |
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edded a carrent from the test-battery would

olreulete through the testing-circuit part of

the telephone hehx as soon as the listening-

key f is placed in the position to eonnect the
telephones, and in that event the operation

of making the busy-test would cause a redis-

tribution “of such current and produce a sig-
nal in the telephone whether the tested hne-

were busy or not. I have hereinbefore indi-

cated the course through the switehboard of-
‘the direct-circuit conductov L. The return-
conductor 1% entering from the sub-station,

terminates at the armeture lever 7, Wlth
which it is electrically connected. ThlS is
normally retracted by a counter-spring j
against its back contact ¢, from which a wire
36 leads by way of the 3unetlonl to an earth

115
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connection 37, and the return-conductor is

thereby normally connected directly to earth.
The eleetro-magnet of the relay or electro-
magnetic mstrument R is connected in the

circuit of acontinuation L3of thesaid return-

130

conductor, which starts from the earth con-

nection at 37 and, after passing throngh the




) _'board hawnﬂ' its otherend discontinuous and ;
- “having at each switchboard-section a branch

487,853

said magnet, extends tthllD'h the .switch-

, extendmn‘ to the proper socket-frame or
test-rme:, these also, being normally discon-

“tinuous. It W111 now be ewdent from whathas:
‘beenstatedthatthenormalorrestingcondition:

" of each eircuit is that the direct line L, com-

[0

ing in from thesub-station, passes throu ﬂ“h the:
separab]e contacts of a series of Sprmﬂ'-;jaeks?
and through an annuanciator at one section to,
~ earth; that the return-line 12, coming in,is:
| ﬂrounded directthroughthe relay—armature le-"

ver and back contaet and that its:continua-

tion extends from earth_ through the relay-
coils and switchboard, being discontinuous

~and having branches, one to each of its own

20

~and uniting I? through the armature-lever r,
“its front contact-stop ¢, and the wire 38 elec- |

qprm&*—;aek frames.
the current of the test-battery B through the

relay-coils and the armature r is attracted
breaking the direct-earth connection of L~?

trically with its extension L® thus completing

‘a metallic talking-circuit, to which, however,

-~ 18 attached an ear th branch through the relay

30

R. This, being of high resistance and high

electro- man'netle retardatlon may be negleet—
ed in praetlce

In the drawings it is assumed thatsome cu-

~ euit having its eall-annunmator at section X

has called Tor circuit W and that the operator

is applying the test-plug P? to ascertain

35
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whether W is busy or at liberty.
is,as we know, in connectiom with circuit W2
at section Z Iand its relay - armature is at-
tracted forward, as shown. Being so connect-

ed, its jack-spring sis by the plug-stem raised

from its contact ¢, and the annunciator A and

- terminal earth are disconnected. Thesleeve-

45

contact surface p* of the plug being in con-
nection through its conductor 30, its retalda-
tion-coil C, the janection 5, and the bus-wire
D with test-battery B, it is obvious that the

- cireuit of said battery is closed through the

~ d, junction 4, conductor L3, relay R, and to |

* with the line 1.2 by their branehesd and when
-~ at any section the test-plug 1s apphed as

55

frame ¢

6o

_ er—heht t0 earth.
ing the moment this cireuit is closed by the
appheatmn of the plug-tip to thesocket-frame,

relay R by way of socket- frame g, braneh line

earth, and that the relay holds its ,armature
forward. This battery connection also raises
the potential of theseveral jack-frames of the
same circuit, they being all in conneétion

shown at section X, a portion of the current
of the test-battery is diverted from the test-
under test, through the operator’s re-
ceiving-telephone by way of plug-tip p, cord
conductor 29, junction- pomt 13, wire 27, key-

springs « and z, (the cam - key bemﬂ' first
turned up,) wire 25, induction-coil conductor

1, wire 38, and threu ch one-half of the receiv-
The currentsuddenly pass-

a sharp click is heard in the telephone and
denotes that the line is busy.

The insertion of a plag-
connector P at anysection (shown at Z) closes

Circuit W |

spring

 The several retardation-coils C in the dif-

ferent cord circuits of the test-battery pre-
vent short-circuiting and also permit the use
of a grounded test- battery without thereby -

introduecing disturbance from the earth con-
nection.-

from a test is required to have sw'mﬁeance

since it is apparent that an additional seund
in the telephone to the required signal-sound
-is immaterial, while the occurrence of a sound

when no sound should be heard is at once a

70. |

"The more important part of the
busy test concerns itself, however, with the
testing of circuits whele silence resulting |

deceptive signal and does not truly indicate |

the condition of the eircuit. Toillstrate this,

| let it be supposed that the plug P is not in-

serted into the socket at Z, that circuit W is

therefore at hberty, and that the armature-
lever r of its relay 1s therefore at rest against

its back contact ¢. This condition being as-
sumed, no true busy-signal could be heard
in the telephone for the reason thatthere be-

ing no plug-connector in any of the sockets
of the circuit the test-battery B has no con-

sl

nection with anyof the test-frames,and hence

the application of the test-plug to any of the

the passage of a current through the testing-

telephone T, and the legitimate busy-signal
is therefore not heard.. Were it not for the -

severance. of the continunation-line L3 from
the main return L7 or of the interposed
earth connection, a click which would be mis-

taken for the true busy-signal ‘would in case

of a charge on the metallic circuit be heard;

but these conditions being present, it is ob-

vious that no false busy-signal due to the
above cause can be received,since in the first
place the application of the test-plug simply

provides the testing-telephone with an earth .

connection through the relay by way of sock-

ef-frame ¢, branch wire d, junction 2, con-

ductor L3, and relay R, and not with a charged

line, while in the second place the main re-

turn-line L? being connected with the earth

said frames does not and cannot determine

95
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direct by the armature-lever r, contact ¢, and

wire 36, is constantly drained of its charge.

In Fig. 2 1 show a modification in which

‘the test-battery B is connected through the
usual retardation-coil C with the tip- umtmcr.

conductor 29 of the pairs of plugs. In this
case, while the main-line circuits and circuit
connecting and SUpeI vising apparatus is ar-

ranged 0ene1a11y in the same way as in Fig.
1, the connections of the relay R are differ-
_ent Two line-circuits are hereshown, W be-

ing a metallic and W? an earth- eempleted
ClI‘Olllt The metallic circnit, entering from

the sub-station by wire L, passes throun'h the

several spring-jack contacts from the spring :

s to the anvil-contacts ¢,and then through the
annunciator A and by wire L! to the return-

conductor L#, whichleads back to the sub-sta-

tion, branehing, however, by wires d to each
-jack frame or test-ring. The earth-

. eompleted sub-station circuit \V2 is arranged

| much in the same way, except that the sin crle-

IT§

120
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gives aspeolallzed signal.
Fis included in a bla,noh circait w, Whloh ex-

¢ R ' I_ -:~;48’?',853

line oonduotor L is grounded at the sub-sta- | plug P. The lme being at llberty, as steted

tion S and that the return-oonduotorthrouwh

the switechboard L? is also connected to eertn |

at a point external to the sw1tohboerd a bal-

—ancing-resistance V being included in its eir-

cuit. - The electro-magnet of the relay R in
this case is in a branch 42, leading to earth
from a point 41 on the main or dlleot cireuit
conductor I, and as when the circuit is idle
no.current traverses i1ts coils its armature 7r

is nmormally retracted by its .counter-spring
and the lever thereof, which is connected di-
“rectly to earth, is held against its back-stop
¢, trom which a wire 43 isled to any point 40

on the test or return wire L* By this ar-

- rangement all the test-frames of the line un-
- der consideration are in connection normally

with earth direct and the main or spring c¢on-
tact side of the circuit is in connection with
the earth through the relay-coils. I prefer-
ably provide an arrangement of apparatus in
connection with this mode of busy test which
An electro-magnet

tends to an earth terminal from any poiat 44
on the telephone-conductor 25. When the lis-

~ tening-key cam f is furned to the position

shown at section X and its spring-coniacts x
and z thereby brought together, the magnet F
isenergized by a ourrent from test—ba,tteryB
which finds a closed circuit throughit, attract-
ingthearmature % toa forward position. The
lever of sald armature hasa resilient reed ex-
tension f?, suitably weighted, so that when it

-is retracted by its countel-sprmfr 1t not only

comes to a solid and permanent rest upon its
back-stop 4 but also makes on its backward

movement a snap or brief contact with the |

auxiliary back-stop /% thereby closing for a
moment a short circuit ©, which includes the

- secondary helix ?* of one induction-coil I? and

the primary helix 7* of a second induction-

 coil I3, whose secondary +° forms a cirecuit v,
| 1nolud1nﬂ' the operator’s telephone T. The

primary “helix ?* of the first induction-coil
I* is in cireuit with an automatic cireunit-
breaking vibrator %, which rapidly makes
and breaks the uroult [ of a battery 6% and
thus inductively through the two mduotlon-
coils I* and I° makes e-buzzing sound in the

“telephone T when the snap-contact between

the reed f° and its contact-stop f° occurs.
. The vibrator k may be common to the entire

“central station, and connections to other

55
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switchboerd_-seotions are indicated by the
wires U

olromted through it.
In testing if we suppose the line tested to

be at llberty —as, for example, is W2—the ar-

. mature-lever of its relay R will rest against
~ stop ¢,asshown. Theoperator, ha,vmn'tumed

up the ecam f to bring the telephone T into
circuit and to energize magnet F, bringing
the armature f* forwerd touches the sooket-

- frame J* mth the tip- oontaot of the testing-

The resistance of secondary helix
3% of the induction-coil I®* must be sufficiently
~ high that the telephone T will not be short-

the testing-battery B is momentarily short—
circuited by way of conductor D, point 7, re-

tardation-coil C, point 8, t1p-oonduotor 29,

plug-tip p, test-frame g of Jack J?% wire d
point 2, wire L? point 40, wire 43, StOp ¢, ar-
mature 7, and wire 57.
tablishment of such a short circuit is that the

current is drained from the ma,ﬂ'net F and its
armature-reed falls back, ma.kmcr asnap-con-

tact on the stop f3, causing an- 1nter1n1btent
current to circulate for a moment through
the short circuit « and producing a moment-

dicates the circuit wanted to be at liberty,
and 18 an unmistakably-true test, for it isim-

possible that any discharge from the linecan
take place through the telephones in view of
If the

the earth connection 37 at the relay.
line wanted be busy—as is line W, for in-
stance, which has a pluﬂ inserted at section
Z—no short circuit can be established upon
touching the test-frame with the plug-tip, for

the reason that the act of inserting the plug

The result of the es- .
75

8o
ary buzz in the telephone T, which is in- =
ductively connected therewith. This buzzin-

90

at section Z has already closed the circuit

through the direct line L and relay-coils R of
main cireuit W,and has oonsequently by the

attraction of the relay-armature, as shown,
separated the points ¢ and 46.

tinues to hold its .armature forward and the

vibrator cannot produoe a signal in the tele-.
phone.

-Silence in the telephone therefore,
in this instance, denotes that the line is al-
ready busy.

I claim—

1. In a busy-lest sy etem and a,ppa,ra,tus for

Hencein thle:
case the magnet F of the test apparatus con-

95
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multiple switchboards, the combination of the

main circuit having plug-sockets at the sev-

eral switchboard-sections, plug-and-cord con-

nectors for uniting the sockets of any two

lines, a test- battery a normally-open cireuit
,therefor capable of being closed by the in-
sertion of said plumoonneotore in the socket
of any main circuit, a relay or electro- -mag-

netie device oonneeted with the main lme
and included in the cireuit of a conductor
common to said main circuit and said nor-

~mally-open local circuit, a direct-earth branch
normally connected with oneside of the main

circuit through the armature of said relay
and adapted to be disconnected when the said
relay is energized by the insertion of a Pplug-

I1IO

[15

120

connector in any plutr-sooket of the main cir- -

cuit, and a busy-test circuit in which the tele-

phone is directly or inductively included as
an indicating-instrument and which is local-
ized and prevented from giving false test-
signals by the normal connection of the said

relay-controlled earth branch, subetantmlly

~as described.

2. In a multiple smtohhoerd the combina-

tion, with each main-line o1rou1t of an earth

branch normally connected therewnh at a
point external to the said switchboard, an

| electrical generator, a normally open looa,l

125

130
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circuit therefor leadmg through the plug:| of a plug in its Jack a telephone associated.:

sockets of said line and adapted to be closed

by the insertion of a plug-connector in any

of said seckets, and a relay included in such
circuit and eontrollmg the continuity of said
earth branch, substantially as desecribed.

3. The combmatwn with a multiple switch-

- board, main-line e1rcmts connected theremth

I1C

I5

20

each havmﬂ a direct conductor extendmw
through a series of spring-jack contacts, and
a retum or test conductor branching to the
insulated conduecting test frames or rings of

the said spring-jacks, a branch extendmtr_

from a point on said test-conduector external
to the spring-jacks to earth direct, and a re-
lay controlling’ the said earth branch: by
means of its armature and itself included in
an earth branch from the direct main-line
conductor, of a plug and connecting-cord

therefor at any switchboard-section, Whereby
any two spring-jacks may be cannected a
test-battery connected with the conductor
leading from the tip of such plug, and a nor-
mally-open circuit therefor adapted to be
closed through the relay for the purpose of
opening the ea,rth b1anch upon the insertion |

with a pair of cord-connected plugs at a sec-
ond switehboard -section, connected induec-
tively with a VlbI‘&tOI‘V cireuit-breaker, an
electro-magnet in a derived circuit of the
test-battely controlling the continuity of said
induetive connection, ma,mta,lmnﬂ' the same
open when its armature 18 attracted and mo-
mentarily closing the same, and thereby pro-
ducing a signal in the telephone when its ar-

mature is retraoted and connections whereby
on the application of the tést-plug to the test-

frame of any spring-jack the said electro-

‘magnet may be short-circunited through the

dlreet-emth branch of the line tested when

the said line is at liberty and the s1gn&1 there-

by given in the telephone, substanmally as
described. -

In testimony whereof I have swned my
name to this specification, in the presence of

two subseribing Wltnesses this 31st day of

March, 1892.
SR | AMES_ 'L._ MQQU‘ARRIE. :
Witnesses: L | "
- GEO. WILLIS PIERCE,
V. M. BERTHOLD '
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