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(No model.)

To all whom, it may concern:
Be it known that T, JouN A. WICCOY of

Medford, county of M1ddleseh State of Mas-

aelmsetts have invented an Improvement in
Tdephone KExchanges, of which the following
~deser 1pt10n in. ceunectwn with the accom-

panying drawings, is a specification, like let-
ters on the dla,wuws representing like parts.
My invention 1el¢1tes mainly, to the appli-

ances for Swnalmﬂ‘ and connecting together

the various cuemts of a telephone- e\ehanﬂe
the sald appliances being adapted to *31911:21,1
over and to connect e1t11e1 grounded 01" me-
tallic circuits.

-In another appllcatmn beual No. 257,663,
filed December 12, 1887, I have shown ‘and
described a telephone-exohann*e GOIIlpllbll'_lﬂ‘
both grounded and metallic eireuits; but in
the construction there shown it was desirable,
1f not essential, to separate the grounded and
metallic eu*eultcs at the centra,l -office switch-
board, certain sections of which were devoted

wholly to one kind of circuits and other sec-

tions to the other kind, and the operation of

testing and making the connection was some-
what du‘fel ent in the 5&1(1 different qectlons |
-of the switeh-board.

In the present invention the operations
performed by the central-office attendant are

the same for both kinds of e¢ireunits, and both

kinds can enter the same section of the switch-
board without causing any linconvenience,

and the operation of receiving and answering

calls 1s more rapid than with the apparatus
now in use, whether the apparatus forming
the sub]u,,t of this invention be used w1th
grounded circuits alone or metallic circuits

' ::Llone, or with both kinds of circuits.

In the present apparatus, instead of hav-

Ing connecting-cords that are normally inde-
pendent of the cir cuits and provided with two
plugs, one to enter the jack of each of the

two circuits to be connected, there is a con-
necting-cord for each -ecircuit per manently

connected with said circuit and h.:w1nﬂ'a Sin-
gle plug, which is to be inserted in the spring-

.].:1(31{ of the circuit to be called, and thus com-
pletes the connection between the two cir-
cuits. -

In the apparatus now in weneml use the
centml 0pelat01 on receiving a call, has to

in ﬂ'—pluU%

first insert a plug in the spring-jack of the
calling-circuit and then operate a switch to
place _the central telephone in connection

with said circuit; but in the apparatus form-
1ng the subject of this invention the act of

llftlﬂ“‘ the connecting-plug from its place on
the td,ble puts the central telephone in cir-

cuit, and the said plug can be then carried at
'onee to the spring-jack of the other circuit

with which a connection is desired. The
means for testing whether or not a circuit is
in use are also substantially different from
those now commonly employed.

Figure 1 is a diagram representing two sec-
tions of a switch-board and two subseribers’
circuits, one a metallic and the other a
grounded circuit,and one terminating in each
section of the switch-board. The testing ap-
paratus at one section only is shown, as it is
the same at all sections. Fig. 21s a diagram

‘showing the circuit by which the central oper-
“ator eommumea,tes with a subsecriber on a -

metallic circuit from whom a call has been re-
ceived, the signaling or calling circuit being
shown in dotbed lmes as 18 also the testmn-
circuit; Kig. 3, a Snmlar diagram showingin
full lmes the circuit by Wlneh the eenth,tl

55

6o

75

operator communicates with a subscriber on

a grounded circuit, and in Jdotted lines the
cucmt by which the call-signal is received;
Fig. 4, a diagram showing two metallic (311-
cmts connected forcommunication, and show-—

ing the test-circuits in dotted lines; Fig. 5, a

dmmam showingametalliccalling-cir cmt con—

nected with a O‘I‘OUHded called uu,ult also

showing the test—cilcuit in dotted line%' and
Kig. 6, a sectional view of one of the connect-

The switch-board shown in Fig.

1 is di-
vided into a number of sections b B’, each

80

9o

having a number of indicating-instr uments |

or drops D" D™ connected with a nuamber of
circuits from which calls are received by the
attendant in charge of that section of the
board, and also provided with a number of
spring-jacks or connecting-pieces A A’ cor-
responding to all the cireunits of the exchange,
all of which instruments may be of usual
construction, the said spring-jacks consisting
of a metallic pluﬂ-socket or test-piecea, which
1s touched to make the test as to Whethel or
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not the line 1s in use, and also receives the | the usual ecall-bell ¥’ and the generator ¢’ to

connecting-plug by which the cireuit corre-
sponding to sald spring-jack is connected
with some other circuit from which a call has
been received. The said spring-jacks also
comprise a contact-spring @’ and a co-operat-

ing contact or anvil ¢, both insulated from

the frame-piece a, and both forming a part of
the subscriber’s circuit, which enters a given
section of the switch-board at the spring o’
and is normally continued from said spring
a” and contact ¢® to the next section of the
switch-board, and when a plug isinserted the
spring «’ is lifted from the contact «* and

placed 1u contact with a corresponding por-

tion of the plug, which then forms a continua-
tion of the subseriber’s cireuit, the portion
of which leading from the contact o to the
remaining sectionsof theswiteh-hoard is then
cut off. One of the wires of a metallie cir-
cuit ¢/, which may be called the “ direct wire,”
corresponds in its connections to the single
wire of a grounded cireuit.
wire 2 of a metallic eircuit C7 or main line
2 of a grounded circuit C'" (see I'ig. 1,) ex-
tends from the telephone-supporting switeh-
hook 8" or 5™ at the subscriber’s station to
the spring «” of the spring-jack at the first

section of the board, and from the contact

a* of the said spring-jack, by wire 3, to the
spring «’ of the next section, and so on
through all sections of the board, and from
the contact ¢* of the last section thereof, by
wire 4, to one terminal of the magnet of the
drop D in the section of the board at which
callsarereceived from the said eircuit in ques-
tion, the other terminal of which drop D is
connected by wire 5 with a contact-spring d,
forming part of the connecting apparatus at
the central office, which will be hercinafter
more fully deseribed. The other wire or
branch 20 of the metallic cireuit, whieh may,
for distinetion, be called the *return-wire,”
extends from the telephone-inst:ument at the
subseriber’s station to the central oflice, and
18 connected by branches 21 with the metsal-
lie frames or test-pieces ¢ of the spring-jacks
corresponding to that cireuit in all sections of
the board. 'I'he wire 20is conneeted with the
wire 2 to make a metallic eireuit.  As shown
In this imstance, the said wire 20 terminates
I an upper contact for the switeh-hook &,
and there is a branch wire 22 around the tele-
phone connected with a lower contaet for said
switch-hook, which has another lower contact
connected with a branch wire 10, including
the call-bell 0" and generator ¢’ and conneect-
ed with the ground. Resistance R’ is in-
cluded 1n the branch wire 22 or otherwise
normally included in the return-wire eireuit,
the amount and purpose of which resistance
will be heremnafter explained.

Normally, when the telephone T of a me- |

tallie civeuit C’ is on its switch-hook the lat-
ter connects both the direet wire 2 and the

The said direct

the ground. |
‘When the telephone T is removed from its
hook, the corresponding direct wire 2 is dis-

connected from the ground-branch 10, con-

taining the signaling-instruments, and is con-
nected- through the telephonic instruments
with the return-wire 20, these making a wholly
metallic eircuit from the telephone at the sub-

- sceriber’s station to the eentral office, which

circuit has one side connected with the test-

its other side connected through the contacts
a’ «* of said spring-jacks, seriafim, to the
drop D’ and other connections beyond said
drop, which will be referred to later on.
Theconnections of a grounded subscriber’s

elrenit are the same as those of the direet

wire just indicated, as before stated; but in-
steadl of & return-wire from the telephone

I at the subseriber’s station to the eentral

office the said telephone is connected in a
branch wire 23 to the ground. The signal-
ing-branch 10 on a grounded cireuit is the
same as on a metallie cireuit.

The test-pieces « of the spring-jacks A™of
the grounded circuits are all connected to-
gether by wires 25, and are connected, pref-
erably, at the first section of theswiteh-board
by wire 26, through resistance RY, with the
ground at the central office.
R* is equal to the resistance of the return-
wire 20 of a metallic cireuit, including the re-
sistance RR” between it and the ground-con-
nection through branch 10, or by direct wire
to ground at central office, the said latter re-
sistance R’ being adjusted according to the
resistance of the line-wire 20, with which it
18 used, so as to make the total resistance be-
tween the test-pieces « of the spring-jacks A’
of metalli¢ circuits and the ground equal to
the resistance between the test-piece of the
spring-jacks A of grounded circuits and
the ground at the central oflice, so that nor-
mally when lines of cither kind are not in use
the test-picces are connected to ground
through aresistance considerably larger than
the normal resistance of the line and instru-
ments therein. |

The means for making the connections be-
tween different circeuits at the central office
and forplacing thecentral operator in commu-
nication with the snbsecribers comprise a con-
necting-plug P’ ', corresponding to cach
cireuil, the construction of which plug is best
shown in IFig. G, the same consisting of a cen-
tral metallic portion p, which, when the plug
1s Inserted, makes contact with the spring o’
of the jack and an outer metallic portion or
sleeve p’, insulated from the plug » and
adapted to make contact with the test-piece
. of the spring-jack in which the plug is in-
serted. The said parts p p” are provided with
contacts p' p™ that projeet from the insulat-
ing-handle portion of the plug, and the inner

return-wire 20 22 with the branch.10 through | part p isalso connected with a eontaet portion

'T’he resistance

/0
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pieces a of all the jacks A’ of that cireuit, and -

30

Q0

95

100

105

ITO

115

120

125

130




432,547

P &t the low er end of the handle of thé plug,
which 1101‘11:1&1137 rests. on a contact- piece c,

~connected by wire 30 with the ground. For

TO

20

_:'25

30

- 40

~out of Lont&et with the proj

convenience the parts p and p’ will be called
the “inner” and “outer” parts, respectively,
and thesaid parts areconnected with two wires

31 32, insulated from one another and consti-
-~ tuting a flexible cord, and which will, for con-

venience, be called the “inner” and. « outer”’
wires.

as shown, with the spring d’, adjacent to the
socket in which the plug normally rests,and

the outer wire 32 1is connected with the test-

piece o of the corresponding line. The han-

dle portion of the plug normally rests in a-
metallic sleeve or th1mble e, as shown at the
section B, Fig. 1, which, when :pressed down .
- into its. soc]{@t 111 the table, makes contact

with the springsd d’; connecting the samne di-
rectly Lo'rretllel‘ the. %a,ld thim Jle e then being
jections p° pt° of
the inner and outer connecting members of
the plug. When, however, a call is received,

the central opemtor lifts the plug from its

socket by taking hold of the sleeve ¢, which
is thus 1'emoved from between the springs d
d’, as shown at section B’ of ‘the board, Fig.
1, and comes into contact with the pm]ee‘mous

p“ pY of the inner and outer niembers of the

plun* connecting the same and the wires 31
32 thereof directly together. The springs d
and d’ then come 11'1130 contact with corre-

sponding contact-pieces d? (3, connected, re-
spectively, by wires 33 34 with. the 81911fL1-'

keys kb k', the upper contacts. of which are

connected by wire 35 56 with the central op-
‘erator’s telephone T, which is thus brought
into circuit between the wire 5 and the mnef
- wire 31 of the connecting-cord. |

The signal:-keys k& k' have lower contacts
eonneetcd..by wire 40 through a.generator ¢

with the ground, so that dépressing. either of

the said keys -opens the telephone-circuit 35

36 and connects either the wires 33 and 5
through the génerator with the ground or the

wires 34 and 31 through the generator with

e

the ground for the purpose of signaling either
the callmn or the called sta,tlon in the usual
manner, as will b(, herem Lfter more fulljyr eX-
plained.

If the sleeve is dr opped baek to its soeket

~while the plug is still retained. in the.oper-

55
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ator’s hand or is inserted in & Spunﬂ—;]a;el{, as
shown 1n dotted lines at the section B/, Fig. 1,

the inner and outer members of the pluD w111

be no longer connected from p®to pl; but the
springs d and ' will be ‘connected directly
together, making a direet connection from
wire 5 to 31,and the central telephone and
signaling-branech 33, 34, 35, 86, and 40 will be
out of circuit, so that the central telephone
and the signal-keys can be used with any
other circuit, it being understood that the

wires 33 and 34 connect with the contacts ?

1A corre&pondlnw to all the connecting de-

vices in that section of the board, but Wlll be

The said inner wire 31 is conneeted .

' L]
+

q !

|.
i

contaets d° .
of a subscriber’s circuit is permanently con- -

sleeve ¢ 1s out of contact with the springs d d’.
One of the said springs is made higher than
the other, so that the thimble e, 1f merely
dropped by the operator, will not connect
said springs together nordisconnect either of
them from the contacts d? d?,s0 that the cen-
tral telephone T will rémain in circuit after
:the plug has been insertedin the spring-jack
of the called circuit, and will not be removed
from the said connected circuits until the

75

sleeve e is pomtwely pressed down infto its

socket, which is wsually done aftet the an-
swer to the call is received.
-The various.eonnections may be Dbriefly

8o

St&ted again, as follows: The direct wire 2 of

a ‘metallic cirenit or the main line 2 of a

oround-cireuit normally affords a cireuit for
S]ﬂllcbhl]ﬂ from ground at the subscriber’s sta-
tlon through sig nalm g-instruments to the cen-
Lml office, and thmuﬂ'h the contacts a’ a* of

the different spring- aeks 1n the different sec-

tions of the switch-board to the drop-instru-

ment, and by wire'5, conductors'd e d’ to the

inner wire 3land inner member p of the con-
necting-plug, whichis normally grounded
through plaie ¢ and wire 30, and 1n this cir-
cuit the central telephone T and calling-keys

k k" may be included by raising the sleeve e

and permitting the springs d @ to touch the
In other words, the mainline

nected directly or through the central tele-

phone with one end of a flexible cord, the
other end of which terminates inaplug Whleh |

when inserted in a spring-jack continues the,
circuit to another main line. Second. The
test-pieces.of the spring-jacks are connected
either with ground at the central office for a

agrounded elmmt or with the return-wire of a
met&lhc cireult, which is either grounded at
the subscriber’s station or eonnected with
what is commonly the ground side of the tele-

phone-instrument, so as to complete the tele-

phone-circuit, and the said test-pieces are also
connected with the other wire 32 of a flexible

eord and the other member p’ of the connect-

inn*-plue., which is .insulated from the mem-
ber p and makes contact with the test-piece
or plug-socket of the spring-jack in which it
is-inserted. .. The sleeve e, when raised into

95

10Q

105

1I0

115

gontact with pﬂ »Y, thus pl%e% the central

feléphone in cirenit with the subscriber’s tele-
phone—that is, between the wires 2 and 20 of

120

a metallic cireuit or between the main line

and the wire 26 and the oround at the cen-

ﬂl al office fora grounded cu*euﬂs—-—-—&nd When a

Ipluc-* is inserted in the jack 1t connects the
main line, of which the inner member p forms

125

the teumnal w1th the main line terminating

in the contact o’ of the jack in which it is
mgelted and at the same time connects to-

gether the test-pieces of the two lines by the

outer member 32 of the connecting - cord.
This connecting together of the- test-pleee%
either co mpleteb the return when two metallic
circuits are connected or affords a ground for

in eircuit with only that one in which the | the return-lineof a metallic circuit When con-

130




- cither of the
one- h:ﬂf W ]mt 1t was b(,fore they were 0011~gi'-
;ne(,te{i SR | 5
- The tcstmn ﬂmmmtusplef 01‘&1’)13? employed;
in eannmtmn with the appliances: thus far
“deseribed comprises a relay r, which is dif-
15 ferentially  wound, hm?mn* | the colls 50 514
~ Dboth connected by \\*11‘95 WIth the battery 53, |

~the said coil 50 being connected by 1*etum-;: |
. wire 54 with the. n'r*ouud or other pole of the |

- battery 53, the said return-wire containing |
resistance R, which should be (f{maldembly

-:?;55105

L :20
. above that of one of the subseribers’ circuits.
o and  the instruments normally  contained |
RS The other
~ wire 51 is connected with a test-cord 55 ter-
minating in a contact-piece, which may be a | 5

~ therein,

o
~ thimble worn on the finger of the central op-
erator, so that it can be: 1*9&(]115 touched upon

~ the test- -piece a of any of the spring-jacks. |

nected with a grounded circuit, or in case |
two grounded cireuifs are cmmeeted it merely
| &1]?01(15 two paths from the test- pieces of
“either of said cireuits through the two wires
5 20, one connected with each set of test-pieces |
EERREEY ::'Llld IeSlbtmmL RY in each to the oround, so-
- that in accordance with well-l‘.lmwn laws tlmz
actual resistance between: any test-piece of

» said eireuits and the ground is |

say five hundred ohms.

. The coil 51 is thus normally in open circuit;

30
- and retains the armature of the relay » at- |

- 35
40
45
£0
55
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and the current of the coil 50 is unbalmwed %

- tracted, and will retain it attracted unless a
. current of about equal strength is caunsed to -

- pass through the coil 41, in WhiCh case ‘the |
magnetism weu]d be 11eutmhzed and the ar-
the current
1 thecoilol s eonadm ably weaker orstronger.

mature fall back. If, however,

than thatin thecotl 50, it will not balance the
effect of the coil 50, .fmd the armature of the

relay will still remain attracted, so that it is

only when the coil 51 is closed thronfrh a re-
sistance about equal to the 1*@515&111(39 IR that
the armature will be retracted. The said ar-

mature when thus retracted closes g branch
circult 60 from the wire 36 at ecither side of

the central receiving-telephone, said branch
including a vibrator or buzzer 61 and bat-
tery G2

pllone

The resistance R in the ground-branch 26
from the test-pieces a of the grounded sub-
seribers’ circuits and the resistance of line 20,
including signaling-instruments and 1‘GSIbt-.
ance R’ between the test-pleces of metallie

circuits and the ground when such lines are
not in use, 18 equal to the resistance R in the

coil 50 of the relay », so that if there is no:

other connection with said test-pieces ¢ when

the test-wire 85 is touched thereto the cur-

rent in coil 51 will just equal that in coil 50,
and the buzzine sound will be heard in cen-

tral tolephone T, which will show that the said
t line is not in use. ;

Whenever a connecting-plug is inserted in
one of the plug-sockets, it varies the resist-

nected cireunits and the ground, _
her em&fterdescmbed so that when the test- RN
wire 50 is touched to any of said test-pteces
the relay 7 is not demagnetized and nosound
is heard in the central: telephone T, which
| absence of sound is understood ﬂ% tho 111(11-1 SRR
cation that the line is in use. EEEREEEEE |
“T'he various operations of ea,lhnﬂ' the cen-
tral office, answering the call, emmeemnrrwnh SERRREES
the called line, and swna,lmfr the called station SEREREES
will be best: understood 1n eonnectlon withthe
diagrams: Figs. 2 to 5 inclusive, with an ocea-
sional r fm'ence to Fig. 1,1in whieh Lhe appﬂ- |
fl'atu& 18 shown more fully SRR
When a suhscriber on a metallic encmt c
EWIE:]IGS to call .the central olﬁce, the drop D"
18 oper ated: by the n’enemter-q in the usualf 35
in
full and part in dotted hne%—-—»—namely from DR
| the ground at the subscriber’s station by
branch 10, direct wire 2, through the various = =
ésprmrr-;makq as before %mted to the contact
‘a@° of the last spring-jack, and by wires 4 and
5 to the. spring d, which is then connected bvi EEEEE R
‘the thimble e, as indicated by dotted lines ¢’, SEREEEE
from which the circuit is continued by wire: 31
whieh then rests:
{ ontheground-plate ¢, soas to complete thesig-
‘naling-cireuit throurrh wire 30 to theground,
this latter part of :Lhe circuit being best under-
stood from Fig. 1, seetion B, in which the plag
rests on the frmuud-pla,te ¢, and the sleeve e SN
conneets springsd d’, keeping the central tele-
The central operator

| phone T out of circuit.

, S0 that if the said branch circuit is.
closed b} the armature of the relay the buzz-

Ing sound will be heard in the central tele-.
| through the central telephone T, thence by

432,547

ance hetween the test-pleees. of both con-
as will be:

manner over the cireuit indicated, part

tothe innerpartpof the plng,

on receiving such call by the drop D’ lifts the
eorreqpondmw sleeve e from its socket, and as
the subscriber has at the same time taken. the
telephone TV off the hook the central and sub-
scribers’ telephonesare connected through the
circuitshownin fulllmebonly Fig 2—-—-—na,mely
from the subseriber 's telephone GX by return-
wire 20 to the test-piece ¢ of the correspond-
Ing spring-jack, thence by wire 32 of the con-
necting-cord to the outer part p’ of the plug
and the contact ¥ thereof, which is then
connected by sleeve ¢ with contact Y of the
inner part of the plug, from which the cir-
cuit is continued by wire 31 to the spring ’,
thence to the contact d® and by wires 34 36

wire 35 33 to contact ? d, and by wires 5 4,
contact a? a’, and direct wire 2 back to the
subscriber’s station and other terminal of the
telephone-instrument. Then the test may be
made by touching the test-cord 55 to te%t-
piece of the 51)1'111“-3:1@1{ (A for example,
IFig. 3) of the line to be called, and if said

| 1111(, 1S not in use the conueetmfr-em'd 32 from

sald wst -piece will terminate in the outer
part p” of the plug, which will be in open cir-
cutt, and the te&t—cord will inake a cireuit for
the coil 51 of the relay =, through wire 26,
and resistance R”’, if lhe tested line be 3;

ground-line, as in 'Fig. 3, or the return- -WIire

20, branch 22, and resmmncc R/, if the tested
lme be a metallie cireuit, the smd resistance

s
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in either case bein g equal tothat in the other

-coll 50 of said relay, which will thus be neu-

tralized and closethe branch cireuit 60 through
the buzzer 61 and central telephone T, which
will indicate that the said line is not in use.

1f, however, the said line is in use—as, for

cxample, if a call is just being answered on
a ground-line, as shown in Fig, 3—the outer
wire 52 of the connecting-cord would be con-

nected by the sleeve e.with the inner wire 31,

thence through the centratl telephone T, wires
o 4, to the subscriber’s line 2 and ground at

‘the subseriber’s station, thus forming another

circuit fromn the test-piece, so that the total
resistance in circuit with the coil 51 is much
less than the resistance R in the other coil of

the relay, which consequently would not be

demagnetized, so that no sound would be
heard in the central telephone.

If a connection were actwally made on the
grounded line that was tested with a metallic
line, as shown in Fig. 5, the current from the
test-cord and test-piece touched by it would
have, in addition to the path through the re-
sistance R", .another circuit by connecting
cord 32 to the test-piece @ of the connected
line, thence by the entire metallic cireuit 20

2 and wires 4 5 and connecting-cord 31, and |
entire ground-circuit 2 to the ground at the

subscriber’s station, thus again dividing the
resistance in circuit with coil 51 and prevent-
Ing the relay r from being demagnetized, and
the same would be true if the test had been

- made on a spring-jack of themetallic circuit
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connected with the grounded circuit.

1If two ground-circuits had happened to be

connected together, the connecting -cord 32
would connect the test-pieces of the spring-
wire 26, also in eircuit with the coil 51, which
would thus have two paths, each through re-
sistance RY, making the circuit one-half the
resistance RY, so that the currents in coil 51

would not neutralize that in coil 50, and the

relay » would not be demagnetized.
If the test were made on the spring-jack of

. a metallic circuit connected with another me-
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tallie ecircuit, as shown in Fig. 4, the test-cord

50 would still be in open circuit, as there is
no ground connected with said metallic cir-
cuits when in use, and consequently the relay
7 would not be demagnetized and no sound
would be heard in the central telephone, and

the same would be true if the test were made

on a metallic cireuit in which a call was just
being answered,asin Fig. 2. If the linetested
is found to be not in use, the connection is

‘made in the usual manner by inserting the

connecting-plug inthe test-piece, and a signal

18 transmitted over the line thus connected

by the key %’ in the usual manner. If the
calling metallic circuit is connected with an-
other metallic circuit, the connections will be
as shown in Iig. 4, and the subseriber’s bell
b*Y (shown in dotted lines) will be rung by
depressing the key £/, which will make a cir-

Jacks of the other line and their grounded

i
|

wire 40 (see Fig. 1) to key I’ and wire 34 and
spring d’, which would then be in contact
with d° and by wire 31 to contact p a’ and

direct wire 2 of the calledline C? and branch
-wire 10 through the bell 0*° to the ground.

If the calling subseriber should in the mean-
time have placed the telephone on the hook,
he can again be called by depressing the key
ke, which will connecet the generator ¢ at the
central office with wire 33, and by contact
d* d with wires 54 and line 2 and branch 10 to
the ground through thesaid subseribers’-sig-
naling-instruments. When both subsecribers
have answered, the sleeve e may be pressed

down between the springs d d’, as shown in

I'ig. 4, and the circuit will then be as follows:

IFrom one terminal of the telephone on the

calling-cireuit C’ by wire 20 to the test-piece

of the spring-jack, thence by outer member

of the connecting-cord 32 to the test-piece of

the called ¢ircuit C*% and by wire 20 of said

circuit through the telephone-instruments,
and thence by wire 2 to the central office, and
by contact a” p to the inner connecting-cord
81, spring d’, sleeve e, spring d, wires 5 and
4, contacts a® o’ of the calling spring-jack

and wire 2 to the other terminal of the in-

struments at the calling subscriber’s station.
The drop D’ remains in the cireuit. in all
cases, and thus answers the purpose of a

| clearing-out drop.

| tacts a’ a® of the spring-jacks of the metallic

If a metallic circuit were connected with a
grounded circuit, as shown in Fig. 5, the oper-
ation of calling would be the same as before
described, and when the connection was made
the circuit would be, as shown in Fig. 5, from

5 :
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ground at the central office by wire 26 to test-

piece of the grounded circuit; thence by con-
necting-wire 32 to the test-piece of the me-
tallic circuit, and thence through the said
metallic circuit 20 and 2 and all of the con-

circuit and by inner member of the connect-
ing-cord, including wires 4 5, spring d, sleeve
e, spring d’, and wire 31 to the. main line of
the grounded circuit, and ground at the sub-
scriber’s station. If the call were received on
the ground-circuit, it would be answered in
the manner before described, the circuit then
being, as shown in Fig. 3, from the groundat
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the subscriber’s station and subseriber’s line
2 through switeh-board, and by wires 4 and 5

to and through the central telephone 1"; and
thence by wire 31 to the inner member of the
plug, which would then be connected by
sleeve e with the outer member; and thence
by wires 32 and 26 to the ground at the cen-
tral office. If a ground-circuit were to be
connected with another grounded circuit, the

connection would be substantially the same .

as in switch-boards now in use, except that
the entire calling-circuit at the central-office
switch-board, including the drop, would re-
main in c¢ircuit, while all of the called line

‘beyond the section of the switech-board where

120

125

130

the connection was made would be cut off at

cult through the central-office generator ¢ by l a’ ¢ in the usual manner.’
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In the connection of two grounded eircuits |

the outer member of the connecting-cord
serves merely to eonnect the two sets of test-
pieces with theirground-branches 26 together,
thus dividing the resistance between any of
sald test-pieces and the ground for the pur-
pose ol showing that both said lines are in
use, as before deseribed.

It a grounded cireuit were to be connected
with a metallie cireuit, the conneetion would
be substantially the same as in Fig. 5 ex-
cept that the terminal portion 4 5, contain-
ing the drop-instrument, would be in the
erounded instead of in the metallie eircuit.

When a metallic and ground circuit are
connected together, the inner part of the cord

conneets the two cirenits in the usaal man-

ner, and the funetion of the outer part of the
econnecting-cord is to afford a ground for the
return-wire of the metallic circuit—namely,
from the test-piece of the grounded circuit
through the ground-branch 26, and at the
same time to divide the resistance between
both sets of test-picces and the ground by
affording a second ground-connection through

- both the ecircuits to the ground at the sub-

30

35

40

45

55

00

scriber’s station on the grounded cireuits.
The inechanical construction of the various
devices, especially that of the eonnecting-
plug, its co-operatingslecve e, and the springs
d d’,that control the introduction of the cen-
tral telephone and signaling-instruments into

the connected circunits, is shown ag of the !

most convenient form now known to me; but
1t is obvious that such construction may be
widely varied without departing from the in-
vention, as equivalent deviees will be readily
suggested to tliose familiar with apparatus
of this kind. It is also true thatmanyof the
cireuit-connections can be varied without de-
parting from the main features of construe-
tion and operation hercin shown and de-
scribed.

The resistance R in circuit with the coil 50
of relay » has been desecribed as equal to the
resistance RY) or ageregate resistance of re-
turn-wire 20 and resistance R’; but this de-
seription was nierely for simplicity, the es-
sential feature being that the current that is
continuous in the coil 50 of relay » should
produce the same effect on the core as the
current in the line 51 when connected with a
test-piece of a line notin use. This equality
in current may of course be effected by hav-
ing the resistance R smaller and having a
smaller number of turns in the coil 50 than in
the coil 51, or the coil 50 may be in a different
circuit, having an independent battery, or its
circuit may be arranged to include only a por-
tron of the battery 53 with the resistance prop-
crly adjusted, it being in every case equality
or inequality in the effect on the core of the
relay produced by the current in the two coils
thereof that is depended upon to give the test.

A modification of the means for producing
the test-signal is illustrated in conneection
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sheet, which will probably be adopted in prac-
tice, although i1ts operation 1s not 8o apparent
from the diagram as that illustrated in Fig. 1.

The test-relay + is the same; but instead of
having its armature control a local circuit
for the central telephone, including a vibrator,

e

the armatures of the different test-pieces are

1 all connected through cireuit 63 with a vi-

brator 64, from whieh the eirenit is continued
through a bhattery 65 to the ground. T'he
wires 70 from the back-stops of the armatures
of the relays » merely tap into the central
telephone - circuit 36, and thus when the
branch circuit 70 is conneeted with the arma-
ture of the relay, when the latter is released
by the operation of making the test, as before
described, a circuit will be formed from the

eround through the battery 65 and vibrator

66 by wires 63 and 70 to the central telephone,
through which a part of the current wiil pass
and will find a ground if the telephone 18
connected with a eground ecireuit, or if the tele-
phone is connected with a metallic circuit
there will be sufficient condenser action in the
connecting cables of the switch-board to make
the sound in the vibrator, which is preferably
a musical note, clearly heard in the central
telephone. The springs « ¢’ and their con-
tacts (* ¢ and thesleeve e that operates them
perform the function of the usual cam-lever
employed to throw the central telephone into
circuit, so that the operator upon lifting a
plug to answer a call may at the same time
and by the one single operation also place

the central telephone in circuit instead of do-

ing so by a separate independent operation,
as herctofore practiced. DBesides a saving 1n
time there is also a saving in space occupied
at the switeh-board by making the switch

that controls the introduction of the central

telephone a part of the socket in which the
connecting-plug normally rests.
I claim—

1. Atelephone-exchange comprisinga num-
ber of subscribers’ circuits having line-wires
extending from the subscribers’ stations to
the central office, combined with a sectional
switch-board at the central office, cach sec-
tion of which contains spring-jacks or c¢on-
necting-pieces corresponding to each of said
subscribers’ lines, said spring-jacks being
each composed of a test-piece and a contact-
spring and contact therefor, both insulated
from said test-piece, the said line-wire pass-
ing through the said contacts on all the see-
tions of the board, and through an indicat-
ing-instrument and terminating in onestrand
of a flexible connector or cord, and a second
strand of said connecting-cord having one
end connected with the test-piece of the
spring-jacks of the line of which the other
strand forms the terminal, and a plug hav-
ing inner and outer members connected with
sald strands, respectively, the outer member
surrounding and being alwaysinsulated from

the Inner member, as described, and consti-

with IFigs. 4 and 5 at the left hand of the | tuting the plug that enters the spring-jack,
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whereby the SEle outer member of a plun*
makes contact with the test-piece of the
sprmﬂ‘ja,ck I which it is inserted, and the
inner member makes contact with the sSpring
of said spring-jack, but is insulated from the
tes13—~pleee thereof, and a test-relay having a
coll that is placed in connection with the test-
piece of the circuit to be tested; and an arma-
ture which is moved when the normal resist-
ance-in circuit with the test—pleees 1S ch.:mﬂed
substantially as deseribed.

2. Atelephone-exchange comprising a num—'_

ber of subseribers’ circuits having 111’1(3 wires
extendmn from the Subsenbers station to
the centml office, combined with a sectional

switch-board at the Pentml office containing

spring-jacksor connecting-pieces having test—

pieces, and contact-springs and conta(,ts in-

sulated therefrom, said line-wire passing
Lhrow*-rh the said cont&ets and terminating in
one member of a flexible connecting -

~and including contact- pieces .co- opemtmfr

30

with other contact—pleees between which are

telephonic and signaling instruments at the
central office, and a second member of said
flexiblé connecting-cord connected with the

test-pleces of S&ld spring-jacks, and a con-
dnctmn-eonneetor ¢, by which the two mem-
“bers ot the said ﬂemble cord may be con-
nected together when said contacts are oper-

ated to pla,ee the telephone and signaling
instruments at the central office in ell‘emt

| %ubstantmlly as described.
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. able sleeve surrourlding sald plug, with a

5. In atelephone-exchange,the combination
of a_connecting - cord and plug and a mov-

eord=-

N

e

g

centmLoﬂice telephone and contact-points in

circuit with said telephone and connecting-
cord controlled by said sleeve on the plug,
whereby the central telephone is included in
or removed from cirecuit wilth said connecting-
cord by 13110 said sleeve, substantially as de-

seribed.

4., The eombmatwn in a switch- bom"d of a
double connectmn-cord and two-part plun
having lateral projections connected with the
said pm"ts, with a movable sleeve surround-
Ing a portion of said plug and contact-pieces
operated by said sleeve controlling the intro-
duction of the central telephone into eircuit

with one portion of said connecting-cord, the

40

45

sald sleeve also co-operating with the lateral
projections of the pluyg to connect the two

members of the plug tOﬂ(—‘ﬂlel substantmlly

as deserlbed

5. In a telcphoue-ex_change, the combina-
tion of spring-jacks having test-pieces and a

connecting-cord and plug and movable sleeve
surrounding said plug, with a central-office
telephone and contact-points in circuit with

said telephone and connecting-cord and test-.

pieces of the spring-jacks ::llld the ground, all
controlled by said sleeve, substantmlly as dlld
tor the purpose deseribed. -

In testimony whereof I1.have smned my
name to this specification in the presence of
two Subscrlbmn WlmebSG% -

JOHN A. McCOY.

‘Witnesses:
- JOos. P. LIVERMORE,
M. E. HILL.
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