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To all whom it maz U COTRCETTL:

Be it known that I, Miro G. KELLOGG, of

Chicago, in the county of Cook and State of
Illinois, temporarily residing at Stuttgart, in
the Empire of Germany, have invented cer-
tain new and useful Improvements in Multi-
ple Switchboards for Telephone-Exchmwes
of which the following is a full, clear, concise,
and exact deseuptmn reference bem o had ‘ro
the accompanying drawings, formmg‘ a pmt
of this specification.

My invention relates to a telephone- eX-
change system in which parts of the linesare
metallieﬁ-cireuit linesand partof them are sin-
gle-circuit lines; and it consists of apparatus
forand a system of switching such lines of the
exchange in the operation of the exchange
system and a system of testing the lines to
determine whether they are in use.

In the drawings illustrating my invention,
Figures 1* and 1° represent sections of two

-multlple switchboards of the exchange to

which the same lines are connected. Fm' 2
shows adiagram of the boards,with the main-}
line apparatus and connections necessary to
illugtrate my invention. Kig. 3shows a dia-
gram of an operator’s cord system to be used
in connection with the boards. Fig. 4 shows
a subscriber’s-station apparatus to be used on
the metallic-circuit lines. Fig. 5 shows an
operator’s test system.

In Fig. 2, A isa sectional view of the Sw1teh-
board shown in Fig. 1*, and A’ is a sectional
view of the switchboard shown in Fig. 1°, each
as indicated by the line d e.

I place as many boards in the central office

as are found necessary or desirable in order

to properly operate the exchange. On each
board is a spring-jack or other smtﬂ,ble switch
for each line. Each switch has a contact-
spring which normally bears on an insulated
contact-point and has a contact-piece insu-
lated from the rest (except by the circuit

switch plug and, where a plug is inserted, to
disconnect the spring from the contact-point
(on which it normally bears) and connect the
two contact-pieces of the plug with the spring
and said insulated contact-piece,respectively.

In ¥ig. 2, ¢ ¢ represent the springs of the
different switches; & 7, the contact-points, on
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| which the springs normally bear, and 4 4 the

insulated contact-pieces of the switches. [/
are the switch-holes. a baretherubber strips,
on-which the metal parts of the switches are
mounted, as shown, and through the fronts
of which are the switch-holes [ /.
tact-pieces 7 7 are so placed that a test-plug
or similar device may readily be applied to
them. The holes ! / are adapted to receive
the switch-plugs, (shown in Fig. 3 and marked

| D D,) and when a plag is inserted into a

switeh it Taises the spring ¢ from the contact-
point &, and the spring J g and contact-piece j
are in contaet with the two contact- pleees
respectively, of the plug.

w and 2 are the line-annunciators for the |

two lines shown.

R is a rheotome or mechanical circuit-
breaker containing a clockwork-movement
actuated by a spring. It contains an oscil-
lating bar
ing &13 right angles to it.
points is eonﬂected with the bar or with the
shaft in such a way that their contact is

alternately made and broken with the oscil-

lations. I'he pair of contact-points are prop-
erly insulated and are connected into the cir-
cuit, as indicated, for the rheotome. Instead
of the rheotome shown any form of mechan-
1cal or electrical rheotome or any apparatus

line so that the change will be indicated on
the test receiving instruments may be con-
nected into the cucmt as indicated, for the
rheotome. |

Two lines are shown in Fig. 2, one of them
a metallic - eircuit line, the two sides or

branches of which are marked line No. 1* and

line No. 1° respectively, and the other a sin-

ﬂ"Ie*GH‘CHlt line marked line No. 2. .
Thecircuitof the single-circuitlineisas fol-

lows: from the subseubel $ ground, through
his station apparatus, (thh may be of the
usual form of apparatus,) thence through the
line and the pairs of switch contact-pomts g
h of the switches, successively, of itsswitches
on the several boal ds, going in each case to
the point £ first, and thence through the line-
annunciator to the common wire of the lines
in which 1s the rheotome. This common wire

1s grounded, with the rheotome between the

The con-
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ixed to the verge-shaft and stand-
A pair of contact- |
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'groulnd and the cdnh’eeti_ons of thelines with |

it. All the contact-pieces 7 7 of the switches
of the line are connected together and to the

- line, the connection being betweeu the switch
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- follows: One side or branch of the

boards. _
line No. 1>—passes successively through the |

-Icontact-pomts and the stbseriber s station.

The circuit of a metallic-circuit llne 1°; a8

line No. 1*; as shown—is connected With all
the contact-pieces 7 7 of its switches on the
The other branch of the line—say

pairs of contact-points g £ of its switches on
the several boards, passing in each case to
the-spring first.. It then passes through its
annunciator to the common wire, in whleh 1s
the rheotome.

In the subseriber’s-station apparatus for
‘metallic-circuit lines (shown in Fig. 4) 1is the

telephone-switch. 2 isthe eallmw-rreneratm
3 18 the signal-receiving bell, a,nd 4 is. the
subsecriber’s telephone. "These parts may be
the usual forms of apparatus, and may be
connected as shown or in other ways, so as
to produce the required results. The genera-
tor, however, is modified and is as shown

| When it is not in operation, the subscriber’s

line is open to the ground at his station.
While it is being Opelated the line is auto-

‘matically grounded with the armature-coil

between said ground connection and the nor-
mal ground eonnectwn of theline at the cen-
tral ofﬁce

The modification consists,essentially,in the
number and arrangement of the contact-
points of the automatic device. The auto-
matic device shown isa modification of a form
very generally used. It consistsina V-shaped

~ attachment to the hub of the driving-wheel,

40

‘a pin in the shaft, which engages in this V-
shaped arlantremenf and a spring which |

presses a,ga,i'nst the wheel and brings the pin
normally in the center of the V-shaped ar-
rangement. The contact-points and circuits
are substantially as shown.
branch of the line connects with the frame of
the generator, as does also one end of the ar-
mature-coil and the spring o of the automatic
device.  The other side or branch of the line
connects to the insulated spring o', which
bears on an insulated piece on the armature-

shaft, to which the otherend of the armature-

coil is conmnected. "The contact-point with
which the spring of the automatic device is
pressed into contact when the generator is
operated 18 connected to the ground. The
side or branch of the line which is grounded

-~ at the central office 1s 'the one connected to
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brings them into electrical connection.

said insulated Spring o' of the generator.
In the operator’s cord system shown in Fig.
3, D D are twoloop-plugs. Y isalooping-in
switch for the Pplugs, and v a clearing-out an-
nunciator. {is the opemtm S telephone, and
B is her calling-generator. m m'are the two
contact-pieces of the plug. They extend to
the bottom of the plug,as shown,and normally
rest on the metal piece 0, which thereby then
The

One side. or
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contact-pieces m' m’ of the two plugs are con-

nected to the two levers of the switech Y by

flexible conductors, asshown. Theother con-
tact-pieces of the plugs m m are connected to

the ground through flexible conductors, as
shown. Only one pair of plugs, with their

~cords, switch, and clearing-out annunciator,

is shown. Other pairs may be added to the

system in a manner which will be apparent

to those skilled in the art.

In the operator’s test system shown in I‘w
5, T 18 the test-plug,
conductor to the test receiving instrument S,

“and thence throuf‘rh the test- batteu B’ to the

ground.
The test recewmg_lnstlument 1s of such a

character that it will respond to variations in
the strength of the test-current. Inthe draw-

Ings a testmﬂ'-bell i1s shown with its arma-
tm e suppor ted in air by a spring only, so that
as the current grows stronger or weaker the
armature will Vibrate.
instrument universally used in telephone-ex-

-changes is the operator’s head telephone, and

such a device may be used with this exchange.
Fach operator has a test system and a cord
system, and they are conveniently nmunted
and arranged for her work.
The S’WltChlnﬂ between the various lines of
the exchange is as follows: When an operator
receives acall on a single-circuit line assigned

| to her board, she places one of the plugs of

her system into the switch of the line, so that
the piece m' is in contaect with the switch-

piece 7, and placing the levers of the switch

Y sothat her telephone is in circuit {inds out,
by conversation, what line is wanted. 7The
circuit of the line is complete to the ground

through the connection between the contact-

pieces of the other plug by means of the piece
0, on which they normally rest. When she

Bi nds out what line is wanted, she tests it, as

will hereinafter be described, a,nd 1f she Imds
it to test ‘‘free” she places the other plug of
the pair into its switeh, so that the contact-
piece m’ of the plug is in connection with the
contact-piece 7 of the switch. If the second
line is also a single-circait line, the circuit is
eomplete between the two lines from the sub-
seriber’s ground of one line through the
SWlLOh COTr ds connected to the plug- eontactb
m' m' to-subseriber’s ground of the other line.
If the second line is a metallic-circuit line,
there is a complete circuit as follows: from

connected by a ﬂemble |
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the ground of the single-circuit line through .

the circuit of the line, the contact-pieces m'

-m/ of the plugs used, and the cords connecting

them together, through the circuit of the
metallic- enemh line to the contact-piece m

of the plug which is in its switch, and thence

to the ground through the cord conductor
which 1s econnected with the piece. When an
operator receives a call on a metallic-circuit

line assigned to her board, shé places one of -

the plugs of her system into the switch of the

line, and placing the levers of the switch Y
| so that her telephone is in the circuit finds -
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out, by conversation, what line is wanted. !

The eircuit of the line is complete when the
plug is in the switch, because the two con-
tact-pieces of the other plug of the pair are
connected or bridged by means of the metal
piece 0, on which they rest. When she finds

- out what line is wanted, she tests it to see

10O

whetherit is busy or not, and if it is not busy

-she places the other plug of the pair into its

switch at her board. If the line which she
connects to is a single-circuit line, she places

- the plugin its switch so that the contact-piece
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m’ 18 in connection with the piece j of the
switch. There is a complete circuit of the
two lines from the subscriber’s ground, the
contact-pieces m' m’ of the two plugs, and
the cord connecting them together, thence
through the circuit of the metallic-cireunit
line to the contact-piece m of the plug which

1s inserted into its switch, and thence to the

ground through the cord which is connected
with the piece. If the line which she con-
nects to is also a metallic-circuit line, the
lines are connected into a complete circuit as
follows: from the ground through one con-
tact-piece m to one line, thence through the
circuit of the line, the contact-pieces m’ m/,
and the cords which connect them fo the

other line, thence through the c¢ircuit of the

other line and the contact-piece m of the plug
connected with it back to the ground.
In each case where a plug is inserted into

the switch of a single-circuit line it is so in-

serted that the contact-piece m’ is in eonnec-
tion with the contact-piece 7 of the switch.
The other contact-piece of the plug is then
connected with the ground, but it does not
affect the operation of the system.

When any line in the system, whether sin-
gle or metallic circuit, is not switehed for use,
there is a complete circuit from its contact-
pieces 7 7 and the switeh contact-points g &
of the line to the rheotome and thence to the
ground; but when the line isswitched at any
board the eircuit to the rheotome and ground
is interrupted at the pair of contact-points
g i used. It follows that when the operator
applies her test-plug (grounded through her
testreceiving instrumentand battery, and the

instrument and battery constructed so that

the Instrument will sound or respond when
they are on closed eircuit with the rheotome
toits vibrations) and the instrument responds
that the line is not switched at any board,
and when it does not respond that the line is
switched at some board. The operator can
therefore determine, on testing, whether or

- not a line is switched. .

60

L'he test-circuit of a single-circuitline may
be traced from the grounded operator’s test
outfit through the two branches of the line,
one branch including the line conductor and

~the ground at the subseriber’s station and

the other braneh including the switch-con-
tacts and the office ground through the rhe-
otome. The presence of the rheotome in one

line with said

in the strength of the test-current passing

through the test receiving instrument.

T'he test-contacts are connected to the line
conduectors permanently or under all condi-
tions, whether the line is or is not switched
for use. | -

It will be seen from the deseription of the
system of switching and testing, as above de-
scribed, that the operators can make all the

necessary connections and testing for a tele-
phone system with combined single and me-
tallic eircuit lines, that the operations they

go through with for each connection are the

same whether the lines switehed be single-

circuit or metallic-circuit lines, and that the
switches required for the two kinds of lines
are the same. The confusion and trouble
which would arise from two svstems of switch-
ing and testing and two forms of switches for
the two kinds of lines is avoided. This re-

sult is obtained by the combination of appa-

ratusand circuits I have shown and deseribed.
I claim asmyinvention and desire to secure
by Letters Patent— |
1. In a telephone-exchange system, a sub-

scriber’s line permanently grounded at its

outer end in combination with a switch for
the line into which a double or loop plug is
placed, said switch containing a contact-piece

permanently connected to theline and a pair |

of contact-pieces which are normally in con-

tact but which are separated by the plug on

1ts insertion, one of said pair being connected
to the line and the other, the third, being con-

 nected with the ground, one of the two con-

tact-pieces of the plug being connected to a
contact-piece of another plug and while in-
serted intotheswitchforming connection with
sald first contact-piece and the other contact-

- piece of the plugforming connection with said

third-mentioned contact-piece of the switch,
respectively, substantially as set forth.

2. In a telephone-exchange system, a pair
of double or loop plugs, one of the contact-
pieces of each of which is connected with one
of the contact-pieces of the other, through
flexible conductors, and the other contact-
piecesof which are connected with the ground

through flexible conductors, and a metal con-

tact-ptece which, when the plug isin its nor-
mal position (or not in use for switching) con-

nects the two contact-pieces of the plug to-

gether, (but not otherwise,) in combination

with a subscriber’s line grounded at its outer

end, a switch for the line into which the other
plug 1s placed, and which then connects the
irst-mentioned contact-piece
of the plug, and an operator’s telephone be-
tween the first-mentioned contact-pieces of

said plugs, substantially as set forth.

5. In a telephone-exchange system, a pair
of double or loop plugs, one of the contact-

pieces of each of which is connected to one

of the contact-pieces of the other, through
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flexible conductors, and the other contact- -

pieces of which are connected to the ground

of these branch circuits causes a variation | through flexible conductors, and ametal con-




- tact-piece which, when a plugisin its normal
position (or notin use forswitching, ) connects

IO

- being connected to the line and the other to-
“the ﬂ'round the first-mentioned contact-piece

20

geriber’s line permanently gtounded at one

in contact when the plug is not in the switch

'3(;5

~ to a contact-piece of another plug and when
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~ taining a contact-piece permanently con-
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‘piece connected permanently to the line and

in contact, but which are separated by the

of the switch and the other contact-piece of

forth.

third contact-piece and the other contact-

for the line, one switch on each of several
‘boards, and into which double or loop plugs

pieces normally in contact but open while a

"
4 o - "

the two contact-pieces of one plnn‘ together,

(but not otherwise,) in combination Wwith a
single-circuit line ﬂ'ronnded at its outer end,

a switch for the line into which the other plnﬂ'
is placed, said switch containing a contact-

two other contact-pieces which are normally

plug on its insertion, one of the two pieces |

of smd other plug, when thus inserted, being
connected tothe first-mentioned contact -piece

the plug being connected with the ground con-
tact-piece of the switch, and an operator’s
telephone between the first-mentioned con-
tact-pieces of seld pluﬂ'& substantially as set

4. In a telephone- ewtchane*e system, a sub-

end and normally grounded at the central
office at the other end, in combination with a
switch for the line -into which a loop-plug 18
placed, said switch containing two contact-
pieces normaily in the circuit of the line and

but not otherwise, and a third contact-piece
permanently connected with the line, oune of
the contact-pieces of the plug being connected
thus inserted forming connection with said
piece of the plug forming connection with the
contact-piece of the SWltch which is grounded
through the cut-off portion of the hne, sub-
Stantlelly as seb forth.

5. In a telephone-exchange system, a sub-
scriber’s line permanently grounded at its
outer end, in combination with switches for
the line, one on each of several switchboards

and into each of whieh double or loop plugs
may be placed for switching, each switch con-

nected with the line and two other contact-
pieces normally in contact but open while a
plug is in the switch, said line passing, suc-
cessively, through the pairs of contact-pieces
and thence to the oround, one of the contact-
pieces of a plug bemn* connected to0 a contact-
plece of another plug ‘and while inserted form-
ing connection with said first-mentioned con-
t&ct-plece of the switch and the other contact-
piece of the plug forming connection with the
contact-piece of the smtch whichis then con- |
nected with the ﬂ'round snbstantla,lly as seb |
forth.

6. In a telephone- -exchange system a sub-
sceriber’s line, 1n combmetlon with switches

may be placed for switching, two contact-

plug is in the switch, said line passing, suc-
cessively, through the pairs of contact-points,

592,341

and a contact-piece connected to the line be-
tween said pair of contact-points and the sub-
seriber’s station, one of the contact-pieces of

a plug being connected with a contact-piece
of another plnfr and while inserted forming

connection with said last-mentioned contbact-
piece of the switch and the other contact-

piece of the plug forming connection with the
contact-piece which 1s connected with the
cut-off portion of the line, substantially as
set forth.

7. In a telephone- exchanﬂ‘e system a sub- .'

scriber’s line grounded at 1te outer end, in
combination with a switeh for the line int.o
which a double or loop plug is placed for

switching, said switch containing a contact-

plece permanenﬂ} connected Wlth the line
and two other contact-pieces which are nor-

mally in contact, but which are separated by

75

30

the plug on 1its 1nse1t10n one of the pieces -

being connected with the line and the other
with the ground, one of the contact-pieces of
the plug bemn' connected with a contact-piece

of another p‘lug and the other being connected

with the ground through flexible conductors,
said first-mentioned contact-pieces of the plug
and switeh, and said last-mentioned contact-
pieces of the plug and swifch, being connected
together respectively, while the plnfr is in-
serted substantially as set forth. ,

3, In a telephone-exchange system, a sub-
scriber’s line grounded at its outer end, in
combination with switches. for the line, one
switeh on each of several boards, and into
each of which double or loop plugs may be
placed for switching, each switch containing
a contact-piece permanently connected W1th
the line and two other contact-pleces nor-
mally in contact but open while a plug is in
the switeh, said line passing, successively,
through the pairs of contact- pomts and thence
to the ground, one of the contact-pieces of
each switch- plun' being connected with a con-
tact-plece of another plnﬂ* and the other con-
tact-piece being connected with the ground,
through ﬂemble conductors, said ﬁrst-men-
tloned contact-pieces of a plug, on 1ts inser-
tion into a switeh, forming connection with
said first- mentlcned contact -piece of the
switch and the other contact-piece of a plug

forming connection with the contact-piece of

the switch whichisconnected with the ground,
su bstantially as set forth.

9. In a Inultlple—swnchboald exchange, a

single-circuit line having a common retnrn-
conductor a jack- contact at two or more
boards, permanently connected tosaid single
line, a metallic circuit, loop-switch apperatns
having two cord conductors, one adapted to
connect a contact of said single line to one
limb of said metallic circuit, and the other

adapted to connect the other limb of said me-

tallic cirenit to saild return-conductor.

10. In a multiple-switchboard exchange,

two or more metallic circuits, two or more
single-line circuits having a common return,

| & Jack contact at each board, petmenently

90

95

10D

105

11O

115

120

125

I30




10

e

25

30

35

40

45

53

502,341

connected to each of said single lines, loop-

switch apparatus having two cord conductors
adapted to connect any two of said circuits
together, so constructed that when two me-
tallic circuits are connected together the two

1imbs of one are connected to the two limbs.

of the other by said two cord conductors re-
spectively, and when a metallic circuit and a
single circuit are connected together one of
the jack-contacts of said sin frle circuit 1s con-
nected to one side of said meta,llie circuit by
one of said cord conductors, and the other
side of said metallic circuit is connected to
said common return by the other of said cord
conductors. |

- 11. In a multiple-switchboard exchange,

two or more single-line circuits having a 00111-
mon return, a Jaek contact at each board per-
manently connected toeach of said single-line
circults, two or more metallic circuits con-
nected to said boards, the two limbs of each
metallie cireuit connected to two contacts re-
spectivelyin each jack, loop-switch apparatus

~comprising two plugs each having two con-

tacts connected together through two flexible
cord conductors, one cord cenductor adapted
to connect the j aek-eontact of one of said sin-
gle circuits with one limb of one of said me-
tallic circuits and the other cord conductor
adapted to connect the other limb of said me-
tallic eireuil to the common return-conductor,
and sald loop-switeh apparatus also adapted
to connect together the two limbs of two me-
tallic (311‘0111138

12, In a multlple-swmehbom*d exchange, a
single-cireuit telephone-line having a com-
mon return, a contact in each of severa,l jacks
permanently connected to said line, normally
closed pairs of contacts in said waks through
which the line is normally connected to said
common return and disconnected by theinser-
tion of a switch-plug; a metallic-circuit, loop-
switeh apparatus having two cord conduc-
tors, one cord conductor adapted to connect
a permanently-connected jack-contact of the
single-circuit line with one limb of said me-
tallic circuit, and the other cord conductor
adapted to connect the otherlimb of said me-
tallie eireuit to said common return.

13. In a telephone-exchange, a single-cir-
cult line, an operator’s set, loop-switch appa-
ratus adapted to connect said set to said sin-
gle line, comprising two plugs, one carrying
a contact adapted to make connection with
sald line, the other carrying two contacts
nol‘ma,lly cross-connected by a conducting
base-plate, one of said contacts connected
through the operator’s set to the said contact
of the first-mentioned plug, and the other con-

tact connected to the return- conductor of smd
Sin ”16*011‘(3111’0 line.

14. In a multiple-switehboard exchange, a

single-circuit line continuous in the order
named from a common conductor through a
subscriber’s outfit, a line conductor, electric-

ally-united test-contacts, one at each board,
each

normally-closed jack-contacts, a set at
board, and a connection to said common con-
ductor, and metallic circuits continuous in
the ordernamed from electrically-united test-
contacts one at each board, metallic line con-
ductors including a qubsomber s outiit, nor-
mally closed ']ELO]':.. contacts,asetateach bhoar d,

and a connection to said common conductc:»r;
In combination with loop-switching apparatus
having two cord conductors adapted to con-
nect said circuits, and thereby open a set of
normally closed contacts, and test outfits, one
at each board, including a test receiving in-
strument adapted to be connected to a test-
contact of either line and thereby establish
a circuit for testing while the line is not
switched for use, but not otherwise.

15. In a multiple -switchboard exchange,
single-circult lines, each. continuous in the
order named from a l‘eturn-cond uctor through
a subsecriber’s outfit, a line conductor, test-
contacts, one at a jack at each board, nor-
mally closed contacts, a set in a jack at each
board, a rheotome, and a connection to said
return-conductor; and metallic circuits each
continuous in the order named from test-con-

tacts, one In a jack -at each board, metallic

line conductors, including a subseriber’s out-
fit, normally closed contacts, a set in a jack

-at each board, a rheotome, and a ground con-

nection; in combination with loop-switching
apparatus comprising two plugs each having

e
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two contacts, a contact of one plug connected

to a contact of the other plug through a flexi-
ble conductor containing an operator’s sef,
theother contacts of the two plugs connected
together through a flexible conductor con-
nected to said return-conduector, thusadapted
to connect together' any two of said circuits,
and operator’s test outfits, one at each board,

adapted to be connected to & test-contact of

any line for testing, each outfit including a
test-plug, a test 1eoewmﬂ instrument and
test- battery, in a circuit eonnected to said re-
turn-conductor.

In witness whereof I hereunto Sﬂb&(}l‘lb(} my
name this 29th day of November, 1889.

'MILO G. KELLOGG.

Witnesses:
EMIL ABENHEIM,
MARGARETHA RIEHI..
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