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(No model.)

1o il whonv it may concern.

Be it known that I, MiLo G. KELLOGG, of
Chicago, in the county of Cook and State of
Illinois, temporarily residing at Stutteart, in
the Empne of Germany, have invented cer-
tain new and useful Improvements in Multi-
ple Switehboards for Telephone-Exchanges,

of whichthe following is a full, clear, concise,

and exact deser 1pt10n 1eferenee bemw had to
the accompanying drawings, forming a part
of this specification.

My invention relates to a metallic-circuit

telephone-exchange system in which there s

a plug and a cord attached for each line of
the exchange. Such a system is called a
“*single-cord” system.
1ests 1 a switching device, and when 1t 18 de-
sired to connect the line with anotherline the
plug is taken from its normal position and i 18
placed in the switch of the other line.

My invention consists in a system of test-
ing and an organization of apparatus, cir-
cuits, and conneotwns for each line, whereby
the operator may expeditiously and with few
motions connect her telephone to aline when
1ts call is indicated, may test the line wanted,
may connect the two lines together and send
a calling-currenttothe line wanted, may leave
the lines conneeted together for eonvers&tmn
and connect her telephone into their cireuit
to determine whether they are through con-

versation, and mayreceive and attend to any

clearing - out signal. Said organization is
more snnple fmd the opelatlons required are
less than in other systems devised to accom-
plish similar purposes.

In the accompanying drawings 1111151:1‘&131110*:
‘my invention, Figure Tr epr esents the central-
office &ppamtus &nd connections, and Fig. 2

the subseriber’s-station apparatus necessary
to illustrate my mventmn |

In the central office are as many switch-
boards as are found necessary or desirablein
order to properly operate the exchange.

In Fig. 1, A A’ represent sectional views of

sections of two switechboards to which the
same lines connect. On each board of the
exchange is a spring-jack or similar switch
for each line. Hach switeh has a contact-

spring which is normally in contact with a
contact-point and is separated and insulated

Said plug normally

1

| and 5 6 are mounted parallel to

-

from the point when a switch-plug is in-
serted into the switeh, and has a third con-
bact-piece which is normally insulated from
the other parts except by the circuit connec-
tions. ~ This contact-piece is adapted to have
a test-plug &pphed to 1t for testing. The

| switchesshownin the fi: aure are of w*ell known
construction.

IFor each line there is also a
compoundansweringswitch or deviee located

at the board where the cord and plug of the

line are located and where its calls are to be
answered. This answering switch or device

18 Opemted onin partby the switch-plugwhen

placed in its normal position and in part by
the operator who answers the calls of the line.
The construction, operation, and manipula-
tion of these answering switches or devices
will hereinafter be e“‘iplalned 1n detail.

- Two lines and their switches on the boards,

their plugs and cords, theircompound answer-

ing - switches, and then annunciators are
shown in Kig. 1. The answering apparatus
of one-line is shown as located at one board
and that of the other line at the other board.

B B’ represent the two compound answer-
ing-switches of the lines, and D D their
SWlt(,h_-pluﬂ‘b to which the double insulated
flexible conductors are attached. These
plugs are adapted to be placed in any switch
at their boards, and are each &dapted to be
placed norm a,lly or when not in use in the

‘answering-switch of its line and to operate
the SWItGh, as will be described.
1sshowninits answering-switch and the othel
plug 1s shown out of its switch.
switches B B', ¢ a are cylinders, preferably
of metal, adapted toreceive the movable com-
mutator and plug - supporting .pieces b b.
Theseé pieces 0 b may be of rubber and of the

One plug

shape substantially as shown, or of other
shapes, to correspond with variations in the
construction of the other parts. 1, 2, 3, 4, 5,
and 6 are contact-pieces which ar'e msulated
from each other. 2, 4, and 5 are spring-con-
tacts. The others may be rigid.

Pieces 1 and 2 are 11101111th parallel to each
other and in close juxtaposition, so that con-
tact between them will be made and broken
by the operation of the switch-plug, as here-
1inafter indicated. The pairs of contacts 34
each other
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and in close juxtaposition, so that the con-
tact of each pair is made and broken, as here-
inafter described,by the operation of the plug.

Spring 4 is connected near its upper end to

spring 5 by means of an insulation - piece

fastened to both. It therefore moves back
and forth as spring 5 moves. Springs2and b

-are constructed and adjusted to press toward

the center of piece b and will press against
and be acted upon by the plug, as will be de-

- seribed.

The piece b has a hole or socket on its top,
adapted to receive the plug-handle.

ceive the bent portions of pleces 2 and 5, as

- shown, and has alsoa shoulderadapted to rest
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lation.

on the piece @ when the piece b is moved to
its lower portion. In the chamber adapted
to receive the bent part of 5 is a shoulder c,
on which the spring.5 bears when piece b is
moved to its upper position and which then

canuses the contacts to change, as will be in-

dicated.  These pieces b b are adapted to

occupy two positions—the upper, as shown in
B, and the lower, as shown in B.

When the switch-plug is in its socket in

“the movable piece b, this piece should oceupy

its lower position, and the handle of the plug

-presses on the springs 2 and 5, so that spring

2 is brought into contact with piece 1 and

-spring 5 1s pressed out of contact with piece

6, while spring 4, which is attached to but in-

sulated from 6, is pressed out of contact with

piece 3. When the plug is withdrawn from

the socket by the operator, the springs 2 and

5 are released from the pressure of the plag-
handle, and (the movable piece b being still
in its lower position) the contact between 2
and 1 ig broken and thatbetween3 and 4 and
that between 5 and 0, respectively, are es-

tablished. When the plug is removed from
the socket and the operator manipulates piece
b and places it in its upper position, the con-
tact between 1 and 2 still remains broken,
and the shoulderc in'thechamberof the piece
b presses spring 5 out of contact with piece

6, and at the same time spring 5 carries
spring 4 out of contact with piece 3.

When,
theerefore, the plug is in its socket and piece

b is in its lower position, 1 and 2 are in con-
tact with each other, and the other contacts

of the answering device are out of contact.
When the plug is out of the socket and the

piece b still remains in its lower position, 1
and 2 are out of contact and 3 and 4 and 5
and 6, respectively, are in contact, and when
the plug is out of the socket and the piece D
is raised to its outer position all of the three
pairs of contacts are out of contact.

The switch-plugs D D are of a usual con- |
struction of loop-switch plugs adapted to be

used with the spring-jack switches. The
outsides of the handles have a rubber insu-
Kach plug has two switch-contact
pieces insulated from each other, one of
them, s, being at the end of the plug and the

other, s’, being an insulated cylinder placed

It has
~also two chambers at its side, adapted to re-

along the surface of the tip. When a plug
1S mserted into a switch, the piece s presses
against the spring of the switch and forces
113 away from the contact-point and makes

uonneetlon with it, and the other piece of the
| plug s’ forms eonnection with the third or

insulated contact—pwce of the switeh.

t ¢ are operators’ telephones;. R R, opem-

tors’ calling - generators; R’ R/, Opemtms

| test-batteries; 7 7, 1*esistance—eoils, and X K

calling-keys. KEach operator hasone of each

of said parts, and theyare connected to each

other and to her- answering-switches sub-
stantially as shown and as will be desecribed.

C 18 a rheotome placed in the common
ground connection of the lines, as will be de-
scribed. The rheotome shown contains a
clock-movement actuated by a spring and has
a pair of insulated contact-points, the con-
tact between which is alternately made and
broken by the movement of the verge or shaft.

"The contact-points are connected in the cir-

cult indicated for the rheotome.
w and x

G G are ground connections. T'he connec-
tions are substantm,lly as follows: One side or
branch of each line passes normally succes-
sively through the pairs of contact-points of
the line-switches, passing in each case to the
spring first. Itthen passes through the line-
annuncmtm and 1s then connected through
one of the insulated conductors of the switeh-
cord to the contact-piece s of the switch-plug.
The other sideorbranch of thelineisconnect-
ed to all of said third insulated contact-pieces
of the switches of the line and is connected
through the other conductor of the switch-
cord to the other contact-piece s’ of the switch-
plug of the line. The first-mentioned side or
branch of the line 1s also connected, atter it
passes through the line-annunciator, to con-
tact-pieces 1 and 5 of the compound answer-
ing switch of the line, and the other side or
branch of the line is connected topiece 3. One
side of the operator’s telephone is connected

to the nupper contact-point of the calling-key,

and the other side of the telephone is con-
nected through the resistance-coil to contact-
piece 6. The lower contact-point of the key

is connected through the calling-generator

to the circuit-wire, Whlch connects the tele-
phone and the resistance- -coil. Contact-piece
2 is connected through the rheotome C to the
cround. The lever of the key is also con-
nected to contact-piece 4. The side of the
telephone which 1s connected to the upper
part of the key-lever 6 is grounded through
the test-battery R/'.

Each compound answering-switch is con-
nected to its line and to the operator’s special
apparatus substantially as described. It is
also connected to the common rheotome as
described. One rheotome will answer for all
the lines of the exchange.

The calling-key K is a three-point key hav-

| ing a lever and two points, on one, the upper

x are calling-annunciators, one for
each line shown.
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calling-generator.

at the central of
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point, of which the lever normally bears, and
on the lower point of which it is in contact
when it is pressed down by the operator.

Weights or other suitable devices may be
used to bring the switeh-plugs into their nor-
mal position in the sockets of the answering-
switches, and they may be such as will press
th'e movable pieces of their respective
switches to their normal lower or inner posi-
tions. - | o

Inthesubscriber’s-station apparatusshown
in Kig. 2,1" is the telephone-switeh. 2'isthe
3 is the signal -receiving
bell. 4'isthesubsecriber’s telephone, and 5’ is
a resistance-coil. G is a ground connection.
The signal-receiving bell and the resistance-
coll are placed in a ground-wire which is con-
nected to a contact-point of the switch. This
contact-point is in contaet with the switch-
lever when the telephone is on the switch, and
the line-cireuit is grounded through the bell
and resistance-coil when the telephone is on
the switch, and said ground connectionisopen
when the telephone is off the switeh. Other
arrangements ot contacts and points may be
used which will produce the same result.
The calling-generator is connected into the
line-circuit, so that it is between the normal
ground connection at the subseriber’s station
and the normal ground connection of the line
fice.

1'he operation of the system is as follows:
When the plug of a line is in its normal po-
sition in the socket of its compound answer-
ing-switch and the line isnot switched at any
board of the exchange, the line is grounded
at the central office through the rheotome.
When the line is switched at any board by
the insertion of a switch-plug into its switeh
or its plug is withdrawn from its normal po-
sition in the socket, the ground connection
through the rheotome-is broken. In the lat-
fer case the interruption isat the pair of con-
tacts 1 2 and in the former case in the pair
of contact-points of the switech. When the
plug is withdrawn from its normal position
in the answering-switeh, the two sides of the
line are automatically brought into a closed
circuit, with the operator’s telephone in the
circuit. This connectionis made by the clos-
ing of the two pairs of contacts 3 4 and 5 6,
respectively. Such eircuit is from contact-
spring 5 (which is connected to one side of
the line) to contact-piece 6 and thence through
the resistance-coil 7, operator’s telephone %,

‘and the two normally elosed contact-points

of the key IX to the contact-piece 4 and thence
to contact-piece 3, which is connected to the
other side or branch of the line. The opera-
tor then by conversation finds out what line
is wanted by the subseriber. She then tests
the line wanted, as will hereinafter be de-
scribed, and if she finds it to be ““free” she
places theswitch-plugin its switeh. Thetwo
lines are then disconnected from their ground
connection through the rheotome and are con-

nected together into a metallic cireuit, and

]

il

the circuit is eross-connected or bridged by a
circuit which contains the resistance-coil and
telephone. The operator will now press on

the calling-key, and by so doing disconnect
the upper contact - points and connect the

lower points, and a calling-current will pass
to the line wanted. The connection of the
generator is to the ground at the central office
and to the normal ground connection of the
line at the subsecriber’s station, and his bell
will ring, indicating the call. The telephone
ot the other subscriber will then generally be
oif 1ts switch for conversation, and the bell
will not be in a closed circuit with the gen-
erator and will not ring. The operator now
pulls the movable piece b of the answering-

switeh to its upper position, and the cross or

bridge connection isinterrupted by the open-
ing of the pairs of contact-points 3 4 and 5 6.

When the operator desires to listen into the
circuit to learn whether the subseribers are
through conversation, she presses the piece
b to its lower position and the bridge or cross
connection is again established, and enough
telephone-current, if the line is in use, will

pass through her telephone to enable her to

determine that they are not through conver-
sation. When the operator desires to clear
out the connection, she takes the switch-plug
from the switch and places it in its normal
position in the socket of piece b and presses
piece b into its lower or inner position. The
line apparatus is then ready to receive and
answer a new call on the line by the mere act
of withdrawing the plug and making the other
operations which I have deseribed.

The special use and function of the resist-

| ance-coil 7 18 to prevent an undue amount of

telephone-current from being diverted to the
operator’s telephone when she listens into the

circuit to the detriment of the conversation

passing through it.

iy

This resistance may be

made great orsmall, as isfound most desirable

for the general conduct of the business.

It will be observed that in this system the
signal-bell of the subseriber who is wanted
will be rung when the signal-current is di-
rected to the circuit as deseribed, and that

the bell of the subscriber who originated the
callwillgenerally not berung, ashis telephone

will be generally off its switch and the ground
connection of his line with his bell broken.
1he operation of the test system is as fol-

lows: When the operator tests any line, she
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places the tip s of the plug of the line whose

call she is answering on the metal socke} or

third contact-piece of the switch at her board
of the line wanted. If, then, the line tested
I8 not switched, a complete test-circuit will
be established, in which is the operator’s tele-
phone, the rheotome, and the test-battery.

1'nis eireuit is from the ground through the

rheotome, the contact-points 1 2 of the an-

swering-switch of the line, and the normally
closed contact - points of its spring - jack
switches to the line, through the circuit of
the line to contact-piece s of the plug, and

130
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thence throun*h contacts 5 and 6, resistance 7,
and operator s telephone ¢ and test-batter Y t0

the ground. Thisecircuit istapped or ground-

ed at the subscriber’s station throuo*h the re-

sistance-coil 5 and the signal-bell 3‘r Part

- of the current from the test- battery when the

10

20

25

‘make and break of the rheotome.
rent through the test receiving instrument

testof aline is made and the subscriber’s tele-

phone is on its switch seeks ground through-

this tap ground connection, and only part of
the current through the test receiving instru-
ment will therefore be interlupted by the
The cur-

when the test of a line is made cmd the line is

not switched and the subseriber’s telephone
is not switched for use will therefore be pul-
satory and not intermittent.
variation in the strength of the current will,

This regular

however, be sufficient to be heard in the test

receiving instrument, which should . prefer-

ably be a recewmmtelephone The operator
will then, on making the test, hear in her tele-
phone the click when the circuit is alter-
nately established and broken at the rheo-
tome and will know that the line is *“free” or
unswitched. Whentheline tested isswitched
at any board, its connection to the rheotome

is broken, and the operator not hearing the

click in the telephone will know tha,t the line
30. |

is switched.
The resistance of the coil 5 and the signal-

bell 3" should be such that enough cu1rent

35
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‘the ground at the central office.

from the test-battery will pass through the
rheotome to make its makes and breaks au-
dible in the test receiving instrument. In-
stead of the resistance-coil in the circuit con-

nection with the bell, the bell itself may have
sufficient resistance to answer the purpose.

With the system and mechanism above de-
seribed for the operation of a single-cord me-
tallic-circuit system there are fewel parts and
their arrangement is more simple than is the
case with other_systems which have been de-
vised for similar use, and the operations re-
quired of the operator in making a connec-
tion are reduced to the minimum.
By the use of the subseriber’s-station appa-

' ratus constructed substantially as indicated

in connection with the central-office appara-
tus constructed substantially as indicated 1
am enabled to signal on the bell of the sub-
seriber wanted Wlthout ringing the bell of the

calling subseriber, and at the same time em-

ploy a test Whl@h indicates whether or not
the line tested has been disconnected from
- In some
telephone -exchanges it 1S thoun*ht very de-
sirable that When a subscriber is called his
own bell shall be rung without ringing the
calling-subscriber’s bell My system accom-

_phshes this.

T use the terms *f bmdcre” and ‘‘cross-con-

- nect” in connection with a complete metallic

circuit to desceribe a connection between one

gide or branch of the circuit and its other side
or branch, and an instrument in a bridge or

Cross- conneetmfr circuit to a metallic clrcmt

switched for conversation,

| is not in the direct circuit, but is in a cireuit

connection across the two mdes or branches

of the circuit.

I claim as my invention and desire to secure
by Letters Patent— -

1. In a telephone-exchange system, metal—
lic-ecircuit lines normally grounded at the

“central office through a rheotome but discon-

nected from such ground connection while
switched for conversation, in combination
with an operator’s-telephone coil grounded
on one side, a loop-switch plug for each line,
one of whose contact-pieces is adapted to be
brought into contact with the test contact-
pieces of the other lines and to the two con-
tact-pieces of which, respectively, are con-

nected through flexible conductors the two

sides or branches of the line, a plug switch-
ing device into which the plug is normally
pla,ced two pairs of contact-points in said

70

75

30

switching device normally open but closed

when the plug is withdrawn from the switch-

ing device, one of said contact-points being

counected to the side of the telephone- coil
which is not grounded and its mate with said
contact-piece of the plug which is adapted to
be brought into contact with said test con-

htact-pwees, while the two other points are

Q0

95

connected with the other contact-piece of the

plug and the other side of the telephone-coil,
respectively, and a test-battery in the test-

circuit thereby established, substantially as

set forth.
2. In a telephone-exchange system metal-
lic-circuit lines normally grounded at the cen-

tral office through a rheotome but discon-

nected from such ground connection while
in combination
with an operator’s-telephone coil grounded
on one side through a test-battery, a loop-
switch plug for each line one of whose con-
tact-pieces is adapted to be brought into con-
tact with the test contact-piece of the other
lines and to the two contact-pieces of which,

respectively, are connected through ﬂemble
conductors-the two sides or branches of the
line, a plug switching device into which the
plun" is normally plaeed two pairs of contact-
points in said switching device normally open
but closed when the plun* is withdrawn from
the switching device, one of said contact-
points being connected to the side of the tele-
phone-coil Wllth isnot grounded and its mate
with said contact-piece "of the plug which is
adapted to be brought into contact with the
sald test contact-pieces, while the two other

points are connected with the other contact- -

piece of -the plug and the other side of the
telephone-coil, respectively, substantially as
set forth.
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3. In a telephone- e*cchanc"e sysbem metal— |

lie-circuit lines normally grounded at the cen-

tral office through a rheotome but discon-
nected from such ground connection while

switched for conversation, in combination.

with an operator’s - telephone coil, a loop-

| switeh plug for each line, one of whose con-
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tact-pieces i1s adapted to be brought into con-
tact with the test contact-pieces which,respec-
tively, are connected through flexible conduc-
tors the two sides or branches of the line, a
plug switching device into which the plug is

normally plaeed two pairs of contact- pomt,s
in said switching deviee normally open but
closed when the plug 1s withdrawn from the
switching device, one of said contact-points

‘being connected to the side of the telephone-

c¢oll which is not grounded and its mate with
said contact-piece of the plug which is adapt-
ed to be brought into contact with said test
contact-pieces, while the two other points are
connected with the other contact-piece of the
plug and the other side of the telephone-coil,
respectively, and a test-battery in the test-

clreult thereby established, substantially as

set forth.

4. In a telephone-exchange system, metal-
lic-circuit lines normally connected at the
central office to a common ground wire or ¢on-
nection hut disconnected from said common
ground-wire while switched for conversation
and a rheotome in said common ground-wire,
1n combination with an operator’s-telephone
coll grounded on one side, a-loop-switch plug

for each line, one of whose contact-pieces is

adapted to be brought into contact with the
test contact-pieces of the other lines and to
the two contact-pieces of which plug, respec-
tively, are connected through flexible con-

ductors the two sides or branches of the line,

a plug switching device into which the plug
iIsnormally placed, two pairs of contact-points
in sald switching device nmormally open but
closed when the plug is withdrawn from the
switching device, one of said contact-points
being connected to the side of the telephone-
coll which is not grounded and its mate with
sald econtact-piece of the plug which is adapt-
ed to be bronght into contact with said test
contact-pieces, while the two other points are
connected with the other contact-piece of the
plug and the other side of the telephone-coil,

respectively, and a test-battery in the test-

cireuit thereby established, substantially as
set forth.

5. Inatelephone-exchangesystem, ametal-
lic-circult line normally connected with the
ground at the subseriber’s station but discon-

nected from the ground there while it isin use

for conversation, one branch of which is nor-
mally or while and as long as the line is not
switched for conversation connected to a

- oround wire or connection at the central of-

6o

ficeand arheotome in said ground wire or con-
nection and the other branch of which is nor-
mally open at the central office, in combina-

tion with a switching device at the central
office todisconnect said line from such ground
connection through the rheotome when the
line is switched for conversation, a test re-
ceiving instrument grounded on one side and
connected on itsg other side to a test plug or
device adapted to be brought for testing into |

said line from such

connection with the normally open end of the
line, and a battery in the test-circuit thereby
established, substantially as set forth.

6. Inatelephone-exchangesystem, a metal-
lic-cirenit line normally connected with the
ground at the subseriber’s station but discon-
nected from the ground there while it 1s
switched for conversation, one branch of
which is normally or while and as long as the
line 1s not swilched for conversation, con-
nected to one side of a rheotome at the cen-
tral office and the other branch of which is
normally open at the central office and said

‘rheotome, in combination with a swwchmn* de-

vice at the_(,entl al office to disconnect the line
from such connection with the rheotome,
while or during the time the line is switched
for conversation a test receiving instrument
connected on one side to the other side of the
rheotome and on its other side to a test plug
or device adapted to be brought into connec-
tion with the open end of the line, and a bat-
tery in the test-circuit thereby established,
substantially as set forth.

7. Inatelephone-exchangesystem,a metal-
lic-circuit line normally connected with the
ground at the subscriber’s station, one branc¢h
of which is normally or while and as long as
the line is not switched for conversation, con-
nected with a ground wire or connection at
the central office and a rheotome in said
oround wire or connection and the other
branch of which is normally open at the cen-
tral office, in combination with switching de-
vices at the central office which d1scon11eet
ground connection
through the rheotome when or during the
time the line is'switched for conversation, a
test receiving instrument grounded on one
side and connected on its other side to a
switeh plug or device adapted to be brought
into connection with such normally open
branch of the line, and a battery in the test-
circuit thereby esmbhshed substantially as
set forth.

5. Inatelephone- 6"1011311“'6 system, a metal-

lic-circuit line normally connected with the
oround atthe subscriber’s station, one branch

of which is normally or while and as long as

the line is notswitched for conversation, con-

nected with one side of a rheotome at the

central office and the other branch of which

iIs normallyopen at the central office and said
rheotome, in combination with switching de-
vices at the central office which dlsconneet
the line from such normal connection with the

rheotome when or during the time the lineis

switched for conversation, a test receiving in-
strument connected on one side to the other
side of the rheotome and on its other side to
a test plug or device adapted to be brought
for testing into connection with such nor-

mally open end of the line, and a battery in

the test-circuit thereby established, substan-
tially as set forth.

9. In r1,te19])1101?1&3 exchange systmm a metal-
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~ lic-cireuit line normally connected through a { a signal-receiving bell to the oround at the
resistance to the ground at the subscriber’s Subserlber S statlen while the lme iIs not in
station but dlseonneeted from the ground | use for conversation, one branch of which is
there while it is in use for eonversablon one | normally or while and as long as the line 18 7o

~ 5 branch of which is normally or while and as | not switched for conversation connected to
long as the line is not switched for conversa- | a ground wire or connection at the central
tion. connected to a ground wire or connec- | ofﬁeein which 1s a rheotome and the other
tion in the central ofﬁee, a rheotome in said | branch of which is normally open at the cen-
ground wire or connection and the other | tral office, said rheotome and said signal-re- 75
IO bl‘aneh of which is normally open at the cen- | ceiving bell In combination with swwehuw.

- tral office and said resistance, in combination ;devwes at the central office with contact-
with switching devices in the central office | points which diseconnect ithe line from said
with eontact—peints which disconnect said | ground connection through the rheotome

-line from said ground connection’through the | while or during the time it is switched for. 8o

r5 rheotome while or during the time the line is | use, a test receiving instrument grounded on

- switched for conversation, a test receiving | one side and adepted to be bro unht for test-
instrument grounded on one side and con- | ing into connection with the nemmlly open
nected on its other side to a test plug or de- | end of the line and a battery in the test-cir-
vice adapted to be brought for testing into | cuit thereby established, subetantmlly as set 85

20 connection with the nor mally open end of the | forth. ~
Iine, and a batteryin the test-circuit thereby | 13. In a telephone— Kehanﬂe system, a me-
estabhshed substantially as set forth. tallic-circuit line, one bmneh of which isnor-

10. In a telep.hone_ exchange system, a me- | mally or while and as long as the line is not
tallic-circuitline normally eonneeted through | switched for conversation connected to a go

25 & resistance tothe ground at the subscriber’s | ground wire or conneection at the central of- -
station, one branch of which is normally or ﬁee in whieh is a rheotome and the other
while and as long as the line is not switched | branch of which is normally open at the cen-
for conversation, “conmnected to a ground wire | tral office and said rheotome, in combination
or connection at the central ofﬁee a rheotome | with switching devices at the central office 9

30-In said ground wire or connection, and the | with contaect - points which disconnect the

- other branch of which is normally open  at | line from said ground connection through the -
the central office and said resistance, in com- | rheotome while or during the time said line

- bination withswitching devices inthe central | is switched for use, a remsta,nc,e at the sub-
office with contact- pomts which disconnect | seriber’s StELthI], a switch operated by the 100

35 saidlinefrom said ground connection through | subsecriber’s telephone to ground the circuit
the rheotome whﬂe orduring the time the hne of the line through said remsbanee while the
is switched for eonverqetmn a test receiving | telephone is not switched for use but not
instrument grounded on one side and con- otherwise,a test receiving instrument ground-

- nected on its other side to a test plug. or de- | ed at one side and connected on its other side 105

4o vice adapted to Be brought for testing into | to a test plug or device adapted to be brought

- connection with the nermally open-end of the | for  testing i1nto connection with the nor-
line and a battery in the test-circuit thereby | mally open end of the line, at the central of-
established, substantially as set forth. fice and a battery in the test-circuit thereby

-~ 11. Ima teleph‘ene—exehange system, & me- | established, substantially as set forth. 110

45 tallie-circuitline normally connected through 14. In a telephone-exchange system, a me-

a signal-receiving bell to. the ground at the | tallic-circuit line, one branch of which is nor-
subscriber’s station, one bmueh of which is | mally or while and as long as the line 1s not
normally or while and as long as the line is | switched for eenvereatmn connected to a
~ not switched for conversation cenneeted to a | ground wire or connection at the central of- 115
so ground wire or connection at the central of- | fice, in which is a rheotome and the other -
fice a-rheotome in said ground wire or con- | branch of which is normally open at the cen-
‘nection and the other branch of which isnor- | tral office, and said rheotome, in combination
mally open at the central office, and said bell, {: with csmtehmn* devices at the central office
in'combination with switching devices in the | with contact- _pemts which disconnect the line 120
- 55 central office with contact-points which dis- | from said ground connection through the

- connect sald line from said ground conneec- | rheotome while or during the time said line

tion through the rheotome while or during  1s switched for use, a swnel-—-1eee1v1nw bell at
the time the line is switched for conversation, || the subscriber’s Stdtl()ll a switch eperated |
“a test receiving instrument grounded on one | by the subseriber’s telephone with contact- 125

6o side and connected on its other side to a test- || points which ground the circuit of the line

- plug adapted to be brought for testing into || through said bell when the subseriber’s tele-
~connection with the normally open end of phone 18 not switched for use but not other-
the line and abatteryin the test-circuit there- || wise, a test receiving instrument grounded
by established, substantially as set forth. on one side and eonneeted on 1ts othel side 130

65 12. In a telephone-exchange system, a me- || to a test plug or device adapted to he hrought |
~ tallic-circuitlinenormally connected through | for testing into connection with the normelly
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open-end of the line, at the central office, and
a battery in the test-circuit thereby estab-
lished, substantially as set forth.

15. In a telephone-exchange system, a me-

tallic-cireuit line, one branch of which is nor-
mally or while and as long as the line is not,
switched for conversation, connected to a

eround wire or conneetwn at the central of-

flCB in which is a rheotome and the other
branch of which is normally open at the cen-
tral office, in combination with switching de-
vices at the central office with contact- pmnts

which disconnect the line from said ground

connection. through the rheotome while or

during the time said line is switched for con-
versation, a signal-receiving bell and a resist-
ance-coil at the subscriber’s station, a switch
operated by the subseriber’s telephone with
contact-points which ground the cireuit of the
linethroughsaid bell and resistance-coil while
the subscriber’s telephone i1s not switched for
use but not otherwise, a test recelving instru-
ment grounded on one side and connected on
its other side to a test plug or device adapted
to be brought for testing into connection with
the normally open end of the line and a bat-
tery in the test-circuit thereby established,
substantially as set forth.

16. In a telephone-exchange system a me-
tallie-circeuit line, one brmleh of whichis nor-

switched for conversation connected at the

central office to one side of a rheotome and

the other branch of which is normally open at
the central office to said rheotome, 1In combi-
nation with switching devices at the central
office with contact-points which disconnect
the line from said connection with the rheo-

tome while or during the time said line is

40

switched for use, a resistance at the subserib-

er’s station, a switeh operated by the sub-

45

55

60

scriber’s telephone, which connects the cir-
cuit of the line to the ground through said
resistance while the subscmber S telephone 18
not switched for use but not otherwise, a test
receiving instrument-connected on one side
to the other side of said rheotome and on its
other side to a test plug or device adapted to
be brought for testing into connection with

-said open branch of the line, and a battery in

the test-circuit thereby established, substan-
tially as set forth.

17. In a telephone-exchange system, a me-
tallic-cireuit line, one branch of which is nor-
mally or while and as Iong as the line is not
switched for conversation, connected at the
central office to one side of a rheotome and
the other branch of which is normally open
at the central o

bination with switching devices at the Cen-
tral oifice with contaet-points which discon-
nect the line from said connection with the
rheotome while or during the time said line
is switched for use, a signal-receiving bell at
the subscriber’s station, a switch operated
by the subseriber’s telephone, with contact-

as the line is not

fice to said rheotome, in com-

4

points which connect the circuit of the line _

to the ground through said bell while the
subseriber’s telephqne 18 not used but not
otherwise, a test receiving instrument con-
nected on one side to the other side of said
test-battery and onits other side to a test plug
or device adapted to be brought for testing
into connection with said open branch of the
line and a battery in the test-circuit thereby
established, substantially as set forth.

18. In a telephone-exchange system, a me-
tallic-circuit line normally or while and as

long as the line is not switched for conversa-

tion connected with the ground at the sub-
scriber’s station through a resistance but dis-
connected from the ground there when the
line is in use for conversation, one branch of
said line being normally connected at the
central office with one side of a rheotome and

“the other branch being open to the rheo-

tome, in combination mth switching devices

at the central office with contact- pomts which

disconnect the line from said rheotome when
or during the time said line is switched for

70

75

S0

QO

useand a testreceiving instrument connected

on one side to the other side of said rheo-

tome and on its other side to a test plug or
device adapted to be brought for tesling into

connection with said normally open end of

the line and a batterv in the test-circuit there-
by established, substantially as set forth.

19. In a telephone-exchange system, a me-

tallie-circuit line, one branch of which 18 nor-
mally connected with the ground wire or con-

nection at the central office in which is a
rheotome and the other branch of which is

normally open at the central office, and at
the subsecriber’s station a normal ground
connection of the line and a signal-bell in

said ground connection, in combination with

switching devices at the central ofiice which

disconnect said line from such ground con-:

nection through the rheotome when the line
is switched for conversation, a test receiving
instrument grounded on one side and con-
nected on lts other side to a switch plug or
device adapted to be brought into connection
with such normally open branch of the line,
and a battery in the circuit with the test re-
celving instrument between 1ts ground con-
nection and its test plug or device, substan-
tially as set forth.

20. In a telephone-exchange system, a me-
tallic-circuit line, one branch of which is nor-
mally connected to a ground wire or connec-

tion at the central office 1in which is a rheo-
tome and the other branch of which 18 nor-
mally open at the central office, and at the

subscriber’s station a normal ground connec-
tion of the line of some resistance, in combi-
nation with switching devices in the central

sald line from said ground connection through

| the rheotome while the line i1s switched for

conversation, a test receiving instrument
grounded on one side and connected on its

I1CO

105

I10

115

" I20

125

office with contact-points which disconnect

130
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other side to a test plag or device a,da,pted_to |

~be brought for testing into connection with
the normally open end of the line and a bat-

tery in the circuit with the test receivingin--

strument between its ground connection and
1ts test plug .or device, substantially as set
forth. |

In witness whereof I hereunto subscribe my

_imme this 23d day of June, 1890.

MILO G. KELLOGG.

Witnesses:
EMIL ABENHEIM,
ABBoTT L. MILLS.
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