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To all whomy it may concern:

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-Exchanges,
of which the following is a full, clear, concise,
and exact deseription, reference being had to
the accompanying drawings, forming a part
of this specification.

My invention relates to telephone-exchange
systems in which the lines are metallic-circuit
lines; and it consists in a system of switch-
ing, calling, and testing with such lines, which
I shall deseribe and claim.

I place as many boards in the central office
as are found necessary or desirable in order
to properly answer the calls and make the
necessary connections and disconnections.
On each board is a spring-jack or similar
switch for each line. Each switch hasa con-
tact -spring and a contact-piece insulated
from the spring except by the circuit connec-
tions and is adapted to receive a loop-switch
plag and, when a plug is inserted, to connect
the two contact-pieces of the plug with said
spring and-said contact-pieces, respectively.

Inthe accompanying drawings, illustrating
my invention, Figures 1* and 1° represent
sections of two multiple switchboards of the
exchange to which the same lines are connect-
ed. Fig. 2 shows a diagram of the boards
with the line connections and apparatus nec-
essary to illustrate my invention. Fig. 3
shows an operator’s cord system to be used
with the boards. Fig. 4 shows an operator’s
test system. Tig. 5 shows a subscriber’s-sta-
tion apparatus. .

In the drawings like parts and apparatus
are indicated by the same letters and figures
of reference. ’

G in each case represents a ground connec-
tion.

In Tig. 2, A is a sectional view of the switch-
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.

In Fig. 2, g g represent the springs of the
switches, and  j the insulated contact-pieces
of the switches. {lare the switch-holes. «?b

-are the rubber strips on which the contact-
pieces are mounted, as shown, and through
the fronts of which arethe holes I 7. The in-
sulated contact-pieces j 7 of the switches are
so placed that a test-plug or similar device
may readily be applied to them.

w and « are calling-annunciators, one for
each of the lines shown.

The circuit of a line is as follows and as
shown: One side or branch of the line is con-
nected with all the contact-pieces j j of its
switches on the boards. The other branch of
the line is connected with all the contact-
springs ¢ g of its switches on the different
boards and through the line-annuneciafor to
the ground. '

Inthe operator’s cord system shown in Fig.
3,D D are the loop-switch plugs. mm' are the
two contact-pieces of each plug. These con-
tact-pieces pass to the bottom of the plug-
handles, as shown, and are adapted to rest
normally (or when not in use) on the metal
plate o, which then connects the two contact-
pieces of the plug together. Y is a looping-
in switch for the pair of cords shown. v is
the clearing-out annunciator for the pair of
cords. ?istheoperator’s telephone, and B is
her calling generator or battery. The cir-
cuits are substantially as shown. ‘

~ Only one pair of plugs and cords with their
apparatus is shown. Other pairs, as required,
may be added to the system in a way which
will be apparent to those skilled in the art.

In the subscriber’s test system shown in
Fig. 4, T is the test-plug, connected with a
flexible cord and adapted to be brought for
testing into connection with any contact-piece
j at its board. S is the test receiving instru-
ment, and B’ is a test-battery. The parts are
connected together and-to the ground sub-
stantially as shown.

Each operator has a cord system and a test
system, and they are conveniently placed and
mounted for her work.

In the subseriber’s-station apparatusshown
in Fig. 5, 1 is the telephone -switch. 2 is
the calling-generator. 3is the signal-receiv-
ing bell. 41isthe subsecriber’s telephone. 5
is the secondary, and 6 is the primary, of the
induction-coil. 7 is the transmitter. 8 is
9 is a resistance-

the transmitter-battery.

6o

65

70

75

8o

gc

95

100




10

15

20

25

30

33

40

45

50

55

6o.

65

2 Co : 592,355

coil of suitable resistance to operate as here-
inafter described. These parts may be of
usual forms of apparatus and are connected
as shown or in other ways so as to perform
practically the operations required and the
operations hereinafter described. The gen-
erator, however, is modified, and is as shown.
When it is not in operation, the subsecriber’s
line is open to the ground at his station and
is on closed circuit, the two sides of the line
being closed at the contacts n 0. Whileitis
being operated the spring n passes out of
contact with o and into contact with p, and
the line is automatically connected with the
ground, with the armature-coil between said
connection and the connection of the line to
the ground at the central office.

In the normal condition the armature of
the generatorisshunted thus: One side of the
line is connected with the generator-frame at
g, and spring n is connected with the frame
and with one terminal of the armature-coil.
The other terminal of the armature is con-
nected with a contact on the shaft aupon which
the finger 7 bears, the finger being connected
with the other side of the line through the
bell and resistance when the telephone is on
its switch.

When a subscriber operates his generator
tosend in a call, his line is automatically con-
nected to the ground, with his armature-coil
between the connection and the central office
ground connection of the line, and the line-
annunciator will be operated, indicating his
call.

The connections of the subseriber’s-station
apparatus and switch are such that when the
subscriber’s telephone is on its switch the sig-
nal-receiving bell and the resistance-coil are
in the circuit of theline, and the telephone
and the secondary of the induction-coil are
shunted by a wire X of small resistance, so as
to be practically out of the circuit. Whenthe
telephone is off the switch, the telephone and
the secondary of the induction-coil are in the
cireuit and the signal-bell and resistance-
coil are practically out of the cireuit, being
shunfed by wire y. The resistance of the
telephone and secondary of the induction-
coil combined aggregate in well-constructed
apparatus about four hundred ohms and the
resistance of the signal-bell amounts to about
one hundred ohms. The resistance of the re-
sistance-coil is made such that when the tele-
phone is in iis normal position on its switch
the resistance of theline is much greater than
is the resistance in the circuit when the tele-
phone is off its switch for use. I utilize this
difference in resistance in the operation of
the test system, as will hereinafter appear.

‘When an operator receives a call, she places
one of a pair of her switch-plugsin the switch
of the line, the contact-piece m’ being in con-
nection with the spring g, and thereis a com-
plete circuit of the line established through
the two branches of theline, the two contact-
pieces of the plug used, the pairs of the con-

ductors of the cords, the two contact-pieces
of the other plug of the pair, and the metal
piece which then connects them together,
and the operator can by moving the switch'Y
connect her telephone with the circuit and
find out what line is wanted. When on test-
ing the line wanted she finds it to be free,
she places the other plug of the pair into its
switch, with the contact-piece m' in contact
with the spring, and the two lines are con-
nected together into one circuit. The cireuit
is as follows: from the ground through the
cord connected to the contact-piece m’ of one
of the plugs to the line belonging to the
switch in which the plug is placed, thence
through the circuit of the line, and the con-
ductors connected with the contact-pieces m
m of the plugs to the other line and through
the line to the contact-piece m' of the plug
ingerted into its -switeh, and thence to the
ground through the conducting-cord. When
two lines are connected together, the operator
may by operating the switeh Y of the pairof
cords used connect at will either her tele-
phone, her calling-generator, or the clearing-
out annunciator into the circuit.

It will be seen that when a switch-plug is
placed into the switch of a line, as described,
one branch of the line is grounded at the cen-
tral office by two circuits, one being through
the line-annunciator and the other through
the conducting-cord of the plug used. The
latter circuit is of much smaller resistance,
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and the annunciator is thereby shunted by a -

cireunit of so small resistance that any signal-
current sent over the line will not operate it.

‘When an operator receives a call on a line
assigned to her, she places one of the switch-
plugs of a pair in the switch of the line and,
moving the levers of the looping-in switch,
connects her telephone into the circuit and
finds out what line is wanted. She then tests
the line wanted, and if she finds it is not
busy she places the other plug of the pairin
its switch. = She then moves the levers of the
switch so that the calling-generator is in the
circuit and a signal-current is sent over the
circuit. ~ The calling-generator should be of
such strenglh that it will operate the sub-
scriber’s signal-bell through the resistance of
the two lines, including the resistance-coil in
circuit,while the subseriber’s telephone isnot
switeched for use. The ecalling - generators
generally used by operators are of such
strength as to accomplish this.
operator has senta calling-current to the cir-
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cuit, she moves thelevers of the switch sothat

the subscribers are connected together with
the clearing-out annunciator of the pair of
cords in the circuit.

The operator’s test receiving instrument
and battery should be soconstructed and re-
lated that when they are closed to the con-
tact-piece j of the switch of any line and the
line is not switched and the subscriber’s tele-
phone is not switched for use the instrument
will not sound, the resistance of the circuit
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being so great that the amount of current
passing through the instrument will not oper-
ate it, and that when the subscriber’s tele-
phone is switched for use and the resistance
of the cireuit is thereby diminished, as here-
tofore described, the instrument will sound,
and that when the line is connected with an-
other line and the resistance of the test-cir-
cuitsis reduced by the two channels afforded
to the current by the two lines which form a
multiple or parallel circuit for the test-cir-
cuit the instrument will sound. This con-
struetion and relation between the test re-
ceiving instrument and battery can be read-
ily obtained. It depends on the fact that an
electromagnet may be readily constructed so
as to operate when a battery and a certain
resistance is in circuit with it and not to op-
erate -when the resistance is considerably
greater. This operation can be made to de-
pend on the style of the magnet, the number
of convolutions of its coil, the size of the bat-
tery, and the adjustment of the retractile
spring.

When an operator desires to test any line
to determine whether it is free to be switched
to, she places her test-plug on the econtact-
piece j.of the line at her board. If the lineis
not switched for use at any board and the sub-
scriber’s telephone is not switched for use,
there is a eireuit from the ground through
her test receiving instrument and battery
and through the circuit of the line back to
the ground at the central office, and the re-
sistance-coil at the subseriber’s station being
in the circuit the test receiving instrument
will not sound, indicating to the operatorthat
the line is free to be connected to. If, how-
ever, the subscriber’s telephone is switched
for use, the resistance of the cireunitis so much
reduced that the instrument will sound on
making the test, or if the line is connected
with another line the instrument will sound
even though the subscriber may not have his
telephone switched for use, because the two
lines are in multiple or parallel circuit in the
test-circuit established and the resistance is
80 low that the instrument will be operated.
The test therefore shows that a line is busy,
whether it is switched for use or the subserib-
er’s telephone is switched for use.

It will be observed that when two subserib-
ers’ lines are switched together in metallic
cirenit, as described, the circuit is grounded
at the central office. This will not affect the
conversation so long as the circuit is not
grounded at some point, so that one subserib-
er’s station is between the two grounds.

In this system only two contact-points are
required for each line at each switch.

Telaim as myinvention and desire to secure
by Letters Patent—

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

tallie-circuit telephone-line normally open at
one end at the central office and permanently
grounded at its other end at the central office
and normally grounded there only in combi-

nation with apparatus and a switching device
controlled by the subscriber’s telephone and
greater resistance thereby switched into the
circuit of the line at the subscriber’s station
when his telephone is not switched for use
than when it is switched for use and a test
wire or cireuit containing a test receiving in-
strument and battery grounded at one end
and connected on its other side to a test plug
or device adapted, at the will of the operator,
to be brought into connection with the nor-
mally open end of the line, said test receiving
instrument and battery being so related that
the instrument will not sound when the test
is applied to the line and the line is not
switched for use with another line and the
subseriber’s telephone is not switched for use,
but will sound when the test is applied and
cither the line or the telephone is switched
for use, substantially as set forth.

2. In a telephone-exchange system, two or
more multiple switchboards at the central
office, and metallic-eircuit lines connected to
them, each line being normally open at one
end and connected to each board and at its
other end permanently grounded and con-
nected to each board, and normally grounded
there only, in combination with apparatus
and a switching device controlled by the sub-
scriber’s telephone and greater resistance
thereby switched into the cirenit of the line
at the subscriber’sstation when histelephone
is not switeched for use than when it is
switched for use and a test wire or circuit
containing a test receiving instrument and
batterygrounded at one end,and connected on
its other side to a test plug or device adapt-
ed, at the will of the operator, to be brought
into connection with the normally open end
of any line, said test receiving instrument
and battery being so related that the instru-
ment will not sound when the test is applied
to any line and the line is not switched for
use with another line and the subsecriber’s
telephone is not switched for use but will
sound when the testisapplied and either the
line or the telephone is switched for use, sub-
stantially as set forth.

3. In a telephone-exchange system, me-
tallic-circuit lines, multiple switchboards for
the same and switches, one switech on each
board for each line, each switch having two
contact-points, one of which is permanently
connected to one side of the line and is per-
manently connected with the ground and the
other of which is connected to the other side
of the line, in combination with apparatus
and a switching device at each subseriber’s
station controlled by the subseriber’s tele-
phone and greater resistance therebyswitched
into the circuit of hisline while his telephone
is not switched for use than is the resistance
while the teiephone is switched for use, test
receiving instruments, one at each board,
each instrument grounded on one side and
connected on its other side to a test plug or
device adapted at the will of the operator, to
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be brought for testing into connection with

any of said second-mentioned contact-points
of the switches at its board, and battery in
the test-circuit established on testing, each
test receiving instrument and battery being
so related that the instrument will not sound
when the test is applied to any line and the
line is not switched for use with another line
and the subscriber’s telephone is notswitched
for use, but will sound when the test is ap-
plied and either the line or the telephone is
switched for use, substantially as set forth.
4. In a telephone-exchange system, a me-
tallie-circuit telephone-line normally open
at one end at the central office and perma-
nently grounded at its other end at the cen-
tral office and normally grounded there only,
in combination with apparatus and a switch-
ing device controlled by the subscriber’s
telephone and greater resistance thereby
switched into the circuit of the line at the
subscriber’s station when his telephone is not
switched for use than when it is switched for
use, a test wire or circuit eontaining a test
receiving instrument grounded at one end
and connected on its other side to a test plug
or deviee adapted, at the will of the operator,
to be brought into connection with the nor-
mally open end of the line, and battery in
the test-circuit established on testing, said
test receiving instrument and battery being
so related that the instrument will not sound
when the test is applied to the line and the
line is not switched for use with another line
and the subscriber’s telephone is not switched
for use, but will sound when the test is ap-
plied and either the line or the telephone is
switched for use, substantially as set forth.
5. In a telephone-exchange system, a me-
tallic-circuit telephone-line mormally open
at one end at the central office and grounded
at its other end at the eentral office when the
lineis switched for conversation and normally
grounded there only, in combination with
apparatus and a switching device controlled
by the subseriber’s telephone and greater re-
sistance thereby switched into the circuit of
the line at the subscriber’s station when his

telephone is not switched for use than when
it is switched for use, and a test wire or cir-
cuit containing a test receiving instrument
and battery grounded at one end and con-
nected on its other side to a test plug or de-
vice adapted; at the will of the operator, to be
brought into eonnection with the normally
open end of the line, said test receiving in-
strument and battery being so related that
the instrument will not sound when the test is
applied to the line and the line is not switched
for use with another line and the subscriber’s
telephone is not switched for use, but will
sound when the test is applied and either the
line or the telephone is switched for use, sub-
stantially as set forth.

6. In a telephone-exchange system, a me-
tallic-circuit telephone-line normally open at
one end atithe central office and grounded at
itsotherend at the central office and normally
grounded there only, in combination with ap-
paratus and aswitching device controlled by
the subscriber’s. telephone and greater resist-
ance thereby switched into the eircuit of the
line at the subscriber’s station when his tele-
phone is not switched for use than when it-is
switched for use, a test wire or circuit contain-
ing a test receiving instrument grounded at
one end and connected on its othm side to a
test plug or device adapted, at the will of the
operator, to be brought into connection with
the normally open end of the line and battery
in the test-circuit established on testing, said
testreceiving instrumentand battery being so
related that the instrument will not sound
when the test is applied to the line and the
line is not switched for use with another line
and the subscriber’s telephone is not switched
for use, but will sound when the test is ap-
plied and either the line or the telephone is
switched for use, substantially as set forth.

In witness whereof I hereunto subseribe my
name this 20th day of December, 1889.

MILO G. KELLOGG.

Witnesses:
EMIL ABENHEIM,
MARGARETHA RIEHL.
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