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PaTENT OFFICE.
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SPECIFICATION forming part of Letters Patent No. 592,320, dated October 26, 1897.
Application filed November 29, 1889, Serial No. 332,023, (No model.)

To all whom it may concern:

Be it known that I, Miro G. KELLOGG, of
Chicago,Illinois,temporarily residing at Stutt-
gart,in the Empire of Germany,haveinvented
certain new and useful Improvements in Mul-
tiple Switchboards for Telephone-Exchanges,
of which thefollowing is a full, clear, concise,
and exact description, reference being had to
the accompanying drawings, forming a part
of this specification.

My invention relates to single-circuitlines;
and it consists in a system of testing such
lines to determine whether they are in use.

In the accompanying drawings, illustrating
myinvention,Figures1* and 1° are front views
of sections of two multiple switchboards to
which the same lines are connected. TFig. 2
is a diagram illustrating the main-line switch-
boards, apparatus, and connections necessary
to illustrate my invention. Fig. 8 is a dia-
gram of an operator’s cord system to be used
in connection with the boards. Fig. 4 is a
diagram of a subscriber’s-station apparatus.
Fig. 5 shows an operator’s test system.

In the figures like parts and apparatus are
indieated by the same letters of reference.

G+ is a ground connection.

In Fig. 2, A is asectional view of the switch-
board shown in Fig. 1*, and A’ is a sectional
view of the switchboard shown in Fig. 1Y,
eacl as indicated by the line d e.

There are as many boards in the exchange
as are necessary for the number of lines. On
each board is a spring-jack or similar switch
for each line. Kach 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 con-
nections) and is adapted to receive aswitch-
plug and when a plug is inserted to discon-
nect the spring from the contact-point. and
form connection between the spring and the
contact-piece of the plug.

In Fig. 2, g g represent the springs of the
different switches, % I the contact-points on
which the springs normally bear, and 5 the
insulated contact-pieces of the switches. 11
are theswitech-holes. « b are the rubber strips
on which the metal parts of the switches are
mounted and through the fronts of which
are the holes 7 /. These holes are adapted to

receive the switch-plugs (shown in Fig. 3 and
marked D D) and when a plug is inserted to
operate the switch, as above desecribed.

The contact-pieces j j should be so placed
that a test-plug may be readily applied to
them. Their functionis to form test-pieces for
their-lines on the different boards, and they
may be placed as shown orin otherconvenient
positions on the boards.

The connection of the lines to the switch-
board is as follows and as shown for line No.
1: The line passes successively through the
pairs of contact-points of its switches on the
boards, passing in each case to the spring
first. It then passes through its line-annun-
ciator and a resistance-coil to ground.

- w is the annunciator, and z the resistance-
coil. '

. The contact-pieces j 5 of the line are con-
nected to the line, the connection being be-
tween the switch contact-points on the one
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hand and the annunciator and resistance-coil

on the other hand.

- Fig. 3 shows an operator’s cord system with
one pair of cords and their plugs, switch, an-
nunciator, and the operator’s telephone and
calling generator or battery. The plugsD D
are constructed substantially as shown, m m
being the rubber insulations and # » the con-
tact-pieces, and they should be inserted into
the switches in such a position that the con-
tact-piece of the plug is in connection with
the spring and is not in connection with the
dontact-piece j. o0 is a metal strip on which
the bases of the plugs normally rest and
which then connects the contact-pieces of the
plugs with. the ground. . The circuits are as
shown.

. The method of connecting other pairs of
cords to the system and of operating the sys-
tem in connection with the boards will be ap-
parent to those skilled in the art. Each op-
erator has one cord system and as many pairs
of cords as she may need, and the parts are
conveniently placed and mounted for her
work. ‘

- Inthesubscriber’s-station apparatusshown
in Fig. 4,1 is the calling-generator; 2, the sig-
nal-bell; 3, the hand-telephone; 4, the tele-
phone-switeh; 5, the transmitter; 6, the pri-
mary of the induction-eoil; 7, its secondary
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coil; 8, the transmitter-battery, and 9is a re-
sistance-coil of suitable magnitude for the cir-
cuits. The contact-points and circuits are as
shown, orotherwise arranged, soas to perform
substantially the operations hereinafter de-
seribed. The calling-generator has an auto-
matic device which shunts the armature-coil
from the circuit in which the generator is
placed, except when the generator is operated.

It will be seen that when the subscriber’s
telephone is on its switch the signal-bell mag-
net only is in the cireuit of the line, except
when the armature is in ecircuit by the oper-
ation of the generator in ecalling, and that
when the telephone is taken from the switch
the secondary of the induection-coil, the re-
sistanee-coil, and the telephone are in the cir-
cuit of the line. The resistance of the line
will therefore be much greater when the tele-
phone is off the switch than when it is on the
switch. The resistance of the telephone and
secondary of the induction-coil combined in
well-designed telephoneapparatusfrequently
comes to about four hundred ohms, while the
resistance of the signal-bell magnets will be
about one hundred ohms. 1 utilize this re-
lation between the resistance of the parts in
the testing system, as will be seen. When
necessary or desirable, I also add artificial re-

sistance to the branch circuit, in which is the-

telephone and coil, as shown in the drawings.

In tlie operator’s test system shown in Fig.
5, T is the test-plug, S is the test receiving
instrument, B' is. the lest-battery, and G is
the ground connection. - They are connected
as shown, and each operator has a test system
suitably mounted and arranged for her work.
The instrument and battery are adjusted to
each other and the other parts as follows:
They are of such strength that when closed

to the circuit of a 'line through a test-piece j"

and the line is not switched at some board
and the subscriber’s telephone is on its switech
enough current will pass through the instru-
ment and to ground through the office ground
and the station ground of the line to operate

the instrument, but when the line is switched:

for use at the central office and the test-cir-
cuit tothe line is open, or when the additional
resistance is placed in the circuit by the sub-
scriber’s  telephone being taken from -its
switch, there will not enough current pass to
operate the instrument. The resistance. in
the ground-cireuit of a line may be well made
of several hundred ohms, as the generators
are generally made to operate the annuncia-
tors over resistances of several thousand
ohms, and the resistance in the telephone-
circuitat thesubscriber’sstation may be made
as required or convenient to produce test op-
erations on the test receiving instrument, as
above indicated. 'When an operator, there-
fore, makes a test of aline by placing her test-
plug on its test-piece and the line is not
switched for use and the subscriber’s tele-
phone is on its switch, the instrument will re-

spond, indicating that the line is ‘“free.” If,

592,320

however, either the line is switched or the
subscriber’s telephone is off from its switch,
the instrument will not respond, indicating
that the line is not free. . .

The test depends on the fact that an elec-
tromagnet with an armature and a retractile
spring acting on the armature may readily
be made to move or attract the armature
when in closed circuit with a battery and a
certain resistance and not to attract the ar-
mature when in closed circuit with the bat-
tery and a considerably greater resistance.
This construction and adjustment would de-
pend on the style of the electromagnet, the
strength of the retractile spring, the size of
the battery, and the resistance of the circuit.
With an electric bell of some ordinary con-
struction and a suitable retractile spring and
the use of about ten cells of test-battery the
required adjustment and operation would be
easy to produce with, say, five hundred ohms
resistance in the connection to ground from
the test contact-pieces and a variation in re-
sistanee of, say, five hundred ohms in the re-
sistance of the line when thesubscriber’s tele-
phone is switched for use and when it is not
thus switched.

‘The actual resistance of the line is not of
importance, so long as there is a suitable dif-

the telephone is on the switch and when it is
off to produce the proper adjustment and op-
eration of the test. In the illustration given
above the resistance of the line when the tele-
phone is on theswiteh-line may, for instance,
be two hundred and fifty ohms and the re-
sistance. when it is off be seven hundred and
fifty ohms. The figures.of resistances and
battery are illustrative and may be greatly
varied from the above and yet be made to
produce the described test operations.

In multiple-switchboard systems an oper-
ator to whom certain lines are assigned to
answer frequently receives several calls at
practically the same moment, and it may re-
quire some time before she can switech to a
certain line and answer its call. In systems
in which the test depends only on the line
being- switched at some board, another op-
erator may in the meantime test the line and
finding it to test ‘‘free” may switch it with
another line and cause annoyance and con-
fusion to the subsecriber. This cannot occur
in this system of testing, because as soon as
the subscriber takes his telephone from its
switeh the line will test ““busy?” whether or
notitisswitched at the central office.  Again,
in systems of testing which depend only on

switeh confusion frequently arises from the
fact that a subscriber places his telephone
on its switch when he is through conversa-
tion without sending in a clearing-out signal
and his line tests ‘‘ free” and is ‘‘ connected
to” when it is already switched with another
line. = Lines in this condition are technically
called ‘“tied up.” This, again, cannot occur

the subscriber’s telephone being on or off its’
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in this system of testing, because the line

willtest ‘“busy ” until it is disconnected at the

central office whether or not the subsecriber’s
telephoneis onrits switeh. Thesystem there-
fore combines the advantages and obviates
the disadvantages of the two general systems
of testing outlined above.

Iclaim as myinvention and desire to secure
by Letters Patent—

1. Atest-cirenitforasubsecriber’sline, from
the office ground through a test receiving in-
strument and battery to a test contact-plug
and thence to a line-contact when the test is
applied, thence in one direction to the office
ground through a comparatively high resist-
ance and in the other direction to the sub-
scriber’s ground through a pair of switeh-
contact points in the central office and the
subsecriber’s-station apparatus, in combina-
tion with a switch-plug which separates said
pair of contact-points while it switches the
line, and a switch, apparatus and circuits at
the subscriber’s station to switch apparatus
of comparatively high resistance into the eir-
cuit of line when the telephone is switched
for use and low resistance when itis not thus
switched, said test receivinginstrumentbeing
achusted to respond to eurrent of certain
strength, but not to respond to current of
considembly less strength, and said instru-
ment and battery being adjusted to each
other and said several resistances and the
circuit to the degree that the instrument
sounds when on the test being made neither
the telephone nor the line is switched for use
and not otherwise, substantially as set forth.

2. A test-circuitforasubseriber’s line,from
the office ground through a test receiving in-
strument &ud battery to a test contact- pluo"
and thenee to a line-contact when the test is
applied, thence in one direction to the office
ground through a comparatively high resist-
ance and in the other direction to the sub-
seriber’s ground through a series of pairs of

switch contact-points, one on each .of several
boards, in combination with switch-plugs

adapted to be inserted into the switches for
switehing and when a plug is inserted into a
switch to separate its said pair of contact-
points while the line is thus switched for use,
and a switch, apparatus and circuits at the
subseriber’s station to switch apparatus of
comparatively high resistance into the line-
circuit whilehis telephoneisswitched for use,
and of comparatively low resistance while it
is not thus switehed, said instrument being
adjusted to respond to current of certfun
strength, but not to respond to current of
considerably less strength, and said instru-
ment and battery being adjusted to each
other and said several resistances and the
circuit to the degree that the instrument
sounds when on the test being made neither
the telephone nor the line is switched for
use but not otherwise, substantially as set
forth.

3. Atest-circuit forasubscriber’sline, from

the office ground through a test receiving in-
strument to a test contact-plug and thence to
a line contact-point when the test is applied,
thence in one direction to the office ground
through a comparatively high resistance and
in the other direction to the subscriber’s
ground through a pair of switch contact-points
in the central office and the subscriber’s-sta-
tion apparatus; and a battery, in combination
with a switch-plug adapted to be inserted into
the switeh and when inserted to separate the
contact-points while the line is switched for
use, and a switeh apparatus and circuits at
the subseriber’s station to switch apparatus
of comparatively high resistance into the cir-
cuitof theline when the telephone is switched
for use and of comparatively low resistance
when it is not thus switched, said test instru-
ment being adjusted to respond to current of
certain strength, but not to respond to cur-
rent of considerably less strength, and said
instrument and battery being adjusted to
each other and said several resistances and
the circuit to the degree that the instrument
sounds when on the test being made neither
the telephone nor the line is switched for use
but not otherwise, substantially as set forth.

4. A test-circuit for asubscriber’sline,from
the office ground through a test receiving in-
strument and battery to a test contact-plug
and thence to a line contact-point when the
test is applied, thence in one direction to the
office ground through a comparatively high
resistance and in the other direction to the
subscriber’s ground through a pair of switch
contact-points in the central office and the
subscriber’s-station apparatus, in combina-
tion with a switeh-plug adapted to be inserted
into the switch and when inserted to separate
the said contact-points while the line is
switched for use and a switch at the sub-
seriber’s station with contact-points to switeh
histelephone, secondary of indunection-coiland
resistance-coil into the cireuit of the line while
his telephone is switched for use and the sig-
nal-bell into the cireuit while the telephone
is not thus switched, said test instrument be-
ing adjusted to respond to current of certain
strength, but not to respond to current of con-
siderably less strength, and said instrument
and battery being adjusted to each other and
said several resistances and the circuit to the
degree that the instrument sounds when on
the test being made neither the telephone nor
the line is sthched for use and not otherwise,
subst%nmally as set forth.

. Atest-cireuit for a subscriber’sline, from
the office ground through a test receiving in-
strument ’uo a test-plug, thence to a line con-
tact-point when the test is applied, thence in
one direction to the offiee ground through a
resistance-coil, and in the other direction to
the subseriber’s ground through a pair of
switch contact-points at the central office, and
the subsecriber’s-station apparatus, and bat-
tery,incombination with a switch-plugadapt-
ed to be inserted into the switch and when
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inserted to separate the said pair of contact-
points while the line is switched for use and
a switch- at the subscriber’s station with con-
tact - points to switch his telephone and sec-
ondary of the induction-coil into the line-cir-
cuit while his telephone is switched for use
and the signal-bell into the circuit while the
telephone is not thus switched, said test in-
strument being adjusted to respond to cur-
rent of certain strength, but not to respond
to current. of considerably less strength, and
said instrument being adjusted to the battery
and said several resistances and circuit to the
degree that it sounds when on the test being
made neither the subscriber’s telephone nor
the line is switched for use and not otherwise,
substantially as set forth.

6.. In a telephone-exchange sys’nem a sub-
seriber’s line grounded at 1ts outer end and
having in its circuit, in the station appara-
tus, a comparatively high resistance ‘while
his telephone is switched for use and a com-
paratively low resistance while it is not thus
switched, a switch at the central office hav-
ing a pair of contact-points normally in con-
tact but separated while the line is thereby
switched for use, and a test contact-piece in-
sulated from the rest (except by the circuit
connections), said line passing through said
pair of contact-points and thence to said test
contact-piece, in combination with a resist-
ance-coil grounded on one side and connect-
ed on the other side to the line-circuit be-
tween the contact-points and the test con-
tact-piece, and a test receiving instrument
with battery grounded on one sule 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 connection with said test
contact-piece, said instrumentbeing adjusted
to respond to current of certain strength,
but not to respond to current of considerably
less strength, and said instrument being ad-
justed to the battery and said several resist-

ances and circuits to the degree that it sounds.

when on the test being made neither the sub-
seriber’s telephone nor the line is switched
for use and not otherwise, substantially as
set forth.

7. In a telephone-exchange system, a sub-
scriber’s line grounded at its outer end and
having in its circuit in the station apparatus,
& compar. atively high resistance while his tele-
phone is sw1tched for use and a compara-

tively low resistance while the telephone is |

not thus switched, a series of switches at the

" central office for said line, one switch on each
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of several boards, each having a pair of con-
tact-points normally in contact but separated

while the line is thereby switched, and a test |

contact-piece insulated from the rest (except
by the circuit connections) said line passing
successively through its said pair of contact-
points and thence to said test contact-piece,

in combination with a resistance-coil ground- |

ed on one side and connected on 1’0& other
side to the line after it has passed through

said pairs of contact-points, and a test wire
or circuit containing a test receiving instru-
ment and battery, grounded on one side and
connected on its other side to a tést plug or
device adapted at the will of the operator to
be brought into connection with said test
contact-piece, said instrument being adjusted
to respond to current of certain strenwth but
not to respond to current of eons1de1ab1y less
strength, and said instrument being adjusted
to the battery and said several 1651stances
and the cireuits to the degree that it sounds
when, on the test being made neither the
subscriber’s telephone nor theline is switched
for use, but not otherwise, substantially as
set forth.

8. In a telephone-exchange system, a sub-
sceriber’s line grounded at its outer end and
at the subser 1be1 s station a switch with con-

tact-points to switch his telephone, secondary
of induction-coil and a resistance into the cir-
cuit while the telephone is switched for use
and the signal-bell into the circuit while it is
not thus switched, in combination with a test
contact-piece normally connected to the line,
switch contact-points which disconnect said
contact-piece from the line while the line is
switched for use, a resistance-coil connected
tosaid contact-piece on one side and grounded
on the other, and a test-wire containing a test
receiving instrument and battery, grounded
on one side and connected on the other side
to a test plug or device adapted to be brought
for testing into connection with said test con-
tact-piece, said instrument being adjusted to
respond to current of certain stlenoth but
not to respond to current of conmderably less
strength, and said instrument being adjusted
to Lhe battel y and said several rems’oanees and
circuits to the degree that it will sound when
on the test being made neither said telephone
nor the line is sw1tched for use and not other-
wise, substantially as'set forth.

9. In a telephone-exchange system, a sub-
sceriber’s line grounded at its outer end and
having in its cireuit at his station apparatus
of comparatively high resistance while his
telephone is sw1‘rched for use and of compara-
tively low resistance while it is not thus
switched, in combination with a series of test
contact-pieces, one piece on each of several
boards and normally connected to the line,
switch contact-points which disconnect the
line from its said contact-pieces while it is
switched for use, a resistance-coil connected
on one side to said contact- pieces and
grounded on the other side, in combination
w1th test receiving instruments, one at each
board, each gr ounded onone side and connect-
edon its other side to a test-plug adapted to be
brought for testing into connection with the
test confact -plece at its board, said instru-
ment being adjusted to 1e<pond to current of
certain strenwth but not to respond to cur-
rent of cons1delab1y less strength, and said
instrument being connected in cir cuit with a
battery and. adJllsted to it and said several
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resistances and the circuits to the degree that
it will sound when on the test being made
neither said telephone nor theline is switched
for use and not otherwise, substantially as set
forth.

10. In atelephone-exchange system, a sub-
seriber’s line grounded at its outer end and
having in its circuit at his station, apparatus
of comparatively high resistance while his
telephone is switched for use and of compara-
tively low resistance while the telephone is
not thus switeched, multiple switchboards,
switches for the line, each having a pair of
contact-points normally closed but open while
the line is switched at its board, test contact-
pieces, one on each board, and a resistance-
coil grounded on one side, said line passing,

-sucecessively, through said pairs of contact-

points and thence connected to said test con-
tact-pieces and to the other side of said re-

<t

sistance-coil, in combination with test receiv-
ing instruments, one at each board, 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 test con-
tact-piece at its board, said instrument being
adjusted to respond to current of certain
strength, but not to respond to current of con-
siderably less strength, and said instrument
having a battery in circuit with it and ad-
justed to the battery and said several resist-
ances and the circuits to the degree that it
will sound when on a test being made neither
said telephone nor the line is switched for use
and not otherwise, substantially as set forth.

MILO G. KELLOGG.

Witnesses:
F. D. KELLOGG,
MARGARETHA RIEHL.
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