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- To all whom it may concern:
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IBe it known that I, M1ino G. KELLOGG, of
Chicago,Illinois tempora,nlylesﬂmwatStutt

gart, in the Empu e of Germany,haveinvented
cer tam newand useful Improvements in Mul-

tiple Switchboards for l'elephone-Exchanges,
of which the following is a full, clear, concise,
and exact descr 1pt101:1 reference belnﬂ' had to
the accompanying drawings, forming a part
of this specification.

My invention relates to smolucuemt tele-
phone - lines; and it consists in a system of
testing such hnes to determine whether they
are in use.

In the accompanying drawings, 1llustmtm0*
my invention, Figures 1* and 1° are fr ont
views of sectmns of two multiple switch-
boar ds to which thesame lines are connected.
Fig. 2 is a diagram illustrating the main-line
sw’ltehbom ds, apparatus, _and connections
necessary to 111115131 ate my invention. Fig.
3 1s a diagram of an operator’s cord system
to be used in connection with the boards.
Fig. 4 is a diagram of a subscriber’s-station
appamtus FID' 5 shows an operator’s test
systemn.

In the figures like parts and apparatus are
deswnated by the same lettels and numerals
of wfel ence.

G represents the mound connection.

In Fig. 2, A is a:sectional view of the
sw:xtchboard shown in Kig. 1*, and A’ is a
sectional view of the board shown in Fig. 1b

each as indicated by the line d e.

There are as many boards in the exchanwe
as are necessary for the number of Imes
On each board is a spring-jack or similar
switch for each line. Each switch hasacon-
tact-spring which normally bears on an in-
sulated contact-point and has a contact-piece
insulated from the rest (except by the cir-
cuit connections) and is adapted to receive a

switeh-plug and, when a plug is inserted, to

disconnect the spring from the eontact-pomt
and form connection between the spring and
the contact-piece of the plug.

In Fig. 2, g g represent the springs of the
dlffelent switches, 2 i the contact - points,
and 7 7 the contact-pieces. 1 {are the switch-
holes. @ b are the rubber pieces on which
the metal parts are mounted and through the

contact g.

fronts of which are the holes [ (.
are adapted to receive the switch - plugs,
(shown in Fig. 3,) and when a plug is in-
serted to opemte the switch, as above de-
sceribed. |

The contact- -pieces g should be 80 placed

that a test-plug may be readily applied to
them. Their function is to form test-pieces

for their lines on the different boards, and

they may be placed as shown, or in other con-
venient pommom on the bnmds
Thesubsecriber’s-line connections are shown

in Kig. 2, each line passing through test-con-

tacts 5, thence through the pairs of contacts
g i in the order named, thence through a
resistance x and anuuncmtm w to ﬂ*lound
at G. The order of the resistance aud an-
nunciator isimmaterial. The resistance may
be in the annunciator or the annunciator
may be omitted and some other equivalent
method of calling be used. The resistance
may be a coil or any substantial equivalent.
Under these conditions a plug D may be in-
serted either way into a jack and make con-
nection with either test-contact j or spring-
The order of the contacts ¢ i may
be reversed and the plun' so inserted into the
jack that its contact 7 makes connection
with the test-contact j, thus establishing a
connection with the line conductor. -

- Fig. 3 shows an operator’s cord system.

Two plugs D, composed of insulating mate-

rial m, have contacts n so mounted as to make
connection with a test-contact ;7 or spring-

contact ¢ when inserted in a jack and to

make connection with a base-plate o,grounded
at G when resting in their normal p081t10n

The contacts of the two plugs are connected
together by a flexible cord conductor d, in the
circult of which is a looping-in switeh Y,
adapted to be placed upon either of the pairs
of contacts g g » r s s, and thereby loop in a
clearing-out annunciator v, a call-generator
B, or an operator’s telephone set 7. Whenin
use, the cireuit of the looping-in switch Y is
completed over two connected line-circuits or

T'hese holes
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over one connected line-circuit and ground

G through the base-plate o. 'The switech Y

normally rests upon the contacts g g, looping
in the clearing-out annunciator v, there be-
| ing a separate annunciator individual to each

100
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pair of plun's

board where the operator works. The call-

generator may be common to all or only some

of the pairs of plugs of the exchange, the con-

nections being apperent to those skﬂled in ;
the art.
- Fig. 4 shows one of the many possﬂ:)le ar-

rangements of the subscriber’s outfit that may |
The line conductor |
normally runs through the bells 2, the short
circuit 15, and contacts P q, eround the gen- |
erator 1, thence by conductor 14 to the smtoh-
lever 4, contact 9, short circuit 1.3, around the
receiver set to ﬂ'round at G. The resistance

of. the circuit bemn‘ mostly
- ordinarily about one hundred ohms.

be used in myinvention.

~ the telephone is off the switch and is thus
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switched. for use, the circuit of the line con-

‘ductor is continued through the short circuit :
12 and contact 11, around the bells and gen-
erator, SWltOh"16V6P4 resistance 9, Seeonda1y§
. coil 7 of the induction - coil, receiver 3 to .
ground at 'G. The resistance of this circuit :
in well-designed apparatus is at least four'
The resistance 9 may add as .
“many ohms to this circuit as desired.

hundred oh Ins.

It may
be a coil or anyother substantial equivalent.

- Inanner.
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ko
batteryis used for two or more test receiving
instruments and plugs, in which case theyf

seriber’s circeuit has a low resistance, and

‘when the telephone is off the hook the sub-
This ;

seriber’s cirenit has a hlgh resistance.

difference is utilized in the test eyetem as !

will be described.
In Fig. 5 is shown an operator s test outfit

- comprising a test-plug T, a test receiving in-

strument S, and a test- Datt ery B, all grounded

at G. The orderof the test reoewmg instru- .

iment and battery is immaterial unless one

should be connected in the order named.
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 et any board and |

oo

the subsecriber’s telephone is on 1ts switch |
enough current will pass through the instru-
mentand to ground through the office ground |
- and the station ground. of the line to opera,te

theinstrument; butwhen the lineis switched .
for use at any board. and the circuilt to the:
; office ground is open or when the additional :
resistance is placed in the line-circuit by the
subscriber’s telephone being taken from its |

‘The operator S telephone Set_;'
{ is common to all the pairs of plugs at the

in the bells 2 is
When

N Al . woas R -

1 cuits.
While the telephone is switched for use, the |
circuit-of the transmitter 5 and battery 8 is .
closed through the primary coil 6, contact 10, :
lever 4, and conductor 14. This lever 4 is
| -prefembly, though not necessarily, the usual -
automatic SWltCh When the telephone ison
its switch and the generator is opereted 1t
cuts itself into hne circuit by openmﬂ‘ the
pairof contacts p g eutometloally in the usua,l 5

i}

|
I
|
l
1

i
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l
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switeh enough current will not pess through
the mstrument to operate 16, ’I‘he1e81stanee
in the ground-circuit of a line may without in-
convenience be made several hundred ohms,
as the generators are commonly made to oper-
ate the annunciators over resistances ot sev-

1 eral thousand ohms, and the resistance in the
telephone-circuit at the subscriber’s station:

may be made, as required or convenient, to

75

produce the test operations on the test receiv-

ing instrument, as above indicated.

The necessary resistance required to be.

placed in the. ground-circuit of each line at

the central ofﬁee might be moluded in the line

annunciator-coil.

The test depends on the fact that an elec-
tromagnet with an armature and a suitable
retmetﬂe spring may be made to operate or
move the armature when closed in circuit
with a battery of given sftrength through a
comparatively smell remetonce and not to
move the armature when the resistance 1s

considerably increased. This adjustment
and operation would be determined by and

depend on the style of the electromagnet, the

strength of the retractile spring, the size of

the battery, and the resistances of the cir-
The adjustments to obtain the re-
quired test operations are easy to obfain.

For 1nstenee, the resistance in the line-cir-
cuits in exchanges of ordinary character may

be made about five hundred ohms for each
line when the subscriber’s telephone 18 not
switched for use and, say, one thousand ohms
when the telephone is switched for use, and
the resistance in the circuit of each line be-
tween its test contact-pieces and the normal

| ground connection may be, say, three hun-
"~ Ttwill benoticed thet normally, or when the |
telephone is not switched for use, the sub-:

dred ohms. Thetest-bell may have, say, one

justable retractile spring. Ten or twelve

cells of test-battery might be used. When

the operator makes the Jest of a line by ap-
plying the test-plug to the contact-piece 7 .of
the line and the line is not switched with an-
other line at the central office and its sub-

seriber’s telephone is not switched for use,
the resistance of the test-circuit (exclusive of

the operator’s test system) would be about

one hundred and eighty-seven ohms and

| the test receiving instrument would sound.
Should, however the subseriber’s telephone

| be switched for use, (the line not yet being

switched,) such resistance of the test-cir cuit
would be 1nereased to about two hundred and

| sound. Should the two_lines be connected
tocfethe1 and their telephones be switched for

8o

Q0

95

I00.

105

‘hundred ohms resistance and a suitable ad- |

11O
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_thu‘ty' ohms and the instrument would not

125

use, the resistance of the test-circuit (exelu-
sive of the operator’s test system) would be

about five hundred ohms. Should the lines
be connected together and only one of the
telephones be svntohed for use, the resistance

would-be about three hundred and thirty-

three ohms, and should neither telephone be
switched for use the resistance would be
about two hundred end ﬁfty ohms.

130
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these cases the resistance is so much greater |
than that when neither the line nor the tele-

phone is switched for use that the required
test operations and adjustment would be easy
to obtain.

The operator stelephone set1s 8o construct-
ed as to have a high resistance, so that when
connected on one side of the line-circuit being
tested and on the other to ground through a
plug D, resting on a base- pl&te 0, the test re-
ceiving instr ument of the te%tmn' operator

- will not respond and will thus 111(110&136 that

- 2Q
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already switehed with another line.
this condition are technically called ‘‘tied

_up'”

substituted.

the line is free. When an operator, there-
tore, makes a test of a line by placing the
test-pluw on the line test-piece and the line
1s not switched for use and the telephone is on
1ts switch, the test receiving instrument will
respond, mdmatmﬂ that the line is ‘“‘free.”
If, however, either the line is switched for
use, or the subscriber’s telephone is off from
its switch for use, the instrument will not
respond, indicating that the line is not free.

In multlple-smtchboard systems an oper-

ator to whom certain lines are assigned to an-
swer frequently receives several ealls at prac-
tically the same moment, and it may require
some time before she can switch to a certain
line and answerits call. Insystemsin which
the test depends only on the line being
switched at some board another operator may,
in the meantime, test the line, and finding it
to test “*Iree” may switch it with another lme
and cause annoyance and confusion to the
subseriber. This cannot occurin this system
of testing, because as soon as the subscriber
takes his telephone from its switch the line
will test ““busy” whether or not it is switched
Again, in systems of
testing which depend only on the subscriber’s

telephone being on or off its switch confusion

frequently arises from the fact that a sub-

seriber places his telephone on its switch

when he 1s through conversation without

sending in a clearing-out signal, and his line

and 18 ‘* connected to?” when it is
Linesin

tests ““‘free”

Lines cannot become tied up in this
system, because the line will test ““ busy” un-
til it 1s disconnected at the central office,
whether or not the subscriber’s telephone is
on its switch. 'The system therefore com-
bines the advantages and obviates the disad-

vantages of the two generalsystems of testmcr
Omzlmed above.

It is obvious that instead of a ground con-
nection any other common conductor may be
- There may be a common wire
connected to all the wires shown as grounded,
or each circuit may have a return metallic
conductor, all said conductors being joined
together at central and connected to the wires

-shown as grounded.

I claim as myinvention and desue to secure

by Letters Patent—

1. Atest cncmtforasubscmber sline, from
the office ground through a test receiving in- |

strument :zmd ba,ttery to a test-plug,

Ve

strument and b&ttery to a test- plug,
to a line-contact when the test is applled
thence in one direction to the office ground
through a pair of switch contact—pmnts nor-

thence |

70

mally 1n contact but separated while the line

i1s switched at their board and thr 0110'11 aQ re-
sistance and in the other direction to the sub-

scriber’s ground through his station appara-
tus and a smt(,h havmn' contacts and connec-

75

tlons at the subseubel s station to switech a

comparatively high resistance into the ¢ircuit
of the line while the telephone is switched for

use and a comparatively low resistance while
the telephone is not thus switched, said test
recelving instrument bheing so adjusted to
the battery and the circuit that it will sound
when on a test being made neither said tele-
phone nor the line is switched for use, sub-
stantially as set forth.

2. Atest-circuitforasubscriber shne from
the office ground through a test IGCGIVIHU‘ in-
strument &Ild battery to a test-plug, thence
to a line-contact when the test is apphed
thence in one direction to the office ground
through a series of pairs of contact- pomtq
one pair on each of several boards, each pair
normally in contact but open Whlle the line

is switched at their board and thr ough a re-

sistance and in the other direction to the sub-
seriber’s ground through his station appara-
tus, and a switch havmrr contacts and con-
necmons at the subsecriber’s station to switch
a comparatively high resistance into the cir-
cuit of the line while the telephoneisswitched
for use and a comparatively low resistance
while the telephone is not thus switched, said

test receiving instrument being so adjusted

30
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to the battery and the circuit that it will rog

sound when on a test being made neither said

telephone nor the line is switched for use but
not otherwise, substantially as set forth.

3. Atest- mrcult for asubscriber’sline, from

the office ground, through a test receiving in-
thenee
to -a line-contact when the test is apphed
thence, in one direction, to the office ground
through a pair of switch contact- pomts nor-
mally in contact but separated while the line

18 switched at their board, and through a re-

sistance and, in the other duectlon to the
subseriber’s ﬂ'lound through his station ap-

‘paratus, and a switch at the subscriber’s sta-
tion with contact-points which switch his tele-
phone, secondary of induction-coil and a re-

sistance into the circuit of the line while his
telephone is switched for use and a signal-
bell into the circuit while the telephone is not

thus switched, said test receiving instrument

being so0 adJusted to the b&ttely and the cir-
cuit that it will sound when on the test being

made neither said telephone nor the line is

switched for use but not otherwise, substan-
tially as set forth.

4. In a telephone-exchange system, a sub-—

seriber’s line normally grounded through a

pair of switch-contacts and a resistance at the

central office, a test-piece for the line con-

IIO
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120
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nected to the line between the subsecriber’s
station and the pair of switch-contacts, a call-

- bell normally in the normal ground connec-

tion - of the line-circuit at the subscriber’s
station,thesubscriber’stelephone and switeh,
and contacts and connections whereby anin-
creased resistance is included in the line-cir-

~ cuit when said telephone is removed from the

10O

switeh, in combination with a test instrument
and battery at the central office grounded on
one side and connected on the other side with
a test-plug adapted to be brought into con-

- nection with the test-piece of the line.

5. Atest-circuitforasubscriber’sline, from
the office ground, through a test receiving in-
strument and battery to a test-plug, thenee

- to a line-contact when the test is applied,

20

thence, in one direction to the office ground

through a series of pairs of contact-points,
one pair on each of several boards, each pair

‘normally closed but open while the line is

switched at their board and a resistance, and,
in the other direction, to the subscriber’ e

~ ground through his station apparatus, in com-

25
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bmetwn with a switch at the qubserlbel s sta-
tion with contact-points which switech his tele-
phone, secondary of induction-coil and a re-
sistance into the circuit of the line while said
telephone is switched for use and the signal-
bell into the circuit while the telephone is not
thus switched, said test receiving instrument

being so ad]ueted to the ba,tterv and the cir-

cuit tha,t it will sound when on the test being
made neither said telephone nor the line i
switched for use but not otherwise, substan-

tially as set forth.

6. In a telephone-exchange system, a sub-
scriber’s line grounded at 1ts outer end and
having in 1ts elreult at the subscriber’s sta-
tion a comparatively high resistance while

- his telephone is SW1tehed for use and a com-

55

paratively low r esistance while the telephone
is not thus switched, and at the central of
a switch with a pair of contact-points nor-
mally in contact but open while the line is

switched by it, a test contact-piece insulated

from the rest (except by the circuit connec-
tions), and a resistance grounded on one side,

said line passing through saild pair of con-
50

tact-points and thence to the other side of
said resistance and said test contact-piece
being connected to the line before the line
passes to said contact-points, in combination
with a test wire or circuit, containing a test
receiving instrument and battery, grounded

~ a test plug or device adapted to be brought
- for testing into connection with said test con-

00

tact-piece, said instrument being so adjusted
to the battery and circuits that 1t will sound
when on a test being made neither said tele-
phone nor the line is  switched for use but not
otherwise, substantially as set forth.
7. In a telephone-exchange system, a sub- |

seriber’s line grounded at 11:5 outer end and |

having in its eireui_t. at the subscriber’s sta- |

ey

ice |

592,323

tion a comparatively high resistance while

the telephone 1s switched for use and a com-

‘paratively low resistance while the telephone

is not thus switched, and at the central office
a series of switches, one switch on each of

70

several boards, each switch having a pair of

contact-pointsnormally closed but open while

the circuit connections), and a resistance

i erounded on one side, said line passing, suc-
'cesswely through said pairs of eontact-points.

and thence eonneeted to the other side of said
resistance, and said contact-piece being con-

pairs of contact-points, in combination with

a test wire or circuit containing a test receiv-
ing instrument and battery, grounded on one
‘side and connected on its ethel side to a test

plug or device adapted to be brought for test-
ing into connection with said test contact-
piece, said instrument being so adjusted to

‘the battery and circuits that it will sound
when on the test being made neither said

telephone nor the line is switched for use but
not otherwise, substantially as set forth.

8. In a telephone-exchange system, a sub-

scriber’s line normally grounded at its outer
end and at the subscriber’s station, a switch

with contact-points to switch his telephone,.

secondary of induction-colil and a resistance
into the circuit of the line while said tele-
phone is switched for use and the signal-bell
into the circuit while the telephone is not
thus switched, and at the central office a
switeh with a pair of contact-points normally
in contact but open while the line is switched

by it, a test contact-piece insulated from the

rest (ex:eept by the circuit connections) and
a resistance grounded on one side, said line
passing thleun‘h said pair of contact-points
and thence to the other side of said resistance
and said contact-piece being connected to
the line before the line passes to said contact-
points, in combination with a test wire or

circuit containing a test receiving instrument
~and battery, g

rounded Oon. one. elde and con-
nected on its other side to a test plug or de-

vice adapted to be brought on testing into
~connection with said test contact-piece, said

instrument being so adjusted to the battery

‘and circuits that it sounds when on a test
‘being made neither said telephone nor the
line is switched for use but not otherwise,

‘substantially as set forth.
at one end and connected at its other end to |

9. In a telephone-exchange system, a sub-
seriber’s line grounded at its outer end and

‘having in its e¢ircuit in the subseriber’s sta-
‘tion, apparatus of comparatively high re-
-sistance while his telephone is switched for
use and apparatus of comparatively low re-
-sistance while the telephone is mnot thus
‘switched, in combination with a test contact-

piece at the central office permanently con-
nected to the line, a resistance normally con-
nected on one side to the line a,nd connected

| the line is switched at their board, a test con-
tact-piece insulated from the rest (exeept by

75 -
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nected totheline before the line passes to said

go
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on the other side to the ground, switch con-
tact-points which disconnect the line from
sald resistance while the line is switched for
use,and a test wire or cireuit containing a test,
receiving instrument and battery, 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 said test con-
taet—plece said instrument being so adjusted
to said battery and the circuits that it sounds
when on the fest being made neither said
telephone nor the line is switched for use but
not otherwise, substantially as set forth.

10. In a telephone-exchange system, mul-

tiple switchboards, a subscriber’s line ground-

ed at its outer end and having in its circuit
at the subscriber’s station, apparatus of com-
paratively high resistance while his tele-
phone 1s switched for use and apparatus of
comparatively low resistance while the tele-
phone is not thus switched, and at the cen-
tral office a series of test contact-points, one
on each of the multiple boards and connected
to the line, a resistance connected on one side
to the ground and normally connected on its
other side to the line, and switech contact-
points which disconnect the line from said
resistance while the line is switched for use,

in combination with a test wire or circuit ab
each board containing a test receiving in-
strument and battery, grounded at one end

‘and connected atits other end to a test plug or

device adapted to be brought for testing into
connection with said test contaet -plece, said
instrument being so adjusted to the battery
and circuits that it sounds when on a test
being made neither said telephone nor the

it

line is switched for use but not otherwise,
substantially as set forth.

11. In a telephone-exchange system, mul-

tiple switchboards, atelephone-line grounded -

at its outer end and having at the subsecrib-
er’s station, apparatus of comparatively high
resistance in 1ts circuit while his telephone
1s switched for use and of comparatively low
resistance while it is not thus switched, test
contact-pieces, one on each board and each
connected to the line permanently, switches

for the line one on each board and each con-

taining a pair of contact-points normally
closed but open while the line is switched at
their board, and a resistance grounded on
one side, said line passing, sucecessively,
through said pairs of contact- points and
thence connected to the otherside of said re-
sistance, in combination with test receiving
instr uments one at each board and wrounded

- 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 instruments each
having a battery in its test-circuits and being
so adjusted to the battery and the circuits

that it sounds when on a test of the line be-

ing made neither the telephone nor the line
18 switched for use but not otherwise, sub-
stantially as set forth.

In witness whereof I hereunto subscribe my
name this 18th day of October, 1889.

MILO G. KELLOGG.

YWitnhesses:

FrANCES D. KELLOGG,
MARGARETHA RIETHL.
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