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To all whom it may concern:

- Be 1t known that I, MiLo G. KELLOGG, of
Chicago, in the eﬂuntv of Cook and State of
Tllinois, temnm ‘Lnlylesmhng at Stuttgart, in
the Empue 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 descuptmn 1eferenee bell’]”‘ had to
the accompanying drawings, foumng a part
of this specification. -

My invention relates to a telephone-ex-
change system in which the lines are single-
cir cult lines grounded at their outer ends; and
1t consistsin asystem of testing the lines to de-
termine whether they are in use.

In the drawings illustrating my invention,
Figures 1* and ik represent sectlons of tWo
111111t1ple switchboards of the exchange to
which the same lines are connected. i g, 2
shows a diagram of the boards with the main-
line apparatus and connections necessary to
illustrate my invention. Fig. 3 shows a di-
agram of an operator’s cord system to be used
in connection with the boards. TFig. 4 shows
an operator’s test system to be used at the
boards.

InFig. 2, A isa sectlonal view of the switeh-
hoard shown in Fig. 1*, and A’ is a sectional
view of the switchboard shown in Fig1°, each
as indicated by the line d e.

I place as many boards in the central office
as are found necessary or desirable in order
to properly operate the exchange. On each
board is a spring-jack or other smtable switch
Hach switch has a contact-
spring which normally connects with an in-
sulated contact-piece and is adapted to re-
ceive a loop-plugand, when a plugisinserted,
to disconnect the spring from the contact-
piece and connect the two contact-pieces of
the plug with the spring and said insulated
contact - piece, respectively.
also adapted to receive a single-contact
switch-plug and, when a plug is mserted to
disconnect the splmn' from the eontaet—-plece
and connect the spring with the contact-piece
of the plug. In the construction of the

switches as shown and as will hereinafter be
described I prefer to have a contact-point

of the contact-pieces of the loop plugs.

The switch is

| electrically connected with the contact-piece
and on which the spring normally bears, as
there is less chance of poor connection when

the spring bears on a pointthan when it bears

on a surface adapted to be brought into con-
nection with the plug-contacts.

In Fig. 2, ¢ ¢ represent the springs of the
different switches, v i the contact-points on
which the springs normally bear, and 5 5 the
contact-pieces of the switches connected with
the points it h.- [ [ are the switch-holes. «
b are the rubber strips on which the metal
parts of the swz.tehes are mounted, asshown,
and through the fronts of which are the
switeh-holes 1. The contact- -pieces 7 7 are so
placed along one of the surfaces of the plug-
holes as readily to form connection with one
The
holes [ [ are adapted to receive the switch-
plugs shown in FFig. 3 and marked D D, and
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when a plug is inserted into a switch it raises |

the spring ¢ from the contact-point 7 and
the spring g and contact-piece of the plug are
in contact. These holes are also adapted to
recelve the loop-plug shown in Fig. 4, and
when & pluw is inserted into a hole, 1t raises
the spring of the switeh from the contact-
point /2 and the spring ¢ and the contact-
piece 7 of the switch are in contact with the
two contact-pieces of the plug, respectively.

w and « are calling-annunciators, one for
each of the lines shown. T'wolines areshown
in the drawings, one marked line No. 1 and
the other line No. 2. These lines are ordi-
nary single-circuit lines grounded at their
outer ends and having at the subsecribers’
stations any usual and appropriate subsecrib-
er’s-station apparatus. KEach line passes sue-
cessively through the pairs of contacts of its
switches on the several boards, passing in
each case to the spring first. It then passes
through its line-annunciator to the ground.
The circuit of each line shown may thus be
traced in Fig. 2. |

In the oper rator’s cord bystem shown in Fl“‘
3, D D are the switch-plugs of a pair of GOI‘db
n 1 are the rubber msulﬂtlons of the plugs,
and m m are their contact-pieces.
tact-pieces pass each to the bottom of its plug
and are aclapted to rest normally, or when the
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plug is not in use, on the metal piece o, which | then moves the switch Y of the pair of cords

then connects it with the ground. Weights,
as 18 usual, or similar devices may be used to
bring the contact-pieces of the plugsinto con-
tact with the piece o and secure a good con-
nection. These plugs are adapted to be in-
serted into any of the switches at their board,
and when a plug is inserted it operates the
switch, asabovedescribed. The plugsshould
be inserted so that the contact-piece m is in
contact with the spring g. The connections
of the lines might have been reversed, so that;

the lines pass first to the contact-piece j of

each of their switches, and in that case the
plugs should be inserted in such a position
that their contact - pieces form connection
with the pieces j of the switches.
looping-in switch for the pair of cords shown.
K is the calling-key. R is a resistance-coil,
and v is a clearing-out annunciator. ¢ 1is the

operator’s telephone, and B is her calling

oenerator or battery.
stantially as shown.

The two contact-pieces of the plugs are con-
nected by flexible conductors to the two le-
vers, respectively, of the looping-in switeh.
One of the pairs of contact-bolts of the switch
are connected together through the clearing-
out annunciator and the other pair are con-
nected through the operator’'stelephone. The
lever of the calling-key is connected to one of
the cords, and the point of the key is grounded
through the calling generator or battery. The
resistance-coil is placed in the circuit of the
other cord of the patr. |

The operation of the system in connection
with the switchiboards will be apparent to
those skilled in the art. | |

It will readily be apparent that when a line
is switched by the insertion of a plug into its

The circuits are sub-

- switch the line is disconnected from its nor-
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mal ground af the central office and 1s con-
nected into a circuit with the pair of cords
and that the resistance-coil of the pair of
cords is in 1ts circuif.

pairs, with their accompanying apparatus, as
the operator may need, will be apparent to
those skilled in the art. | | |
The subseriber who desires a connection at
the central office operates his calling-gener-
ator, as is usual. The annunciator of the
line is thereby caused to indicate a call. The
operator thereupon places one of the plugs D
of a pair of plugs in the switch of the sub-
scriber’s line and, the switch Y of the pair
of cords being in position, so that her tele-
phoneisin circuit with the pair of cords, finds
out what line is wanted by the subscriber.
When this is found out, she tests the line

- wanted, and if it is not in use she places the

other plug of the pair into the switch of that
line. The two subscribers’ lines are thereby
included in a combined circuit. By press-

ing on her calling-key the subscriber’s bell

~of the line wanted is rung. The operator | retractile spring.

Y is the |

Only one pair of cords |
are shown, but the connection of such other |

' the resistance is considerably larger.

so that the clearing-out annunciator v 1s In
the circuit of the two lines connected to-
gether for conversation. When the sub-
seribers are through conversation, either ot
them will operate his calling-generator in the
usual manner to send a clearing-out signal
to be indicated on the clearing-out annunci-
ator left in the ecircunit of the lines.

Toeach pair of cords, with its plugs, belong

a looping-in switch, a resistance-coil, a clear-
ing-out annunciator, and a calling-key. One

| telephone and one calling-generator will an-

swer for her system of cords. The plugs
should be inserted into the switches of the
lines so that the calling-key is connected to
the circuit of the cords between the resist-
ance-coil and the switch-plug inserted into
the line whose bell it may be desired to ring.

| If desired, two calling-keys may be used for

each pair of cords, one connected on each
side of the resistance-coil. |

It will also be seen that when two lines are
left connected together for conversation both

‘the clearing-out annunciator and the resist-
ance-coil are in the circuit. The resistance-

¢oil provides an all-metallic circuit for the
passage of the clearing-out current and also

‘provides for the operation of the test system

on a margin of operation, as will be herein-
after described. .

ever, so great as in the ordinary forms of tele-
phone - exchange apparatus to prevent the
operation of the clearing-out annunciator.

- In the operator’s test system shown in Fig.
4, T is a loop test-plug adapted to be inserted
into any of the switches and when inserted
to operate them, as heretofore described. B’

is a test-battery, and S is a test receiving in-

strument. The battery and instrument are

‘connected in a loop which terminates in the

two contact-pieces of the plug. .

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

The test receiving instrument and battery

‘should be so constructed, related to each
other, and adjusted that when they are looped

-into the circuit with anyline and the circuit

is not open at some pair of contact-points and
does not have the resistance-coil in its cir-

{ cuit, as described, the instrument will sound

or respond; but when the circuit is open at
any point or has the resistance-coil connected,

‘as described, in it the instrument will not

sound or respond. This construction and
adjustment dependson the fact that an elec-
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Its resistance is not, how-
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tromagnet may be readily made so as to op-

erate when a battery and a certain resistance
is in eircuit with it and not to operate when

This
operation can be obtained in different ways,

| dependent on the style of the electromagnet,

the number of convolutions of its coil, the
size of the battery, and the adjustment of the
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such that the electromagnet will be actuated
when the test system islooped into the single
circuit of any line of the exchange, but will

not be actuated when the additional resist-

ance of the resistance-coil isintroduced. The
resistance of this coil may be such as is nec-
essary or desirable in order to obtain such a
marginal adjustment of. the parts of the ex-
chanfre system.

The operation of the test system is as Fol-
lows: When an operator desires totest a line,
she places her test-plug into the switch of the
line and by so doing disconnects the pieces ¢
and 7 of the switch and connects them with
the contact-pieces of the plug.

- line 18 not switched at any switeh, the in-
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‘be connected to.

and moveifts armature.

strument and battery are on a closed circuit
with the line, and the instrument will sound
or respond, indicating that the line is free to
The instrument responds
or sounds because the current is sufficiently
strong 1o cause the electromagnet to attract
If, however, the line
18 switched at any board when the test is
made and the switch in which the test ismade
18 1n the cut-off portion of theline or that por-
tion which 1s between the switch used for
switching and the office ground, the test-cir-
cuit is open at the pair of contacts_ g hof the
switch used for switching, and the test re-
celving instrument will not sound, because
the test receiving instrument and battery are
in open circuit, and no current will pass
through the instrument. If, again, the line
18 switched at any board and the test-plug
1s 1nserted into a switch which is between the

oneused and thesubseriber’s station, the test-

circuit has the resistance of the resistance-
coll in the line, and the instrument will not
sound, because, although the test receiving in-

strument and battery are then included in a

complete metallic circuit and a current there-
fore passes through the test receiving in-
strument, yet on a,ceount of the high 1681813
ance of the circuit due to the 1111310(11101:1011 of
the resistance-coill into the circuit the cur-
rent is not strong enough to attract and move
the armature of the test receiving instru-
ment. "T'he test 18 therefore obtained by the

marginal adjustment of the test receiving in-

strument and battery to the circuits, such

that when they are included in the norma,l

closed circuit of the line the current is suffi-
ciently strong to attract and move the arma-
ture of the test receiving instrument, but
when the line is switched and the test receiv-
ing Instrument and battery are included in
it for testing the armature willnot be moved,
because, although current passes through the
magnet of the test receiving instrument, it
will not, on accountof the high resistance of

- the 1651513&1186 coll included in ifs circuit, be

S

ficiently strong to move its armature.
When a test of a line is made and the test
recelving instrument sounds or responds, the
operator therefore knows that the line is not
switched for use at any board and that she

nmy_connect the line with another. When
she makes the test and the instrument does

not sound, she knows that the line is switched

for use dt some board and she will not con-
nect it with another line..

Bythemultiple-telephone-exchangesystem

as a whole, as herein described, I obtain a sys-

tem in which the lines test ‘“busy” whenever
| they are switched for conversation and the

test 1Ismade, and at the same time furnish an

all-metallic circuit through the central office

to the clearing-out currents sent by either

‘subscriber from his generator, and thereby in-
‘sure the operation of the clearing-out annun-
If, then, the | ciator whenever the generator is operated for

that purpose without the use of peculiar and

extraordinary precautions therefor. This re-

sult is obtained by the use of a resistance-
‘coil in the circuit of each pair of cords at the

central office, which furnishes an all-metallic
circuit for the passage of the clearing-out
current from the subscriber’s generator to
facilitate the same and insure the operation
of the clearing-out annunciator, and by the
marginal adjustment of the test receiving in-
str uments as herein described, in conuectlon
therewith, whereby the correct test indication
shall be ma,de to the operator, although the
circuit of the two lines shall be all metallic
through the central office. I am aware that
condensers (but not resistance-coils) have
been placed in the circuit of pairs of cords at
the central office to obtain a test indication.
Such a system, however, did not provide an
all-metallic circuit through the central office
of two lines connected together to insure the
operation of the clearing-out signal and had
no marginal adjustment of the test receiving
Instruments, such as is herein described, to
prevent a false test-signal being given when
two lines are connected together in an all-

| metallic eircuit through the central office and

the test receiving instrument and batter

y are
included for testing into such circuit.

My

-system herein described and claimed has

therefore obvious advantage over such prior
system.
Of course the annunciators should be so re-

lated to the test circuits and batteries that
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they will not be operated when a test-battery

is included in circuit with them. This may
be provided for by having the annunciators
polarized and so connected in the circuit and
the batteries so connected in the cirenit that
the batteries will not operate the annunem-
tors.

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

1. In a telephone-exchange system multi-
ple switehboards, telephone lines grounded
at thelr outer ends, normally on c]osed cir-
cult and passing through a series of pairs of
switchboard-contacts at the several boards,
one pair at each of the boards, and thence to
ground, in combination with switeching ap-
paratus at each board to at the will of the op-
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| erator open the pair of normally closed con-
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tacts of any two lines at that board and con-
nect the lines into a closed cireuit for con-
versation, a resistance-coll at the central office
in the elremt of two linres when thus con-
nected together, a clearing-out annunciator
at the eentml office in ‘the cirenit with the
two lines when thus connected together, a

test receiving instrument at each board, test-

ing devices connected therewith adapted at

10

- of any line at the board and loop said instru- |
- ment into the normal line-circuit for tesling

20

the will of the operator to open said contacts

said line, and battery in the closed circuit of

any test receivinginstrument thusloopedinto

circuit, the test receiving instruments being
soadjusted to the circuits,resistances and bat-

tery by their marginal adjustment thereto,

that each instrumentsounds or responds when
looped into- the normal circuit of an un-

switched line, but does not sound or respond |

- when in an open cireuit or in a closed circuit

30

- which contains one or both lines and said re-
sistance-coil, whereby at the central office a

cirecuit of metallic continuity is obtained for
the clearing-out current of two lines con-

‘nected togetherand the differentiation of the
multiple-test signals is obtained by a mar-
ginal ad,]ustment ef the eppamtus eubstan- |

tml]y as set forth. |
2. In a telephone exchange system, multl-
ple switchboards, telephene hnes normally

on ¢losed circuit and passing thr oun'h a series

- of padirs of switechboard-contacts at the sev-
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eral boards, one pair at each of the boards, in
combination with switching apparatus ateach
board to at the will of the . operator open the
pair of normally closed contacts of any two

‘lines at that hoard and connect the lines into

a closed circuit for conversation, a resistance-
coil at the eentral office in the elremt of the
two lines when thus connected together, a
clearing-out annunciater at the central office

- 1in the ecireuit with the two lines when thus

connected together, a test receiving instru-

ment at each bea,td testmg devices cenneeted'
- therewith adapted at the will of the operator
to open said contacts of any line at the board

- and loop said instrument into the normal line-

_I"-'.FI

. ginal adjustment thereto, that each instru- | terminate the two sides of a loop containing
ment sounds or responds when looped into |
- the normal circuit of an unswitched line, but | each plug bemn* adapted to be inserted into
the switeh of any line at its board and when
‘1nserted to open said switchboard-contacts of
‘the line and connect them with the two con-

tact-pieces of the plug respectively, the test

60
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circult for testing said line, and batteryin the
closed circuit of any test receiving instru-
ment thus looped into circuit, the test receiv-
ing instruments being so adjusted to the cir-
cuits; resistances and battery by their mar-

does not sound or respond when in an open
circulit or in a closed cireuit whieh contains

~one or both lines and said resistance- coil,

whereby at the central office a circuit of me-
tallic continuity is obtained for the clearing-
out current of two lines connected tefrethel
and the differentiation of the multlple test
signals is obtained by a marginal adjustment

'of the apparatus, substa,ntmlly as set forth.
3. In a telephone exchange system, multi- |

| __ple ew_ltchbomde telepho_ne lines grounded

at their outer ends, normally on closed cir-

cuit and passing through a series of pairs of
switechboard-contacts at the several boards,

one pair at each of the boards, and thence to

oround, in combination with switching appa-

‘ratus at each board to at the will of the op-

erator open the pair of normally closed con-
tacts of any two lines at that board and con-
nect the lines into a closed circuit for conver-
sation, a resistance-coil .at the central office

in the circuit of the two lines when thuscon-
nected together, a clearing-out annunciator

at the central office in the circuit with. the two

lines when thus connected together, and loop
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test-plugs, one at each board, each plug hav-

Ing two contact-pieces in whmh terminate the
tWo sides of a loop containing a test receiv-
ing instrument and test-battery, each plug

being adapted to be inserted into the switch

of any line at its board and when inserted to
open said switchboard-contacts of theline and

connect them with the two contact-pieces of

the plug respectively, the test receiving in-
struments being so adjusted to the circuits,

mal circuit of an unswitched line, but does

or in a closed ecircuit which contains one or
both lines and said resistance-coil; whereby

“at the central office a circuit of metallic con-

tinuity is obtained for the clearing-out cur-

- rent of two lines connected together and the

differentiation of the mul‘uple-test signals is
obtained by a marginal adj ustment of the

- apparatus, substentmlly as set forth.

4. In a telephone-exchange system, multi-

ple switehboards, telephone lines; normally -

on closed circuit and passing thr oun'h a series

~of pairs of switehboard-contacts at the Sev-
i eral boards, one pair at each of the boards,
‘in combination with switching apparatus at
~each board to at the will of the operator open

the pair of normally closed contacts of any
two lines at that board and connect the lines

‘Into closed cireuit for conversation, a resist-

ance-coll in the cireuit of the two lines when
thus connected together, a clearing-out an-

nuneciator at the central office in the circuit
-with the two lines when thus.connected to-
‘gether, and loop test-plugs, one at each board,

each plug having two contact-pieces in which

a test receiving instrument and test-battery,

receiving instruments being so adjusted to

strumentsoundsorresponds when looped into
the normal circuit of an unswitehed line, but

~does not sound or respond when in an open
‘eireuit or in a closed circuit which contains

90

resistances and battery by their marginal
‘adjustment thereto, that each instrument
- sounds or responds when looped into the nor-

95

‘not sound or respond when in an open circuit
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the circuits, resistances and battery by their -
‘marginal adjustment thereto, that each in-
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one or both lines and sa1c1 resistance - 0011 In witness whereof I hereunto subscribe my

whereby at the central office a circuit of me- | name this 13th day of December, 18809.
tallic continuity is obtained for the clearing-

out current of two lines connected togethel MILO G. KELLOGG.
5 and the differentiation of the multiple-test Witnesses: -

signals is obtained by a marginal adjustment EMIIL. ABENHEIM,

of the apparatus, substantially as set forth. | MARGARETHA RIEHL,
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