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To all whom it may concerrn:

Be it known that I, MiLo 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 newand useful Improvements in Multi-
ple Switchboards for Telephone-Exchanges,
of which the following is a full, clear, concise,
and exact description, reference being had to
the accompanying dxa,wmors, formmg a part
of this specification.

My invention relates to a telephone-ex-
change system in which the lines are single-
circuit lines grounded at their outer ends;
and it consists in a system of testing the lines
to determine whether they are in use.

In the drawings illustrating my invention,
Irigures 1* and 1b represent seetlon% of two
multlple switchboards of the exchange to
which the same lines are connected. Fw 2
shows a diagram of the boards with the main-
line appamtus and connections necessary to
illustrate my invention. - Fig. 2* is a detail
view of one of the line-annunciators. - Fig. 3
shows a diagram of an operator’s cord system
to be used in connection with the boards.
Trig. 4 shows an operator’s test system to be
used at the boards,.

In Fig. 2, Ais asectional 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.

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 orother smtable switeh
for each line. Each switch has a contact-
spring which normally connects with an in-
sulated contact-piece and is adapted to re-
ceive aloop-plug and, when a plugisinserted,
to disconnect the spring from the contact-
piece and conunect the two contact-pieces of
the plug with the spring and said insulated
contact-piece,respectively. Theswitchisalso
adapted to receive a single contact switch-
plug and, when a plug is inserted, to discon-
nect the spring from the contact-piece and
conneect 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 electrically
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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 point than when it bears on a sur-
face adapted to be brought into connection
with the plug-contacts.

In Fig. 2, g ¢ represent the springs of the

different switches, 7 2 the contact-points on

which the springs normally bear, and j 7 the
contact-pieces of the switches connected with
the points /i . "1 are the switeh-holes. « b
are the rubber strips on which the metal parts
of the switches are mounted, as shown, and
through the fronts of which are the switch-
holes[{. The contact-pieces jjare so placed
along one of the surfaces of the plug-holes
as readily to form connection with one of the
contact-pieces of the loop-plug. The holes
11 are adapted to receive the switch-plugs,
{(shown in Fig. 3 and marked D D,)and when
a plug is inserted into a switch it raises the
spring g from the contact-point &, and the
spring g and contact-piece of the plug are
in contact. These holes are also adapted to
receive the loop-plug shown in Fig. 4, and
when a plug is inserted into a hole it raises
the spring of the switeh from the contact-
point %, and the spring ¢ and the contact-

-piece j 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. Each annunciator
has a pairof contact-points normally (or when
the annunciator does not indicate a call) in
confact with each other, but which are sep-
arated by the annuneiator whilé it indicates
a call. The two contact-points of a pair are
marked p and ¢, respectively. One of them,
g, is a spring-contact, which is pressed by the
annunciator-drop when the drop falls away
from its corresponding contact-point p. The
contact-point p is represented as an angle-
piece which passes over the spring ¢ and is
in eontact with the spring when the spring is
not actuated by the annunciator-drop.

The annunciator is shown in detail in Fig.
2% 'The line runs to an insulated bolt o at
the top of the annunciator-plate o', thence
through the annunciator-coil to the plate, and
thence normally through spring ¢, which is
in electrical contact with the plate, to the in-
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sulated angle-piece p, against which spring ¢
normally bears, and thence to earth.

Two lines are shown in the drawings, one
marked line No. 1 and the other line No. 2.
These lines are ordinary single-circuit lines
grounded at their outer ends and having at
the subscribers’ stations any usual and ap-
propriate subscriber’s - station. -apparatus.
Each line passes successively through the
pairs of contacts of its switches on the 8ev-
eral boards, passing in each case to the spring
first. It then passes through its line-annun-
ciator and the pair of contact -points of the
annunciator to the ground. The e¢ircuit of

each line shown may thus be traced in Fig. 2.

In the operator’s cord system shown in Flcr
3, D D are the switch-plugs of a pair of cords.
# m are the rubber insulations of the plugs,
and m m are their contact-pieces. These
eontact-pieces pass each to the bottom of its

plug and are adapted to rest normally, or |

when the plug is not in use, on the metal
piece o0, which then connects it with the
ground. Weights, as is usnal, or similar de-
vices may be used to bring the contaet -pieces
of the plugs into contact with the piece o0 and
secure a good connection.
adapted to beinserted intoany of the switches
at their board, and when a plug is inserted
it. operates the switeh, as above described.

The plugs should be inserted so that the con-

tact-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 con-
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tact-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 con- |

nection with the pieces j of the switches, Y
is the looping-in switch for the pair of cords
shown. K is the calling-key. R is a resist-
an,c,e-eoil, andv is a clearing-out annuneiator.
tis the operator’s telephone, and B is her call-
ing generator or battery. The circuits are
substantially as shown.

The two contact-pieces of the plugs are con-

" neeted by flexible conduetors to the two le-
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vers, respectively, of the looping-in switch.
One of the pairs of contact-bolts of the switch
is connected together through the clearing-
out annuncmtor and the otheL pair is con-
nected through the operator’stelephone. The
lever of the ca,lhnv—key is connected to one
of the cords, and the point of the key is
grounded thr ough the calling generator or
battery The res1st‘mce coilis placed. in the
circuit of the other cord of the pair.

The operation of the system in connection
with the switchboards will be apparent to
those skilled in the art. It will readily be
apparent that when aline is switched by the
insertion of a plug into its switch the line is
disconnected from its normal ground at the
central office and is connected into a circuit
with the pair of cords and that the resistance-
coil of the pair of cordsisin itseircuit. Only
one pair of cords. is shown, but the connec-
tion of such other pairs, With their accom.-

These plugs are |

panying apparatus asthe operatormay need,
will be apparent to those skilled in the art.
To each 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 resistance-
| coil and the switch-plug inserted into theline
whose bell it may be desired to ring. If de-
| sired, two calling-keys may be used for each
- pair of cords, one connected on each side of
. the resistance-coil.

In the operator’s test system shown in Fig.
4, Tis a loop test-plug adapted to be inser ted
1nt0 any of the switches, and when inserted
to operatethem, 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 opera-
tor has one cord system and one test system,
and they are conveniently mounted and ar-

ranged for her work.

The test receiving instriiment and battel v
- are so constructed and related to each other
- that when they are looped into the cireuit
- with any line and the circuit is not open at
- same pair of contact-points and does nothave
. the resistance-coilinitseircuit the instrument
- will sound orrespond, 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 réspond.

The operation of the test system is as fol-
- lows: ‘When an operator desirvesto test a line,
. she places her test-plug into the switch of the
. line and by so doing disconnects the pieces g
' and j of the switch and conneets them with
' the contact-pieces of the plug. If, then, the
' line is not switched at any switch and its an-
nunciator does not indicate a call, the instru-
ment and battery are on a closed circuit with
the line and the instrument will sound or re-
spond, indieating that the line is free to be
connected to. If, however, the line-annun-
ciator indicates a call, (and the line is not
switched,) the circuiti 1s open at the pair of an-
nunciator contact-points and the instr ument
willnot sound. If again,thelineisswitched
at any board when the tost is made and the
switch in which the test is made is in the cut-
off portion of the line, or that portion which
is between the switch used for switching and
the office ground, the test-circuit is open at
the. pair of contacts g . of the switch used for
switching and the test receiving instrument
wil not sound If, again, the hne isswitched
a switch which is between the one used and
the subscriber’s station, the test-circuit has
the resistance of the re%wtanoe coil in cireuit
with the line and the instrument will not
sound. When a test of a line is made and

xthe test. receiving instrument sounds or re-
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sponds, the operator therefore knows that
neither the line ig switched for use at any
board nor its annunctator indicates a call and
that she may connect the line with another.
‘When she makes the test and the instrument
does not sound, she knows that either the line
is switched for use at some board or its an-
nunciator indicates a call, and she will not
eonnect it with another line. By this system
of switching and testing a subscriber’s line
tests “‘busy” when it is switched and when
his annuneciator indicates a call. His line is
reserved to himself as soon as he has sent in
a call and will not be switched with another
line before his operator has had time to an-
swer his call to his confusion and annoyance.
In this system, also, there are only two con-
tacts for each line on each board instead of
three or more,as in othersystems with ground-
circuit lines, and there is only one wire lead-
ing in and one leading out from each switch
instead of three or more in other systems.
There is also but one wire between any two
boards for each line instead of two or more,
as in other systems. '

Ieclaim as myinvention and desire to secure
by Letters Patent— '

1. In a telephone-exchange system, a tele-
phone -line normally passing successively
through pairs of switch contact-points, one
pair on each of several boards, each pair nor-
mally closed but open while the line is
switched at their board, and through a pair
of annunciator contact-points normally closed
but open while the annunciator indicates a
call, in combination with switching devices
at each board to disconnect said pair of con-
fact-points at the board and switch the line
for conversation with a resistance - coil
switched into the circuit, and a loop test-plug
in the two contact-pieces of which terminate
the two sides of a loop containing a test re-
ceiving instrument and battery, said loop-
plug being adapted to be inserted into a
switch and when inserted to disconnect said
pair of contact-points of the switch which are
normally in contact and connect them with
the two contact-pieces of the plug, said bat-
tery and instrument being so related and ad-
justed that the instrument sounds when
looped into the closed circuit of the line with-
out the resistance-coil, but does not sound
when the resistance-coil is included in the
circuit, substantially as set forth.

2. In a telephone-exchange system, a tele-
phone-line grounded atits outer end and nor-
mally passing, successively, through pairs of
switeh contaet-points, one pair on each of
several boards, each pair normally closed but
open while the lineis switched at their board
and through a pair of annunciator contact-
points normally closed but open while the
annuneiator indicates a call and thence to
the ground, in combination with switching
devices at each board to disconnect the pair
of contact-points at the board and switch the

line for conversation with a resistance-coil
switched into the cireuit, and a loop test-
plug in the two contact-pieces of which ter-
minate the two sides of a loop containing a
test receiving instrument and battery, said
plug being adapted to be inserted into a
switch and when inserted to disconnect said
pair of contact-points of the switch which are
normally in contact and connect them with
the two contact-pieces of the plug, said in-
strument and battery being so related and
adjusted that the instrument sounds when
they are looped into the closed circuit of the
line but does not sound when the resistance-
coil is included in the cireunit, substantially
as set forth.

3. In a telephone-exchange system, a tele-
phone-line normally on closed circuit and
passing successively through pairs of switch
contact-points, one pair on each of several
boards, each pair normally closed but open
while the line is switched at their board and
through a pair of contact-points of the line-
annunciator normally in contact but open
whilethe annunciator indicates a'eall, in com-
bination with switching devicesat each board
to disconnect the pair of contact-points at the
board and switch the line for conversation
with a resistance-coil then switched into the
circuit, and a loop test-plug in the two con-
tact-pieces of which terminate the two sides
of a loop containing a test receiving instru-
ment and battery, said plug being adapted
to beinserted into the switches and when in-
serted into a switeh to diseconnect its said
pair of contact-points and connect them with
the two contact-pieces of the plug, said in-
strument and battery being so related and
adjusted that the instrument sounds when
they are looped into the simple closed circuit
of the line but will not sound when the re-
sistance-coil is included, substantially as set
forth. -

4. In a telephone-exchange system, a tele-
phone-line grounded at itsouterend and pass-
ing normally successively through pairs of
switch contact-points, one pair on each of sev-
eral boards, each pair normally closed but
open while the line is switched at their board,
and through a pair of contact-points of the
line-annunciator normally in contact but open
while the annunciator indicates a call, and
thence to the ground, in combination with
switching devices at each hoard to discon-
nect the pair of contact-points at the board
and switch the line for conversation with a
resistance-coil then included in the circuit, a
loop test-plug in the two contact-pieces of
which terminate the two sides of a loop
which contains a test receiving instrument,
said plug being adapted to be inserted into
the switches and when inserted into a switch
to disconnect its said pair of contact-points
and connect them with the two contact-pieces
of the plug, and battery in the test-circuit
thereby established, said instrument and bat-
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tery being so related and adjusted that the
instrument sounds when they are looped into |

the simple closed circuit of the line but will
not seund when the resistance-coil is switched
into circuit with the line, substantially as set
forth. - o

5. In a telephone-exchange system, a tele-
phone-line normally on clogsed circuit and
passing successively through pairs of switch
contact-points, one pair on each of several
boards, each pair normally closed but open
while the line is switched at their board, and
through a pair of contact-points of the line-
annunciator normally in contact but open
while the annunciator indicates a call, in
combination with switching devices at each
board to disconnect the pair of contact-points
at the board and switch the line for conver-
sation. with a resistance-coil then switched
into circuit with it, a loop test-plug in the
two contact-pieces of which terminate the
two sides of a loop which contains a test re-
ceiving instrument, said plug being adapted
to be inserted into the switches and when in-

serted into a switeh to disconnect its said pair |

of contact-points and connect them with the
two contact-pieces of the plug, and battery
in the test-circuit thereby established, said
instrument and battery being so related and
adjusted that the instrument sounds when
they are looped into the simple closed eircuit
of the line but will not sound when. the re-
sistance-coil is switched into eircuit with the
line, substantially as set forth. )

6. In a telephone-exchange system, a tele-
phone-line normally en closed circuitand hav-
inginits circuit pairs.of switch contact-points,
one pair on each of several boards, each pair
normally closed but open while the line is
switched for use at its. board and having in
its circuit a pair of annuneciator contact-points

- normally closed but open while the annun-
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ciator indicates a call, in combination with
switching devices at each board to disconnect
said pair of contact-points.at the board and
switch the line for conversation with a re-
sistance-coil then switched into ecircuit with
it, and loop test-plugs, one at each board,
each plug having two contact-pieces in which
terminate the two sides of a loop containing
a test receiving instrument and battery and
adapted to be inserted into the switeh of the
line at its board, and when inserted to dis-
connect said pair of contact-points which are
normally in contact and connect them with
the two contact-pieces of the plug, each in-
strument and its battery being so related and
adjusted that the instrument sounds when

they are looped into the simple closed circuit.

of the line but will not sound when they and
the resistance-coil are switched into circuit
with the line, substantially as set forth.

7. In a telephone-exchange system, a tele-

phone-line mnormally on eclosed circuit and |

having in its circuit pairs of switch contact-
points, one pair on each of several boards,

- each pair normally closed but open while the
line is switched for use at their board and
having in its circuit a pair of contact-points
of its annuneciator, normally closed but open
while the annunciator indicates a eall, in
combination with switching devices at each
board to disconnect the pair of contact-points
at the board and connect the line for conver-
-sation with a resistance-coil then switched
into cireuit with it, and loop test-plugs, one at
each board, each plug having two contact-

- pieces in which terminate the two sides of a

loop which contains a test receiving instru-
ment and adapted to ‘be inserted into the
switch of the line at its board and when in-
serted to disconnect the pair of contact-
points which are normally in contact and
connect them with the two contact-pieces of
the plug, and a battery in the circuit estab-
lished on testing, each instrument and the
battery being-so related and adjusted that
the instrument sounds when they are looped
into the simple closed circuit of the line but
will not sound when they and the resistance-
coil are switched into circuit with the line,
substantially as set forth.

8. In a telephone-exchange system, multi-
pleswitechboards,telephone-lines,switches for
said lines, one switch on each of the boards

' for each line, each switech having a pair of
contact-points normally in contact but open
while a switch-plug is inserted, line-annun-
ciators, one for each line, each - annuneciator
having a pair of contact-points normally in

: contact but open while the annuneciator indi-
cates a call, each line passing successively
through said ‘pairs of switch contact-points

- of its switches and through its annunciator
and the annunciator contact-points, in com-
bination with pairs of switch-plugs at each

board, the contact-pieces of each pair being .

connected by flexible conductors containing
- a resistance-coil in their circuit, said plugs
being adapted to be inserted into the switches

- at their boards and when inserted into a -

switch to disconnect the pair of contact-points
of the switch and connect the line contact-
. point of the switch with the plug contact-
' piece, and loop test-plugs, one at each board,
: each plug having two contact-pieces in which
terminate the two sides of a loop containing
 a test receiving instrument and battery and
' adapted to be inserted into any switch at its
- board and when inserted into a switch to
i disconnect the contact-points of the switch
and connect them with the contact-pieces of
. the plug, each instrument andits battery be-
ing so related and adjusted that when they
are looped into the simple closed circuit of
:any line they will sound but will not sound
' when they and one of said resistance-coils

- are in circuit with the line, substantially as

 set forth,
9. In a telephone-exchange system, multi-
i ple switchboards, telephone-lines, each line

. being normally on a closed circuit, switches
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for said lines, one switch on each of the boards
for each line, each switech having a pair of
contact-points normally in contact and open
while a switch-plug is inserted into it, line-
annunciators, one for each line, each annun-
ciator having a pair of contact-points nor-
mally in contact but open while the annun-
ciator indicates a call, each line passing nor-
mally suceessively through said pairs of con-
tact-points of its switches on the several
boards and through its annunciator and the
contact-points of the annunciator, in combi-
nation with pairs of switch-plugs at each
board, the contact-pieces of each pair being
connected by a flexible conductor containing
a resistance-coil in the eircuit, said plugs be-
ing adapted to be inserted into the switches
at their boards and when a plug is inserted
into a switch to disconnect the pair of con-
tact-points of the switch and connect the line
contact-point of the switch with the plug con-
tact-piece, and loop test-plugs, one at each
board, each plug having two contact-pieces
in which terminate the two sides of a loop
containing a test receiving instrument and
battery, and adapted to be inserted into any
switch at its board and when inserted to dis-
connect the contact-points of the switch and
connect them with the contact-pieces of the
plug, each instrument and its battery being
so related and adjusted that when they are
looped into the simple closed circuit of any
line the instrument will sound but will not
sound when the instrument and battery are
included in the eircuit of the line and any
of said resistance-coils, substantially as set
forth. .

10. In a telephone-exchange system, multi-
ple switchboards, telephone-lines, each line
being normally on closed circuit, switches for
said lines, one switch on each of the boards
for each line, each switch having a pair of

(=14

contact-points normally in contact but open
while a switeh-plug is inserted into if, line-
annunciators, one for each line, each annun-
ciator having a pair of contact-points nor-
mally in contact but open while the annun-
ciator indicates a call, each line passing nor-
mally successively through said pairs of con-
tact-points of its switches on the several
boards and through the annunciator and the
contact-points of the annuneciator, in combi-
nation with pairs of switeh-plugs at each
board, the contact-pieces of each pair being
connected by flexible conductors which con-
tain a resistance-coil in their circuit, said
plugs being adapted to be inserted into the
switches and when a plug is inserted into a
switch to disconnect said pair of contact-
points and connect the line contact-pointwith
the contact-piece of the switch,.and loop test-
plugs, one at each board, each plug having
two contact-pieces in which terminate the
two sides of a loop which contains a test re-
ceiving instrument, and adapted to be in-
serted into any switch at its board and when
inserted to disconnect the contact-points of
the switch and connect them with the con-
tact-pieces of the plug, and a battery in any
test-circuit established on testing, each in-
strument and battery being so related and
adjusted that when they are looped into the
simple closed circuit of any line the instru-
ment will sound but will not sound when they
are included in a circuit which contains the
line and either of said resistance-coils, sub-
stantially as set forth.

In witness whereof I hereunto subscribe my
name this 13th day of December, 1889.

MILO G. KELLOGG.

Witnesses:
EMIL. ABENHEIM,
MARGARETHA RIEHL.
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