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To all whom it may concern:

Be it known that I, MiLo G. KELLOGG, of
Chieago, in the county of Cook and State of
Illinois, have invented certain new and useful
Improvements in Multiple Switchboards for
Telephone-Exchanges, of which the following
is a full, clear, concise, and exact description,
reference being had to the accompanying
drawings, forming a part of this specification.

My invention relates especially to a tele-
phone-exchange system in which the lines are
metallic-cir cult lines.

Myinvention consistsin asystem of calling,
answering calls, switching, testing, and clear-
ing-out signals which I shall describe and
claim in detail.

In the accompanying drawings, illustrating
my invention, Figure 1 is a diagram of the
central-office apparatus and connections, and
Fig. 2is a diagram of the subscriber’s-station
dppmatus necessary to illustrate my inven-
tion.

InFig.1twomultipleswitchboards (marked
A A’) are shown. As many other switch-
boards may be used as is necessary for the
size and character of the exchange. Each
board has a switch or line ter mmal for each
line of the exchange. The switches are
marked s s. EKach sw1tch is adapted to re-
ceive the loop-switch plugs (marked D D)
and has two contact-pieces ¢ J, With Whmh
respectively, the two contact-pieces m m’ of
the plug form contact when the plug is in-
serted. Each switch has also an insulated
test-contact (marked () which is placed at or
near the front of the switch, so that a plug
contact-piece may he apphed to it for testing.
Each switch has also two contacts @ b, Wthh
are insulated from the rest of the smtch
parts and are normally (or when a plug is
not in the switch) not in contact with each

other.

llarethe switch-holesinto which the switch-
plugs D D may be placed for switehing the
lines together.

¢ ¢ are the rubber pieces, suitably shaped,
on which the metal parts of the switches are
respectively mounted.

g j may be called the ‘“main-line contacts”
of the switch, because they are connected
with the circuit of the main line, and ¢ D may

be called the *“local contacts™ of the switch,
because they are used in a ecircuit which is
local to the central office of the exchange.

The switch-plugs D D have each two con-
tacts m m'. - When a plug is inserted into a
switeh, its contact-piece m forms eonnection
with the contact-piece g of the switch and its
contact-piece m' forms connection with the
contact-piece 7 of the switch, while the insu-
lated piece of the plug forces the contact-
piece o of the switch into contact with the
contact-piece b of the switeh, but ¢ and b are
not'in electric connection with the contact-
pieces g j of the switch. The switches and
the plugs are so shaped and constructed as to
produce the switehing operations above de-
seribed. They may, however, be shaped and
constructed in other ways, so as to produce
substantially the same switching operations.
In the construction and arrangement shown
there are two contact-pieces of the switch
with which the two contact-pieces of the plug
respectively form connection when the plug
isinserted and twoother contact-pieces of the
switch which are insulated from said first-
mentioned contact-pieces and are normally
unconnectedwith each other, (except through
the cireuit connections,) but are brought into
electrical connection when a plug is inserted
into the switch.

Each line has an annunciator marked 20,
a retardation - coil marked z, and a relay
marked z.

Each relay may be of any suitable.construe-
tion, with a pair of contact-points which are
normally, or when no current is passing
through the relay-magnet, closed, but are
opened when the magnet is energized by be-
ing included in closed circuit with a battery
of suitable character. It has also another
pair of contacts which are normally open, but
are closed when the relay is energized. These
pairs of contacts are marked e e and ¢’ ¢, re-
spectively. The relay and annunciator of
each line may be conveniently mounted in
juxtaposition—as, for instance, on the same
frame or support—with the relay in the rear
of the annunciator, the drop of the latter be-
ing, of course, at the front of the switchboard.

Thetwo contact-pieces ¢jof eachline-switch
are the main-line contacts of the switch. One
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side of each metallic-circuit line is connected
to one of these contact-pieces—say j—of each
switch of the line, and the other side of the
line is connected to the other contact-pieces
of the-line--say g.

One side of the line is normally grounded

~at the central office through the normally
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closed pair of contacts e e of the relay and
through the annunciator of the line.

I‘he two sides of the line are bridged or con-
nected together at the central ofﬁce through
the retardatlon coil of the line. This budve
connection -through the retardation - coil
should preferably be made at or close to the
switchboard which is connected to the line
farthest from the subscriber’s station.

The line - annuneiators are distributed
amongthe various boards and at boards where
the ‘calls of the lines are to be answered.

Each operator has as many pairs of plugs |

D D as she may need for her work.

The two contact-pieces m m of the plugs
are connected together by a ﬂexible conduc-
tor, and the two contact-pieces m’ m’ of the
pluws are connected together by another ﬂex1-
ble conductor.

Y is a looping-in switch haw ing two levers
and three pairs of contact-bolts,against which
the two levers may alternately be placed in
contact. There is one switeh Y for each pair
of plugs. The two levers are connected to
the two flexible conductors, respectively, of
the pair of plugs. The two bolts of one pan
are connected together through the operator’s
telephone, (malkedt ) The two bolts of an-
other pair are connected together through the
clearing-out annunciator of the pair of plu gs.
The two bolts of the third pair are connected
together through the operator’s calling-gen-
erator.

v-is a clearing-out annunciator, of which
there is one of each for each pair of plugs.

B’ is a relay-battery, B? a test-battery, and
B is a calling-generator, of which there may
be one or more of each for the exchange.

One of the loecal contacts of each switeh—
say a—is connected with all of the contacts
of the same kind—say a-—of all of the other
switches of the exchange.  One side of the
relay-battery B3’ is connected to the circuit
connection which connects together all of
these contact-pieces a a of the switches of the
exchange. Onesideof eachrelayisconnected
to the other sidé of this relay-battery B’, and
the other side of each relay is connected to

all the contact-pieces’d b of the switches of the.

line to which the relay belongs.

The test-contacts d d of each line are con-
nected together and the circuit connection is
connected to one of the normally open con-

‘tacts ¢ ¢ of the relay, the other of which is

grounded. '~ Thatside of each operator’s tele-
phone which is connected to the switch-con-
tacts which form connection with that lever
of switches Y that is connected to the con-
tacts m' m’ of the switeh-plugs is connected
to one side of an individual retardation-coil,

while the other sides of the retardation-coils
are connected to a,common ground-wire which
contains the test-battery B2

Forclearness of illustration the main lines
and their circuit connections are indicated by
solid lines and the local test and relay con-
nections of the e‘{chanoe are represented by
broken lines.

The test-contact d of each switch.is conven-
jently placed, so that one of the contacts of
each switch-plug—say m—may be applied to
it for testing.

The subscriber’s-station apparatus may be
of the ordinary consfruction used in tele-
phone-exchanges and is in the metailic cir-
cuit of the line, but should have a pair of
contacts which automatically ground the line
when the generator is being operated, as will
hereinafter be described.

The line-annunciators w w may be of the

ordinary construction of non-polarized tele-

phone-annunciators. The clearing-out an-
nunciators v v may also be non-polarized and
should preferably be of high resistance and
retardation to telephone currents.

Each operator’s plug and cord apparatus
should be conveniently mounted and ar-
ranged for her work.

" Inthesubscriber’s-station apparatusshown
in Fig. 2,11s the telephone-switch; 2, the sub-
seriber’s calling-generator; 3, his signal-re-
ceiving ‘bell, and 4 his telephone. "The cir-
éuits are substantially as shown and such
that when the telephone is on the switeh the
signal-receiving bell is in the circuit of the
line and the telephone is shunted or short-
circuited, and when the telephone is off from
the switch it is in the eireuit of the line and
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the signal-receiving bell is shunted or short- _

01r0111ted
¢ The calling-generator is in the closed cir-
ult of the line and has an automatic device
or arrangement of the usual construction by
which the generator-armature is normally
short-circuited, but when the generator is be-
ingoperated the short circuitis antomatically
opened or removed. The automatic device
of the generator has also a pair of contacts
and connections by which while the generator
is being operated the line-circuit is automat-
ically grounded on one side of the armature-
0011
! The subscriber’s-station apparatus should
be connected into the line-circuit in such a
direction that when it is operated and the
0“r'ound connection of the line is thereby au-
tomatxeally established, as above described,
the armature of the generator isin the closed
ground-cireuit ther eby established and which
mcludes the subseriber’s line-annunciator lo-
@ated at the central office. This ground-cir-
cuit is from the ground connection automat-
ically established by the operation of the gen-
erator through the armature-coil and that
s1de of the hne which is grounded through
the line-annunciator. When the Generatm
is operated and the normal frmund ¢connec-
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tion of the line exists at the central office, the
line-annunciator will therefore be operated
or indieate a call.

The operation of the system is as follows:
A subseriber on operating his calling-gener-
ator to send in a eall sends a current thlouyh
his above-described calling ground-circuit
and through his line-annunciator, which is
then in said ground-cireunit. The line-an-
nunciator will therefore be operated and will
indicate a call. The operator on observing
the indication places one of her switch-plugs
D into the switch of the line. By so doing
she automatically closes the pair of contacts
@ b of the switch. This brings the relay « of
the line into closed cireuit with the battery
B’, and the relay being thereby energized its
normally closed contact- -points are opened
and its normally opened contact-points are
closed and the ground connection of the
line which contains the line-annunciator is
opened and remains open as long as the plug
remains in the switch. When the operator
places the plug in the switeh, the levers of the
switch Y, which belong to the plug, are in the
position where her telephone bridges across
between the two contact-pieces of the plug,
which is the mormal position in which the
switch should be left while the pair of plugs
are not in use forswitching. The operator’s
telephone is therefore in closed cirenit with
the subscriber’s metallic-circuit line and she
by conversation finds out what connection
the subseriber wishes. This closed circuitis
established by the connection of the two con-
taets m m ’ of the plug (to which,respectively,
the two sides of the operator’s telephone are
connected) with the two contacts g and j, re-
spectively, of the switch, which, as stated be-
fore,are connected to the two sides of theline.

‘When the operator finds out what line is
wanted, shetests the line wanted,as will here-
inafter be indicated,and if she finds it ¢‘ free”
or unswitched she places the other plug D of
the pair of plugs in the switeh of the line
wanted. By so doing the contacts b of that
switeh are also closed, and the relay of that
line being thereby brought into closed circuit
with the battery B’ is energized, and the
ground connection of that line through the
line-annunciator is also opened by the open-
ing of the pair of contacts of the relay of the
line and the normally open contacts are at the
same time closed. The operator then moves
the levers of the switch Y so that the calling-
generator B is bridged across between the
two conductors of the pair of plugs. Calling-
current therefore goes in split or derived cir-
cuit through the metallic cireuit of both lines
and will ring the bell of the subsecriber wanted.
The operator then places the lever of the
switch Y so that the clearing-out annuncia-
tor v of the pair of plugs is bridged across be-
tween the twoconductors of the pair of plugs.
The two linesare then connected togetherinio
metallic circuit for conversation with the

(24

clearing out annunciator bridged across Lheu'
combmed cireuit.

‘When the subscribers are through conver-
sation, either of them may operate his call-
ing-generator and send a current which will
pass through the clearing-out annunciator
and operate it. Asthe line-annunciators are
out of circuit with the calling-generator when
the clearing-out signal is sent (the circuit
through the annunciators being opened by
the pairs of contacts of the line-relays) no
current will pass through the line-annuncia-
tors. For the same reason no current will
pass through the line-annunciators when the
operator sends the calling-current to line, as
before indicated. The line-annunciator of
the two lines will therefore not be operated
either when the operator sends a calling-sig-
nal or either subsecriber sends the clezu'mo-
out signal.

\Vhen the operator receives the clearing-
out signal, she removes the plugs from the
switches of the two lines. The closed con-
tacts between a and b of the two switches are
thereby automatically opened and the arma-
tures of the relays of the two lines will take
their normal positions, closing the ground
connections which contain their respective
annunciators and opening the contacts ¢’ ¢
of the test system. The linesare thereby au-
tomatically in condition to receive calls from
the subscribers.

The test system is as follows: When an op-
erator desires to test any line, she places the
contactm of one of her switch-plugs into con-
tact with the contact-piece d of the line-
switch, the switch Y of the plug having its
levers in connection with her telephone. If
the line is switched for conversation at any
board, a complete circuit is thereby estab-
lished which contains her telephone and the
battery B2 and the telephone will respond or
click, indicating that the line is switched for
use. This complete circuit may be traced as
follows: from the contact-piece m of the plug,
through the cord condnctor and switch- lever
through ~one coil of her telephone, thence
through the retardation - coil, and thence
through the battery B? to ground, thence
through the contacts ¢' ¢ at thé relay and
thence to the contact d, to which the contact-
piece m is applied for testing. If the line is
not switched at any board, no such complete
cireuit will be established on testing because
the contacts ¢' ¢" are open to each other and
the telephone will not sound. The operator
can therefore determine on testing whether
or not a line is switched for use.

Thedrawingsand the description heretofore
made are for metallic-circuit linesonly, The
system is, however, adapted to ground-cir-
cuit lines or to a mixed system of metallic
and ground circuit lines. To adapt it for

such a system, the circuits and operation will
beexactly asheretofore described, except that
the ground-cireuit lines are connected to one
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of the contacts—say g—of each of their line-
switches and the circuit connection which
connects the other contacts j 5 of these
switches is connected to ground.

It is well known that when the lines of a
telephone-exchange are normally on closed
cirenit there is less induction and electrical
disturbance between the different lines of the
exchange than when they are normally on
open circuit.- By the use of retardation-coils,
as described and shown, each line is normally
on closed circuit and the electrical advan-
tages above mentioned are maintained.. It

. is also well known that open-circuit connec-
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tions in the central-office wiring when at-
tached to lines which are in use are liable to
produce induction effeet on other circuits.

By placing the retardation-coils of each line:

in a bridge which is formed at or close to the
sw1tchboald which is connected to the line
farthest from the- subscriber’s station the
open-circuit eonnections in the wiring of the
exchange are substantially removed, and in-
juriousinductive effects are thereby obviated.

On account of the very high retardation
effect of retardation-coils. to,telephone-cur-
rents the bridges through the retardation-
coils of a eircuit established for conversation
between two. lines will have no appreciable
effect on the talking-current.

‘Whena subscnber operates hiscalling-gen-
erator to send a ealling-signal, the retarda-
tion-coil of his line is in cireuit with his gen-
erator, as well as the line-annunciator. On
account of the high resistance of theé retarda-
tion-coil to his calling-current very little of
the current will, however, pass through the
coil and most of it will pass through the line-
annunciator, and enough will pass through
the annunciator to operate it; also, when a
subscriber operates his calling-generator to
send a clearing-out signal the retardation-
coils of the two lines connected together are
in circuit with his generator, as well as the
clearing-out annuneciator. On account of the
high resistance of the retardation-coils tothe
current generated very little of the current
will pass through them and most of it will
pass through the clearing-out annunciatlor.
The generator should be of such strength and
the annunciators of such resistance in rela-
tion to the resistances of the retardation-
coils that enough current will always pass
through the annuneciators to operate them.

It is evident that the calling and clearing-
out system which I have herein described
does not depend on the retardation-coils and
that the exchange system herein described
would operate the same, as far as the calling
and clearing-out systemare concerned,should
the retardation-coils with the bridges which
contain them be omitted. DMy invention, as
far as the calling and clearing-out and test
systems are concerned, is therefore not lim-
ited to an exchange system which employsre-
tardation - coils in the manner I have de-
scribed.

It is also evident that in the calling and
clearing-out system which I have described
the subscriber performs the same operations
and in the same manuner whether he sends a

calling or a clearing-out signal, although the
two signals pass pver two circuits, the former

being a ground-circuit through the line-an-
nunciator and the. latter being the metallic
circuit of the line through the clearing-out
annunciator. Hence he will not get mixed
in the manner of sending the signals, and
henece, moreover, the clearing-out annuncia-
tor will be made to indicate when the line is
still switched for conversation and the sub-
seriber not knowing that fact attempts to
send a calling-signal. Thus the disconnec-
tion will be made so that the line will be in
readinessfora repetition of the calling-signal.

I claim as my invention—

1. In a telephone-exchange system, metal-
lic-circuit lines, a sw1tchboard, switches, one
switch on said board for each line, each switeh
having two contact-pieces to which respec-
tively the two sides of its line are connected,
means at said board to connect any two of
said lines into a metallic ¢ircuit for conver-
sation by joining together the two contact-
pieces respectively of their switches, and a

' ¢learing-out annunciator in a bridge or cross

connection between the two sides of said cir-
cuit so formed, in combination with a ground-
circuit connection for each line between one
of its two sides or branches and the ground,
and an annunciator for each line 1ocated in
its said ground connection, electromagnetic
appalatus for each line automa,tleally oper-
ated by the switching of the line for conver-
sation to open said gr ound circuit connection
of its line, and a calling-generator at each
subsecriber’s station, operated in a ground-
cireuit containing one side of theline and the
line-annunciator to operate the annunciator
while the line is not switched for conversa-
tion to indicate the calling-signal, and in the
metallic eircuit of the two lines to operate the
clearing-outannunciator toindicate the clear-
ing-out s1crna,1 when the line is switched for
conver sa‘mon

2. In a telephone-exchange system, metal-

lic-cireuit lines, a sw1tchboard switches, one

switch on said board for each 1ine, each switch
having two contact-pieces to which respec-
‘olvely the two sides of its line are connected,
means at said board to conneet any two of
said lines into a metallic circait for conver-

sation by joining together the two contact-.
"pleces respectively of their. switches, and a

clearing-out annuneciator in a bridge or cross
connection between the two sides of said cir-
cuit so formed, in combination with a ground-
cireuit connection, for each line between one
of its two sides or branches and the ground,
and an annunciator for each line located in
its said ground connection, electromagnetic
apparatus for each line automatically oper-
ated by the switching of the line for conver-
sation to open said ground-circuit connection
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of its line, and a calling-generator at each
subscriber’s station in two circuits whenever
operated to send a calling-signal, one being a

circuit which includes the line-annunciator,

butisclosed only when the lineis not switched
for conversation, and the other a circuit which
ineludes the clearing-out annunciator, but is
closed only when the line is switched for con-
versation, whereby the differentiation of sig-
nals is obtained by the same operation from
the subseriber.

3. In a telephone-exchange system, metal-
lie-circuit lines, a switchboard, switches, one
switch on said board for each line, each switch
having two contact-pieces to which respec-
tively the two sides of its line are connect-
ed, means at said board to connect any two
of said lines into a metallic cireuit for con-
versation by joining together the two contact-
pieces respectively of their switches, and a
clearing-out annunciator in a bridge or cross
connection between the two sides of said cir-
cuit soformed, in combination with a ground-
circuit connection for each line between one
of ifs two sides or branches and the ground,
and an annunciator for each line located in
its said ground connection, electromagnetic
apparatus for each line automatically oper-
ated by the switching of the line for conver-
sation to open said ground-circuit connection
of ifs line, a calling-generator at each sub-
scriber’s station in the mefallic circuit of the
line whenever operated, and a ground con-
nection at the subseriber’s station for the
line when the generator is operated with the
generator between such ground connection
and the normal ground of the line at the cen-
tral office.

4. In a telephone-exchange system, metal-
lie-circuit lines, a switchboard, switches, one
switch on said board for each line, each switch
having two contact-pieces to which respec-
tively the two sides of its line are connect-
ed, a retardation-coil for each line in a bridge
connection at the ecentral office between the
two sides of the line, means at said board to
connect any two of said lines into a metallic
circuit for conversation by joining together
the two contact-pieces respectively of their
switches, and a clearing-out annunciator in
a bridge or cross connection between the two
sides of said cirenit so formed, in combination
with a ground-circuit connection for each line
between one of its two sides or branches and
the ground, and an annunciator for each line
located in its said ground connection, elec-
tromagnetic apparatus for each line auto-
matically operated by the switching of the

‘line for eonversation to open said ground-

cireuit connection of its line, and a calling-
generator at each subseriber’s station, oper-
ated in a ground-circuit containing one side
of the line and the line-annunciator to oper-
ate the annunciator while the line is not
switched for conversation to indicate the
calling-signal, and in the metallic circuit of
the two lines to operate the clearing-out an-

nuneciator to indicate the clearing-out signal
when the line is switched for conversation.

5. In a telephone multiple exchange sys-
tem, metallic-circuit lines, a switchboard,
switches, one switch on said board for each
line, each switch having two contact-pieces
to which respectively the two sides of its line
are connected, a retardation-coil for each line
in a bridge connection between the two sides
of the line at the board connected to the line
farthest from the subscriber’s station, means
at said board to connect any two of said lines
into a metallic circuit for conversation by
joining together the two contact-pieces re-
spectively of their switches, and a clearing-
out annunciator in a bridge or eross connec-
tion between the two sides of gaid circuit so
formed, in combination with a ground-circuit
connection for each line between one of its
two sides or branches and the ground, and
an annunciator for each line located in its
said ground conneection, electromagnetic ap-
paratus for each line automatically operated
by the switching of the line for conversation
to open said ground-circuit connection of its
line, and a calling-generator at each subserib-
er’s.station, operated in a ground-cireuit con-
taining one side of the line and the line-an-
nuneciator to operate the annuneciator while
the line is not switched for econversation to
indicate the calling-signal, and in the metallic
circuitof the two lines to operate the clearing-
out annuneiator to indicate the clearing-out
signal when the line is switched for conver-
sation.

6. In a multiple telephone-exchange sys-
tem, a telephone-line and switching appara-
tus at the central office to connect it at will
with another line for conversation, in combi-
nation with alocal circuit for theline antomat-
ically closed by the switching of the line for
conversation, an electromagnetic relay and a
battery in said closed circuit, said relay hav-
ing two pairs of contacts, onenormally closed,
but opened while said local cireuit is closed,
the other normally open, but closed while said
local cireuit is closed, the line-annunciator
normally in closed circuit with the first-men-
tioned pair of contacts, and a test receiving
instrument and battery in a closed cireuit,
which contains the second pair of contacts
when on testing said second pair of contacts
is closed, but not otherwise.

7. In a multiple telephone-exchange sys-
tem, a telephone-line, an annuneciator for the
same and switching apparatus at the central
office to connect the line at will with another
line for conversation, in combination with
two local circuits for the line, one automatic-
ally closed by the switching of the line for
conversation, and an electromagnetic relay
and battery in said closed circuit, to make
the annunciator inoperative while the line is
thus switched, and the other a test-cireunit
automatically closed at one point by contact-
points of said relay when the line is thus
switched, said test-circuit being closed at its
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other open point by the operator on testing
the line, and a test receiving instrument and
battery in said test-circuit.

8. In a multiple telephone-exchange sys-
tem, a telephone-line and switching appara-
tus at the central office to connect it at will
with another line for coniversation, in combi-
nation with a local ‘eircuit for the line auto-
matically closed by the switching of the line
for conversation, an electromagnetic relay
and a relay-battery in said closed circuit, said
relay having two pairs of contacts, one nor-
mally closed, but opened while said local cir-

‘euit is closed, the other normally open, but

closed while said local circuit is closed, the
line-annunciator normally in closed ecircuit
with the first-mentioned pair of contacts, and
a test receiving instrument and a test-battery
(not the relay-battéry) in a closed circuit,
which contains the second pair of contacts,
when on testing said second pair of contacts
is closed, but not otherwise.

9. In a telephone-exchange system, multi-
ple switchboards and telephone-lines con-
nected to the same, in combination with local
test-circuits,insulated and disconnected from
the line-circuits, one for each line, each test-
circuit containing derived or parallel circuits
and aconnection common toand inseries with
said derived or parallel circuits, said common
connection being normally open at a single
point, said point being common to the boards,
but closed at that point whenever the line is
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switched for conversation at either board,
said derived or parallel circuifs of said test-
circuit, one for each board, being each mor-

testing, a different test receiving instrument

in each of said derived or parallel circuits,

and battery in any test-cireuit established on
testing. )

10. In a telephone-exchange system, multi-
ple switchboards and telephone-lines con-
nected to the same, in combination with local
relay-circuits, one for each line, each nor-
mally open, but closed while and whenever
the line is switched for conversation, a differ-
ent relay and a battery in each of said cir-
cuits, local test-circuits, one for each line,
each test-circuit being normally open at the
relay of the line, but closed at that point
while and whenever the line is switched for
use at either board, derived or parallel cir-

cuits of said test-circuit, one for each board,

each normally open, but elosed by the opera-
tor on testing, a different test receiving in-
strument in each.of said derived or parallel
circuits, and battery in any test-circuit es-

- tablished on testing. :

In testimony whereof I have hereunto sub-
scribed my name.

MILO G. KELLOGG.

Witnesses:
. M. WALKER,
E. S. WALKER.
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