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To all whom it may concermn:

Be it known that I, Miro G. KELLOGG, a
cltizen of the United Stetes residing in the

city of Chicago, county of Oook and State of
Illinois, have mvented certain newand useful

Immovements in Multiple Switchboards for
Telephone Exchanges, of which the following

is a full, elear, concise, and exact deser 1pt10n

1efe1ence bemn‘ had to the accompanying

drawings, forming a part of this specification.

My invention relates to the telephone-ex-
change system described in my Patents No.
424, 010 dated March 25, 1890, and No.427,087,
dated May 6, 1890, w hich sybtem 1S gener ally
known as the ““divided exchange” %yetem of
multiple-switchboard epemtmn - It relates
tocertain improvements of said system adapt-
ing the same to a metallic-circuit telephone—

}Lchmwe system.
Certain features of my invention, which I

shall describe and claim, are also apphea,ble ..
to metallic-circuit telephone exchanges which

are not operated on the dlwded E}“ECh&foe
system,

Inthe system which I shall herein describe
the lines of the exchan geare divided into four
classes or divisions end the sections of multi-
ple switechboards are divided into four classes
or divisions to correspond. Each line of one
class 1s provided with a switeh on each sec-
tion of board of its class of boards and on one
section of each of the other classes. Each
line of the other classes is provided with &
switeh on each section of board of its class of
boards and on one section of each of the othex
classes.

annunciators placed in- the four classes of

boards and at a section where the line has a

switeh and its calls are to be answered. The
annunciators should be preferably distrib-
uted approximately equally among the sec-
tions of the class of boards to which they be-
long. T'wo of the annunciators of each line
are eonnected in opposite polarityin a ground
connection to one side or branch, of the line
and the other two annunciators of the line
are connected in opposite polarity in a ground
connection to the other side or bmneh of the
Iine. In each of these ground connections of
a line is a 1'etercletion-coi1. A local cirecuit

containing an electromagnetic device is pro-

For each line are four polarized

vided for each line with contacts by which
when the line is swmched for conversation at
elther board said annunciators in said oround
connections which contain the eumunemtms

~of the line are automatically short-circuited,

while said retardation-coils are not shor t«-cn—

cuited, and when the line is disconnected

from the line or connection with which it is
switched the normal ground connections
through the annunciators are automatically
reéstablished by the opening of such short
circuits. The calling-generator at each sub-
scriber’s station has commutator devices and
keys or switches whereby the subseriber may
at will when the line is not switched, as here-
inafter deseribed, send a current of elther

polarity from gr ound thr ough elther side or
branch of the Tine to Dtound at the central

office through the nor mal ground connection,

'which contame two of the polarized annun-

ciators,and thusbeenabled at will to operate
either one of his four annunciators and call
an operator at either of the divisions of boards
and at a board where his line has a switch

and 1t 1s intended his calls shall be attended.
Fach operator has pairs of switching-

to.
plugs with cords and calling, answering, and
clearing-out apparatus for the same, by which
she may at will connect with any line con-
nected at the board, answer their calls, con-
nect the line with the line wanted, I'mn' the

bell of the subscriber wanted, connect a elea,r—_
ing-out annunciator in a budﬂ'e connection

to bhe metallic circuit of the 1111es connected

‘together for conversation, and test any line
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to determine whether or not it is switched for o

conversation.
which automatically short-circuits the annun-
ciators of the line from the normal ground
connections, is also utilized for the test SySs-
tem, as will be explained in detail.

I‘he Invention which I shall he1e111 1llus-
trate and deqcube shows apparatus whereby
four subscribers’ stations may be operated on
one telelephone-line and each subseriber be

T'he local circuit of each line,
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enabled to call an operator at either of the
divisions of board without signaling or dis-
turbing either of the other subsm 1bels_~ on his
line and the operator at the board where the 100
call is indicated may connect directly with
the subseubel who eelled and find out what
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- seriber.

other subseriber is wanted and connect the
calling-line directly with the line of the sub-
scriber wanted. If thesubscriber wanted by
any other subscriberis one for which one line

.serves two subscribers, the operator in call-

1ng on this line rings the bell of the subscriber

anted and. not _the bell of the other sub-
Thus when either a subscriber or
an operator calls on a line on which there are

four subsecribers’ stations the station wanted, -

whetherit be the central office or asubscriber’s

~ station, is promptly called, while there is no
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two subsecribers’ stations.

call indicated at either of the other stations
toattract unnecessaryattention. While four

subseribers can be served with one line, one,

two, or three subscribers may also be served
by one line. One feature of the system is

~that both the subsecribers and the operators

of the exchange perform substantially the
same oper atlons in obtaining and answering
calls whether the line has one or two or more
subscribers’ stations on it, and these opera-

tions are substantially the minimum in num- -

ber and take substantially the smallest
amount of time required inany telephone sys-
tem to obfain connection and service between
The four-division
exchange which I have outlined and which I
shall describe will readily, in the present state
of the art as to the construction of switches,

annunciators, &e.,provide switching facilities

for twenty-five thousand lines.. Eaeh line, as
heretofore stated, can serve for four sub—
seribers. Thus one hundred thousand sub-
scribers’ stations can be operated from one
centralstation withont trunk-line connections

between boards and the service obtained be

as prompt and require substantially no more
labor or expense per connection than would
be required in a little village exchange of one
hundred subscribers Where an eperatm makes

" the conneéctions directly between one sub-

| Seuber s line a,nd another.

50

‘While four sub-
seribers’ stations can be served by one line,

yet in very many cases the telephone busi-.
- ness of a subscriber is so great that true econ-
~omy and good service require an individual
line for him. On the other hand, especially

in residence districts, the subseriber uses his
telephone but a few times each day and then
but for a few minutes.

- more subscribers’ stations can be satisfacto-

rily served by one line. Of course the tele-

- phone rates would be less per subseriber when
two are served by one line.

_ This fact, taken
in connection with the relative advantages of
having an individual line, would determine in

~each particular case which kind of service

6o

the subscriber would choose. Itis safe, how-
ever, to estimate that the exchange system
Wthh I herein illustrate and deserlbe would
accommodate and give good and .prompt ex-

change service to abeut fifty thousand sub--
scribers’ stations loeated on the twenty-five

thousand lines.
- Inthe accompanying dr awin gs, 1llustrating
my invention, Figure 1 represents afront view

Fig.

In such cases two or

592,422

of a section of one of the switchboards. TFig.

2 shows a complete diagram of the main- lme |

central-office a,ppa,mtus circuits and connec-

tions of the system, with four classes or di-
visions of boards to correspond with the four

70

classes or divisions of lines and two lines

connected thereto, one of each class A and O
of lines and their central-office apparatus and
connections. _Ifig. 3 shows in detail foursub-
scribers’-station apparatus to be used at four

- subscribers’ stations on one line with the

circult connections between them. Fig. 3°
shows the connections of a subscriber’s-sta-
tion apparatus where only one station is
placed on a line. Fig. 4 shows in diagram
an operator’s cord sysbem or apparatus {0 be
used at the boards. Fig. 5 shows in detail a
polarized call- annuneciator which may be used

75

30 .

in the system. Fig. 6 shows an end view of -

the calling-generator shaft of the subsecrib-
er’s-station apparatus with two commutator-
springs, one bearing on each side of the shaft.
4"* shows a eleaunﬂ-out annunciator
which m ay be employed. Fln' 7 shows in de-
tail a buzzer or eleetroma,gnetie device which
may be used at each subsecriber’s station.
Iig. 8 shows in detail a polarized call-bell

which will respond to only one polarity of
current and which may be used at the sub-

seriber’s station. . |

( In each case represents a frround con-
nection..

In Fig. 2, A’ A? represent two boards of one
class of boards; B’ I3? two boards of a second
class of boards; C C?¢ two boards of a third
class of boards, and D’ D? two boards of the
fourth class of boards. The four classes of
boards are indicated by the letters A, B, C,
and D, respeetlvely, to correspond. Each
board 1s shown 1n a sectional view of a sec-
tion of its board, as indicated by the line d e
in Fig.1. As many sections or boardsof each
class or division of boards may be used as is
found necessary or convenient for the num-
ber of operators required to answer the calls
which are made to that class of boards. For
convenlence in designation I call one class of
lines ‘“Class A,” a second class ‘“Class B,”
third class ““Class C,” and the fourth eless
““Class D” of lines to. correspond with the
designation of the different classes of board.

9o
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E&eh line of a class is indicated in the ex-

change catalogue or list and elsewhere by the
letter or desiguation of its class—as, for in-
stance, one line is designated ‘¢ 324, another
*©365%,” a third ‘“376%” and a fourth ¢“4P.”

- The peculiar designation of the wvarious
classes of boards and lines and of the lines in

is made and the distinction kept up. Where
several subscribers’ stations are placed on
one line, each line may have the designation
as indicated above, while for the su_bseub-

ers themselves numeral indications may be
.added Thus if line 32* has four subscrib-
ers stations these stations may be indicated

N 32;1! 1 (< 32.:12 a: 32ag 23 .':Llld (< 32M :*:

120

125
each class is material so long as the division

I30




592,422 ' 3

Each line of one class—class A, fur exam-
ple—has a spring-jack or switeh of suitable

character on each board of class A of boards
and on one board of each of the other classes.

Each line of class B has a switeh on each
board of class B of boards and on one boa.rd

- of each of the other classes.
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Each line of class C has a switeh on each
board of class C of boards and on one board
of each of the other classes.

Kach line of class D has a switeh on each
board of class D of boards and on one board
of each of the other classes.

The line-switches are marked S S. Eaeh

switch has two contact-pieces, (marked ¢ 4,)

with which, respectively, the two contact-

pleces of the loop-switeh plugs shown in Fig.

4 and marked D D’ are connected when a
plug is placed into the switch for switching.
These contact-pieces g 7 are connected with
the main-line circuit, as will hereinafter be

described, and may therefore be called the

““main-line” contacts of the switeh. Each
switch has also three other contact-pieces,

(marked a, b, and d,)whichare insulated from
said other contact- -pleces and are normally out
of eontact with each other; but when aswitch-
plug is inserted into a switch it presses the
contact-piece ¢ into contact with b and d.
When the plug is withdrawn, the contact of
¢ with b and d is mltamatlca,lly broken. The
contacts a, b, and d are connected to the local
system for disconnecting the annunciators
and for testing, as will be described, and may
be called the 13 local” contacts of the switches.

The last-mentioned contact-piece d is at or
extends to or near the front of the switch, so
that an operator’s test contact-piece may be
readily connected to it for testing.

[ [ are the switch-holes, cbclaptecl to receive

the plugs, and » » are the rubber pieces, on

‘which the metal parts are mounted.

The loop-switch plugs shown in Fig. 4 and
adapted to be inserted into the line- smtches
are of the shape substantially as shown and
e%eh plug has two contact-pieces, (marked

- mm'.) When a plugis placed into a switch,

50
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-1ts contact m forms connection with the eon-

tact g of the switch and its contact m’ forms
connection with the contact j of the switeh,

while the rubberinsulation of the plug pre sses

the piece « of the switech into contact with
the pieces 0 and d. The switches and plugs
may be of the shape and construction sub-
stantially as shown. They may, however, be
greatly changed in shape and construction
and yet have substantially the same switch
parts operating in substantially the same
manner or forming substantially the same
connections as heretofore described.

w 1w are theline polarized annunciators, of
which there

boards and at a board where the line has a
switch and its calls are to be answered.

are -four for each lme one for‘,,.
each line being located in each leISIOIl of

E E are retardation- (30118 of which’ there

are two for each line.

xz.x are theelectromagnetic devices,of Whldl |
‘there is one for each hne Constru(,ted and ar-

ranged for the purpose of short-cireuitin g the
annunciators from their ground connection
while the line is switched for conversation.

This device consists substantially of an elec-

tromagnet and an armature for thesame,with
a retmchle sprmn* and two pairs of contacts
(marked ¢ ¢ and ¢’ ¢/, respectively,) which are

insulated from each other and-are open when

no current passes through the helix, but are

automatically closed by the movement of the
armature, so as to be closed while current is
passing throunh the helix.

with two pairs of insulated contacts.

The main-line connectionsareasfollowsand
as shown: Onée side or branch of the line is
connected toone of the main-line contacts of
each of 1ts switches on the several boards,
say to contact ¢g. It i1s also connected to the
ground through two of the polarized annun-
emtms of the line connected in opposite po-
larity and thence through one of the retarda-
tion-coils of the line.. One of the insulated
contacts of a pair, say of ¢ ¢, of the electro-

magnetic device of the line is connected to

one of the ground connections on one side of
the annunciators. The other contact of ¢ ¢
i1s connected to the other side of the annun-
ciators,butthe retardation-coilis not between
the twoconnections. The otherside or branch
of the line is connected to the other main-line

contacts of its switches, say 74, and is con-

nected to the ground through the other two

The electromag-
netic device is in fact a front-contaect 1ela,y.

70
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polarized annunciators of the line connected
in opposite polarity, and thence through the

other retardation-coil of theline. One of the
contacts of the other pair of contacts,say ¢’ ¢/,
of the electromagnetic device is eonnected to

the ground eonneetlon on one side of these

ann_unei&tors, while the other contact of ¢’ ¢
1s connected to the ground connection on the
other side of these mutummtors but the re-

105

11O .

tardation-coil is not between the two connec-

tions.

The local connections of the system are
substantially as follows: All of the contacts
a o of all the switches of the exchange are
connected together by a grounded circuit con-
nection. One side of the battery BB’ is con-
nected to this circuit connection. All of the
contacts b b of all of the switches of any given

line are connected together and are &180 con-

nected to one side of the electromagnetic de-

vice ¢ of the line, while the other ‘51de of the

electromagneticdevice of thelineisconnected
to the other side of the battery B’ than that

I15

120

125

side which is connected to the contacts a a

of the switches. The contacts d d of zr:,ch

line are connected together.
T'he circuit eonneetwns both main-line and

local, are shown subqtantmlly as-above de-

130
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seribed.
main-line circuits and connections are repre-
sented by solid lines and the local circuits
and connectlons are represented by broken
lines.

- Iig. 3 shows in diagram the apparatus for

- four subseribers’ stations on one line,with the

- 10

" a0

“tSubseriber’s station 4.”

apparatus, circuits, and  connections con-
nected therewith to show my invention. The

apparatus for the different stations are

mmked ““Subscriber’s station 1,” ¢ Subserib-
er’s station 2,” ““Subscriber’s statmn 3,” and
The &ppamtus at
each station contains substantially the tele-
phone-switch, (marked 1,) the subscriber’s
telephone, (maxked 2
bell, (marked 3,) his calling-generator 4, a

buzzer or non-polarized signal-receiving de-

vice, (marked 5,) four calling-keys, (marked
6 6 6 6,) and a condenser, (marked 7.)

The telephone-switch 1 is a usual form of
automatic switeh which may close certain

contacts when the telephone is on the switeh

and opens them and close other contacts when
the telephone is taken off the switch. The
telephones are shown on the switches. This

“is'their normal position, and a telephone is
‘removed from the switch when it is desired

to use it for conversation. The switch hasa

pair of contacts normally closed, but open
while the telephone is off

the switch, and an-

~ other pair of contacts insulated from the first-

35
" the ordinary hand- telephone.

“mentioned pair, which are normally open, but

are closed when the telephone is off the switch.
The subscriber’s telephone 2 1s shown as
However, the

 usual telephone-outfit with battery transmit-
“ter and magnet-receiver may be used and its

46

appllea,tlon to the system shown will be ap-

parent to those skilled in the art.

The subscriber’s signal - receiving bell 3
(shown in greater detail in Fig. 8) is a polar-
1zed bell and is 50 constructed that it sounds
or responds when an intermittent current of

~one polarity passes through it, but does not

~ sound or respond when the current of the

KO

55
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end of the armature-coil is connected.

other polarity passes through it.
The subscriber’s calling- genelator 4 is a

‘usual construction of telephone magneto call-
ing-generator modified as follows: There 1is
“an insulated contact-piece on the armature-

shaft which is a half-circle and to which one
The
remaining part of the circle is an insulation,

as shown in Fig, 6. _
insulated Sprin gs which bear on diametrically

opposite parts of that part of the shaft of

which the insulated piece is a part and which
in the movement of the armature alternately
make and break connection with said insu-
lated contaet—pmce The.contact-springs are
so placed in relation to the armature that one

of them is in contact with said insulated piece

on the shaft when a current of one polarity
is generated in the coil and the other is in
contaet with it when a current of the other
polarity is generated. o

;) his signal-receiving

There are two stationar y'

I‘or elearness of illustration. the I

| ground.

L

manner another wire braﬂehes
other side or branch of the hne and passes

ized bells.

‘piece on the armature-shaft.
of the coil is connected to the frame of the
The frame is connected to the
-buz:zer of the subscriber’s station and thence

592,422

The buzzer device 5. (shown in greater de-

tail in Fig. 7) is so constructed that it will

sound whenever intermittent currents of

either polarity pass through it. The use of
this device will be described later when the
0peration of the system 1s described.

The calling-keys 6 6 6 6 each have two pairs
of contacts insulated from each other, one
pair of which is normally closed and the other
normally open. When the key-lever is de-

pressed, it opens the normally closed pair of -

contacts and closes the nor mally open pair of

contacts.

The condensers 7 7 are sueh as are sultable
for nse in circuits t_hroun'h ‘which telephone

connection passes. _
The circuits of the subscriber’s-station ap-

paratus, as shown in Kig. 3, are as follows:
Each side or branch of the metallic-circuit

line passes to subsecribers’ stations 1, 2, 8, and
4. A wire branches off from one of Sa,ld mdes
or’branches of the line and passessuccessively

through the normally closed pair of contacts
of two of its keys 6 6—A and I3, for example.
It then passes in the same manner through
two of the keys 6 6 of the other stations 2, 3,
and 4 and thence to the gr 0u11d In like
' from the

successively through the normally closed pair
of contacts of the keys CD at eachof the sub-
scribers’ stations 1, 2, 3, and 4, and thence to
In one of the wires thus branching
off are placed two of the subscribers’ polar-
ized signal-receiving bells, one at each sta-
tion, so connected in the euemt that one of
them will sound when an intermittent current
of one polarity passes through 1it, and only
then, and the other will sound When an in-
ternnttent current of the other polarity passes
through 1t, and only then.
and mmﬂarly connected and located at the

other stations are placed the two other polar-
One of the spring-contacts of the .
subscriber’s generator is connected to one of -
“the normally ope‘n contacts of two of the keys

6 6, as A C, one connected in each side or
branch. of the line. 'The other spring of the

generator is connected to the two similar con-

tacts of the keys, as B D. The other side of

the normally open contacts of key A B are

connected to one side or branch of the line,
and the similar contacts of keys C D are con-
nected to the other branch of the line.

One side of the armature-coil of the gener-
ator is connected to the insulated contact-

generator.

to a local wire between the stations. This

local wire then passes successively by a con-
ductor through the normally closed contacts
of the switches 11 of the several stations and
thence to the ground. The main wires are
replesented by solid lines and the branch
wires,which pass through the normally closed

On the other wire

The other side
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pairs of contacts of the keys and switches, are ]

represented by broken lines.
The pair of contacts of

- switeh 1, which are normally open, but are
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closed when the telephone is removed from
the switch, arein abridge eonnection between

the two sides of the line, which bridge con-
nection contains the subscriber’s telephone 2

and his condenser 7.

In Fig. 3* the connections of the subserib-
er’s-station apparatus are shown when only
one subscriber’s station is used on the line.

The apparatus and connections are substan-

tially as follows: The parts are substantially
of the character shown in Fig. 3. One side
of the line has a circuit-wire which passes
through the normally closed pairs of contacts
of the keys A B and through the calling-bell
5 to ground. The four ealling-keys ABand
C D are connected to the two sides of the line
and to the spring of the calling-generator 4,
the same as in one of the stations shown and
described for Kig. 3. The calling-generator
is of the same construction as that shown and
described for Kig. 3. The switch 1 bridges
the subscriber’s telephone between the two
sides of the line when the telephone is re-
moved from the switeh. 8 is a retardation-

coll through whichisgrounded when the tele- |

phone is switched for use that side of the
line which is not normally grounded through
thesignal-receiving bells.
q pair of contacts and connections for thus
grounding the line through the retardation-
coil. Tt is immaterial to what point of the
line this ground connection through the re-
tar datlon ¢oll is made prowdmﬂ the sub-
scriber’s telephone is between it and the
ground connection through the bell.
1'wo or three stations may be used on one
line and their apparatus and connections be
substantially the same as shown in Fig. 3.
When two stations only are connected on one
line, the branch calling-wire connected to one
side of the line and eontalnmﬂ' two of the sig-
nal-receiving bells may of course be om1t1sed
or if both braneh calling-wires are used a,
signal-bell may be placed in each. The ap-
phc_,atmn to the system and the circuit con-
nections to a less number of stations than
four on one line will be apparent to those
skilled in the art. The order in which the
wires branch off from the sides or branches

of the lines and pass successively through the

normally closed pairs of contaets of the
switches 6 6 1s 1111111£Lteual Forinstance, the
wires may branch off from the sides of the
line at the subseriber’s station 4 and pass
back through the pairs of contacts of the
kKeys 66 a,nd the signal-receiving bells to sub-
seriber’s station 1, and thence to ground.

In the system which has been described for
Figs. 3 and 3* the signal-receiving-bell appa-
1¢Ltus should be so constructed that it offers
great retardation to telephone-currents, but
does not offer too great a resistance to the
calling-currents to prevent the Dbells from |

each telephone-

Theswitchl Shﬂwcs |

being operated from the central office. This
can be casily accomplished by those skilled
in the art. |

In the operator’s cord system shown in Fig.
4, D D' are a pair of loop-switch plugs, the
construction and operation of which, when
the same are inserted info the line- smtchecs
are as have heretofore been described.

K K' are two calling switches or keys for
the pair of plugs. Each consists, substan-
tmlly,of a key-leverresting 1101"111&1137 on a con-

tact-bolt and with two other bolts, on either

of which at will the lever may be placed by

the operator These switches may be greatly
changed in form and yet produce substanw
tmlly the switching operations described.

B is the opemtor s calling-generator, with
contact-spring, emnmumtor -plece, and oen-
eral construction such as the calling-gener-
ator’sshownin Fig. 8, as herctofore described,
whereby mternuttent current of either po-
larity may be generated.

v1sthe clecu‘*m g-outannunciator for the pair
of cords, which may be non-polarized, and
which should preferably have contacts, as
shown in Fig. 4*, whereby the annunciator-
magnet is ﬂ'munded on both sides while the
annunciator indicates a call. _

Y is a looping-in switch with two movable
levers and two pairs of contacts, on which the
levers may be alternately plaeed at the will
of the operator.

t 18 the operator’s telephone.

z 18 a retardation - coil for the operator’s
telephone connected on one side to one side
of the telephone, as shown, and on the other
side to one side of the test- battery B*, which
18 grounded on the other side. Each onerator
has as many pairs of plugs with their flexible
cords as she may require to answer the calls

and attend to the lines required, and for each

pair of plugs has two calling switches or keys
K K’, a looping-in switch Y, and a clearing-
outannunciator v. Kach operator’s telephone
has its retardation-coil z. One calling-gen-
erator, which should pl"efembly'be a power-

frenemtor' may answer for several operators,

The connectwns of the operator’s cord ap-
paratus are as follows and as shown: The
contact-piece m of plug D’ is connected to
the lever of switch K and the contact-piece
m' of that plug to the lever of switech K'.
The contact m of plag D is connected to the
contact-piece with which the lever of switch
K is' normally in contact. m’ of that plug is

The contact-pieces with which
the lever of switch K may be alternately
placed in contact are marked 1 and 2, re-
spectively. The similar contact - pleees of
switch X' are marked 3 and 4, respectively.

The contacts 1 and 3 are connected together
and to one of the commutator-sprm 'S of the
generator B. Contacts 2 and 4 are als0 con-
nected together and are connected to the
other eommutator-—spmuw of the generator.
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connected to the similar contact - piece of
switch K.

125

130

The frame of the generator is eounected to




10

20

,swweh Y normally rest.

6 | | 502,422

ground.
neeted to the contact-piece of the switch K,
with which the lever is normally in eontaet
and contact-piece m' of the plug is connected
to the similar contact-piece of switch K.
These two last-mentioned contact-pieces of
the switches K K’ are connected to the two

sides, respectively, of the annunciator v and

to the two levers, respectively, of the switch
Y. The two sides of the operator’s tele-
phone 1 are connected to the two contact-
bolts, respectively, on which the leversof the
The retardation-
coil z is connected to the circuit so that the
telephone ¢ is between it and contacts m m
of the plugs. The parts of the operator’s
cord system should be suitably mounted and
arranged for her work, and the flexible con-
ducting-cords should be long enough so that
she may reach any line-switch at her board.
It is evident from the apparatus shownand
described above that the operator may by
moving the lever of the switch K in one and

“the other direction send intermittent current
of one or the other polarity from ground to

the side of thHe line-cireuit which is connected

- to contact m of the plug D' and to ground at

the outer end of that side of the line through

30

its two signal-receiving bells 3 3, as shown in
IFig. 3. In like manner she may by remov-

- ing the levers of the switch K’ send inter-

mittent current of either polarity over the

~ side of the line which is connected with con-

tact-piece m’ of plug D and to ground at its

outer end through its ftwo bells. The con-
tact - pieces of the switches K K' may be

“marked 1, 2, 3, and 4, respectively, and the

stations on each line designated and con-
nected accordingly, so that when the oper-
ator places a lever on piece 1 it will ring the
bell at station 1, when on piece 2 1t will ring

 the bell at station 2, when on piece 3 it will

._50

ring the bell at &tatlon 3, and when on plece
4 113 will ring the bell at stamon 4. 'Thus the
operator can readily know what movements
to make to ring the bell of any station con-

nected to her switchboard.

The operation of the system is as follows:
When a subscriber wishes to converse with

any other subscriber, he finds out in the ex-

change-list or other wise the designation or
division to which the line belonﬂ‘s e then
by pressing the proper key and opemting his

- generator causes his annunciator, which is

53
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key A;
press on key By if to division C, on key C,

located at a board of-the division to which
the line wanted belongs, to indicate a call.
For instance, if the line wanted belongs to
division A he. would on calling press on his
if it belongs to division I3, he would

and if to dmsmn D on key D. Tf when he

thus presses on one of his keys and operates

his generator his line is not switched at the
central office and neither his own telephone
nor the telephone of any other subscriber on

-~ his line is switched for conversation, his gen-

“this line.
nunciators of this line from its ground con-

'I'UI]“‘

tors at the outer ends.

Contact-piece m of plug D is con- | ator located at the board wanted and current
will pass through the circuit of that polarity,

which will operate the annunciator and at-

tract the attention of the operator at the

board wanted. ‘This closed circuit is from
ground at the central office through the line-

annuncmtors to one side or bmnch of the
line, thence to the subscriber’s station, thence

70
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through the pair of contacts closed by press-

ing the key, thence through the subscriber’s
generator, thence to the local-circuit connee-
tion of the cenerator, and thence successively
through the closed pairs of contacts of the
telephone-switches 1 1 of the line to ground.
The subsecriber will then take his telephone
from his switch, thus automatically discon-
necting his calling-generator from the ground
at its outer end and bringing his telephone
and its condenser in a bridge between the
two sides of the line. The operator on no-
ticing the call on the annunciator will place

one of her loop-plugs D into the switech of the

line, its switch being then so that her tele-
phone bridges between.the two sides of the
line. The act of placing the plug in the

switch automatically short-circuits the an-
nunciators of the line from its ground con-
nections, as will hereinafter be described.
The subsecriber’sand the operator’s telephones
are thus brought into closed cireuit with each

other, and the operator finds out what line 18
wanted. She then tests the line wanted, as
will hereinafter be described, and if she finds
that it is free or unswitched she places the
other plug D’ of the pair into the switch of
This act also short-cireuits the an-

nection through them and 1its 1etardat10n—
coils. She then moves the lever of the switch
K or X' which is connected to the last-men-

‘tioned plug so that it is in position to send
current of the polarity to operate the bell of

the subscriber wanted, and the bell will be
W hen the bell of the subscriber wanted

80‘
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is rung, he also takes his telephone from its

switch, thus connecting his telephone in a
bridge ‘between the two sides of his line and
disconnecting the calling- generator circuit
from its gr ound connection at its outer end.
’J’he_opera-tor then moves her switech Y s0 as

to disconnect her telephone from the circuit..

The two subsecribers’ telephones being thus

in elosed circuit with each other, they carry

on theirconversation. When theyarethrough
conversation, they place their telephones on
their swmehe% and thus automatically estab-
lish the Uround connections of thelr genera-
Either subscriberm&y
then send a clearing-out signal by operating
his generator and pressing on either of his
four calling-keys. Current will pass from
oround through the branch of the line to
Wthh the key is connected to the central of-
fice and across the bridge which contains the
clearing-out annuneiator to the ground con-

nections of the other branch of the circuit,

erator 1s in closed cireuit with the annunci- | and the annunciator will thereby be oper-
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ated. This signal being thus given, the op-

erator immediately removes the plugs from
the switches. The short circuits of the an-
nunciators of the lines are thereby automat-
1cally taken off, and the lines are in their nor-
mal position ready to give or receive calls.

When a line which has two or more sub-
seribers on it is switehed for conversation
and one of them is usingit, another subscriber
on the line cannot give a signal at the cen-
tral office on one of the line-annunciators and
thus cause confusion for two reasons. TFirst,
the line-annunciators are short-circuited from
the ground connection, and, second, the gen-
erator 1s ungrounded at the outer end of the
line from the opening of the normally closed
palrof contacts of the switch of thesubseriber
who 1g already using the line. Tor the last
reason the subscriber on operating his gen-
erator will not even cause the clearing-out
annuneciator to indicate a call.
the normally closed pairs of contacts of the
telephone-switches is especially to prevent a
false clearing-out signal when a subseriber
attempts tosend a call while his line is already
in use by another subseriber.

When a subseriber operates his generator

as heretofore deseribed and the same is in a
closed eircult by reason of the line not being
1n use, his buzzer 5 will be in this closed cir-
cuit and will respond to the pulsations of the
intermittent current. If, however, by reason
of the line being alr ea,dy 1n use by the tele-
phone at one of 1135 stations being off its switeh
no closed circuit is established ‘md there will
be no sound from the buzzer. The subseriber
will therefore know when he operates his
generator whether or not his line is already
in use, and if it should happen to be in use,
which W‘Dlﬂd but seldom be the case, he will
walt until it is out of use and then repeat the
operation of calling. Itisevident that three
subseribers’ stations may be placed on one
line with their three call-bells connected, two
to one branch and one to the other branch of
the line, and that the operator may ring at
will either of the three bells by pressing on
her suitable calling-key. When several sub-
scribers’ stations are placed on one line, they
will be selected so that they are located near
each other and as far as possible so that they
will require little or no telephone conversa-
tion with each other. For this reason the
circult connections between them, used for
calling and indicated by broken hnes in Fig.
3, w111 be short connections.
reason the subscribers of one line will very

seldom desire to carry on telephone conversa-

tion with each other.

If a subseriber wishes to carry o1l conver-

sation with another subscriber located on the
same line, he calls the central office in the
manner heretofore indicated and tells the op-
erator what subscriber he wants. The oper-
ator will then replace the plug D with the

plug D’ and move the lever of one of the-

switches K K’ so that 1t is ‘Ldapted to ring | erator to the contact m of the plug used in

The use of

For the same

the bell of the subsecriber wanted.
scriber is thus cailed and the conversation
can take place between them on their own
line. When the operator calls to obtain such
a connection, the condenser in the bridge-cir-
cuit with the calling-subseriber’s telephone
prevents part of the current from passing
across the bridge and ringing the bell of
another subscriber who is not wanted, even
1T the first subscriber has not replaced his
telephone on its switech while his call is being
attended to. Thisis the function of the con-
denser. Of course the condenser would not

be necessary or operated for this purpose
‘should the subseriber at this time replace his

telephone on its switch, as the operation of
the switeh itself would open this bridge-cir-
cuit. The rules of the exchange might be
such that under such circumstances the sub-

This sub-.
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scribers were always to place their telephones

on their switches. With such a rule always
acted upon the use of the condensers would
not be necessary. When the system which I
have described is applied to telephone-ex-
changes where only one subsecriber’s station
is placed on each line, the operator’s geners

tor may give alter nate current and the sub-—
scriber’s bells may be such as to 1*esp0nd to

“such currents.

The operation by which the line-annuncia-

tors are automatically short-circuited when-f
fice 18

ever a line is switched at the central o
briefly this: Whenever a plug is placed in the
switeh of a line, it automatically closes the
local contacts ad of the switeh, as heretofore

described. This brings the battery B’ and

the electromagnetic device « of the line into

a closed local circuit, which causes the arma-
ture of the device to be attracted and closes
the normally open contacts connected with it,
thus short-cireuiting all the annunciators.
The closed local circuit may be traced thus:
from the contact O of the switeh to and
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through the battery B’ and thence through

the helix of the electromagnetic device to the

contact ¢ of the switch. When the plug is re-
moved, the contact between ¢ and b 1s broken

and the local circuit is therefore open, thus.
opening the relay-contacts and removing tlle_

short circuits of the annunciators.
The test system is as follows: W/Vhen an op-

erator desires to test any line to determine
whether or not it is switched at the central

office, she places the contact m of one of
her switch- plugs on the contact-piece d of the
switch of the line, the switeh Y being then in
position, so that her telephone bridges ACTOSS
the two cord-circuits of the plug. If theline

1s then switched for use, a closed circuit 15__

established which contains the battery I
and the operator’s telephone, and the: opera-

tor will hear a click in her telephone and

know that the line is already in use. This
closed circuit may be traced as follows: from

the ground through the test-battery B? and
‘the retardation-coil and telephone of the op-
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tésting, thence to the contact d, to which the

I0

plug is applied, and thence to the contact d
of the switch at which the line is switched,
thence to contact a of that switch, which is
then in contact with d, and thence to ground

- through the common wround eonneotlon of the

contactb a ¢ of the SWltehes of the exchange.
If the line is not switched at any board, no
closed circuit will be established on testing,
because no contact d of the line is in contact
withits springa. Theoperator will therefore
hearnoeclickin hertelephone,and will thereby
know that the line is not in use and will place

- a plug in its switch.

20°

As has been stated, the normal position of
the switches Y or their position when the

- pairs of plugs are left for future use after be-

ing taken from use is such that the opera-
tor’s telephone 18 bridged across between the
two conductors of the plugs.

phone into connection with the callmn sub-
scriber by merely inserting a plug into t the

- switeh of his line.

25

The purpose of the contacts and connec-

- tions shown on the clearing-out annunciator

shown in Fig. 4* is that a 'DlOIlI]d connection

~ at the central office of practically no resist-

30

ance will be placed on the circuit of both

sides of the annunciator as soon as the clear-

ing-out annunciator indicates, and thereby
prevent the subscriber who is sending the
signal from causing a continuous ring of one

- of the bells of a subscriber on the other line

35

~annunclator-magnet which is then estab-

40

connected with his. The short circuit of the

lished may be tmced from points cc¢’ to spring

¢ and throu oh wire S to ground.

It will be seen from the descmptmh of the

system as heretofore made that each sub-

scriber of the exchange may call an operator

“at a board where his own and any other sub-

scriber’s line have their switches and may

- there have his call promptly answered and
45
- . will also be seen that when several subscrib-

connection made with the line wanted. It

ers’ stations are placed on one line each sub-
scriber may make any of the desired calls to

- the eentral office'without ringing the bell.of

any other subscriber on the l1ne and that

the operators may connect to any line want-
ed, and where several stations are on one

~line she may ring the bell at any station
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without ringing the bell at any other station

or in any way disturbing any other sub-
scriber.

It will also be seen that when any
subscriber on a party-line is connected for
conversation and has his telephone switched
foruse noother subscriber on that line can, by

operating his calling-generator or his callin o-

keys, or both, disturb. the connection at the
central office or elsewhere, while at the same
time he has himself an indication that some
other subscriber is using the line.

It will be seen also that when two lines are

connected together for conversation and a

subscriber on each line-has his telephone

In that case
the operator mayimmediately bring her tele-

of the line to operate either of

switched for use their two telephones are in

closed telephone-circuit with each other; that
this circuit is bridged at the central office by a
clearing-out annunciator; that the two sides
of the cwcmt are each gr Ounded at the cen-
tral office through two 1e‘rm dation-coils, and
that each line is nlounded at or near its 011tel
end by two gr ound connections of high self-
induction or retardation, one on each Slde of
the subscriber’s telephone, and that as the
two sides of the metallic conductors of each
line will be constructed so as to be practi-

cally the s
ance of each talking-circuit is practically
provided for.

I claim as my invention—

1. In a telephone-exchange system, metal-
lic-circuit lines divided into four elasses the
switchboards divided into four elasses,, one
class of boards for each class of lines, each

‘line having a switch on each board of its

class and on one board of each of the other
classes, and switching apparatus whereby
the operator at any board may connect to-
aoetherany twolines which have theirswitches
at herboard, in combination with two retarda-
tion-coils and four pelarized annunciators
for each line, said annunciators being located

same electrically, the electric bal-
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at the four divisions of boards and where the

line has switches, through two of which an-
nunciators connected in opposite polarity and
one of said retardation-coils, one side of the
line 1s grounded, and through the other two
of which annunciators connected in opposite
polarity and the other retardation-coil the
other side of the line is grounded, electric
calling apparatus at each subscriber’s sta-
tion to at will send current of either polarity
through a ground -cirecuit containing each

side of the line to operate any of said four

annunciators, and electromagnetic appara-
tus automatically controlled by the switehing

of each line to short-circuit said annuncia-
tors, but not said retardation-coils from the

nround connections of the lines in which they
are placed.. | |
- 2. In a telephone-exchange system metal-

lic-circuit lines divided mto two classes, the

switchboards divided into two classes, one
class of boards for each class of lines, each

line having a switeh on each board of 1ts class

and on one board of the other class, and
switching apparatus whereby the opelatm at
any board may connect together any two
lines which have their SWltCheb at her board,

in combination with a retardation-coil and

two pola,rlzed annunciators for each line, said
annunciators being located. at the two 'divi-

sions of boards and where the line has

switches, throngh which annunciators con-
nected in 0pp051te polarity and retardation-

10
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coil one side of the line is ocrounded, electric

calling apparatus at each subseriber’s station
to at will send current of either polarity
through a ground-circuit containing said side
sald two an-

| nunciators, and electromagnetic apparatus

13
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each line to short-circuit said mmunemtors
(but not said retardation - coil) from the
ground connection in which they are placed.

a. In a telephone-exchange system metal-
lic-circuit lines divided into two classes, the
switchboards divided into two ciasses, one
class of boards for each class of lmes, each
line having a switch on each board of its class
and on one hoard of each of the other classes,
and switehing apparatus whereby the oper-
ator at any board may connect together any
two lines which have their switches at her
board, in combination with two retardation-
colls and two annunciators for each line, said
annunciators being located at the two divi-
sions of boards, and where the line has
switches, through one of which annunciators
and retardation-coils one side of the line is
grounded,.and through the other one of which
annunciators and retardation-coils the other
side of the line is grounded, electric calling
apparatus at each subsecriber’s station to at
will send current through a ground-circuit
containing each side of the line to operate
either of said two annunciators and electro-
magnetic apparatus automatically controlled
by the switching of each line to short-circuit
the annunciators but not the retardation-coils
from the ground connections in which they
are placed.

4. In a telephone-exchange system, metal-
lie-cireuit lines, a switechboard, switches, one
switch on said board for each line, each
switch having two contact-pieces to which re-
spectively the two sides of its lines are con-
nected, and means at said board to connect
any two lines into a metallic circuit for con-
versation by joining the two contact-pieces
respectively of theirswitehes, in combination
with a ground connection for each line be-
tween one of its two sides or branches and

- the ground, and an annunciator and a re-

tardation-coil for each line located in its said

ground connection, electromagnetic appara-
tus for each line automamcally operated by
the switching of the line for conversation to

| Shmt—clrcmt sald annunciator, but not said

50
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retardation-coil from said wround connection
of its line, a ca,llmrr-frenerator at each sub-
seriber’s station, and switching apparatus
there to at the will of the subscmber include
the generator in a ground circuit with that
branch of the line to which its said ground-
circult connection is normally made.

5. In a telephone-exchange system, tele-
phone - lines, a sw1tchboard switches, one

switeh on the board for each line, in combi-

nation with a ground connection for each line,
an anmmcmtor and a retardation - coil for
each line located in 1ts said ground connec-
tion, and means at said board to connect any
two lmes into a closed circuit for conversa-
tion by joining the contact-pieces of their re

spective switches with the two sides of smd
circuit grounded through their said ground
connecmons re spectwely, electrom&wnemc ap-

tion to one side of

[P

- automatwally controlled by the switching of | paratus f01= cach line automatically opem-'
ted by the switching of the line for conver-

sation to short-circuit said annunciator, but
not said retardation-coil from said ground
connection of the line, a clearing-out annun-
clator in a bridge conneetlom to sald closed
cireuib of two lmes and a calling-generator
at each subscriber’s station Gpemted' in a
ground-circuit which includes theline-annun-
ciator when the line is not switched, and the
clearing -out annunciator when the line 1s
swnehed for conversation.

6. In a telephone-exchange system, metal-
lie-¢ireuit lines and sw1teh1nﬂ* appmatus at
the central office to connect any two of said
lines into a closed metallie circuit for conver-
sation, in combination with two ground con-
nections for each line at the central office,
one from each side or branch of the line, a

_different line-annunciator in each of said two
ground connections, and electromagnetic ap-

p‘natus with a 100:11 circuit for a,eh line, in-
cluding battery, automatically operated by
the sw1tehlnﬂ of the line for conversation to
short - circuit said annunciators from said

ground connections, while the line is thus

switched for conversation.

7. Ina telephone-exchange system a metal-
lie-cireuit line and a swnal—recelwnw bell at
the subscriber’s Statlon in a <Tr0u:ud connec-

with the subsecriber’s telephone histelephone-
switch, a retardation-coil, and switche con-
tactsand connections to bridge said telephone
between the two sides of the line when the
telephone is switched for conversation and
ground to the other side of the line through
tlle retardation-coil.

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

phone-wire permanently g n*rounded at the cen--

tral office, and the line-annunciator and a re-
tardation- coil in its said ground connection,
there, in combination Wlth a calling-genera-
tor at the subscriber’s station operated by the
subscriber to send calling-current from a
ground connection at the outer end of said
Wire and over said wire, switching apparatus
to at the will of the 0pel ator SWJ.tch sald sub-
seriber’s line with another line for conver-
sation, electromagnetic apparatus auntomat-

ically controlled by the switching of said line

to short-circuit said annunciator but not said
retardation-coil from said ground connection,
and a clearing-out annuncmtor also in a
oround eonnectmn to said wire while the line
is switched for conversation. |
9. Inadivided central exchange, annuncia-
tors, one at each division of the eiehanwe for
ELGh line, each normally or as long g as the line
is not switched at the contr al office in a

branch circuit connection connected with the
line; a short-circuiting device for the annun-
elators of each line, in a local circuit render-

ing the annunciators irresponsive, and an
operator’s sw1tf311 for putting: sald eir cmt into
action. |

10. Ina lel’dBd central exechange,annuncia-

said hne In combination
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10

tors, one at each division of the exchange for

- each line, each normally or as long as the line

~is mneot smtched at the central office in a

10

20

| _.25

branch cireuit connection connected with the
line; a short-circuiting device for the annun-
ciators of each line in a local circuit render-
ing the annunciators irresponsive, put into

_ELthOIl by the act of switchingsaidline foruse.

11. Inatelephone- exchanwe annunciators,
one for each line, each normally or as 10ng
as the line is not switched at the central office
ina branch circuit connection connected with
the line; a short-circuiting device for the an-
nunciator of each line in a local circult ren-
dering thie annunciator irresponsive, and an

operator S swﬂsch for puttmcr sald cireult mto |

action.

- 12. In atelephone-exchange, annunciators,
one for each line, each normally or as long
as the line is not switched at the central office
in 8 branch circuit connection connected with

‘the line; a short-circuliting device for the an-

nunciator of each line in & local circuilt ren-
dering the annunciator irresponsive, put into
action by the actof switchingsaid line for use.

13. In a party-line telephone-exchange sys-

- tem, a metallic-circuit line, extending to four

509,422

subscribers’ stations, at each of which sta-
tions is a subseriber’s telephone set in a nor-
mally open bridge between the two sides of
said metallic-circuit line, at two of which sta-
tions connected from one side of the line to
oround are two polarized signal-receiving
bells connected to respond to oppostite polari-
ties of currents sent over the side of the line

to which they are connected, and at the two .

other stations connected from the other side
of the line to ground are two other polarized
signal-receiving bells connected to respond to
opposite polarities of current sent over the

side of the line to which they are connected,
and at the central office a calling-generator

having one side of its armature grounded,
commutator devices connected with the other
side of the armature to take currents of either
polarity, and switching devices to at will di-

rect such current of either polarity to either

of said two sides of the line.
In testimony whereof I have hereunto sub-
ser 1bed my name.

MILO . I{ELLOGG.
Witnesses: |

A. M. MCLACHLEN,
L1L.oYD B. WIGHT
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