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switching termina
lines are constructed each with only two con-
tact pieces, connected with the two line
limbs respectively; the connecting plugs be-
ing correspondingly provided each with only
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To all whom 'uf may concern:

" Be it known that 1, Harry G WEBSTER, | a,

citizen of the United States, and resident of

Chicago, county of Cook, and State of 1lh-
nois, have invented a certam new and useful
Improvement in Tele hone-Exchange Sys-
tems, of which the following is a full, clear,

concise, and exact deseription.

Myinventionrelates to tele _hjollé'iej:qhail_g:'e

two contacts, these forming the terminals of

link conductors by Whlch the lines: 3:1'6 tem" |
porarily switched together. -~ o

The principal object of my invention is to

provide improved means for controlling the
display of the subscriber’s calling signal, and

5 second object is to provide improved means

for controlling the circuits of the sup ervisory

signals.

Other objects ‘and adv&nfages O’fmyr in-
vention will be apparent to those skilled inthe

~ art from the following description. -

" In accordance with my invention, I asso- |

ciate with the line circuit a signal controlling

electro-magnet normally under the control
of the subscriber, whereby a call may be

initiated at the central oflice. - The magnet

core is provided with a non-magnetic metal-
lic shell or shield, and has two windings dif-
ferentially connected, one of: said windings |
being ineluded in that portion of a line limb
extending to the substation and the other
winding being included in that portion of the

same line limb extending to the spring jacks.
The two windings are connected at . their

intermediate point to the central source of
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current, said connection including an 1m-.
pedance or resistance. The two windings.
are preferably “concentric”’ windings; that

is, wound one outside of the other upon the

magnet core, and that winding connected to-

ward the substation has a lesser number of

turns than the other winding. The magn et
is preferably in the form of a relay magnet
~ controlling the circuit of an incandescent

lamp signal, although I am not limited to

such construction, as it will be obvious that
it might be a magnet controlling directly a

‘ment and relative number

‘mature to be retracted and

over a non-magnetic shell

'- ing circuit:

| which—

‘ance with the preferred fo
tion, and Fig. 2 illustrates

ed for use therewith.

which is closed upon the

| arrangements of the subsc

‘ing upon its switch-hook,

o1 will describe my -'imfentibn' more fully
by reference to the accompanying draw-

"~ { mechanical signal or target. The magnet 1s
| 'so designed that when circuit 1s closed
‘through the first mentioned winding by the
‘removal of the telephone at the substation,
it will be sufficiently energized to cause the 60
‘display of its signal. Cord connecting ap-
paratus is provided, adapted upon the inser-
| tion of the connecting plug to complete a eir-
cuit from the central battery through the
- | last mentioned winding of the magnet 1n 65 '
ed | opposition to that through the first men-
nsSmission. 1n ch the | tioned winding and the armature adjust-
Is or spring jacks of the

of turns are such

that the current through this opposing wind-
| ing will sufficiently weaken or reverse the 70
_energization of the magnet to allow its ar-

efface the calling

‘signal as long as the plug remains in the jack.
‘The two windings are serially included 1n one
1| side of the talking circuit but being wound 75

as well as differ-

‘entially connected and preferably of rela-
tively low resistance, do not interfere with
transmission nor unduly unbalance the talk-

80

ings forming & part of this specification,m

~TFigure 1 illustrates two complete line cir- 85
‘cuits together with appropriate cord con-
necting apparatus all organized in accord-

rm of my nven-
a modification of

‘the line circuit arrangement of Fig. 1 and an 90
alternative cord connecting structure adapt-

~ Referring first to Fig. 1, the subscriber’s
| apparatus 1s. represented "as consisting of a
telephone hook switch %, signal bell b, con- 95
denser ¢, transmitter ¢, and receiver 7, the
‘bell and condenser being in normal bridge
of the two line limbs and the receiver and
‘transmitter being in a normally open circuit

elevation of the 100

| hook switch. Although I have shown but
one arrangement, it will be understood by
those skilled in the art that various other

riber’s apparatus

‘may be used, and I do not confine myself to 105
_,_the_jpa,rt_i_culafarra,ngement_’illu_stra.ted. -
~ TUnder normal conditions, the receiver be-

‘the condenser ¢ .
current from the

| ‘battery C at the central o

ice over the tele- 110
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- phone line limbs.

When, however, the sub-

-sceriber removes his telephone from its hook,
thus establishing relatively low resistance

- the {low
- through winding 15 -of impedance

- 10

' - or ground side of

s |
for signal lamp 5.

20

- 8age respectively with the

28

~contact pieces of

path for current through the
and receiver r, the signal controiling relay
% at the central office will he energized by
of current from the battery (
coil 3,
winding 7 of relay 4, limb 1 of the telephone
line, through the substation, back to the
central office over limb 2 and thence through
winding 14 of impedance coil 3 tq the return
‘the battery C. This cur-
rent will energize relay 4, causing the attrac-
tion of its armature, thus closing a circuit
' _ 'pon-observing the call-
ing signal, the operator will insert the left
land or answering plug P of the cord circult
Into a spring jack 10 of the line, correspond-
ing to the calling signal, thus causing tﬁe tip
and sleeve contact pieces of the plug to en-
corresponding
spring jack. The ti

the plug and spring ] &cf:
circuit’ for the flow of current

contact pieces of the

complete a

from battery C, which may be traced as {ol-

lows:—from the active terminal of battery

G, through conductor 39, relay 20, strand

80

- to the return

- 4 now opposes _
‘the energization of relay 415 thus sufliciently

o
¢

16, spring jack 10, winding 6 of relay 4 and
thence through winding 7 and the line limbs
side of the battery over the
circuit previously traced. Tt will be seen
that the current through winding 6 of relay
that through winding 7 and
of 1its arma-

reduced to allow the retraction

~ ture 30 and the extinguishment of lamp 5.
Supervisory rélay 20 is at this time ener-

gized. The engagement,
tact pieces of the }ﬁlug and spring jack has
- meanwhile estahblishe

40.

45

lamp 22 is connected to conductor
now stands open

55
60

65

energization.of relay 20

substation B, the operator
‘way by applying the tip of her calling ;

of the sleeve cop-

_ _ ed a circuit which may
be traced from the active terminal of the
battery .C through

Ing of relay 40,

pedance 3 to the return side of
This circuit causes
40 and by

the battery.

the attraction of its armature,

at the armature of relay
20.
now -depressed by the replacing of the re-
ceiver r, the consequent mterruption of the
circuit of the line limbs would cause the de-
and allow its arma-
ture to be retracted

lamp 22 and causing its-illumination.

Upon securing from the subscriber the
numoer of the line desired,
tests in the usual
lug O
to the sleeve of o multiple jack 10 of ¢ ie de-
sired line. The tip being normally
same potential as the jack sleeve contacts, no

eflect is produ_ced“if t];e--line 18 idle_. If how-

conductor 35, the wind-
strand 18, plug and jack con- |
tacts and .thence through winding 14 of im-
the energization of relay
32 which

‘Were the hoolk switch at substation A

closing the circuit of

in this case at

at the

‘that cord which is

nection exists, over

930,519

ever, the line be connected for conversation
at some other spring jack, a flow of current,
will result when the tost is made, which may
be traced from the active terminal of battery
C through conductor 35 and relay 40 or 41 of

the line, thence through its strand 18 or 19 to
the sleeve of the multiple jack at which con-
Imb 2 to: the jack at

which the test is made, thenece

the winding of relay 34 to the return side of
the battery. The relay 34 is a test relay of
relatively high resistanice and 1ts encrgiza-
tion by a current flowing over the path just
traced causes the attraction of 1ts armature,
thus including the windin g 27 of the opera-
tor sinduction coil in circult with the battery
C giving the customary click which indieates
that the line is busy. = Finding the line 1dle,
the operator inserts the calling plug O and
actuates her ringing key g, in the usual man-
ner. Current now flows from generator G
through strand 19, hmb 2, the substation
condenser ¢ and bell b, hmb 1, windings 7 and
6 of relay 4, and thence through strand 17
and resistance 38 to the return side of the
generator through the battery C’ or the cir-
cults connected with this battery. The cur-
rent through relay 4 at this tinge is of oppo-
site direction in its two windings, and while
some portion of the current will be diverte«l
from winding 6 to the path through windin o
15 of impedance 3, the relay will not be sufii
ctently energized to cause the attraction or
vibration of its armature. ‘Fhe non-mag-
netic shell.upon the relay core provides addi-
tional ‘means for preventing the actuation
of the relay armature at this time. Upon
the restoration of the ringing key, a circuit
tor relay 41 is completed similar o that pre-
viously traced for relay 40. The conse-

uent attraction of armature 47 of this relay

1Isconnects the high resistance test relay 34
from the tip strand and completes the cir-
cuit of this strand 17 to relay 21 and con-
denser d. Iikewise the attraction of arma-

ture 42 of relay 41 completes a circuit to cause

the illumination of the supervisory lamp 23
which may be traced from the active termi-
nal of battery C through conductor 35, lamp
23, armature 42, conductor o3, and the con-
tacts of relay 21, (which is at this time de-
energized) to the return side of the battery.

‘When the subseriber answers, the elevation

of his hook. switch % allows. current to flow
from.conductor 35 through relay 21, strand

17, and winding 6 of relay 4; and uniting with

current flowing through winding 15, thence
through winding 7, limb 1, recerver r, trans-
mitter ¢, and to the.return side of the battery
through limb 2 and winding 14 of impedance
5. The armature of relay 21 is thus at-
tracted, opening the circuit of lamp 23 and
the current which now fows through the

already connected with.

through the
normally closed contacts of the relay 41, and

10
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low as compared

6 and 7.

windings of relay 4 being opposed in direc-
tion in the two windings 1s insuflicient to.
cause the attraction of its armature. The
line lamp 5 consequently remains dark.
The two subscribers are now inductively
united for conversation by means of strand
16—i7 which includes condenser d - and’

strand 18—19, which includes the condenser

d’. When either subscriber hangs up, the

consequent interruption of current throug

relay 20 or 21 allows its armature to drop

back, thus causing the illumination of lamp
22 or 23.

yortion of the talking circuit of the cord and
Ene and the line relay 4 has its windings and
contacts so arranged that when the relay 1s
partially energized, its armature will assume
1t TReferring to the
‘drawing it will be seen that the insertion of a
plug O into a jack of a line not in use will
Tesult in the establishment of o, circuit from
battery C through conductor 56, lamp 23,
strand 19, imb 2 and to the return side of |
the battery through resistance 9 and impe- |
“dance 14, the resistance 9 being relatively |
with that of the impedance |

subscribers are in conversation.
‘ance 28 is so proportioned with relation to
| the resistance of impedance 15 and winding 6

an intermediate position.

co1l.

be sufficient to cause the illunnna_,tion;'_of_"

ergized. When the subseriber closes circuit |
at the substation, current will flow from con-
ductor 36 through relay 21/, strand 17, wind- |
ings 6 and 7 and to the return side of the
battery through limbs 1 and 2, and the re-

sistance 9 in multiple with impedance 14;.
and a relatively small current will also flow |
o line from battery C through the impedance |

| Assuming
‘tial of 40 volts, I find that good results can
‘be secured by making the ratio of turns in
‘windings 7 and 6 of relay 4 or 4 as three 18 to
five, and that winding 14 may have a resist-
‘ance of two hundred ohms, winding 15 a re-
sistance of five hundred ohms, relay 20 or 20’

15 to the point intermediate of the windings
The first mentioned current will

energize relay 21/, thus interrupting the cir-

cuit of lamp 23 and will partially energize
relay 4’ through the unequal opposing effect
This will cause 1ts ar-

of its two windings.

mature 8 to be attracted to its intermediate
position against the spring stop 43, thus

removing the low resistance - connection to.
earth of limb 2, through resistance 9, this
now being the condition required for conver-
sation. e
When a subscriber initiates a call, the cur-
rent flowing through winding 7 being at this

‘time unopposed, the relay 4 is energized to
its greater extent causing the complete at~

traction of its armature 8 to close the circuit
6 of the line lamp 5, and upon the insertion of
the answering plug the opposing current |

~ through winding 6 reduces the energization

of the relay to its partial value, allowing the
eturn to its intermediate posi-
tion and extinguishing the lamp. Reterring.

armature to return to

“is connected. _
and spring 25 of the listening key,
winding 27 of theoperator’sset S,andthat the
lower terminal of this winding 1s

When both lamps are thuslighted,
the operator understands that conversation .
is finished and removes the connection.
Fig. 2 differs from Fig. 1 in that the super-
visory signals associated with the link con-
ductor have thelr circuits completed over a

key at contact 29, thus
qﬁmnt Interruption to
k)

The current lowing over this path will

‘the display of

40 a -yesis_ta’nce
subscribers’ lir _
‘pot limit myself to these specific resistances

{'or turns. - The armature adjustment of re-

' tOthebusy test 1t will be Seen'that upon the.
initial actuation of the listening key &’ 1n

answering a call, the testing tip of the plug O
hrough a portion of strand 17

to the test

connected

to the return side of the battery as is the
sleeve of the multiple jacks.
| conditions, therefore, no click
when testing in the usual way.

Under normal
will result
If, however,

the line circuit tested be in use, the potential

-of the sleeve or test terminal of the multiple

jacks of the line tested will be raised above
“that of the return side
| by current flowing through a lamp 22 or 23
and strand 18 or 19 of
“or through relay 20" or 21, strand 16 or 17
and the limbs of the busy line, thus causing
a c]lilcli to be given in the o erator’s set when
suc

of the battery either

1ch busy line is tested. hen the plug 1s

L I

serted.,. the restoration of the listening key

‘disconnects the test winding 27 and reéstab-

lishes the normal circuit of strand 17 at

contact 29. When the subscriber answers,

the energization of relay 21" and consequent
attraction of armature 24 closes & circuit
‘around the break controlled by the listening

' preventing a subse-
the talking circuit

D
- Gl

70

75

80

the busy cord circuit

89

90

90

ould the operator actuate her key while the

that when- the ringing key ¢’ is actuated to

energized, thus removing the connectlon

‘through the low resistance 9 and preventing
1€ C the line lamp 5 at this time. -
The structure of Fig. 2 operates in other re-
spects as that of Fig. 1, and needs no further

description. = S _
the battery C to have a poten-

a resistance of two hundred obms and relay
of five hundred ohins, for -

)

lines of average length; but 1 do

lay 4 or 4’ is preferably one in which there 1s
a relatively wide air gap between the core
‘and the armature and in which the armature
has a relatively small range of motion. = =
It will be understood that the battery C

“or ¢/ may be one and the same and that the

various grounds indicated may be connec-

| tions to the grounded side of the battery or

_the office return.. o
Tt will be apparent that various modifica-
“tions may be made in the

structures 1llus-

The resist-

100

call a subscriber, the relay 4’ will be partially

Lo
110
115"
120
125 ._

130
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trated without departing from the spirit and | phone line extendimg between two stations,
scope of my invention, and that My Inven- | means for establishing a conversational cjr.
‘tion may be embodied in numerous other or- | cuit over said line, a signal controlling relay
‘ganizations than those shown. I, there- having two energizing windings included in
5 fore, do not wish to be limited to the specific | one himb of the talking circuit thus estab-
~disclosure, but aim to cover by the terms of lished and having contacts adapted to occu&)y
the appended claims all such modifications | three oOperative positions, means under the
and embodiments. - | control of one station for actuating said relay
_ What I claim as new and desire to secure by completing a circuit through both of ifs
10 by Letters Patent of the United States ig:— windings to cause its contacts to oceupy one -
- 1. A telephone exchange system .compris- | of said positions, and means under the con-
g a telephone line terminating at an ex- | trol of the other station for actuating said re-
change, a signal controlling electro-magnet, lay to cause it to occupy another of said posi-
having two o posing windings serially in- | tions. o
15 cluded in the ll:ii)ne; &-source of current and a 5. A telephone system comy rsing a tele- g
resistance in bridge of said line from a point | phone line extending from a substation to an
-Intermediate of said windings, means under exchange, a link-cireuit for making connec-
the control of a subscriber for closing a cir- | tion to said hine, means for holding conversa--
cutt through one winding to energize said | tion over sald line and link-circuit, a signal

—

20 magnet sufliciently to cause the display of its controlling relay having two CNEergiZINg g
- signal, means for mcluding the other winding | windings included in one limb of the talking
In serles with said first mentioned winding, | circuit thys established and having contacts
and 1 shunt of said resistance whereby said adapted to occupy three operative positions,
- energization is reduced to an amount 1nsuf- | means under the control of the subscriber for

| 25 licient to cause such display, and a second | actuating said relay to cause 1ts contacts to g
- signal controlling electro-magnet associated Occupy one of said operative positions, and

with the line by the closing of said shunt means under the control of the operator for

circuit. - - actuating said relay by completing a circuit
2. A telephone exchange system compris- | through -both of its windings to cause its con-
. 30 1ng a telephone line terminating at an ex- | tacts fo Occupy another of said positions, 0
- change, a signal controlling electro-magnet 6. A telephone system comprising a tele-

e “having two opposing windings serially in- | phone line extending from a substation to an
cluded in the line, a source of current and a exchange, a link-circuit for making connee-
resistance in bridge of said line from a point | tion to said line, a signal controlling relay
35 mtermediate of said windings, means under having two energizing windings included se- 1¢
- the control of a subscriber fon closing a cir-. rially in one limb of said Iime and having con-
cuit through one winding to energize said | tacts adapted to occupy three operative POSI-
magnet sufficiently to cause the display of its tions, a source of current bridged between the
o  signal, means for including the other winding | line limbs at g point intermediate of said
‘. 40 1 series with said first mentioned winding, windings, means under the control of the 10
> and 1n shunt of said resistance whereby said subscriber for completing a ecircuit through
<. - energization is reduced to an amount insuf- | one of said relay windings to cause said relay
fictent to cause such display, and g signal | contacts to occupy one of said operative po-
s controlling electro-magnet included in said | sitions, and means under the control of the
. 45 shunt circuit and responsive to said first operator for completing a cwreuit for said re- 11¢
" mentioned means. - 1 lay to cause said contacts to oceupy another
e | 3. A telephon’e.eXcha,n_ge-system compr s- | of said positions. -
- ing a telephone line terminating at an ex-: 7. A telephone system com risIng g tele-
- . ~ change, a signal controlling electro-magnet, phone line extending from a sull?)station to an
= - 50 having two o posing windings serially in- exchange, a link-circuit for making connec- 115
| cluded in theﬁne; a-source of current and a | tion to said line, means for holding conversa-
resistance in bridge of said line from & point | tion over sald line and Iik-circuit, a signal
Aintermediate of said windings, means under. controlling relay having two energlzing wind-
the control of g subscriber for closing a cir-: ngs included in one limb of the talking cir-
55 cuit through one winding to energize satd | cuit thus established and having contacts 120
| - magnet sufficiently to cause the display of its . adapted to occupy three operative positions,
| signal, means for including the other wind- & source of current connected in bridge from
Ing in series with said first mentioned wind-:! g point intermediate of sajd windings to the
ing and in shunt of sald resistance, whereby | opposite limb and having its pole adjacent to
60 said energization is reduced to an amount - | said latter line limh grounded, a resistance 125
B - suilicient to cause such display, a second sig-'1 included in a-branch extending from said Iat-
- - nal, and means for utilizing the current in the ( ter-line limb through normal contacts of said
- shunt circuit in the contro] of sald se_cond-i-rela.y, and supervisory apparatus mcluded in
|

signal. : . branches extending from the live pole of said
oo 4. A telephone System comprising g, tele-: ‘battery to the opposite link-cireuit strands, 130
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8. A telephone Sysﬁeir_i_ Géfﬂ%
phone line extending from a su

jacent to said latter line limb grounded, and |
supervisory apparatus included in branches
extending from the live pole of said source to

the strands of said link-circuit.

9. A telephone system comprising a-tele-
phone line extending in two line limbs be-
{ween two stations, a connection terminal
~ for said line having contacts for each of said
limbs, a two-strand link-circuit and connect--
ing plug for establishing connection  with

said line limbs through said connection ter-

minal contacts, a signal controlling relay
‘having two energizing windings included m’
one limb of said telephone line and having
contacts adapted to occupy three operative
positions, means under the control of one.
station for actuating said relay to cause its
contacts to occupy one of said positions, and

means under the control of the other station

for actuating said relay by closing a circuit
through both of its windings and one set of |
plug and jack contacts to cause it to occupy

 another of its positions.

5

10

10. A telephone system comprising a tele--
phone line extending in two limbs from a
substation te an exchange, a connection ter- ;
minal for said line having contacts for each
of said limbs, a two strand link-circuit and
connecting plug for establishing connection
with said line limbs through said connection
terminal contacts, means for holding con-
versation over sald line and link-circuit, a |
~ signal controlling relay having two energiz-

45

50

55

ing windings included in one limb of the |
talking circuit thus established and having
contacts adapted to occupy three operative
positions, means under the control of the
subscriber for actuating said relay to cause |
its contacts to occupy one of said operative |
positions, and means under the control of the
operator for actuating said relay by closing a

circuit through both of its windings and one

set of plug and jack contacts to cause the

contacts of said relay to occupy another of
said positions. R e

11. A teleph"ne sySt'em comprlsmg a’tele; |

~ phone line extending between two stations, a

60

sicnal controlling relay individual to said
line and having two windings serially con-
nected in one Iimb of said line, means for
normally closing a circuit from one of said.
stations through one only of said relay wind-
ings to alter the operative condition of said |
relay, and means jointly controlled at said i

rising a tele-
station to an
exchange, a link-circuit for making connec-
tion to said line, means for holding conversa-
tion over said line and link-circuit, a signal-
controlling relay having two energlzing.
 windings mcluded seriaily in one limb of said
~ line, a source of current connected In bridge
from a point intermediate of said windings to |
the opposite line limb and having its pole ad-

_.5

sta,tlonsfor causmg a flow of current in series
| through both windings to further alter the

operative condition of said relay.

65

“712. A telephone system comprising & tele-

phone line connecting a substation with the
‘exchange, a signal controlling relay for said
line having a pair of windings serially in-
‘cluded in circuit with one limb of said line,

cobperating switching means at the substa-

flow of current in series through said relay to

produce a different operative condition of

said relay.

130 A tele'phéile -’S_y"sfem éomprising a tele-

70

tion and the exchange jointly controlling a

79

alter the operative condition thereof, and
‘means normally responsive to said switching
means at the substation to close a circuit
“through one only of said relay windings to

80

15h0ne line extending from a substation to '

the exchange, a connection terminal at the
‘exchange, a line relay having two windings
‘connected in series in one limb of said tele-
phone line at a point intermediate of a con-

85

tact of said connection terminal and the sub-

station, a signal, means controlled at the
substation for causing a flow of current

through one winding of said relay to display

for connection with said terminal adapted to

‘codperate with said first-mentioned means
to establish a current flow in series through

said windings and said line limb to eiface
| said signal. o T

- 14. A'_telephone Sy_stem_ ihduding a tele-

phone line extending from a substation to
‘the exchange, a line relay for said line with a
signal controlled thereby, said line relay
‘having two windings connected in series in
one limb of said telephone line, means con-
trolled at the substation for causing a flow
‘of current through one of said windings only
to display said signal, an operator’s link-cir-
cuit and a source of current connected there-

with arranged for connection with the limb

‘ings In series to cause a flow of current
‘through both said windings to eft
15. A telephone system including a tele-

phone line, a signal actuating relay theretor,

‘two windings for said relay connected in one
limb of said line, means for normally causing
‘a flow of current over said line limb through -
‘one only of said windings to operate said re-

over said line limb 1n series

and means for causing a flow of current
through both

- windings to change the operative condition

of said relay. o o
~ In witness whereot, 1 hereunto subscribe
‘my name, this

19th day of Feby. 1906.
-  Wi_tnesses:_ | | |
- G. E. MUELLER,
- H. C. OLMSTEAD.

ace sald sig-

HARKY G. WEBSTER.

90

said signal, and operator’s connection means

95

100

105

‘of said telephone line including said wind- :

110

115

120
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