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7?; all whom it may con cern.: ,
‘Be it known that I, Harry G. WEBSTER,

| mtmen of the Umted Stateb and resident of

Chlcagﬁ cﬁunty of- Cook, and State of Iili-

5 NOIs, have invented new and useful Tmprove-

‘ments in Telephone—]u\change Systems, of

which the followmg 1s a specification.
The present invention relates to central

battemr telephone  exchange systems and

10 more particularly to the Grnamzatmn of car-
R cu1ts and apparatus by Wthh the super- |
‘vision of the subscribers’ lines is obtained by

the operator. In systems of this type, the
. various subscrlbers telephone lines, termi-

16 nating in the central office, are ad&pted to be

[

connectéd by suitable lmk—cn:'cmts with
~ which the supervisory signals are associated.
In ~operation, these signals are displayed as
soon as the operator plugs in to an idle line,

20 and are efiaced when the subscrlbez removes

hls recelver from its hook.

‘The object of the present invention is to
provide a novel arrangement of circuits and
- apparatus by which these functions may be

2 Satlsf&cturlly accomplished.

In carrymng out my imvention, I associate

N 'mth each SuperV1SOry,¢10‘ndl a dlﬂerentlallyn.

wound electromagnet having its windings so
arrshged that one is mcluded in a ecircuit

. _3{} local 130 the central office and under the con-
trol of the operator, while both are included

in @ circuit contr olled by the subscriber.
Preferabiv, the circuit under the control of
the. nperafor is made and broken by the con-

35 _neetion or disconnection of the plug forn-
| ing the termmdi of the link-circuit, with the -
]ack comprising the terminals of the tele-

phone line, and, when so connected, the cii-

cult undeI the wntr(}l of- the subsmlbm 1S
40 made and broken at the latter’s switeh-

hook. By the closing of the former civcuit,

the enerﬂ*lzatmn of the differ orntm]ly-wound_

electmm&fmet 18 suﬂlclent to cause the dis-
play of the supervisory signal; and by the

45 clasmg of the latter circuit, “the action of the
~windings being dlfferentlal the energization

~ of . saif electromagnet is decreased suffi-

- clently to efface the supervisory signal.

The character of the invention, together

50 with. 1ts object and scope, will be best under-

stopd upon, reference to the followmg de-

scription  and clmmg taken in 0011nect10n.____ fmd 23 which mcludes the condenser 31, re-

ceiver 32, and the primary of an induction
‘coil 33. The tr ansmitter 34 is included in a.

- with the accompany gdramng .
Réferring to the said draw'ng, which ilus-

: -l

4 cnt-07
oized, closes a gv ounded br imf:h hom thefree

‘between the limbs 1

~tral oflice to the dlstllbutmﬂ'—bt:)md g,
conductors 10 and 11 extend sald hiabs to

in association Wlth a connectmfr—( ord or link-

circuit equipped with the 1mpmved super-

visory apparatus of my mnvention, A and B
represent the two subscribers’ stations, each
“of which is connected to the central office €
by a telephone line comprising the limbs 1
Since both stations A and B are
'sumlm hﬁ" eqm]}ped it will be sufficient to re-

and 2.

fer to the equipment of station A. At this

“station, the call-bell 3, connected in series

limbs 1—2.
6 are connected in series in a parallel branch
“and 2, which may be
made and broken by the switch-hook 7 in
the usual manner.
ment herein disclosed is merely illustrative

‘and any desired type of substation appara-
tus may be employed.

the telephone line are connected at the cen-
LlllE‘

The limbs 1 and 2 of

60

with the condenser 4,"is- bridged across the -
The transmitter 5 and recerver -

70

The substation equip-

15

the contact-sleeves 12 and contact-springs 13

of multiple-jacks 14 located on the switch-

| board. The extension-conductor 10 is nor-
mally broken, and the portion connected to
himb 1 is normallv grounded througl the ar-
mature 15 of the 11116—-810'11&1—91”‘" acing electro-

magnet which is here shown a3 a Cut-oﬁ mag-
net or relay 16. 'The other portion of the ex-

80

tenston-conductor 10 18 eonnected to or ouml' |

through the winding of the cut-oTl mh
A grounded branch 17, extending thr (}ugh
the winding of the lme—relay 18 and the bat-

tery B’ 1s normally connected to the exten-

sion-conductor 11, but mayv be brokea
through the agency of the armature 19 of the
relay 16. The relay 18, when ener-

side of the b&ttel*}"’" B’ to ground thmugh 2

- call-signal lamp 20.

90

The link-circuit in the present instance |

comprises two link-conductors or strands

21—22, connected between. the tips and

sleeves respectively, of the plugs 23--24,

100

and mcludmg in cireuit the usual condensers -

25—26.. Associated with these conductors
are the listening and ringing keys designated
27-—28 and 29—30, respectively. The clos-
ing of the hstenmg-key 27—28 completes a
b1 anch between the two link-conductors 21

105
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the secondary of the said induetion eoil 33.
The closing of the ringing-key 29—30, in-
cluding the generator 36, completes a circuit
between the portions of the link-conductors
21—22 connected to the calling-plug 24,
through a branch including the generator 36,
battery B*, and resistance 37, the pole of the
generator adjdcent to the battery being
crounded at 38. | o

‘The supervisory signals associated with
the hnk-circuit comprise the differentially-
wound electroinagnets 39—40, which control
the supervisory lamp signals 41 and 42, re-
spectively. Iach of these lamps is included

1m o cireutt extending from the live pole of

the battery B* to ground through the arma-
tures 43 and 44, respectively, of the relays
39—40. Both relays are wound substan-
trally alike.
cluded inn the grounded branches 46 and 46/
respectively, extending from the link-con-
ductor 21, have individually a relatively
groater number of turns than the windings
47 which are included in the branches 4848/
extending from the live pole of the battery
B3 to the other link conductor 22. |
In the vperation of the system, if the sub-

seriber at substation A removes his receiver

6, a circwit 1s completed [iom the battery B,
through the winding of call sigmal relay 18,

I

the branch 17, the extension conductor 11,

imb 2 of the'telephone line, throueh switeh-
hook 7, recewver 6 and transmitter 5 at the
substation, through imb 1 of the telephone
line, extension conductor 10 and armature 15
of the cut-ofl relay to eround. This circuit
causes the encergization of the call signal 20.
The operator thereupon tnserts the answering
plug 23 into a jack 14. 'This act completes
a cireult of deflinite vesistance incal to the ex-
change and through the windine of cuteofl
relay 16, as follows: {from the iree pole of
battery B? through branch 48, Including
widing 47 ol the supervisory relay- 39,
through Ink-conduetor 22 to the sleeve of
the plug 23, thence through the sleeve 12 of
the jack and the winding of the cut-otf relay
13, to ground.
to break the erounded branch 17 and to com-
plete the circuits between the portions ol the
extenston conductor 1o, |
the former branch removes the call sipnal
20 from the control of the subscriber at the
substation A, while the completion of {he
cirewlt between the portions of the extension
conductor 10 completes the metallic cireuit
from the substation to the operator’s set,
wiieh may be included 1o eivcuit by- closing
the hstenmge-key 27--280 [t- should be

noted that when the operator inserts the plug
23 mto one of the jacks 14, not only is a eir-
curt completed through the winding 47 of the
supervisory relay 39, but also through the-
winding 45 ol said velay. . The cireutt through
the latter winding-may be traced as follows:

The windings 45, which are in-

This causes the cut-ofl relay

The breaking of

- [rom the {ree pole of the battery B3, through

the branch 48 including the winding 47, link-
conauector 22, sleeve of the plue 23, contact
12 of the ;ack 14 to the winding of the cut-off
reiay 16 as before, thence through thé arma-
ture 15, conductor 10, limb 1 of the telephone
line, through the substation, limb 2 of the

telephone line, extension conductor 11 to the

contact spring 13 of the jack 14, thence
through the tip of the plug 23, ink-conduetor

21 and grounded branch 46 which includes

the winding 45. The windings 45 and 47 are
opposed and so proportioned that when both
of these circuits are completed, the armature
43 will not berdrawn acainst its contact to

complete the circuilt through the supervisory

lamp 41. When the operator has closed the
listening-key 27—:28 and obtained the wishes
of the calling subscriber at station A, assum-
ing that the desired station is station B, she
wiil then test the circeuit of the latter station
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by touching the tip of the plug 24 against a

 sleeve 12 of one of the jacks 14 of the latter

line. |
IFrom the circuits previously traced, 1t wili
be seen that if the latter line is husy, there
will be a potential on the sleeve 12 which
will cause a flow of current from the said
sleeve 12, through the tip of the plug 24, the

Jink-conductor 21 and the branch 46’ includ-

ing the winding 45 of the supervisory relay
40,to ground. With the listcuing-key 27—28
closed at this mstant, the operator will ob-

90

tain a “‘click’” 1 her receiver 32, indieating |

the busy condition of the line.  If the line is
found to be adle, the operator will insert the
plug 24 mto a jack 14 of the telephone line
running to the substation B, This act will
complete a cireuit local to the exchange and
through the winding 47 of the supervisory re-~

lay 40, as follows: from the free pole of the
- battery 1Y) threugh the branch 48', winding

47 of relay 40, hink-conductor 22, sleeve of

- the plue 24, sleeve 12 of a jack 14 and exten-

ston conductor 10 throueh the winding of re-
lay 16 to ground. This will cause the ener-
cization of the cut-ofl relay and disconnect

the call signal 20 from the line, thus remov-

g it beyond tite contrel of the subscriber at
station 3. The operator then closes the
ringing-key 29-—30 and thereby completes a
circult from the generator, through the con-
tact 29 of the ringing-key, link-conductor 21,
tip of the plug 245 spring contact 13 of the
jack 14, extension conductor 11, limb 2 of the
telephone line, the condenser and call-bell at

station B, limb 1 of the telephone line, exten-

sion conductor 10 including the armature 15
of the cut-off relay 16, sleeve 12-of the jack,
sleeve of the plug 24, Iink-conductor 22, the
contact 30-of the ringing-key, resistance 37,
battery B* to the generator.  The closing of
this circult actuates the call-bell at the sub-
station B to call the subsecriber at said sta-
tion. The closing of this cireuit also hreaks
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 the circuit from the battery B3'th-mugh the | In carrying out my imrent_ioh, in 8, tﬁrenty—

“winding of the cut-off relay 16. Therefore,

T

in order.to hold the cut-off relay in the proper
position to maintain the ringing circuit to the
substation, the Lattery B* is preferably em-

ployed to supply current. to the winding of

~ said cut-off relay. The circuit through this

winding may be traced from the ground at

38, through the battery BY, resistance 37,

contact 30 of the ringing-key, link-conductor

22, sleeve of the plug 24, sleeve 12 of the jack
14 and a portion of the extension conductor
10, through the winding of the relay 16 to

~¢ground. The resistance 37 is included in

30

~ through the branch including the {ransmmit-

55

~that this circuit is completed at all points
except the subscriber’s hook-switch, and that

49

circuited and

this cirecuit merely for the purpose of pro-

tecting the system from an excessive flow of

current in case of a ground on the telephone
line. For example, in case of a ground on
the limb 1 running to station B, without the
resistance 37 the battery B* would be short

would result. = [
By the insertion of the plug 24 into a jack

: ' 14, a second eircuit, oi;en only at the substa-
25 |
Cwinding

tion B, is formed. This circuit includes: the

tends from the free pole of the battery B3

thence through the cord-conductor 22 and
the extension conductor 10, limb 1 of the
telephone line extending to the substation B

ter, receiver and switch-hook at said substa-
tion, through the limb 2, extension conduc-
tor 11, link-conductor 21 and grounded

branch 46, through the other winding 45 of |

the supervisory relay 40. It will be noted

the energization of the winding- 47 is suffi-

cient to cause the display of the signal 2.

 This signal remains displayed until the sub-

seriber at substation B removes his receiver

and thereby closes the circuit including both

ths
Gt

g
e
S’

windings of the relay 40.

- 1t should be noted that the supervisory
relay is marginal to this extent that practi-

cally the full energizing effect of the low eifi-

clency winding when placed in the local cir-

. RA

60

e
£ o

cuit of fixed resistance, that including the
cut-off relay 16, is required to attract the
relay’s armature while any material decrease

from that energization will allow the arma-
ture to be retracted. When the subscnbers

have finished their conversation and hung 1-1{) |
windings of both supervisory relays 39 and

their receivers, the eircuits controlling bot

40 will be broken, while the circuits local to
the exchange, including windings 47 of said
relayvs, will remain -closed, thereby again

causing a display of the signals 41 and 42 _
~and thus indicating to the operator that con-Tings, one having a greater number of turns
-~ | than the other, a path for current including 120

versation has been completed.

an injurious flow of current

45 and, as previously traced, ex- |

. This causes a de-

creased energization of the relay 40 and a
consequent effacing of the associated signal

- 42,

four volt system, cut-off relays having five

hundred ohms resistance each, and super-

visory relays having the windings 45 arranged
to give three thousand five hundred turns and

ohms resistance, will be found satisfactory.

This is merely given as a typical example of .
75

the relative - dimensions of these relays,

which, ohviously, may be varied to suit the
, ' ) The different
batteries, B’, B* and B3, may obviously be

exigencies of any given case.

70
one hundred ohms resistance, and the wind-

ings 47 two thousand turns and one hundred

one and the same battery, and the grounds |

associated therewith and with other parts of

the system may be replaced by a connecting

80

conductor. It will also be apparent that
other alterations and modifications may be-

made in the specific matter disclosed, with-

out departing from the spirit and scope of

my invention; I, therefore, do not wish to

| be limited to the precise arrangement 1illus-

trated and described, but aim to cover, by

the terms of the appended claims, all such-
90

alterations and modifications. =

+

" What I claim as new and desire to secur

1. The combination with a telephone line,

of a cord circuit adapted for connection

therewith, a supervisory signal for said cir-

cuit, a relay for controlling said signal, »
‘winding of relatively low efliciency for said

relay, a second winding of relatively high
efficiency therefor, means for operatively in-

cluding said first-mentioned winding in &
circuit of fixed resistance on connection made

85

o . 3, | by Letters Patent of the United States is:—
~ through the winding 47 of the relay 40, {

95

100

with said line to operate said relay to display -

said signal, a substation switch for said line

adapted when shifted to include said winding

in a circuit of less resistance and simultane-
ously include said winding of greater ener--

.if

gizing capacity -operatively in circuit, said
two windings being then electromagnetically

onos_ed to produce a decreased energization”
of

sald relay to efface sald signal. .
2. The combination with a telephone line,
of a differential relay in circuit therewith,

‘having two windings of different efficiencies,

a switch at the substation of sald line for

causing equal current flows through said sub-~
station through said windings, a cut-off relay -

for said line, and a path for current includin
the winding of less efficiency and said cut-o

relay to cause a preponderating current flow
‘in said last-mentioned winding.

‘3. The combination with a telephone line,
of a springjack therefor at the exchange, a

cut-off relay for said line.connected between

a contact of said springjack and a local re-

turn conductor, a central source of current,

a cord clrcuit having a terminal -connected

saidd cord circuit having differential wind-

105

110

120

195

with said springjack, a supervisory relay for
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said source, said wikdings, said terminal said | In witness whereof, I hereunto subscribe
springijack and said telephone line, and a | my name this 2nd day of December, A. D
branch path for current including the wind- | 1905.

ing of less efficiency, said cut-off relay and HARRY G. WEBSTER.
return conductor to counter-balance the ;| Witnesses:
greater efficiency of said other winding, sub- | CAROLYN WEBER,

stantially as described. A. H. Dyson.
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