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To all whom it may concern,.

Be it known that I, ARTHUR S. WILLIAMS,
residing at Newton, in the county of Middle-
sex and State of Marssaehusetts,ha,ve invented
certain Improvements in Telephone Signal-
ing Relays and Circuits, of which the follow-
ing is a specification. o

Thisinvention relates tothe central-station
signal-receivin gappliances of the subseri bers?
lines of 4 telephone-exchange, and especially
coucerns an organization of such appliances
wherein glow or iucandeseing lamps are em-
ployed as line-signals, one for each line, and
in whicha Supplementary signal is associated
with a group or series of such line<lamps and
made common to the series. '

Inmany telephone-exchange systems it has
become an established and convenient prac-
tice to so arran ge the subseribers’ cireuif con-
nections that when not in use the main cir-
cuit shall be closed at the central station
through a source of signaling current-supply,
such as a voltaic battery or other well-known
generator and g signal—reeeiving relay, and
shall be left conductively open at the sub-
seriber’s station. VWhen S0 arranged, the
call-signal may be transmitted by means of
a circuit-closer at such substation, which ig
operated either manually or by removing the
receiving-telephone from its place of rest.
This closes the circuit, and the current from
the generator being thus permitted to trav-
erse the said circuit exeites the central-sta-
tion relay, causing the same to become oper-
The said relay is not ordinarily util-
ized to directly give {he signal, but controls
a local cireuit containing a glow-lamp signal,
which when the loeal cireunit is closed by the
action of the relay is traversed by the cur-
rent of a suitable Source, also included in said
cirenit, and becomes lighted, such illamina-
tion constituting the line-signal and indicat-
ing to the operator that the subscriber has
sent a call. In addition to these call-signal
lamps, one for each line, there is also pro-
vided for the assurance of prompt and good
service a supplementary signal common to a
series orgroup of the said line-signals. Thisg
is exhibited or manifested whenever a call-
signal is received from an yof the subseribers’
stations of the group and continues to be dis-

played until by responding to the call and
thereby opening the line-circuit the operator
causes its disappearanee. This signal is also
preferably an incandescent or glow lamp, al- 55
though  an ¥ desired form of evanescent or
self-setting signal-receiving appliance may
be employed, and when a lamp is used it ig
sometimes technically termed g, +¢ pilot-lamyp.”
The said Supplementary signal is contained 6o
in an auxiliary local circuit, a suitable source
of current being of course likewise included,
and the said auxiliary cirecuit is provided
with a number of pairs of branch terminals,
at any or all of which it may be closed. It 65
follows from this arrangement that the sig-
nal will be displayed when the cireuit is
closed at one or more of the pairs of branch
terminals, and that if closed at more than
one of said pairs the said signal will remain 70
displayed until opened again at all of them.

To operate the su pplementary signal, a spe-
cial relay conneeted in and with the line-sig-
nal local cirenit is employed, one relay being
associated with every such local circuit in the 75
series.. The several bairs of branch termi-
nals of the auxiliary local circuit are elec-
trically united to the local points of the sev-
eral relays of the series, respectively, so that
each such pair of branch terminals is fur- 8o
nished with a circuit-closer or cireuit-con-
troller actuated by the vibrations of the ar-
mature of that relay to which it is united.
Consequently when the line-signal local cir-
cuit of any particular one of the relays is 85 -
closed by the action of the corresponding sub-
seriber’s station apparatus to operate the line
lamp-signal contained therein the said relay
likewise is excited and closes the auxiliary
local cireuit, operating the supplementary or 90
pilot signal.

As soon as any line-signal is attended to
the first local circuit is broken by the action
of the switch apparatus and the line-lamp is
then extinguished. It follows that the relay os
in the same local circuit must also lose its ex-
citement and that its armature retracted in
the usual way will Separate the local points
thereof, again, so far as that particular local-
cirenit controller is concerned, opening the oo
auxiliary local cirenit. If 1o other relay of
the group has the said cirenit closed through
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its local points and the pair of branch termi--

nals connected therewith, the supplementary
signal will also disappear at the same time as
the line-signal; but it frequently happens
that two or more of the relays have closed the
auxiliary local circuit through their respec-
tively-controlled branch terminals simulta-
neously, or at any rate that their operations
have overlapped. When such is the case, it
is obvious that the auxiliary circuit is not
opened and that the supplementary signal
cannot disappear until the local points of all
of the relays have separated—that is to say,
antil all of the cali-signals have been. an-
swered. This being so, the supplementary
signal, which commonly is placed in.a con-
spicuous position, where it is visible both- to
the operator and to the monitor or super-
visor, becomes available as a signal or indi-
cator, disclosing any neglect or slowness in
answering calls, or showing that the operator
attending to the group of lines is for the pres-
ent overloaded. Assoon as all pending calls
are answered the supplementary signal dis-
appears.

There being two local cireuits in the above-

described organization, Iterm the first—that

which contains the line-signal lamp and the
special relay—ibe “primary” local circuit,
and the second I term the ‘‘auxiliary” or
«gecondary” local circuit. . This organiza-
tion works satisfactorily as long as all eir-
cumstances are favorable, but is not wholly
reliable in certain adverse eircumstances.
When the light-giving filament or incan-
descing conductor of a glow-lamp signal is
broken or burned out or the lamp otherwise
disordered, the said lamp necessarily fails to
respond to calls sent from the subscriber’s
station which it represents, and as it is diffi-
cult to detect the defective condition of such
lamp from observation there is a liability of
losing calls, resulting in impaired efficiency
of service. When this occurs, the primary
local circuit of course is not responsive to its
controlling-relay and remains open, and the
special relay contained therein is inopera-
tive, so that even the association of the aux-
iliary circuit and supplementary signal ean
afford no aid in announcing a call unless
some expedient for rendering the continunity
or integrity of the primary local circuit inde-
pendent of the state of its line-lamp signal
be adopted. For this reason it is customary
to establish a non-inductive shunt round or
across the terminals of the said lamp, the re-
sistance of said shunt being much greater
than that of the lamp, to the end that the op-
eration of such lamp under normal condi-
tions shall not be interfered with. A resist-
ance of sixty ohms has been found satisfac-
tory with such small lamps. as have so far
been employed; but while the continuity of
the primary local circuit is thus insured, and
while its resistance is kept at a low figure as
long as the line-lamp isin good order, in vir-
tne of the parallel connection of the shunt

and lamp, experience has shown that under
the working conditions, which involve.the oc-
casional rupture of the lamp-conductor,

the-

70

consequent increasein resistance astheshunt -

is brought into the circuit alone, and the
likewise consequent drain of the workingcur-
rent of the primary local circuit into other
similarecircuits supplied from the samesource,
as such ecircuits engage in announcing other

subseribers’ calls, it is a matter of very great

difficulty to so construct and adjust a relay
of ordinary character that it shall. operate
perfectly to actuate the display of the sup-
plementary signal while the line-lamp is in
good order, and will also operate it when the
said lamp is defective and the supplemen-
tal signal more necessary. :

To meet these contingencies, my invention
comprises a particular
of relay and certain
with the main and local subseribers’ signal-
circuits, the line-lamp signal,;and the sup-
plementary signal to which reference has been
made, the said particularly‘—constructed Te-
lay being the characteristic feature of such
combinations.
netizing - helices of diverse resistanee, one
having many turns of fine wire, and there-
fore the higher resistance,

nected in the primary local

form or construction -
combinations thereof:

The said relay has two mag--

30

85

90

95

permanently con-
circuit in series .

with the shunted lamp and the other formed -

of relatively few turns of coarser wire, at-

tached at one end to the conductor of the-

said local circuit, but united to a front con-
tact-stop of the relay at its other end, thus
forming a normally-discontinuous branch of
the circuit. :

“The relay-armature is electrically connect-
ed with the eircuit-conduetor in such a way
that when it moves toward the magnet-pole
in consequence
excited therein by the long fine-wire coiland
makes contact with the said front stop it
closes the said normally open branch consti-
tuted of the low-resistance winding, thereby
practically establishing an additional path
for the magnetizing-current in parallel with

the high-resistance winding, reducing the to-’

tal resistance of the loeal circuit and corre-
spondingly increasing the strength of the car-
rent flowing therein. The contact-points of
this local circuit, one fixed and the other car-
ried by and moving with the armature, con-
stitute a circuit-controller adapted to open
and close the normally open
as required. The special relay therefore op-
erates two circuit-controllers, one adapted to
close and open its associated branch terminal
loop of the secondary or supplementary sig-
nal-circuit, as previously described, and the
other adapted to similarly control the condi-
tion of its normally-discontinuous winding.
It has been experimentally demonstrated
that by the above-described arrangement.of

relay and circuit connections the relay-mag-.

net can be relied upon to attract its arma-
ture into position to close the auxiliary local

of the magnetic attraction.

branch winding, -
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circuit and operate the supplementarysig-{
nal, whether the line signal-lamp bein order
or defective, and to hold the said armature
in such position, and thereby maintain the
display of the said signal until the substa-
tion call originating the manifestation has
been attended to, for by such an arrange-

. ment the primary local cireuit is enabled at
all times to conduect and fully utilize an op-
erative amount of current, even when other
loeal cireuits supplied from the same source
have also been closed and have thus estab-
lished other channels, through which, were
it not for the said arrangement, an undue
portion of such current might be drained
away. ' : .o ,

In the drawings acecompanying and illas-
trating this specification, Figure 1 is a dia-
gram of a telephone subseriber’s line in its
resting condition, together with its central-
station switching and signaling connections
and a circuit-closer at the substation. . Tig.
2 is a diagram of a similar circuit, showing
the telephone and switeh apparatus at the
subscriber’s station and the signal-receiving
appliances at the central station, the latter
being shown as having been putin action by
the operation of the subseriber’s telephone-
switech. Fig. 3 is a diagram of the line or
primary local circuit containing the shunted
lamp-signal and the special relay which con-
trols the auxiliary local cirecuit and signal
and illustrating the characteristic féature of
the invention. TFig. 4 is a longitudinal sec-
4ion of one form in which such ‘a special re-
lay may be constructed. Fig. 5 is a cross-
section of the same on the line x "z of Fig. 4,
looking toward the ecircuit-closing contact-

- springs. Tigs. 6 and 7 are diagrams of the
rimary and auxiliary or secondary local-cir-
cuit conncections, indicating in Fig. 6 that
several of the line local circuits may.be sup-
plied with current from a single source and
in Fig. 7 that the auxiliary local cireunit is
¢ontrolled by the relays of any one or more
of the said line or primary local circuits.

In the drawings, L. is a subseriber’s line or
main cireuit; 2 and 3, its two conductors; A,
+the subscriber’s station, and C the central
station.

At the central station R is a cut-off relay
adapted to disconnect the extension a of the
line-circuit when a call is answered by in-
Serting a plug .in any of the line-jacks or
plug-sockets J. 7 is theline-relay connected
on such extension and organized to respond
to incoming calls and to operate the call-re-
ceiving signal, and r* is the special relay, con-

~trolling the supplementary signal-and the
. eireuit in which it is included.

Aloeal circuit f.is associated with each
main circuit I and contains the call-receiv-
ing glow-lamp e thercof; the said lamp being
provided with & shant's. G is a battery or
other suitable source of current-supply for
+he said local eircuit and lamp, and, as indi-
cated by the wires 20, branching from its

poles, in Figs. 1 and 2 and by Fig. 6, it may ;
be common to a number of such circuits.

One end of this local circuit p is united to the
armature-lever 7 and the other to the front

g

70

contact-stop 8 of the relay r, and the said -
relay thus is enabled to control the cireuit p

by the movements of its. armature. - -

In Fig. 6 the cenfral-station ends of three
main circuits L and their associate local sig-
nal-circuits p are shown all supplied with
current by the generator G and each con-
taining the signal-lamp e for indicating calls
sent from the substations of its own line, the
shunt s thereof, the relay-points 7 8 consti-
tuting the circuif-controller ¥, and a special
relay 72, to which further reference will pres-
ently be made. The resistance of the lamp
e may be some twenty ohms, and that of the
shuntisconsiderably greater, sixty ohms hav-
ing been found to answer satisfactorily.

It is evident that when the relay-points 7
8 come into contact the lamp e will be lighted
and the relay 7% excited. .

A supplementary or ‘‘pilot” signal f, also
by preference a glow-lamp, is provided, and
serves in common a group or series of the
primary -local-circuit lamps e, and hence is
likewise a common and distinctive signal for
the corresponding series of main or subserib-
ers’ lines L. Tt is intended to be displayed
or manifested whenever any of the line-sig-
nals e of the series operate or tend to oper-
ate.. Thus whenever a subseriber of any of
the lines L sends his call his particular lamp
“e is lighted, and the common supplementary
signal fis also lighted.

It follows that when several substations
have called at the same time, or nearly so, the
pilot-lamp f, having become illuminated at
the same time.as the first line-lamp, will eon-
tinué so until all of the line-lamp signals on
being responded to by the operator have dis-

appeared. .

The supplementary signal f of any series
pp Y Sig

of main circuits L and local circuits pisina
secondary orauxiliarylocal circuitq, in which
current from the generator G*® (common to
other circuits 21) may circulate. This aux-
iliary local cirveuit g, in order that it may be
under the control of all of the primary local
circuits p, has branch terminals 11 12 lead-
ing to the relay-points 4 5 of the special re-
lays 7%, eontained in the said circuits p, re-
spectively, as shown clearly in Fig. 7. The
said relay-points form the circuit-controller z.

In Fig. 1 are shown conventionally the
spring-jacks or plug-sockets J, whercby the
main line L. may be switched, and a plug P.
The said plug P has, as usual, three conduct-
ing-surfaces, two, 30 and 31, connected with
the cord eonductors It and j and adapted to
engage the two jack-springs, respectively,and
the third adapted to make contact with the
conducting socket - frames o, the several
socket-frames of each line L being all elee-
trically united by a conductor 29 to onc an-
other and to ground at E through the cut-ofl
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relay R. The said plug-surface 32 isattached
to the third conductor v, which leads to the
generator G, whose other pole is grounded.
Referring now to the substation A, Fig. 1
shows that the main line is there provided
with a circuit-closer k. The preferred ar-
rangement is that indicated by Fig. 2, where
telephones ¢ ¢* are in one normally-diseon-
nected branch of the circuit and a call-bellb
and condenser in the other.

nection through the bell branch, but when
the telephone ¢ is removed therefrom, as
shown, transfers the connection to the tele-
phone branch. Owing to the presence of the
condenser the normal circuit is conductively
open, and consequently the transfer closes it.
Thus the removal of the telephone from the
hook operates the switchi k as a circuit-closer
and sends the call-signal.

In Fig. 1 the line is at rest and all three
relays R, 7, and r?remain unexcited, their ar-
matures and armature-levers being in their
several retracted positions. :

In Fig. 2 the call has been sent from the
substation A by removing the telephone ¢
from the switch k. The main circuit L is
thus closed and current from the generator
G4 permitted to traverse thesame. The said
currentexcites the line-relay r, which attracts
its armature, closing the associated local cir-
cuit p, and by the current from the genera-
tor G lighting up the line-signal lamp e and
giving the call.
flows through the coils of the special relay 2,
since these are connected in local ecircuit p,
and as a consequence this relay also in turn
is excited and attracts its armature to the for-
ward position shown, closing the auxiliary
circuit ¢ and operating the supplementary
signal f, which can be seen by a supervising
operator, and which once lighted remains S0
until all calls are answered.

The switchboard operator answers calls by
plugging into the spring-jack of the calling-
line, and as soon as this is done the signal of
the corresponding line-lamp is extingushed,
as is also the supplementary signal, provided
This automatic ex-
tinguishment of the signal is brought about
by closing the circuit 29 of the generator G
which includes the cut-off relay R at the con-
ducting-surfaces o and 32 of the socket and
plug, respectively, on the insertion of-the lat-
ter, for when this is done the current of the
said generator excites the cut-off relay R,
which, attracting its armatures m, opens the
main cireuit at the points w and w2 This of
course opens consecutively the cireuit-con-

trollers y and z of. the two relaysr and 7% and-

as a consequence effectuates the signal dis-
appearance already mentioned. -

To the end that the supplementary signal
f shall certainly be displayed regardless of
any abnormal conditions which, as considered
in the earlier portion of this specification, may
attend the line-signal lamp e, the shunt s is

The automatic:
switch % maintains the normal circuit con- |-

The said current necessarily

beveled tilting-disk armature.

in the first place provided for the latter, and'

in the second place the special relay r? is
peculiarly constructed.

The electrical arrangement of the relay r°
is well indicated by Fig. 3, and Figs. 4 and 5
show a suitable form in which the said relay
may conveniently be constructed. - Fig. 3 in-
dicates the entire local circuit p, the relay =
controlling the same, and the supplementary
local eirecuit q.

The relay r* has a fine-wire magnetizing-
coil of many turns M and also a magnetizing
coil or winding M? of coarser wire and fewer
turns. The former winding M, as shown, is

constantly included in thelocal cireuit p,; but.

the latter is or is in a normally open branch
thereof, being attached to the circuit-con-
ductor at any suitable point d and ended at
a front contact stop or point w, where it is
arranged to be formed: into a closed branch
parallel to the fine-wire winding by a spring
40, actuated by the armature of the relay and
carrying a complementary contact 4% This
spring connects by wire 33 with the circuit-
conduetor at any point w on the opposite
side of the generator to that where the at-
tachment d is made, and therefore when the
armature of the relay 72 is attracted it not
only operates the circuit-controller z to close
the auxiliary eircuit ¢ and display the sup-
plementary signal, but it also operates the
circuit-controller z to close its own normally
open branch winding.

Tigs. 4 and 5 show that the relay is con-
veniently made in the form of a long eylin-

der. Iisacentralironcore. ¢isacylindrical

iron tube surrounding the core and forming
the complementary pole thereof. *isa heel-
piece uniting the core and tube, and g is a
This arma-
ture carries a non-conducting block 25, to
which are secured the contact-springs 40 and

9‘

41, adapted to engage with the fixed contact-

points u and 5, respectively, and to form in
conjunction with said points the controllers
x and z, governing the coarse - wire helix
branch of local circuit p and the auxiliary
circuitq. With,this construction when relay
% is operated it controls and closes the aux-

-iliary local circuit g, whereby the supplemen-
‘tary signal is actuated, and at the same time

eloses the normally open branch of its own
circuit through the coarse-wire winding there-
of, thereby reducing the resistance of such
circuit and correspondingly increasing the
current; through it.

T have found a construction of relay satis-
factory in which the coarse-wire winding
consisted of two silk-covered wires, No. 16
Brown & Sharpe gage, wound first over the
spool to a depth of four layers and having a
resistance of .05 of an ohm, the fine-wire coil
being composed of an external winding of
eleven hundred and fifty-five turns of silk-
covered wire, No. 24 Brown & Sharpe gage,
and having a resistance of 9.41 ohms. Of
course these proportions are arbitrary and a
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-very considerable range of variation is ad-

missible.

By the arrangement herein described it is
easy to provide a voltage sufficient to operate
the relay 72 at all times, even when the lamps
e are broken or burned out, and to employ a
sufficiently strong current to divide, as ocea-
sion may require, between a considerable

number of relays, as six or seven subscribers

may call simultaneously, without liability to
damage any of the said relays at times when
the current is not so divided. -

It is of course evident to those skilled in
the art that a single double-coil relay 72 may

be placed in the main conductor of the source’

of current-supply G, leadin g to all of the loeal
lamp-cireunits p, which in common control
any given pilot-lamp circuit, and this mode of
connection in many cases would be preferred,
as it requires but one relay for a number of
circuits.

Having fully described my invention, its
object, and mode of operation, I claim—

1. In a telephone system, the combination
of a subseriber’s line or main circuit, a shunt-
ed signal-receiving glow-lamp therefor in an
associated or primary local cirenit controlled
by a relay in said main circuit, and an aux-
iliary local circuit containing a supplemen-
tary signal; with a separate relay controlling
the said secondary local circuit, and wound
with two magnetizing-coils both connected
with the said primary local circuit, one, com-
prising many turns of fine wire and constantly
included in said circuit, and the other formed
of relatively few turns of coarser wire con-
stituting a normally open branch thereof,
adapted to be closed by the relay itself when
excited by the operation of the said fine-wire
coil, substantially as set forth.

2. The combination with a. primary local
electrie cireuit containinga glow-lamp signal
shanted by a resistance higher than its own,
and an auxiliary local circuit containing a
supplementary signal device; of a relay hav-
ing two parallel magnetizing-windings, one,
of many turns of fine wire permanently in-
cluded in the said primary local circuit, and
the other, of relatively few turns of coarser
wire forming a normally - discontinuous
branch thereof, the said relay being adapted
to control the said normally open branch and
the said auxiliary local cireuit, elosing both
on the movement of its armature in one di-
rection, and opening both on its reverse move-
ment; substantially as and for the purposes
specified herein.

3. In a telephone system, the combination
of a series of subscribers’ lines or main cir-
cuits; a series of associated or primary local
signal-circuits, one for each main circuit, con-
trolled by a relay therein, and each contain-

[ ing a shunted signal-receiving ]arﬁp; a nor-

1 mally open auxiliary local signaling-circuit

common to the said series of main and pri-
mary local circuits, containing a supple-
mentary or pilot signal arranged to be dis-
played on the operation of the said lamp-sig-
nals of any and all of the said series of cir-
cuits, and having anumber of pairsof branch
terminals, at any or all of which it may be
closed; and a series of auxiliary relays, one
for each series of primary local circuits, each
wound with two magnetizing-helices, one,
permanently included in such cireuit and
having many turns of fine wire, and the other,
forming a normally open branch thereof, hav-
ing relatively few turns of coarser wire, each
relay being adapted to control by its arma-
ture vibrations, one of the pairs of branch
terminals of said auxiliary local circuit, and
also the terminals of its own normally open
exciting-helix; whereby a subsecriber’s line
call-signal may be manifested by the pilot-
signal, whether the shunted lamp-signal of
such line be in order or not;, substantially as
described.

4. An electromagnetic relay comprising an
electromagnet with a central iron core, an
iron casing, an interposed exciting-helix, an
associated maintaining-helix, a tilting-disk
armature resting on its edge in front of said
core, and two circuit-closers actuated by said

said maintaining-helix, and the other adapted
to control an independent local circuit, sub-
stantially as described,

inbefore described with an individnal-line lo-
cal signal-civeunit, and an auxiliary loecal eir-
cuit also including a signal, of a relay con-
nected with the former loecal circuit and eon-
trolling the latter, the said relay having two
‘magnetizing-coils of diverse resistance, that
of higher resistance being permanently in-

thereof, and two cirenit-controllers actuated

ling the continuity of the normally open
branch of. the individual local eircuit, and

by on the operation of said relay the resist-
ance of the former circuit may be reduced
and its current correspondingly increased.

In testimony whereof I have signed my
name to this specification, in the presence of
two subseribing witnesses, this 13th day of
May, 1897, ' :

ARTHUR S. WILLIAMS,

Witnesses::
THOMAS D. LOCKWOOD,
JosEPH A. GATELY.

cluded in the said former circuit, and that of
lower resistance in a normally open branch .

by the armature of said relay, and control- -

the auxiliarylocalcireuit respectively, where-
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