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To all whom it may concern.

Beit known that we, ALBERT M. BULLARD,
residing at Somerville, in the county of Mid-
dlesex, and LoUIs A. FALK, residing at Bos-
ton, in the county of Suffolk, State of Massa-
chusetts, have invented certain Improve-
ments in Service-Meter Systems and Appa-
ratus for Telephone-Exchanges, of which the
following is a specification.

T'his invention relates to service-meters or
connection counting and registering appli-
ances for the lines of telephone-exchanges
and to systems or circuit arrangements for
their appropriate and efficient operation.

T'he objects sought to be attained by it are
the provision of a directly-indicating service-
meter capable of operating satisfactorily at
substations to count in each case the com-

pleted connections initiated by the calls of

1ts own station and no other, and this whether

the circuit to which it belongs be a single-sta- |

tion or a polystation cirenit.
Inthisinvention theservice-meter is placed
in the telephone substation-circuit (by pref-
erence at the substations, or in the case of a
polystation-line at each substation) and is
made irresponsive to the regalar line-current
of the normal source which supplies energy
for the telephone-transmitters for incoming
call-signals and for switchboard-signals, but
responsive to a current of greater strength
and opposite direction furnished by a supple-
mentary source at the central station, which
auxiliary generator may at the proper time
be substituted for the said normal source in
the main-circuit switeh-cord conductors, and
T'he said
main telephone-circuit has at the substation
the usual two terminal branches, one contain-
ing the call-bell in normal connection with
the line and the other containing the tele-
phones normaily switched out of connection
with said line, there being likewise a cirenit-
changer to transfer the line or main circuit
conductors as required from each branch to
the other, the same being preferably the or-
dinary automatic telephone-switeh whose
forked lever supports the receiver when not
in use, which switeh maintains the conneec-

| tion of the line and bell branch when said 50

receiver is hung on said lever, transfers the
line connection to the telephone branch when
taken from said lever, and restores the nor-
mal arrangement when replaced. The serv-

ice - meter is associated with the normally 55

open telephone branch and is thus brought
into circuit only when the switch is operated
by the displacement, of the receiver, and this
arrangement is found very useful in the case

of polystation-lines, it being apparent that 6o

when an operating current impulse is trans-
mitted through the circuit no service-meter
can be operated to register a completed call
except at the station where the receiver has
been taken up for use.
substation lines are united at the central sta-
tion- to constitute a through circuit between
their respective substations, the ordinary
switch-cord, with terminal plugs and main and

local circuit conductors, is utilized, and with 7o

such switch-cord, its bridged carrent-gener-
ator, ordinary split induection-coil, main-cir-
cult supervisory relays, and local-circuit sig-
nals having shunts controlled by said relays

we assoclate a supplementary source of cur- 75

rentadapted to besubstituted forsaid bridged
generator in the call-originating cireuitand to
produce therein a current of reversed direc-
tion and of strength sufficient for theoperation

of any substation-meter brought into the ¢ir- 8o

cuit by the operation of the substation-switeh.
We also provide in connection with said
switch-cord a key or switeh which when op-
erated acts to disconnect the said bridged

normal source from the call-originating cir- 85
cuit and to substitute the supplementary -

generator therefor. Moreover, to prevent
disturbing clicks or rasping noises, which
otherwise are liable to be heard in the sub-
station-telephones by reason of such trans- ¢
fer, we provide condeunsers which by the op-
eration of said key are respectively branched
to the main-circuit conductor and around a
portion of the induection-coil winding, which

i8 disconnected, together with the bridged g¢j;

source. We also provide a special or dis-

tinctive signal in the shunt of the super--
- visory signal associated with the switch-plng

When any two such 63
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connecting with the second or wanted line,
the withdrawal of said supervisory signal
and the display of said distinctive signal be-
ing practically simultaneous and both re-
sponsive to the operation of the telephone-
switch or equivalent cirecuit-changer at the
substation of said second line.
said signals are preferably small glow-lamps;
but the distinective signal is adapted to be dis-
played with a much lower voltage than that
required for the operation of the supervisory
signal. .
an actuating-coil included in the- circuit of
the substitute source and a retaining-coil in
the switch-cord companion-plug local circuit
are also provided and brought into operation
when the key is depressed to transmit the
current of said substitute source.

The objeet of the distinefive signal 1s to
indicate that the called subsecriber has an-
swered and that it is now in order to depress
the said key. The electromagnetic switch
aceordingly acts to open the shunt-circuit
through the distinctive signal which is no
longer wanted and to close it through a new
branch and an inert resistance correspond-
ing to the resistance of said signal and acts
also to change the route of the local cireuit
in such manner as to inclade its own retain-
ing-coil therein. By this device the distine-
tive signal is withdrawn and prevented from
further operation, and the supervisory sig-
nal, though also withdrawn, is held in readi-
ness to be again displayed when the tele-
phone-switch at the substation of the called
line is returned to its normal position by the
replacement of the receiver. | .

In the drawings which accompany this
specification, Figure 1 is a conventional dia-
gram illustrating the application of my in-
vention to two substation -circuits—to wit,
a call-originating circuit and a second or
called cirecuit—and to the central station
switchboard devices whereby the said cireunits
are or are about to be united. FKFig. 2 18 a
diagram, on an enlarged scale, showing one
way of connecting the service-meter in the
substation telephone branch. Figs. 3 and 4
are respectively a front and end elevation of
a form of wmieter adapted for use in connec-
tion with the system and appliances consti-
tuting the invention.

Referring to the said drawings, L and L?
are substation-circuits having main conduc-
tors a b and a? b?, respectively, extending be-
tween their substations and the central sta-
tion C. o

L is a polystation-cirecuit and is shown as
having two substations A A% and L~ is rep-
resented as havirg a single substation b. In
the usual manner each main circuit has at

its sub station or stations a call-bell branch

3, a telephone branch 4, and a c¢ircuit-chang-

ing switch W. The said call-bell branch is

normally (or, if desired, permanently) con-
nected with the main circuit and includes the

Both of the

An electromagnetic switch having

]

719,736

denser maintaining the continuity of the eir-
cuit for the alternating ringing current while
making it discontinuous in respect to steady
currents. The telephone branch 4, as shown

at stations A and B, is normally open or dis-

connected at the point « of the switeh and
includes the secondary winding of theinduc-
tion-coil V, and it may include the recelver
T also; but for purposes apart from this in-
vention the receiver, in common battery sys-
tems, is generally placed in a local circuit 5,
set off from the other branches including, as
shown, said receiver, the primary winding of
the induection-coil V, the condenser F, and
the transmitter 7, and normally open at con-
tact-point 7. The telephone branch 4 of the
main circuit may be regarded as extending

from the point ¢ on main conduector a through

the secondary winding of the induction-coil
toswitch-contact «, thence through theswitch
W by way of the transmitter ¢ to the point g,
where it joins the other main conductor b,
the section of conductor which includes the
transmitter being, as shown, common to the
said branch and local circuit.

H is the service-meter, having its magnet
v connected in the normally open telephone
branch 4. Itis polarized in such manner as.to
be irresponsive to the regular current of the
circuit which is supplied for the operation of
the telephone-transmitters and central-sta-
tion call-signals, and its armature, moreover,
is provided with a biasing and retracting
spring v?, which acts to promptly return said
armature to its normal position, when, after
the same has been oscillated by a current im-

{ pulse of appropriate direction, such current

ceases, or when the normal working current 18
again caused to flow in the circuit. The adjust-

ment of the meter magnet and armature is,

moreover, so high that for its operation there
is required a current not only opposed in di-
rection to the normal current, but also much
stronger when flowing in the same cireuit;
and, finally, such stronger and reversed cur-
rent can operate the meter only at a station
where the telephone branch 4 has been closed
by the action of switch or circuit-changer W,
as shown at station A®?, where the receiver T
is represented as having been removed from
its support and the switch-lever into position
to close said branch in connection with the
main circuit. DBy this arrangement the op-

‘eration of the several substation-meters of a

polystation-line are made to a very large eXx-
tent selective. -

Any preferred form of polarized service-me-

ter may be employed, provided it is arranged
and adjusted to respond in the first half of
its oscillation to the passage of a reversed
current impulse strong enough to overcome
the tension of the spring v* and in the second
half-oscillation restoring the armature to its
resting position, to the cessation of such re-
versed current for the resumption of the flow
of the normal current, and provided that one

call-bell N and condenser F, the said con- i call or completed connection is meted or
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counted and recorded by each complete oscil- | d*, associated with main eireuits L L% respec-

lation of the armature, or, in other words, for
each change to a eurrent of reversed direc-
tion and baek -
At the central station each substation mey
have the usunal outfit of a central-battery in-
stallation, J representing the switch-sockets,

with frame-piece or test-rings J?, R? the cut-

off relay, w the line-signal or signal-relay, S3
the line-battery, Z a general e*round and Z?
and Z3 ground connections for the alternative

sources S and S%
mal connection through the cut-off relay con-
tacts m with the earth Z through the signal
w and battery S and line-wire b through con-
tacts m* with the earth direct. The eut-eﬁ
relay is connected in the ordinary way in the
incomplete local circuit d*, extending from
the socket-frame J2 to said ground connec-
tion. On the insertion in the socket of the
switch-plug this local circuit is completed by
means of a local-circuit conductor of said

plug and receives current which excites the

cut-off relay,enabling it to diseconnect the nor-

mal terminals of the main circuit and there- !

by leave the switch-socket springs 4 4* as the
only terminals thereof, and as the said springs
have (also by the insertion of said plug) been

brought into contact with the plug tip and
- ring contact, surfaces the main-cireuit con-

duetors are continued by way of the switch-

cord to any second line to.which the compan-
1on plug may be switched.

C* is the switch-cord apparatus as a whole
and may of course be taken to represent any
necessary number of such cords.

P P* are the answering and compamon'

plugs, each having tip and ring contacts p p?,
arranged on the insertion of the plag to reg-
ister wmh the socket-springs 7 )2 respectively,
and a rear or sleeve contact p° to engage with
the socket-ring J=.

The main- euemb eenduebone ¢ ¢ of the an-

swering-plug P are looped through one wind-
Ing, and the similar conductors c® ¢! of the
companion plug P* through the other wind-

ing, of a repeating induetion-coil I, and the
normal battery or equivalent generator S of

the regular working current is bridged be-
tween bhe sald main conductors at points 7 8
atthe middle of both of the said windings, the
sald windings for the purpose being divided
into two half-windings 2 2% and 2% 44
means the said source is enabled to develop
an independent normal current in the two
plug-cirenit loops, and obviously in the two
main circuits with which the said two plugs
may be respectively connected.

A ground connection Z2 is supplied for the

battery S at the point 7, between the said bat-
tery and the coil half-windings ¢ 43, and with
the ungrounded pole of said battery the lo-
cal-circuit cord conductors dand d? are united
by a common conductor 9, the said conduec-
tors being enabled to complete their circuits
when the plugs are placed in their sockets
through the fixed local-circuit conductors ?

The line-wire ¢ makes nor-

By this

twely
Thesignal-controlling relays R are connect-

the supervisory signals s, preferably emell
?ZIOW lamps, in the local-circuit conductors d
3
answering - plug P are, however, not con-
cerned with the present mventmu which
makes use of these devices aseoelated with
the companion plug only. |
The main-line relays R are controlled by
the substation-cirenit changers W, being qui-
escent when these are in thelr I‘BSEII]*T DPOSi-
tions and when consequentlyno cur rem} flows
in the eircuit, but becoming excited when the
sald eircuit- ehengers are moved to their work-
ing positions, as by the displacement of the
receiver, and when as a consequence the eir-

cuit is closed and current permitted to flow
therein.

The supervisory signals s in turn are con-
trolled by the said relays through the inter-

mediation of shunts 10 of suitable resistance,

these being open when the relays are qui-

escent and closed when said relays are ex-
cited. When closed, they divert so much of
the current from the signal that the said sig-
nal is wwhdrawn—tha,t 18, 1t is no longer dls-
pleved

S¢ is an auxiliary or supplemental genera-

tor having one pole grounded at Z3; K, a key

or switch contmllmo* the eonnectmn of the
switch-cord main eonduetm ¢®, and thereby
the entire main circuit L, with the two'sources
of current S and S?;
switeh; & and &2, eondensers, $% a epeelal or
dlstmetwe signal connected in a detachable
portion 12 of Lhe shunt 10, controlled by re-

lay R; and 7 is an inert 1e51sta,nee in an al-.
shunt or branch conductor 13 of
said shunt 10, parallel to said distinetive sig-

tern a,tw

nal and eddpted under certain conditions 130
be substituted therefor.
mental generatoris shown as being astraight-
current dynemo although, except for the in-
convenience of employmn‘ so many cells, a
voltaic battery may be employed and would
answer as well., It must, however, be ada.pt—
ed to develop in the Odll OPIUIH‘LBII]“' cireuit
L a current much stronger than theb of the
normal source S—that is, a current which
shall be strong enough to operate the service-
meter throuwh any erdmexy substation-cir-
cuit.
to polarity that when eonnected wmh the main
circuit L® the current it produces in sald cir-

cuit shall be of direction opposite to that of

the normal current generated therein by the
normal source S. To present a concrete case,

if the electromotive force of the normal source
be, asis frequently the case, twenty-four volts
that of the supplementary generator may be
one hundred and ten volts and if the said
normal source, as shown, h.:te its minus pole
directed to the main cord conductor C? the
| auxiliary generator should have its plus pole

M, an electlomaﬂ*neme

The said supple-

70
ed in the plug-cireunit main conduectors, and

The relay and signal associated with the '
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and its minus pole grounded.
The key or nWItCh K is primarily a devwe

for disconnecting the normal source of cur-

rent S from the call-originating circuit L and
for connecting the supplementary generator
S° in place thereof, although it has other func-
tions, presently to be described. To this end

the cord conductor c* is led through contact-

spring 18 and point 19, normally united, and
from the latter by conductor 20 to the induc-
tion-coil half-winding 7° and battery S, and
the lineward pole of the supplemental gener-

ator S* is extended by conductor 21 to the
normally unconnected contact-pointl4insaid

key. When the key K is operated by pressing
the button 43, the contact-spring 18 is forced
away from the point 19, thus disconnecting
conductor ¢ and the main cirenit from the
source S, and the said spring-tongue is forced
into contact with point 14, thereby uniting

- the main-cireuit conductor a through cord
- conductor ¢® with the alternative source S

_25

30

40

45

_50
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The condenser £ is in a normally discon-
tinuous branch 25, extending from a point 8
at the minus pole of battery S to the normally
unconnected contact-point 17 within key K.
When said key 1s depressed, the contact-
spring by its own resiliency makes contact

with the said point 17, and an electrostatic

shunt, formed of said conductor 25, the con-
denser /, and conductor 20, is thus established

around the induection-coil half-winding 2° to

receive and absorb the discharge from the
said half-winding. The condenser /*in like

‘manner is in a normally detached branch 23

of the main circuit, extending from the con-
tact-spring 27 of said key through said con-
denser to ground at Z. When the key is op-
erated, the contact-point 16 of said spring is
brought into contact with its mate point 15,
which connects directly through cord con-
ductor ¢* with the line-wire, and the said line
with any magnet-coil which may be there-
in discharges into condenser k* By these
arrangements disturbing clicks or rasping
sounds which otherwise would be heard in

the substation-telephones are to a large ex-

tent prevented.

A consideration of the key and its several
contacts will show that it comprises terminals
of the line conductor c*, the two sources, and
the two condenser branches
the key is pressed to send the strengthened
and reversed current to line its &etlon is to
first unite points15 and 16, closing the branch
23 and condenser %* to lme seoond permit
spring 26 to make contact witl poinb 17,
bridging the condenser % around the half-
winding 7°;
between spring 18 and point 19, thus opening
the normal line-cireuit, disconnecting the

battery S and half-winding 7%, and permit-
ting the said half-winding and line to dis-
charge into said condensers, respectively,
and, fourth, bring spring 18 into contact with
point 14, thus connecting generator S° in

Also that when |

third, break the normal contact

| the companion plug,

719,736

-simila,lly directed toward the said conductor | place of S. When the key is released, ﬁhe

reverse operations are performed and in re-
verse order.

~ The distinctive signal s° is also preferably
a lamp; but it is adapted to glow and dis-
play itself as a signal with a much lower
electromotive forece than is required for the
operation of the supervisory signal s. In
general practice the said supervisory signal
works under a pressure of twelve volts; but
the distinctive signal may be arranged to
work with as low a pressure as four volts.
Generally it may be stated the resistance and
required voltages of the said two signals are
to be so proportioned that the lamp s will be
extinguished by the closure of the shunt,
while the lamp s* is by the amount of cur-
rent diverted brought toits properbmlh&ney
of incandescence.

The electromagnetic smtch M has an actu-
ating-coll ¢ in the circuit of the conductor 21
of the auxiliary source S° and therefore
adapted to be excited when said circuit 1s

closed by the key K, and a retaining-coil q
in a normally open bmnch 36 of the local cir-

cuit d3. It has movablecontact-pieces 35 and
37, shown as being operated by two arma-
tures. The contact-piece 37 normally rests
in contact with the fixed point 31, which
forms the terminal of the detachable portion

75

30

QO

95

12 of the shunt-eircuit 10, which includes the - |

special signal s?, but moves when the switch
operates into contact with & second point 32.

This point 32 is the terminal of the alterna-
tive shunt or branch conductor 13, extend-
ing from point 30 on conductor 12 parallel
with the signal s* and including the inert re-
sistance r, which may be substantially equiv-
alent to that of said signal. The sald con-
tact-piece 37 is itself united to the conductor
39, forming the unchanging portion of the
shunt-circuit 10 and extending from the point
40on thelocal-cireuit conductor d°. The other
movable conductor 35 connects directly with
the principal conductor 9 of the local circait
d?, and when the electromagnetic switch is
unexcited itrests on point 33, which is the ter-
minal of said local circuit; but on the opera-
tion of said switch M the movable conductor is

separated from point 33 and brought into con-

tact with point 34, which is an alternative ter-
minal of said loeal circuit d®, including the re-
taining-coil ¢g°and leading through branch 36.
When therefore, the switch M is operated, it
acts to open the shunt 10 through the distine-
tive signal s° to close the same through the
inert resistance r, thus maintaining the with-
drawal of the supervisory signal s, and to
change the path of the local e1remt d8 in such
manner as to include the retaining-coil ¢°
therein, and thereby maintain the operative
pos1t10n of the switch M after the key K has
been released and the withdrawal of the dis-
tinctive signal.

As already mentioned, 7 is the inert resist-
ance of the shunt-section 13, associated with
1 being a corresponding
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resistancein the controllmn*-shum: 10 of plug
P. So, also, the resistances 7° of local circuit
d and 74 of local circuit d° correspond, and
the resistance of the latter and that of the
retaining-coil ¢ should be about the same.
In the main-circuit conductor 41 of the aux-
iliary source S2 there may also be introduced
a resistance r° of any suitable magnitude,
which, if desired, may be made d,a;]ustable
The rela,t,lons of the&e resistance-coils with
the several local shunt and supply circuits
are well understood by those skilled 'in the
art and need not be further elaborated.

T’he several conductors 22 and 24, shown
as diverging from the stem-conductors 41
and 23 of the auxiliary source S? and of the
branch including condenser k2, indicate that
the said source and said condenser may be
common to a number of switch-cords.

In Figs. 53 and 4, which show a suitable
form of meter mechanism H, v v are the
magnet - coils; #¢, the oscillating armature,
centrally pivoted at ¢°; 2° the adjustable
biasing or retracting spring of said armature,
attached to a plate 2% screwed to the under
side thereof, and Q the polarizing-magnet,
the several essential parts being mounted in
a framework G, such as that employed with
like parts in the ringer apparatus of the well-
known standard magneto bell-boxes. O isa
lever-arm attached at one end to the arma-
ture and at the other ending in the fork of
the pallet-lever L, which is swung thereby
on the pivot or arbor E*in conformity with
the oscillations of the armature. The said
pallet-lever engages and revolves the star-
wheel E? on the axis E? and thereby operates

the direct-reading cmmtel or registration-

disks E°, mounted on said axis, which work
in harmony with one another to produce a
direct-reading record with a range of from
CKOJ? 130 44 9()99 22

The polarity of the meter-magnet is so ar-
ranged that the normal line-current will tend
to retain the armature toward the same mag-

net - pole as that to which it is drawn bv

the spring »®. When the magnet is excited
by a current of opposite direction and in-
creased strength, the armature is caused to
Swing aﬂ'amst the foree of the spring toward
the obher pole of said magnet, oscillating the
lever O and moving the star- wheel for half a
step. When the sald stronger reversed cur-
rent ceases the spring v* assisted by the nor-
mal current draws the armature back to its
original position, moving the star-wheel, now

- by the other pallet of the pallet-lever for the

60

remalining half-step. The counter will thus |

be moved forward one whole space and will
register one connection.

It frequently happens that thron ﬂ'h misun-
derstanding or inadvertenceringing-currents

intended to operate the call-bell N are trans-

mitted over the line from thecentral station,

when the receiver having already been taken
from its support the switch W has been OP-
erated to bring the actuating-m

extended mention.
call of either substation of line I.—let us say

meter into the line of conduetion. Under
these cirecumstances the meter is of conurse

liable to be adversely affected and its Iecmd 70

falsified.
T'o protect the meter from the operation of

‘the ringing-current, which, as is well known,

is com posed of mpldly—alternatmn‘ impulses,
the meter-magnet is shunted by a non-induct-
1ve resmtance w. This, by the application of
ordinaryand accepted engineering prineiples,
may readily be so porportioned to the meter-
magnet that while the alternating ringing-
current is mainly diverted from scud magnet
by reason of the high impedance offered to
such carrent the steady current of the source
S°, designed to actuate the meter, finds no
such 1mpeddnce and divides between said
magnet and its shunt in such manner that
sufficient current for the operation of said
magnet will surely pass through its exeiting-
coil. An incidental advantaﬂe of this ar-

| rangement is that it fdelllmtes the transmis--

sion of voice-currents, avoiding the obstruec-
tion thereto which otherwise would accrue
from the presence in the telephone branch of
the meter-magnet. A modified arrangement
for the same purpose of protecting the meter
from. undesired opemtmn by ringing and like
stray currents is shown in Fig. 2. The ecir-
colt connections and instrumentalities are
substantially the same as in Fig. 1; buat in

addition to the shunt around the meter-mag-

net, including the non-inductive resistance u,
thele is pldced an electromagnetic or chokmﬂ'
resistance u°inseries with the actuating-mag-
net v of the meter, and the shunt is made to
include the said choking resistance as well as
the magnet. This will materially increase
the apparent resistance of the path through
the meter-magnet for the ringing-current in
comparison with the path through the. non-
inductive resistance of the shunt, while it
will not greatly increase the real resistance
of the said magnet branch to the steadlly-ap—
plied actuating-current.

1T'he oper atlou of the invention: requires no
When in response to a

A*—the two circuits L and L2 are united at
the central station by switch-cord C?, the su-
pervisory signal is manifested until the sub-
station B responds by operating switch W.

When the said switch or circuit-changer is

operated and closes the e¢ircuit, current from
the source » flows and the relay R is excited,
closing the shunt-cireuit around signal s and
through signal s°. Signal sis withdrawn and
signal s* is displayed. This indicates that

substation B has answered and that the call
registered against substation A® of

may be

circuit L. Accordingly the operator presses
key K, which disconnects the battery S
through the induction-coil half-winding 47
and connects the more powerful. source S?
the stronger and reversed current of which
flows over circuit L between the ground con-
agnet of the | nections Z° a,nd 72,

The meter I at station
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A? responds to such current and registers the | said normal current, but responsive to said

call, and at the same time the electromag-

~ netic switch M switches the distinctive signal

IO

15

20

s* out of cireunit, substituting for it the inert
resistance r, and also changes the path of the
local circuit d? to include its own retaining-
coil.
lishes a condenser branch to the line and
around the induction-coil winding 2*. When
the substations replace their receivers, the
supervisory relays R break the shunt-circuits
around the signals s, which accordingly are
redisplayed. The pluﬂ‘e are then withdrawn
from the sockets and the local circuits d d?
thereby broken. The retaining-coil of the
electromagnetic switch M is thus deénergized,
and the said switch resumesits normal condi-
tion, as does also the entne eppamtus

We claim—

1. In a telephone system, the combination
with a call-originating substation-circuit, and
a second or celled substetion-cireuit extend-

“ing from substations to a central station and

3°

35

switched together thereat; a source of cur-

‘rent-supply adapted toestablishnormal work-
ing currentindependentlyin both circuits, an

alternative source adapted to be substituted
for said first-named source in the call-origi-
nating circuit and to develop therein a
stronger current of reversed direction, and

means for changing such circuit from each

source to the other, all at the central station;
of a service meteror registerin said call- origi-
nating circuit 1rreeponswe to said workmﬂ'
eurrenb but responsive to sald stronger and
reversely-directed current; a cireuit-changer
at a substation of the second substation-cir-

- cuit controlling the conduective continuity

40

45

50

55

ife

thereof and thereby the flowof caurrent there-
in; and two signal devices associated with
said second circuit at the central station
both responsive to the operation of said cir-
cuit-changer and adapted to be displayed,
one, when the said circuit-changer is iIn or
restored to its normal position, ‘and the other
when the same is moved to 1ts second or op-
erative position; subtantially as set forth.

2. In a telephone system, the combination
of a call-originating substation-circuit, aud a
second or ca.lled subetetmn circuit eltendlnn'
each from cne or more substations to a cen-
tral station and connected thereat by switch
devices; an electrical generator such as a
battery bridged acrosssaid circuitsand adapt-
ed thereby to establish an independent nor-
mal or working current in each, a substitute
ogenerator adapted to take the place of said

first-named generator in the call-originating

circuit and to develop therein a current
stronger than said normal current and of op-
posite direction, and a key or like device
controlling the relations of said call-originat-
ing circuit and the said alternative genera-
tors and adapted to transfer said circuit from

each to the other, all at the central station;
a service-meter in said call-originating cir-

The pressure of the key K also estab-

stronger and reversed current; a telephone-
switeh at a substation of second substation-
circuit actuated by the displacement of the

70

receiver from its sapport to establish and by

itsreplacement to disestablish the conductive

continuity of the said circuit and thereby the

flow of working current therein; a supervis-
ory signal in a local circuit associated at the

75

central station with said second circuilt; a -

signal in a branch of said local circuit; and a
1ehy in said second substation- elremt con-
trolled by the operation of said telephone-
switch and controlling the said local circuit,
its branch, and the signals contained therein
respectively, in such manner as to close said
local circnit and operate the supervisory sig-
nal when unexcited, and to open the same,
withdraw said signal,close the branch and op-
erate said distinetive signal when excited;
substantially as deeerlbed
3. The combination in a telephone systein,

with a telephone main circuit extending be-

| similarly-associated auxiliary or dletmctwe |

80

go

tween a substation and a central station, and

provided at said substation with a normally
connected ecall-bell branch, a normally dis-

~connected telephone branch, a service-meter

with a polarized actuating-magnet connected
in said telephone branch, and a telephone-

95

switeh to connect said telephone branch with

said main cirecuit when required; of a switch-
plug and switch-cord circuit at said central

station adapted to complete said main circuit

100

through a battery supplying normal current

thereto; a supplementary generator adapted
to be substituted for said battery in said cir-
cuit and to supply a stronger current of re-

versed direction thereto; a,nd a key or switch-

associated with said switch-cord and adapt-
ed when operated to disconnect said battery
and connect said supplementary generatorin
place thereof; substantially as described.

4. The combination in a telephone system,
of atelephone main circuit extending between
a plurality of substations and a central sta-

tion provided at each substation with a nor-

mally connected call-signal branch, a nor-
mally disconnected telephone branch, and a
telephone-supporting switch operated by the
removal of the receiver to connect said main
circuit with said telephone branch; and a
switch-plug and cord-circuit at said central
station completing or adapted to complete
said main circuit through a normal current-
generator supplying working current there-
to; of a polarized service-meter in said tele-
phone branchat each substation irresponsive
to said working current but responsive to a

stronger current of opposite direction or sign;

asu pplementary cenerator at said central eta-
tion adapted to be substituted in the main
circuit for said normal generator and to de-
velop therein the required stronger reversed
current; and a key or switch associated with
said switeh-cord and controlling the connec-

cuit at a substation thereof, irresponsive to | tion of the main circuit therethroun'h with the
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said normal and supplementary generators | in said second main circuit adapted to close

respectively; whereby the operamon of said
key is enabled to actuate the service-meter at
any station where the receiver has been re-
moved from ivs support, but at no other, sub
Stantmlly as described.

5. In a telephone- exchange central-station
apparatus, the combination of two substa-
tion-circuits (viz: a call-originating and a sec-
ondorealled circuit) switehed togetherto con-
stitute a through circuit between their re-
spective substations; a current - generator
sach as a battery bridged between the con-
duectors of said through circuit and adapted
to maintain an independent working current
in each constituent circuit; an alternative or
substitute current - generator of superior
power forthe call-originating constituent cir-
cuit, normally disconnected therefrom . a key
Or equwalent device containing terminals of
thesaid two generatorsand the said call-origi-
nating circuit, and adapted to connect at will
elther generator in said circuit; a service-
meterirresponsivetonormal workingecurrent,
but responsive to the current of the said al-
ternative or substitute generator to register
calls of the call-originating eircuit;
visorysignalin a local cireuit ﬂseoemted with
sald eeeond constituent substation-cireuit; a

normally open primary shunt controlling said

signal, and a special or distinetive signal in-
cluded therein and adapted when said shunt

18 closed to be operated by the current di-

verted therethrough; an alternative or sec-
ondary normally open branch of said shunt
parallel to the said special signal, including
an inert resistance corresponding to that of
sald distinctive signal; arelay in said second
constituent circuit adapted when excited to
close said first-named shunt and thereby con-
trol said supervisory signal; and an electro-
magnetic switch in the circuit of said substi-
tute generator controlling said shunt and
adapted when excited to opensaid first-named

shunt and close the said secondary shunt,
thereby withdrawing the said distinctive sig-

nal, and maintaining the withdrawal of said
supervisory signal; substantially as and for
the purposes specified.

6. In a telephone system andd central-sta-

tion switch apparatus, the combination with

acall-originating main substation-cireuit and

a second or called main circuit both extend-
Ing from a substation to a central station and

switched together at said central station to
constitute a through cireuit; a battery bridged

between the conductors of said through cir--

cuit; a normally disconnected alternative or
substitute source of current; a service-meter
irresponsive to normal working current of
sald battery, but responsive to the eurrent of
sald alternative or substitute source, associ-
ated with said call-originating circuit; a local
circult associated with said second main cir-
cuitand a supervisorysignal connected there-
in; a normally open shunt or branch of said
local eircuit around said signal; and a relay

tinctive signal;

a super- |

and open said shunt and thereby control said
signal; of asecond or distinctive signal con-
nected in said shunt; a secondary normally
open branch of said shunt parallel with the

sald distinctive signal and including an inert

resistance eerreepondlnw to that ef said dis-
a key associated with the
call-originating main circuit adapted to dis-
connect the said bridged battery from said
elreuit, and to connect the said subatitute
source in place thereof; and an electromag-

netic switch having an actuating-coil in the |

circuit of said substitute source and a retain-
ing-coil in a normally open branch of said
leeal circuit, said switch being energized on
the epemtlen of said key and adapted there-
upon to substitute the sald secondary shunt
for the first, and to close the local circuit
through its own retaining-coil and thereby

‘maintain such substltumon substantially as

described..

7. The combination in a telephone system,
of a call-originating substation-circuit, a sec-
ond or
meter or registerirresponsive to normal work-
Ing current but responsive to the current of
an auxiliary or substitute current generator
to register calls of the call-originating sub-

station-circuit; a switch-cord-circuit system

comprising answering and compaunion termi-
nal plugs, main conductors joining the tip-

contacts and ring-contacts of said cord re-

spectively, and local-circuit conductors one
for each plug; an induction-coil having its
windings connected between the main con-
ductors of each plug respectively, so as to
form a loop for each plug; a battery bridged

controlling the continuity of said shunt and
thereby the display of said signal; with an

called substation-eircuit, a service
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at the middle of said windings; a supervisory
signal in the local circuit of said companion
plﬂm a controlling-shunt therefor; and a re-
layin the main eircuit of said companion plug -
110

auxiliary or substitute current-generator; a

distinetive signal included in said shunt-cir-
cuit; a normally open branch of said shunt-

circuit parallel to said distinctive signal and
containing an inert resistance corresponding

thereto; a key adapted to disconnect said bat-
tery from the-answering-plug section of said.

switch-cord, and to connect the said substi-
tute generator 1n place thereof; and an elec-

tromagnetic switech with an actuating-coil in
‘the circuit of said substitute generator, and
a retaining-coil in a normally open branch of:

sald local circuit, the said switch being adapt-
ed to transfer the said shunt-circuit from its
signal branch to its inert resistance branch,
and to'switch its own retaining-coil into said
local circuit, whereby such tra,nsfer may be
maintained; substantially as deseribed.
8. In a telephone exchange system, the
combination with a main telephone circuit
closed at a central station through a switeh-
cord or continuation-loop; and a regular
source of current; of an alternative en_d nor-
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mally disconnected source of ecurrent; acon- |

denser in a normally detached branch of said

mailn circuit or its continuation; and a key or

- switech interposed in a conductor of said main

o d

circuit, and comprising terminals of said con-
ductor, the said regular and alternative
sources, and said condenser branch, said key
normally maintaining contact between the

- maincircuitand regular-source terminals,and

10

~main circuit, alternative source, and con- :

[5

20

25

30

adapted when Opemted to disestablish the
same, and to establish contact between the

deneer-braneh terminals, s’ubstantielly as de-
seribed.

9. The combination in a telephone system,
with a main telephone-circuit closed at a cen-
tral station through aswiteh-cord or continua-
tion-loop; and eregular source of current,and
a winding ¢° of an induction-coil included in
said 100p, with an alternative and normally
disconnected source of current; a normally
discontinuous branch around the said induc-
tion-coil winding; a condenser contained
therein; and a key or switech having normally
united contacts maintaining the connection
of said main circuit and its regular source of
current, and normally detached contact-ter-
minals of said alternative source and con-

denser branch, the said key being adapted

when operated to disconnect the said regular

sourceofcurrentandsaidinduction-coil wind-

- ing from the maip circuit, to substitute the al-
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ternative source therefor, and to establish the
said condenser branch; subetentially as de-
scribed.

10. Thecombinationin a telephone system,
with a main telephone-circuit; a switch-cord
or continuation-loop connected or adapted to
be connected thereto; and a generator sup-
plying the regular working current for said
circuit, normally included together with an
induction-coil winding 2° in said loop; an al-
ternative and normally disconnected gener-
ator adapted to supply a stronger current to
said circuit; two condensers, one in a nor-
mally detached earth branch from a conduc-
tor of said main cireuit, and the other in a
normally incomplete electrostatic shunt or
branch around said induction-coll winding;
and a key or switeh interposed between ter-

minal contacts of a conductor of said main |

719,736

cireuit, the said two generators, and the said
condenser branches, and adapted when at
rest to maintain the connection in said main
circuit of said regular eurrent-generator, and
when operated to successively complete the
circuits of the said condensers respectively,
disconnect thesaid first-named generator and
coil-winding, and connect thesaid alternative
generatorin placethereof; and when released
or returned to its normal condition to reverse
said operations In reverse order; substan-
tially as hereinbefore described.

11. Thecombinationinatelephone central-
station apparatus,of aswitch-cord-cirecuitsys-
tem comprising answering and companion
plugs, a main conductor-loop between the tip
and ring contacts of each plug, and a local-

circuit conductor for each plug; a battery in

a bridge common to both loops; an induction-
coil having its windings in the said loops re-
spectively, one-half of each winding being on
each side of said battery; and a ground con-
nection between said half-windings and said
battery, at one side thereof; a grounded aux-
iliary or substitute current-generator associ-

ated with said answering-plug loop but nor-
mally diseconnected therefrom; a normally

incomplete earth branch from the ungroand-
ed side of the said answering- plug loop,
and anormally incomplete shunt around the

ungrounded induction-coil ha,lf-wmdme' of
- eeld loep, two condensers connected respec-

tively in the said earth branch and shunt;

and a key or switch associated with the un-
grounded conductor of said loop, and adapted
when operated to successively complete the
sald condenser earth branch, and the said
condenser-shunt, disconnect the said battery
and ungrounded half-winding from said loop-

conductor, and transfer said loop-conduector

tothesaid trrounded auxiliary generator, sub-
stantially as described.

In testimony whereof we have signed our
names to this specification, in the presence of

two subseribing witnesses, this 4th day of

April, 1902.
| ALBERT M. BULLARD.
| LOUIS A. FALK.
Witnesses:

THOMAS D. LOCKWOOD,
M. E. LEDDY.
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