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To wll whom it may concern:

Beitknown that I, FRANK A. PICKERNELL,
residing at East Orange, in the county of Es-
sex and State of New Jersey, have invented

5 certain Improvements in Telephone Combi-
nation-Cireuits, of which the following is a
specification. C
For the more perfect and undisturbed
transmission of speech it is a well-known
1o practice to provide a return-wire for the tele-
phone-circuit, instead of utilizing the earth
therefor. = A metallic or double-wire cireuit
is thus formed; the direct and return wires
whereof are substantially equidistant from
15 -any external electric wire. ~Disturbing in-
duced currents are in this way neutralized
and earth-currents avoided. Tor long dis-
tances—for example, between large cities—
this, so far as I am aware, is the only prac-
20 tieally satisfactory plan of construction 5 but
since metallic circuits require twice as much
wire as earth-return circuits, it is clear that
they are very expensive; moreover, in the
majority of cases the sub-station lines are al-
ready in operation upon thesingle-wire plan,
and for these reasons the lines extending be-
tween different: centers of population should
in all cases be constricted as metallic cir-
cuits, as the major part-.of the disturbance
30 originates upon the said long stretches of
line. In many cases it is also desirable to
utilize for telephone-exchange sub-station cir-
cuits, if feasible, the single-wire or earth-re-
turn plan of construction, and thereby to
35 keep the cost. down, provided that this can
be done without sacrificing materially the ad-
vantages aceruing from the use of metallic
cireuit.
My invention accomplishes this, and its ob-

cuits in such a way that éach one may been-
abled to utilize someother as a return-wire for
ifself extending to the same central station,
the two together constituting a temporary
Any number of
ground-return or single-wire circuits may
thus be enabled at an inconsiderable expense
to participate in-the benefits of a non-induact-
ive parallel metallic circuit, and in case any
50 sub-station on a single line is to be connected

with a sub-station at a distance by means of
a metallic trunk-circuit, my invention fur-
nishes a means whereby this may be done,
and whereby the two wires of thesaid trunk-
circuit may be made practically continuous 55
through the said sub-station directly and
without the intermediation of repeating-coils.
My invention is shown in the drawings as -
being embodied in two ordinary single-line
telephone-cireuits, which are paired with each 6o
other to form a metallic circuit when-either
sub-station desires to use the line for conver-
sation; but it is obvious that any number of o
such lines may be so arranged. ‘
The several sub-station earth-return cir- 65
cuits arearranged in pairs; but each is capa-
ble of being connected singly at the central
station with any other similar circuit, as usual,
while the two wires of the said pair running
to two subseribers’ stations near to pne an- 70
other are used together by either of the said
stations as a metallic circuit. This arrange-
ment provides that either party while {alking
has a metallic circuit; that the central sta-
tion canring one subscriber without ringing 75
the other; that when one subscriber is using
the-cirenit in conversation, the other one,
should he attempt toring, is at once apprised
that the joint-talking line is already in use;
that the telephonic service is absolutely pri-- 8o
vate; that the circuit does not include elec-
tro-magnets with their well-known retarding
effect, while it does not necessitate any com-
plication or material difference in the opera-
tion of the central station. : 8s
To these ends my invention comprises a cir-
cuit arrangement of a pair, and necessarily
therefore of any number of -pairs, of single-
wire circuits, in which each wire of the said
pair or pairs is when quiescent terminated at 90
the earth at its own sub-station, as usual, and
is capable of being united at a central station
with other single-wire cireuits, while, how-
ever, it is also capable of being employed as
one member of a metallic cireuit of which the 95
other wire of the pair constitutes the other
member, the two lines then forming a metal-
lic eircuit adapted to be used at will, albeit
separately, by the sub-station of either of the
sald lines which are respectively its ecompo- 100
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nent parts, the said metallic circuit being also
adapted to bé united at the central station
with any other metallic circuit similarly or
otherwise formed.

It furthermore consists in two lines, each
extending from a central station.to its own

sub-station and there normally grounded, but

each passing first through a contact controlied
by the automatic switch device of the other,
whereby each sub-station may obtain the con-

trol of both lines for conversational purposes

and at the same time break the continuity of
the calling-civcuit of the other, thus prevent-

ing either station from sending call-signals.

while the other is using the line and afford-
ing an indication also at the station essaying

to call by the refusal of its bell to ring that |
the said other station is already using the.
line. Tt consists, also, in ‘establishing the
teléphones at one of the said Sub-stations in .

a normally-open branch circuit permanently -
attached fo the line leading to the other sta-
tion. At a point beforeé the said line reaches

the dontrolling automatic switelh,  contact,

whereby, when the said switch at either sub--
station is, by the removal ‘of the receiving-
telephoné, permitted to act, the said tele-:

phoneés fay be and are included in a circuit

compoged ‘of both lines, the normal eireuit of -
the Tine leading to the other station being:
broken and the said ‘other station being.
theréby ‘disabléd from sending eall-signals |

until the veceiving-telephone is replaced.

Tt‘also ‘Gomprises suitable means for ena--

pling the two sub-stations of two lines so

paired to signal and communicate t2lephion-:

ically with each other, and in certain other

details in the arrangement of the spring-jacks

and éentral-station devices, to be hereinafter
miore fully specified. :

Tn the drawings, which acedmpany and form
a part’of this'specification, Iigure 1 is a gen-
eral ‘electrical diagram indicating an arrange-

-mént 'of ‘¢iveuits ‘and instrumentalities in

which I have &dctually embodied my inven-
tion, 4nd Fig. 2 shows the actual position of
the four spring-jacks sockets of two paired
groundéd circuits. N .
Referring now more specifically to ‘thesaid
drawings, X represents a central station and
29 and 31 are ‘sub-stations at Some distatrice

therefrom and near to one another.

* Bis a line-wire fiorially connectiig sub-
station 29, and D ‘a line-wire normally con-
nécting ‘Sub-stition 31, with the central sta-
tion. ‘At the'said central sStation both lines,
after passing their aippropriate and necessary
apparatis, terminate at the earth E.
“Theapparatusof each line when constiucted
in ‘decordance with- my invention consists of
two ordinary spring-jacks and a call-receiv-
ing annunciator.
constricted agusual, each comprising a socket
and frame piece 1,2, 3, and 4, a resting con-
tact-serew , insulated from said frame, and a
éontaect-spring, also insulated, affixed to the
said frame and resting near its free end upon

The spring-jacks J maybe-
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the said contact-screw, but so disposed that it
may be lifted out of contact therewith by the
insertion of a properly-conformed plug in the
socket. The annunciators are also of the or-
dinary character. Now, considering the line
B, the circuit may be traced from the point
where it enters the central station, as follows:
Line B, spring s, and contact-screw # of spring-
jack J4 wire b, including the electro-magnet
of the annuneciator ¢ of  station 29, contact-
serew 2/, and spring s’ of spring-jack J5, wire
b’, and ground-wire g to earth K. Similarly,
line D, entering the central station, may be
traced by way of spring s and contact-serew
@ of spring-jack J* wire d, including annun-
ciator a of station 31, contact-screw 2’ and
spring s’ of jack J? and ground-wire d’ to
earth at E. _ i

The spring-jacks of each pair of lines are
mechanically disposéd, as shown in. Fig. 2,
where the plug-sockets 1 and 2 of jacks J?
and J? are ‘at o determinate distancee inia ver-
tical plane, while the sockets 3 and 4 ‘of the
second line of the pair are disposed in 4 like
vertical plane immediately adjacent to the
sockets of the first line. Ifurthiermiore, it is
réquired that theé distance bétween 1-and 2
and between 3-and 4 shall be eqial to that
between 1 and 3, because the same ‘double-
plug connector that is adapted tofit a pair of
sockets—say 1 and 2—vertically nrounted
must be also capable of being thrast into 1
and 3, for ‘the purpose of operating the two
linestogether asa metalliceircuit. Thisplug-
connector Pis shown-as consisting'of two sim-
ple conducting-plugs p, havinga coniimon on-
conduecting handle R.- This may, a5 shown,
be affixed to one end of a double-¢onducting
cord ¢, provided at its other end with ‘4 simi-
lar compound plag P’, having twin pligs p?
p® for insertion in adjacent plug-sockets, the
main cord ¢ at both ends being-bifurcated to
the seveial simple plugs by branches e’ aird ¢
Such-a ‘compound ‘plug and cord ‘conductor
may be used either;-as shown, to ‘¢onnect one
‘of ‘the 1ines‘of a pair with a metallic ‘cireunit,
or it may be employed to conrect the two
lines of -4 pairin the same way with-a ‘metallic
‘ciréuit. o , gE

It is not:absolutely necessarytyemploy two
spring-jacks for edch line, but it is ‘useful in
mixed systems of ietallic and single-twire
‘eirenits, because when they -are Present the

‘double-conductor cords and plugs éan ‘betided

for all circuits alike and two classes of ‘éords
dispensed with. The cord ¢ 'can of ‘coursebe
fitted to unite the'several linés D or B with
calling apparatusand operators’ telephonesin
a‘manner well understood, the said callingap-
paratus being, if desired, included in thecir-
curit of said cord. L

M and N represent two ‘metallic trunk-line
circuits terminating at'central station X -and
adapted to be there united with any sub-sta-
tion line or with each jother. Theé two wires
of each m m/ and nn' are respectively con-
nected with connecting and ealling ‘devices
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of the same ehzuactel as those. already de-
seribed.

Passing now to the armugements of the
sub-stations 29 and 31, it'is to be borne in
mind, as before stated, that B is the indi-
vidual line of station 29, and D that of sta-
tion 31.

T and T’ are transmitting and ¢ and # re-

* ceiving telephones.
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H and H’ are the automatic switch-hooks,
operated, as usual, by the removal and re-
placement of the receiver.,

G and G’ are the bells and generators, ¢ ¢/
the respective transmitter-batteries, and K
and K’ keys, the object wher eof will presently
be stated.

Suppose, first, the receivers to be in place
and resting upon the hooks Hand H’. Each
line coming from” the central station is run
first to-the station of the other. There it
passes through a pair of contacts (preferably
sliding) ¢ v, controlled by the movement of
the automatic switeh at the said station of
the other line, but carefully insulated from
the said switch. From the contact v it con-
tinues to its own station, where it connects
in the ordinary way at S with the auntomatic
telephone-switch . The receivers being in
place upon their hooks, the circuit contmues
through the substance of said hooks to the
1est1ncr-contacts thereof z, and then through
the bells and generators G to earth. Unde1
these GODdlthDS the central station can of
course by means of the ordinary calling ap-
paratus signal either sub-station over its own
earth-circuit, and each sub-station can also
in like manner signal the central station.

Although the letters in the drawings refer-
ring to like parts are distinguished from one
another by being at one station provided with
indices, I have not thought it necessary to re-
fer to the said index letters or figures, since
both lines are constructed identically.

- Now, suppose one of the sub-stations (say
31) to be using the two lines as a metallic cir-
cuit, the telephoneé-receiver.is of course re-
moved from its support, as shown. The ¢ir-
cuit from the central station, by way of wire
D,isthen thesame as beforeuntil the pointSon
the switch H at station 31 is reached; but the
said switch now being in position for talkingy
the circuit contlnues, by contact- spmno 21
wire 20, transmitter T, wire 19, receivert, ere
18,t0'a point 17, Where the telephone braneh,
normally open "at 21, is permanently united
with the main line B of the other station, and
from this point the circuit returns over said
line B to the central station, the resting or
calling circuit of said line bemcr broken at y’
by the elevation of switch H. Now, as the
plug-sockets at the central station are ar-
ranged, as in Fig. 2, in the form of a square,
the operator can by inserting his twin plugin
sockets 1 and 3 connect the two lines B and
D with any other metallie ecircuit, thus con-

stituting a compound metctlhc encult extend-
ing to statlon 31.

Both stations of course have the same fa-
cilities; and either can get possession of the
line for use as a metallic circuit at any time
except when the other is actually so using it.
The stations of grounded lines can thus at
low cost be furnlshed with metallic circuit fa-
cilities,and when 8o working no earth branch
at all is in connection with the said metallic
cireuit.

It is impossible that either sub-station can
interfere by sending a call-signal while the
other is conversing, because the calling-eir-
cuit of the second station is broken in‘the
switch of the first, and it is equally impossi-
ble that one station can overhear the conver-
sation of the other, because when one is al-
ready using the line, should the other remove
his receiver and attempt to listen, the only
result thereby attained is that the circuit of
the first is broken in the switch of the sec-
ond.

Another advantage is that by this arranwe-
ment no electro-magnets are left in the talk-
ing-circuit, to retard and interfere with the
volce-currents.

The central station rings each mdepend-
ently by using the plug -sockets 1 and 2 to
ring station 31 and sockets 3 and 4 to.ring
statmn 29. Neuher station is therefore d1s-
turbed by hezmn0 call-signals intended for
the other,

“When it is desn ed to connect either line as
a single circuit with other single lines at the
central station, this can’ 1eadlly be done by
employing the spmno"—,]aek J? of line D or J*
of line B only. The talking-circuit for sta-
tion 29 would in that case start at the central-
station earth terminal, and passing over line
D would continue over line D, telephones and

-switch-hook at station 29, contacts v’ and 2’
at station 31, and then over line B to spun g-
jack J Whlch by means of any suitable sin-
gle cord and plug connector, can be united to
a like jack of theline deSIred I have thus
shown the adaptability of my system of com-
bined cireuits’ to metallic or single-wire cir-
cuit 'work. It is only leqmblte now to de-

scribe the means whereby the two sub-sta-

tions of any pair can signal and converse with
each other. K is a compound key located at
station 51, and K’ is-a similar key located at
station 29, both being arranged to control
both circuits.
the space between the two statlone Line B,
after passing the contacts 4’ v’ controlled by
but insulated from switch IT at station 31, is
led on its way to station 29 through the lower
contaets h/ k' of -key K, then by wire bt to
back contact of the key K’ to theupper strap
o’ thereof, and from thence to the switech H”
at S’ Lme D in the same way reaches the
switch H at station 31 by way of wires.d®, d¥
and d% the lower contacts i and & of Ley K’
and Lhe upper contacts land oof key K. '1‘he
telephones of both stations being. at.rest,

Aportion of each line traverses
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either station canring the other by first press- |

ing the key, thus breaking both normal con-
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tacts and forming a new one between the up-
per strap of the key and that member of the
original lower contact whieh leads to the other
station. Letstation 31, for example,signal sta-
tion 29. The operator presses the key K and
turns the crank of his generator. Theringing-
circuitisnow from Eatstation 31, through wire
2w, generator and bell G, spring-contact 2, hook-
switch H, wire d° upper key-strap o, middle
key-strap ¢’, fixed key contact-piece &/, wire
b4, back contact I’ of key XK', upper strap of
said key, wire 0% switch H’, bell-contact spring
2’, and bell G’ to earth. Each subscriber can
thus signal the station on the other line of
his pair without first calling the central sta-
tion, and the operator at the other station 29,
hearing the call, may press his key K’, take
his receiver fromn the hook,and talk, station
31 now leaving key K undepressed. A local
talking-circuit is thus formed, extending from
earth at the central station through spring-
jack J®, annunciator a, wire d, jack J line-
wire D, junction-point 7, receiver ¢, and
transmitter -1V, at station 29, wires 8 and 9,
contact-spring 10, switch-bar H’, wire 0?, up-
per key-strap O/, central key-strap e, fixed
contact-piece k, wire d*, contacts [ and o of
key K, switch-bar H, contact-spring 21, wire
20, transmitter T, wire 19, receiver ¢, wire 18,
junetion-point 17, and then by line B back to
earth at the central station. It is sometimes
undesirable to form a circuit of this length
simply for telephonic communication between
these sub-stations, and other modes of arrang-
ing the circuits may be substituted. Forex-
ample, I have indieated one which is very
convenient.

A switch L or I/ may be introduced into
the cirenit of each main line external to the
junction of the telephone branches. Nor-

mally these switches may rest on the points |
- inbefore deseribed, of two single-line or earth-
' return circuits,
. station to its own Sub-station, and there nor-
‘mally grounded after passing through signal-
' ing devices, but each passing first th10ucrh a
: encmt"bleakel ormovable contact controlled

% w4 and thus maintain the continuity of
said lines; but if private telephonic com-
munication be desired, the switches may be
turned onto points v’ and «? which are re-
spectively the terminals of normally-discon-
tinuous branches 25 and 26, extending from
the wires @ and b% and a short telephomc
circuit may thus be formed, which is ecom-
pleted when both receivers are taken from
their holders. Neither key need now be
pressed during conversation.

Keys with back and front contacts may of
course be substituted for the switches L
and L.

Having now described my invention and its

 operation, I claim—
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1. In a telephone-exchange systen, two sin-
gle-line or earth-return cireuits, each extend-
ing from a central to a sub station and each
normally grounded through signaling appa-
ratus at its own sub- statlon comblned with
automatic switches at each sub station con-
trolling the earth terminals of both lines and
operated by the removal and replacement of
the receiving-telephones, whereby when the
said receiving-telephone at either sub-station

405,677

is removed from its position. of rest it is con-
nected in a metallic circuit formed of the said
two lines, and whereby the normal earth
terminals of both lines are automatically dis-
connected by the operation of the switch at
either station.

2. In atelephone-exchange system, the com-
bination, substantially as hereinbefore de-
seribed, of two single-line or earth-return main
circuits, each extending from a central sta-
tion to an earth terminal at an independent
sub-station, and signal sending and receiving
appliances at each sub-station included in
said circuit, with telephones at each sub-sta-
tion, and.means also at each sub-station for
disconnecting the earth terminals and signal-
ing appliances of both circuits, and for auto-
matically uniting the said two single lines to
establish a metallie circuit including the said
telephones, whereby each sub-station may be

- provided with an individual ringing-line,

and with an exclusive metallic talking-circuit,
for the purposes specified.

3. In a telephone system, two single-line or
earth-return cireuits, each extending from a
central station to a sub station, Whel e it nor-
mally terminates in the earth, each line con-
stituting adistinct and 1ndependent signaling-
cireuit, a-utoulatic devices ateach sub—station
operated by the removal and replacement of
the telephone, whereby the said two distinct
lines may be united through the telephones
of said sub-station in metallic cireuit, and
spring-jacks at the central station arranged in
pairs, as shown and described herein, the

' terminals of both lines at said eentral station
- being in close proximity to each other, where-
' by both terminals may by the same move-
: ment be connected with the terminals of any
' other line, substantially as described.

4. The combination, substantially as here-

each extending from a central

by the automatic switch of the other sub-sta-

- tion, for the purposes specified.

5. In atelephone-exchange system, the com-

‘bination of two lines, each extending from a
“central station through the sub—station of the
‘other to a normal earth terminal at its own

sub-station, a normally-open branch ecircuit
at each sub-station, including the telephones
of the said sub-station, the said branch being
in permanent connection at one end with the
line of the other sub-station, as described,
and automatically-operated means at each
station for disconnecting the earth terminals
of both lines, and for connecting the discon-
nected terminal of its own line with the nor-
mally - open end of the telephone branch,
whereby a metallic cireuit including the tele-
phones is established, substantially as here-
inbefore described.

6. In eombination with two telephone-hnes,
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each extending, as described herein, through
the station of the other to earth at its own
station, signaling appliances and telephones
at each sub-station, and an automatic tele-
phone-switeh at each sub-station adapted to
transfer the main line of said station from its
signaling-instruments to the telephones, and
vice versa, and to disconnect the earth ter-
minals of both lineg, of circuit-changing keys
or switches at each station controlling con-
tacts in both lines, as described, whereby the
said two sub-stations are enabled to signal

and converse with each other without the in-
termediation of the central station, substan-
tially as specified.

In testimony whereof Thave signed my name
tothisspecification, in the presence of two sub-
scribirg witnesses, this 6th day of Mareh,
1889.

F. A. PICKERNELL.

Witnesses:
JOHN A. BARRETT,
GEORGE E. COMYNS.
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