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UntTED STATES PATENT OFFICE.

CHARLES L. BOYCE, OF DETROIT, MICHIGAN.

TELEPHONE SYSTEM.

SPECIFICATION forming pa,rt. of Letters Patent No. 620,738, dated March 7, 1890,
Application filed April 29,1898, Serial No. 679,163, (No model.) |

To all whom 16 may concermn:

Be it known that I, CHARLES I.. BOYCE, a
citizen of the United States, residing at De-
troit, county of Wayne, State of Michigan,
have invented a certain new and useful Im-
provement in Telephone Systems; and I de-
clare the following to be afull, clear, and ex-
act description of the same, such as will en-

able others skilled in the art to whieh it per-

tains to make and use the same, reference be-
ing had to the accompanying drawings,which
form a part of this specification.

This invention relates to telephone sys-
tems, and has for its object improvementsin
that class of multiple or group telephone sys-

tems in which there is an auntomatic signal.

actuated at the central station by the closing

- of two normally-separated contacts at the
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subscriber’s station. 'This can be accom-
plished by the action of the subscriberin plac-

ing the transmitting or receiving part of the

telephone in position for use in talking. Gen-
erally the movement consists in lifting the
receiver from the hook on which it commonly
hangs preparatory to bringing the receiver to
the ear of the subseriber.

Another object of the invention is to em-
ploy in connection with a multiple central-
station switehboard a local talking-circuit,
which is also used as a non-interfering test-
ing-cireuit.

Another object is to employ in a multiple
or group telephone system a subscriber’sline-
sienal operated by a derived circuit obtained
from the two wires of the subscriber’s me-
tallie circuilt. | | |

Another object of the invention is to em-
ploy, in connection with a multiple or group
telephone system, a self-restoring differen-
tially-wound line-signal, of which one helix
is placed to earth through a source of elec-
tricity and the other helix is normalily open.

Another object of the invention 18 to pro-

vide a multiple or group telephone exchange

systemn in which the subscriber’s line-signal
is returned to its normal position by placing
a clearing-out signal in connection with the
open leg of the differentially-wound line-
signal. |

Another object of -the invention is to pro-
vide a metallic-cirenit telephone-exchange
system in which the action of the telephone-

| awitech at the subseriber’s station actuates

the calling and clearing out signals at the
central office by the use of a derived circuit
obtained between the subscriber’s station and

the central oifice.

With these several and other objects in
view the invention is embodied in the novel
arrangement of circuits, connections, parts,
and arrangement and combinations thereof,
as hereinafter described, and particularly set
forth in the claims. |
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In the accompanying drawings I have illus:

trated a practical method of carrying my in-

vention into effect, but desire it to be under-
stood that I do not limit my invention in- its
useful applications to the particular means
therein delineated.

In said drawings, Figure 1 shows diagram-
matically the circuits and apparatus used to

meet the requirements of a modern metallic-

circuit telephone-exchange system. Fig. 2
shows a detail of that portion of the system
shown on Fig. 1, which comprises the part of
the system for signaling the central station,
restoring the line-relay to its normal position,
and indicating to the operator that the sub-
seriber has ceased using his telephone. Kig.
3 shows that part of the system employed to
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call a subscriber from the central station, and -
it also shows the talking-circuit between two

subscribers when through service is estab-
lished. Fig. 4 shows the ‘‘busy-line indi-
cator ’—that is, that part of the system which
is used to ascertain whether or not the line of
a, subscriber called for is busy.

Figs. 2, 3, and 4 are separate parts of the
system which is shown as a whole in Fig. 1.

"The detailed figures enable one to have a

clearer understanding of the entire system
than could be had from an explanation of the
system with reference only to Fig. 1. .

The symbols used on any sheet to designate

| a certain partof theapparatus or circuits will

designate the same part of the apparatus or
circuits when shown on any other sheet.
Referring to Fig. 2, this figure shows the

‘method by which the subscriber signals the

central station, the method by which the line-
relay is restored to its normal position, and

| the method by which the operator is signaled
for a disconnection, only that part of circuits

|

and apparatus being shown to clearly illus-
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- trate this part of the inventlion.
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obtained 1s as follows: starting at earth P,
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are springs operated by telephone-switch D.

Spring A is insulated at C, so that telephone-

switech D will not .m_ake an eleet_rieal contact
withitatthis point. W hen telephone-switch

D is down, no contact will be made between

springs A and B. E is an inductive resist-

ance and is of high resistance and electrical -
The helix of K is wound differ-
F and G are the outgo-

impedance.
entially, as shown.
ing and incoming lines of a subscriber’s me-
tallic circuit.
coil. 1 1s a differentially-wound line signal-
ing-relay. J 1s a clearing-out relay. Kisa
compensating resistance and 1s of the same
resistance as relay J. L is a battery of low
internal resistance. M is a part of a tele-
phone-switechboard plug. N and O are du-
plicate parts of switehboard spring-jacks and

represent parts of multiples of a subsecriber’s

line. P and Q are earth connections.
The method of operating is as follows: The

subscriber removes telephone-receiver from
switch D. Springs A and B are thereby con-

nected, which completes a derived signaling-
circuit between the subscriber’ S statlon and

the central telephone-exchange, completing |

an electrical circuit between earth P at cen-

tral telephone-exchange and earth Q at sub-

scriber’s station. Current from battery L

will actuate armature of differentially-wound

relay I, which gives the required signal to the
The electrleal circuit

through battery Lto compensatmﬂ* resistance
K, thr01wh coil 2 of differentially-wound line
ewnelmn'-rela,y I to line-helix of repeating-

coil H, where the circuit divides, wires F and

G bemﬂ' used, and unites again after passing

40 throu ﬂ‘h mduetwe resistance E, then to earth
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Q throurrh springs A and B.
- That part of derived signaling - e1r<3111t.

which is composed of subsembers’ hne -wires,

repeating-coil I, and inductive resistance E

will not interfere with telephone communi-

cations, as connections are made to repeat-:
ing-coll and 1nductive resistance in such a-
manner as to mneutralize any disturbance
caused by earths P and Q being connected to

subscriber’s circuit.

The subscriber’s line-signal I is restored to-
1ts normal position by the operator placing
- M part of switching-plug in connection with |
N spring of switchboard-jack, which makes

another circuit for current generated by bat-

tery L, through clearing-out relay J, M part

of switchboard-plug,N spring of switchboard-

jack, then to and through helix 3 of differ-

entially-wound line emnalmmrel&y 1, then to
earth @ at subsecr 1bel s station.
Helices 2 and 3 of line signaling-r elay I
have the same numbe1 of amper e-turns and
are of equal resistances, and compensating

resistance K is of the same resistance as clear-

ing-out relay J, and current of the same po-
larity and potential is delivered to helix 2 as
to helix 3 of relay I, and helix 2 is wound op-

A and B | posite to helix 3 of relay L.

H is a telephone repeating-

Consequentiy
the magnetism of the core of relay I will be

destroyed as soon as operator places M part
of switching-pluginconnection with N spring

of switchboard-jack, and armature of line sig-
naling-relay I will retum to its normal posi-
tion and armature of clearing-out relay J will
be actuated. Armature of relay J will re-

main in a position of activity until subserib-

er’s telephone is placed on switch D, which
will destroy the electrical connection between
springs A and B, thereby allowing armature
of clearlnﬂ'-out 1elay J to return to “its normal
position, which gives the necessary signal for

disconnection.

- It is to be understood that the 1epeatmw-
coil H and line signaling-relay 1 are individ-
nally and per manently connected to each sub-

scriber’s line entering
board of this kind.

There are two clearing-out relays for each
connecting-cord when a through connection

is established—2. e., one clearing-out relay
for the calling subecrlber and one clemmw-
out relay for the called subscriber.

It is to be understood that the line-r elayls
not cut off from the derived signaling-circuit
when through connections are established
between subscribers and that the clearing-
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out relays are not bridged to, do not loop N

through, and are not in any wa,y connected
to the te,lkmﬂ*-eonduetors of the connecting-
cords between the answering and ea,llmrr
plugs, and therefore the clearing-out relarfs
are not bridged to, donotloop throu gh,and are
not in any way connected to the local talking
and ringing jack-circuits of the subscrlbels
lines that they are being used on.

It is to be understood that the line signal-
ing-relay I is restored to its normal posmon
when the operator inserts a switchboard-plug
in any of the spring-jacks of a line by clos-
ing to earth through a source of electricity
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and a clearing-out reld,y, g normally openleg

of difl erentmlly—wound line signaling-relay I
the clearing-out relay being loeated at thet

serted.

part of the smtchbomd where the plugisin-
11

It is to be understood that a permanently- -

fixed derived signaling-circuit is obtained
from the two wires of a subsecriber’s metallic

circuit by the use of a neutral point of anin-

ductive resistance permanently bridged and

connected across these two wires at the sub-

scriber’s station and the neutral point of the
line side of a repeating-coil which is perma-
nently connected to these two wires at the cen-
tral ofiice.

Fig. 3 shows the method of calling the sub-

| serlber from the central telephone- exehanf‘fe
| and the talking-circuit between two subsecr 1b—

ers when tlnouﬂ'h service is established, only
that part of the cirecuits and apparatus bemfr
shown to clearly illustrate this part of the in-
vention. R and G* are circuits and appara-
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tus at the subsecribers’ stations and will be
| readily understood by a person versed in tele-
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phone-circuits by referring to
H and F? are telephone repeating-coils. One
helix of each of these coils is permanently
connected to the two wires of subscriber’s
metallic circuit. 'The other helix of each of
these coils is permanently connected to the
switehboard-jacks representing the subsecrib-
S and T are like springs of sub-
seriber R’s switchboard-jacks and represent
multiples of these springs. U and V are like
bodies of subscriber R’s switchboard -jacks
and represent multiples of these bodies. D?
and E? are like springs of subseriber G*s
switehboard-jacks and represent multiples of
these springs. J? and K* are like bodies of

subscriber G¥s switchboard-jacks and repre-

sent multiples of these bodies. II*and I are
batteries of low internal resistance and are
placed in circuit to enable a ““busy test” to
be made. Their use will be explained when
Fig. 4 is taken up. L° is tip of answering-
plug. M?is body of answering-plug. N=is
body of calling-plug. O is tip of calling-
plug. Y is analternating-current generator.
7 and D? are operator’s ringing-keys. A~ Iis
operator’slistening-key. C*isoperator’s tele-
phone and local battery-circuit.

As the calling of the central by the sub-
seriber and the action of the line and clear-
ing-out relays has already been explained, it
is deemed unnecessary to go over it again in
the explanation that is now to be made of
the method by which twosubsecribers are tele-
phonically connected together.
of testing for a ‘‘busy line” will be explained
when Fig. 4 1s taken up. |

The operation of making a telephonic con-
nection between subscribers R and G*is as
follows: The operator answers subscriber R
by placing tip L? and body M? of answering-
plug in connection with spring T and body
V of subscriber R’s jack and pressing listen-
ing-key A2 which connects operator’s tele-
phone C? with subseriber R by induction
through repeating-coil H. After finding that
subscriber R wants subsecriber G* the opera-
tor completes the connection by placing tip
0? and body N?of calling-plug in connection
with spring D?and body J?of subscriber G*’s
jack. The operator rings subscriber G* by
pressing ringing-key I3° thereby putting al-

ternating current generated by Y to earth X |

at the central telephone-exchange, subscriber
G¥s Dbell being actuated by an induced cur-
rent, the primary ringing-circuit being local
to the switchboard of the central telephone-
exchange. Subscribers R and G*are now tel-
ephonically connected and will talk through
repeating-coils H and F* by induction, the

switchboard-circuit beinglocal between earth

connections W and X.

The talking-circuits are so arranged that
the ordinary grounded switchboard ringing
and listening keys can be used. |

It is to be noticed that the local talking and
ringing jack-circuit is normally open and in

The method

the drawings. | and with the exception of its inactive con-
‘nection with repeating-coil is normally not

connected with any other part of the switch-
board apparatus or circuits. '

Fig. 4 shows the method employed to ascer-
tain whether or not the subscriber’s line that
is wanted is busy, only the necessary circuits
and apparatus being shown to illustrate this
part of the invention. S |

As like symbols on different figures have

the same meaning and as an explanation has

already been made of all the symbols used, 1t
is thought unnecessary toexplain them again.

Subscriber P? calls for service with sub-
seriber G®.  The operator at the central ex-
change answers by placing switching-plug W~
in connection with switching-jack Z% 'I'ele-
phonicserviceisnow established between sub-
seriber P?and operator as operator’s listening-
key T? connects operator’s telephone X* with
switching - plug W=
will low from battery R?through body of that
spring-jack of subsecriber’s multiples that 1s
in circuit to and through one helix of repeat-
ing-coil 8%, then through spring of that spring-
jack of subscriber’s multiples that is in eir-
cuit, then to tip of plug W2, listening-key T"
to earth V2 through operator’s telephone X,
Subscriber G¥sline isthen tested and is found
busy. The busy test is given to the operator
by an increased battery-discharge through
telephone X* This increased battery-dis-
charge is obtained by connecting tip U* with
body K?of subscriber G¥s line, a through con-
nection having previously been established
between subseribers G* and R. The same
busy test would have been obtained if tip U®
had Dbeen placed in connection with body U
or body V of spring-jacks representing sub-
scriber R’s line or body J?, which represents
the body of another spring-jack of G*s line.

The cause of this increased battery-discharge

will be clearly understood by observing the
local conditions of subsecribers R, G?, and P*s
combination talking . and testing . circuits.
The potential of battery R* has been greatly

reduced at operator’s listening-key T% on ac--
count of comparatively high resistance of re-

peating-coil S*being placed in circuit. DBat-
teries R?, M2 and I*® are of low internal re-
sistance and are of the same potential at their
poles. Current will flow from battery H°
through repeating-coils H and F* and will
somewhat increase the current flowing to
earth V? through X? Current from battery
I? becomes the principal factor of this test
system, as the potential at listening-key T*
when the test is made will be nearly equal to
that at the pole of battery I? as there is prac-
tically no resistance between the battery and
T2 when this test is made, and an increased
current is thereby sent to earth V* through
operator’s telephone X?, which gives the op-
erator the busy test. If subscriber P< had
asked for service with subsecriber C? tip U?
would have been placed in connection with
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its normal ‘condition has no earth connections | body A2 or body B? of spring-jacks, and as
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- these bodies have no connection with earth
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ances inserted in the circuit,
necessary multiple - switchboard busy test.

and are open the electrical conditions of sub-
seriber P?’s local talking and test circuits, in

connection with operator’s telephone X2

would not have been changed, the constant
current from battery R* would have remained
unchanged, and there would have been noin-

crease or decrease in flow of current to earth
V? through operator’s telephone X?, and on
account.of thisabsence of increase or decrease
in flow of current through the operator’s tele-
phone X*the operator would have known that
(C¥s line was not busy and could be used. .

Itisto be understood that no auxiliary test-
circuits are employed and that a local talk-
ing-circuit, by the addition of batteries of
the same potential and of low internal resist-
furnishes the

These batteries, although shown separately

on the drawings, could be combined into a sin- |

gle battery, a battel y of the secondary type
being preferable.

What I claim 1s—

1. A derived signaling-cir cuit obtained by
the combination w1th a metalhe -circuit tele-
phone-line normally disconnected from earth
at subscriber’s station thereon, of an induec-
tive resistance permanently bridged across
the two wires of the metallic circult at the
subscriber’s station, a telephone repeating-
coll permanently connected to the terminals
of the metallic circuit at the central office, a
line signaling-relay permanently connected
to the neutral point of the line-helix of said
repeating-coil, a source of electricity connect-
ed to earth, and means for connecting the
neutral point of said inductive resistance at
subscriber’s station to earth, whereby line
signaling-relay will be actuated substantially
as desenbed

9. A combination with a metallic - cireuit
telephone - line normally disconnected from
earth at subscriber’s station thereon of an
inductive resistance permanently bridged
across the two wires of the metallic Gl“Cl‘llt at
the subscriber’s station, a telephone repeat-
ing-coll permanently connected to the termi-
nals of the metallic circuit at the central
office, a differentially-wound line signaling-
relay permanently connected to the neutral
point of the line-helix of said repeating-coil,
one helix of said differentially-wound line sig-
naling-relay being permanently connected to
a source of electricity and earth, the other
helix of saild differentially-wound line signal-
ing-relay being normally open, means for con-
necting the neutral point of said inductive re-
sistance at subscriber’s station to earth, and
means for closing the normally open helix of
sald dlfferentlally-w011nd linesignaling-r elay,
as hereinbefore described.

3. Acombination of a differentially-wound
line signaling-relay, one helix of which is per-

manently connected to earth through a source

of electricity, the other helix of which is nor-

mally open, and means for connecting the]

| normally open helix of said diﬁerentiallyn

wound line signaling -relay to earth, and a
source of electricily, whereby said differen-

tially - wound line signaling - relay becomes

neutral when said normally open helix is con-
nected to earth and source of electricity, as
hereinbefore described. |

4, A combination of a signaling-circuit, &
differentially - wound line signaling - relay,
made active by closing said signaling-circuit
at subscriber’s station, one helix of said dif-
ferentially-wound line signaling-relay being
normally open, a clearing-out relay, a source
of electricity with earth connections, and
means for connecting the normally open helix
of said dlfferentla,lly -wound line signaling-re-
lay to a source of electricity with “earth con-
nection through clearing-out relay, thereby
allowing the hne signal to return to its nor-
mal position and making clearing-out relay
active as long as the signaling-circuitis closed
at subsecriber’s station, as hereinbefore de-

_ scribed.

5. A combination of a signaling=circuit, a
telephone repeating-coil, a local talking and
ringing jack-circuit, a differentially-wound
line signaling-relay, one helix of which is nor-
mally open, a clearing-out relay and means
for closing the mormally open helix of said
differentially - wound line signaling - relay
through clearing-outrelay,wherebysaid clear-
ing-out relay is not at any time connected
Wlth subsecriber’s local talking and ringing
jack-circuit, as hereinbefore desembed

6. Aeombmamon of a differentially-wound-

linesignaling-relay, one helix of which is nor-
mally open, a resistance, an individual clear-
ing-out relay, and means for closing the nor-
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mally open helix of the d1ﬁerentlally -wound

line signaling-relay through said clearing-
out relay, whereby the differentially-wound

line signaling-relay becomes neutral to any

current that may flow through it, and the
clearing-out relay is made active as long as

current is flowing through the differentially-
wound line signaling-relay, substantially as

specified.
7. A combination of alocalringingand talk-

ing jack-circuit, which is norma,lly open and

‘has normally no earth connection, a source of

electricity and earth connection, and means

circuit to earth throuwh S&ld source of elec-
tricity, whereby said local ringing and talk-

ing jack-circuit becomes also the local busy— |

test circuit, as hereinbefore described.

S. In a telephone system, the combination
of a subsecriber’s metallic circuit, an induec-
tive resistance permanently bridged ACross
the wires of the metallic circuit, means for
connecting the neutral point of said induc-
tive resistance to earth, a repeating-coil hav-
ing a connection from its neutral point to
earth through a line signaling-relay, and a
source of electricity and earth conneetmn
| substantially as described.

9. Acombination of asignaling-circuit nor-

I1IC
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for closing said localringing and talkm jack-
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mally disconnected from earth at subsecriber’s
station, a source of electricity with earth con-
nectlon , adifferentially-wound linesignaling-
relay, one helix of which is permanently in-
cluded in said signaling-circuit, the other he-
lix of which is normally open, a clearing-ont
relay, means for connecting said signaling-
cireuit to earth at subscriber’s station, and
means for connecting normally open helix of
sald differ entmlly-wound line signaling-relay
tosaid signaling-circuit through smd elearm -
out relay, 1ri,]mz-;-reby said differ entmlly wound
line signaling-relay will be neutral to current
flowing through said signaling-circuit and
clearing-out relay will be actuated by current
flowing throuoh said signaling-circuit as here-
inbefore descmbed

10. Acombinationofametallic-cir cmt tele-
phone-line normally disconnected from earth
at subscriber’s station, an inductive resist-
ance permanently br 1dﬂ'ed across thetwo lines
of the metallie circuit at the subseriber’s sta-
tion, two normally-separated contacts at the
subsecriber’s station actuated by subseriber’s-
telephone switch, one of which contacts is

connected to earth, the other of which con-

| tacts is connected to the neutral point of said

induetive resistance, a telephone repeating-
coil permanentlv conneeted to the terminals
of the subseriber’s line at the central office, a
differentially-wound line signaling-relay, the
neutral point of which is eonnected tothe neu-
tral point of the line-helix of said repeating-
coil, one helix of said differentially-wound
line signaling-relay being connected to earth
through a resistance and a source of elec-
tricity, the other helix of said differentially-
wound line signaling-relay being normally
open, a source of electricity with earth con-
nection, a resistance, a clearing-outrelay, and
means for connecting normally open helix of
said differentially-wound line signaling-relay
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to source of electricity and earth through said -

clearing-outrelay,asand forthepur pose Specl-
fied.

In testimony whereof I sign this specifica-
tion in the presence of two witnesses.

CHARLES L. BOYCE.

Witnesses:
CHARLES K. TARTE,

VIRGINIA M. OLOUGH,
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