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o all whom it May COneern:

- Be it known that I THEODORE SPENCER,
reeldmﬂ' at Oembudﬂ'e in the county ot Mid-

dlesex ﬂlld State of Mdssaehusetts have in-

5 vented certain Improvements in Telephone-
Circuits, of which the fellewmo* is a specifi-
~cation. g

My present invention rela,tes to telephone

- cireuits, and especially tothat class in which

10 the source of current is in the main cireuit,

and preferably located at the central station.

The current from the electrical generator
treverees the entire circuit, and when a fele-

phoniec receiver and a variable resistance or
15 current varying transmitter are connected

with said circuit, the operation of the said

transmitter by means of words spoken in its
“vieinity produces waves or undulationsin the
- sald current; which acting upon the receiver
20 enable it to reproduee the said spoken words.
But for well known and generally acceepted.
reasons, even when the batteryisin the main
circuit, 1t is advantageous that the waves pro-
duced by the Opemtmn shall act upon the

2z main circuit and the distant receiver through

the intermediation of an induection coil, and

- the object of my invention is mainly to en-
able this mode of transmitter operation to be

satisfactorily and efficiently adopted without
30 losing other advantages accruing from the

centralization and main cireuit eenneetlon of

 the eurrent generator. In the attainment of
this object T plaee the current varying trans-

mitter in the main cireuit of a current gener-
35 ator such as a battely or a preperly con-
structed dynamo, and in series with the said

~ transmitter I connect on one or both sides
‘thereof and between it and the said generator

an appliance called diversely, an electmme,:,-_
40 netic resistance or a retardation or choking

coil, of Tow real or actual resistance, so that
it dees not materially weaken the line cur-
rent or obstruet the passage of the same to
the transmitter, but having a high co- -efficient

45 of self- mduetlon so that it hes a high im- |

pedence, and is, 1t may be said, opaque to,or
practically obstructs the passage ot andula-
~ tory electrical impulses or waves, such as
those produced by the operation of the trans-

50 mitter, these finding in the said choking coil

a high apparent ree1sbanee I associate with

have unrestricted access.

the transmltter an induection coil, and connect
its two helices 1n mdependent or separate

‘branches of the main circuit, the resistances
of both of the said bmnehee however being 55

high, relatively to that of the transmitter it-
eelf The branch or bridge circuit contain-
ing the primary helix of the induction coil,
umtee points on the direct and return con-
ductors of the main ecircuit, between the 6o
transmitter and the Ieteldetlen apphanee,( |
and as the said appliance prevents the ecur-
rent variations or waves produced by the

transmitter from traversing the main ecir- o
cuit, it follows that the said waves expend €5 .

theu energy in varying the electrical .condi-
tion of the said primary helix, to which they -

bridge circuit containing the induection coil

Secondary extends between the direct and 70 -

return conductors of the cireuit, connecting

‘therewith at points ouiside of the retar-

dation a,ppha,nee, or between said appliance
and the source of the steady line and trans-

mitter current; so that the said retardation ys5- '

appliance plevents the variation set up by
the transmitter from reaching it. The said
primaryand secondary helices being however
in induective relation to each other, the varia-

tions of the electrical condition of the pri- 8o

mary induce corresponding currents to smd; "
variations in the secondary, which passing

| over the main cireuit act upon a receliving

telephone inecluded therein at any dlstent

station; and operating the same, enable it to 85

1ep10duee the sounds whereby initially the

transmitter was operated. Another function

of the retardation coil or coils is therefore to
prevent the short circuiting of these corre-
sponding induced currents threun*h the trans- go
mitter and a consequent weakemnw of their
effect in the main circuit. The steady cur-
rent delivered to the main circuit is mainly
directed through the transmitter because the

resistance of the twe coil branehee is rela- 95 o

mitter.

The high resistance of the primary bmneh
may be produeed in any desired way; for in- |
stance a condenser may be introduced into 100
the said branch, which of course practically |
ma,kes it dlscontmuoue for steady currents, -

Bat the branchor ~
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or the resistance of the primary coil may it-
self be high; or it may be normal, and a spe-
cial resistance serially associated therewith.

In the drawings which form a part of this
specification IFigure1 isadiagram indicating

apreferred mode of circuitarrangement illus-

trating the above described principles. Fig.
2 1s adiagram of the same arrangement, more
compietely indicating the electrical connoe-
tions. Figs. 3 and 4 are diagrams of alter-

nate arrangements and. Fig. 5 indicates the

application of the invention to a substation
apparatus, adapted to operate on the central-
1zed battery exchange system.

In Figs. 1 and 2, A and B represent two
main telephone circuits united for telephonic
conversation, at a central station C, where is

- located an electrical generator or source S,

20
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supplying both cireunits with a steady current
for their transmitters.
generator is bridged between points 7 and 8
of the united circuits, or in other words is in
a section of conductor common to both. In
these figures a dynamo is indicated as being
employed. A receiving telephone #is at the
substation D of circuit B, and the condenser
¢® of said circuit, is merely introduced as an
expedient for preventing false busy tests, in
a manner well understood. Cirenit A ex-
tends from station C to substation F, and at
the latter station is shown as extending
through electro-magnetic resistance appli-
ances, retardation coils, or choking coils R
and R* by conductors f and ¢ to a variable
resistance or current varying telephone trans-
mitter T of any preferred type. These re-
tardation coils have a low actual resistance,
and consequently do not materially weaken

~steady currents or obstruct their passage.
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—on the two main circuit conductors.
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mary helix p

With the transmitter T, is associated its in-
duction coil I, having its high resistance sec-
ondary helix s, in a branch or bridge ecir-
cuit # connected between points 3 and 5 on
the direct and return conductors ¢ and b re-

spectively, of the main circuit A. No other
device is containedin the branch «, which, as

shown, is located between the retardation
coils and the source of current S. The pri-
of the induction coil isin a sec-
ond branch or bridge circuit 2 parallel to the
first, which extends between points 4 and 6
A con-
denser ¢ is also included in this branch. The
effect of the high resistance of the secondary

‘helix itself in branch x, and of the presence
of the condenser in branch z, is to provide

that the major part, thatis tosay practically
all of the current from the generator S, passes
through the transmitter 1. The receiving
telephone at station F may be connected as
shown in one of the main conductors of the
circuit; or it also may be bridged; it may
have two reinforecing coils one in each of the
main conductors ¢ and b, or the secondary
helix s may be centrally divided, and the re-
ceiver introduced between® the divisions.
T'he retardation coils

As shown, the said

|

steady current of the generator S to the eur-

rent varying transmitter T. They also pre-

vent the waves in or variations of the said

current due totheoperation of thesaid trans-
mitter from passing to the main circuit or dis-
tant telephone conductively; and determine
electrical changes in the said primary he-
lix corresponding to said variations, which
changes through the intermediation of the
secondary helix are inductively propagated
upon the main circuit and actuate the distant
receiving telephone. They also prevent a
weakening of the effect upon the main line
and distant telephone, of the induced cur-
rents developed in thesecondary winding, by
choking or obstructing the alternative path
which otherwise would present itself, through
the transmitter. This constructive arrange-
ment of apparatus and circnits hasbeen oper-
ated with good results; the induction coil
used being a standard transmitter coil with a
primary helix having a resistance of half an
ohm, and with a secondary helix, having a re-
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sistance of one hundred and fifty ohms. The

actual resistance of each retardation coil R
was varied between ten and twenty ohms, and
it was found that their impedences might
without detriment vary between apparent re-
sistances of five thousand and ten thousand
ohms. The condenser c it was found may
vary from one to three microfarads. |
Fig. 3 1s a modified arrangement present-
ing however no essential differences. The
mode of uniting the two main circuits A and

‘B, and of supplying both with transmitter

current from the same source, is that for

| which Letters Patent No. 474,323 were granted

to Hammond V. Hayes May 3, 1892; the said
source of currentgeneratorisin this instance
shown as a voltaic battery S? and is placed
at the central station C in a section of con-
ductor common to both circuits an induction
coll J being interposed between the said gen-
erator and one of the conductors of both cir-
cuits, and having its two helices or windings
h and h* included in the said two circuits re-
spectively. In this modification, a repeating
induction coil is substituted for the standard
transmitter coil; one of the retardation coils
R? is dispensed with and the receiving tele-
phone is employed in lieu thereof. Satis-
factory results were attained by using a re-

‘peating coil having a secondary winding of

some three or four thousand turns and a re-
sistance of one hundred and five ohms, and
whose primary winding consisted of four hun-
dred turns measuring eighty ohms. "Thecon-
denser being absent, a high resistance pri-
mary 1S requisite. The receiving telephone
¢ in this case is wound to such a resistance as
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to bring its impedence to a value approxi-

mately equal to that of the retardation coil R.

Fig. 4 is another modification which may
be found convenient under some conditions.
T'he arrangement in this instance as in Fig.

I, employs an ordinary induetion coil and a
R freely admit the } condenserc, in circuit with the primary. The
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the receiving 'telephone ¢ at station B 1a1sed
to an Impedence to wave impulses equwalent |
to two thousand ohms of actual resistance,
'jmeasulably performs their functmns, as well

The GII’GUIE :

as its own more 1en'1t1mate one.-

j A is indicated as bemn* nnited throuwh a Te-

- IO

- my mventmn to the circuits of a centralized |

L 20
{ral station C. When the circuit is at rest,

- nection at the central station is by means of
-any suitable switches N N? through a small
~calling battery S and &nnunelatm v, while
at the substation, the telephone £ being in its
“support %, the cnemt is connected thwun*h-
 thecall bellm and condenser ¢; by this means

"39'

o cu1ts united for through communication; it
- “must however be understood that such a. fea-

40

“and practiced in a single circuit,and further-
- more that the electrical: generatcr whether
- a dynamo S, or a battery S? can in a manner
now well understood ‘be made common to a

peating coil J with an earth completed cir-

cuit B leadmﬂ' to the. dlstant telephone qta-
tlonD ER -

In Fig. 5, is 1]‘ustrated the anpllcatlon of

battery exchangesystem. A and B represent

two exchange. telephona circuits enfering a-
central statlon C from'substations D and F

respectively. They areshown as beingunited
at C through a repeating coil J. The helix

h of said (3011 18 connected in circuit A, and

the helix. h? in mremt B.- The eurl‘ent oen-
erator is in (311‘(311112 A and- loeated at the cen-

or not being used for conversation, its con-

the operation of taking the telephone from

the hook closes the c1rcu1t of the calling bat-

tery, and gives the signal on the auuuncmtor
The remaining: eonnectlons meludmﬂ‘ the in-

- duction coil WlﬂdlIIU‘S and the- retaldat}.on-
- coll R,arein aeeordance with the above stated.

35

prwuples of my invention.:® .
The several diagrams each show two. cir-

ture is quite non-essential to the'invention or
its operation, which can ‘be fully embodied

number of circuits. It must also be under-

‘stood that, although I have stated certain di-

mensions, magnitudes and proportions of ap-

- paratus, my invention isin no senserestricted

B0
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to these, which are merely illustrative, and
may be widely varied without departing from
the spirit of the said mventlon
| I claim— -~

. The combination of a main teleplwne
011(311113 a supply current generator included
thelem a current varying transmitter in-

cluded in the ecircunit at a station thereof;
an induction coil therefor, having its pri-

mary helix in a branch formmff a shunt Clr-

cuit round the satd trausmitter'and its sec-

ondary helix in alike branch formingashunt

round the said primary, both of the said

shunts or branches being of high resistance
relatively to the tmnsmlttel ‘Wher eby the
major part of the normal cur rent is. directed
through the said transmitter; and means for
preventmn‘ the undulations of the main cur-
rent produced b'y the opelatlon of the trans-

’F

{ tions or \;?01ce currents in the

jretardatlon coﬂs R are dlspensed Wlth and i mltter from propawatmw themselves over the
‘main circuit conduetively, and for enabling

the said transmitter to de-velop such undula-

70
said maln- eir-

cuit and to act npon receiving telephonesin-

cluded thervein; solely thmu*r}*h the interme-
| diation of the. Saul mduetlon 0011 sub%ta,n-
tially as specified. |

2. The- (,omblnatlon of a main telephone |

75

cireuit; a receiving telephone; a supplj;r eur- -

rent wenerator .:El.'ld a variable resistance

tra,nbmltter all 1neluded in the said circuit;,
80

an -induction 0011 for the sald transmitter,

“having its primary helix and a condenser in
a br fmch of the main circuit formingashunt
circuit round the said transmitter, and its

high resistance secondary helix in a parallel'
branch. forming a-shunt round ‘the said: pri- .
mary, whereby substantially the entire main
Jine current is caused to circulate through
the said transmitter;
sistances or self: mductmu appliances of low

and electromagnetic re-
actual resistance, but presenting a high im-

or impulses interposed between the primary
and secondary helices, and connected in one

or both of the main clrcult conductors,where-

by the variations or impulses developed in

the primary current by theé operation of the
transmitter, are isolated conductively from

the main mremt and are enabled to generate

induced voice currents in the said main . eir-
cuit-through the intermediation of the said
induction coil, and for the operation of the
said receiver, 'which 1 in like manner are pre-

vented from passing through: the t1ansm1t
ter; substantially as deserlbed | - -

3. ‘The combination of a main telephone-
cireuit; an electrical generator furnishing a

steady ‘eurrent 1n01uded directly therein; The

90
pedence to vibratory or undulatory currentq .

95
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secondary helix of an induction coil brldﬂ'ed .

between the conductors of the said main eir-
cuit, and wound to a high resistance to oppose

LIO

the passage of the. Sald steady current; a pri-
mary helix in induective relation to sz—ud sec-

ondary helix included in a second bridge be-
tween the said main cireuit eonductors ;

condenser in series with said primary hehx

in the said bridge to prevent the circulation

11'5

of the steady generator current through said

helix; a telephone transmitter in pa,rallel eir-.
cuit with the said secondary and primary
I20

helices, and adapted to vary its resistance

when operated and. thereby to set up corre-
sponding variations in the electrical eondi-

1;1011 of the said parallel primary helix, which

variations are induectively transferred to the -

said secondary helix and main -circuit; an

electromagnetic resistance or retardation 0011
opposing a low resistance to the steady gen-

“erator current, buta high apparent resistance

to the felephomc varlatlons of the transmit-

ter, interposed in the main circuit conductors

between the primary and secondary helix
branches, to prevent the waves produced by
the tmnsmlttel from passing conductively to
the main GlI‘GHIt and to prevent the mduced

125
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waves developed in the secondary from being | connected in

short-circuited through the transmitter; sub-
stantially as described.
4. I'ne combination of a main electric cir-

cult extending between telephone stations; a
receiving telephone in said cirenit at one of
said stations; a generator in said cireuit sup-
plying a steady current; a cuarrent varying
transmitter in said circuit at another of said
stations energized by said current, and adapt-

ed when operated, to produce undulations or-

waves therein; a retardation or choking coil
of low resistance, but high impedence, in said
circuil located between the generator and
transmitter, and permitting the free passage
to the said transmitter of the said steady cur-
renf, but obstructing the passage from the

- sald transmitter of the waves produced there-

20

by; an induetion coil for the said transmit-
ter, having its primary and secondary helices

505,730

_ separate high resistance paral-
lel branches or bridges of said main circuit,
the primary branch being between -the retar-

dation coil and the said transmitter, and the

secondary branch being between the retarda-
tion coil and the generator; whereby the said
waves due to the operation of the transmitter
are enabled to act inductively upon the cir-

cuit and to produce corresponding undula-

tions or waves in the main current thereof
for the operation of the said receiving tele-

-phone, substantially as described. )
In testimony whereof I have signed my

name to this specification, in the presence of
twosubseribing witnesses, this 8th day of Feb-

ruary, 1893. .
"THEODORE SPENCER.
Witnesses: .
GEO. WILLIS PIERCE,
JOSEPH A. GATELY.
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