~ (No Model ) 2 Sheets Sheet 1.

F A. PIOKERNELL % T. S. PERRIN
- MULTIPLE TELEPHONY.

No. 560 861 SR Patented May 20, 1896

C

Rl ST T

SE. o . - Z?zrenzfor

e




(No Model) - ' P R -2 Sheets—Sheet 2.

F A PIGKERNELL % F. S PERRIN
- MULTIPLE TELEPHONY,

No. 560 861 . Patented Ma,y 26, 1896.

a

A28

\_\\
\

o A AA
| LS RV
YA YT
')

— - . ' -
-
' L) ) ]
r . )
afl T
" ) .
FJ :
= .
",
vy I »
T4 Y
- - 'J '

mitrTILy b
T hup g,

L ]52 z‘a

ANDREW B.GRAHAM. PHOTO-LITHO. WASHINGTON.DC.




Parent Orrice.

FRANK A PICKER\TELL Ob

PERRIN, OF NEW YORE N.

NLWVARI& NEW JERSEY, AND FREDERIC .

Y., ASSIG\TORS TO TIHE AM]“RICAN TLLE-
- PHONE AND TELEGRAPII COMPAN Y,

OF V’EW’ YORK

' ,MU-LTIPLETELEPHONY,-

SPEGIFICATION formlng part of Letters Patent No 560 861 d&ted Ma,‘y 26, 1896

Apphemtmn filed Mereh 21, 1896. Serial No. 584,310

(No mudelt)

To CLZZ whom Lzﬁ QY COncern: |
- Be it known that we, FRANK A PICKER—

NELL, residing at Newark, in the county of

é-J'I.-'

10

20

Essex and Stete of New Jersey, and FREDERIC
'S.PERRIN, residing at New York, in the county |
and Stete of New York, have mvented Cer-

tain improvements in Mulm ple Telephen y, of
which the following is a specification.
This invention relates to telepheme cir-

cuits and apparatus, and especially concerns

systems of multiple telephony wherein two

“metallic line-circuits each havetheir ontgoing
or direct zmd return eenduetme eonneeted or‘

bunched in parallel with one another to col-
lectively form the two sides or the direct and

return conductors, respectively, of a third
- metallic line- e1remt
~ two wires forming in series a complete single
~ telephone- e1rc,u1t may also be emp105 ed in
parallel as a single wire of larger size to con-
stitute one of the conductors of another me-

In such a system any

';'.mlhe circuit, and thus each pair of wires
-~ may be mede to bear a part in the formation

2

of a number of dlstmet cireuits, the tele-

phones of ali of which can be oper ated simul-

~ taneously without interfering with one an-

.. 30

~other.

shorter than one or both of its constituents,

~as would Dbe the case if the two original cir-
 cuits were extended between Boston end New
~ York, while the third or superimposed circuit

- is lequned to extend from Boston to New

35

Iavenonly, orone only of the original eircuits
- might extend the greater dletanee, while the.
. _ethel constituent circuit might, together with

~ the third or superimposed 0110111‘{ extend for
—only a portion of the

. .: 4¢.

' - For instance, a pair of - metallic. telephone-

- _euemts extendmﬂ‘ between terminal stations
may serve as a foundetwn on which a num--
- Dber of shorter, extra, orsu
- uniting any two way-stati
o and a tel minal station may be formed, each

ons or a way-station

of the said superimposed circuits in thls in-

eta;"l ce hawnw 1te two bl(]eb fex med of p01 t10ns:

ciency.

‘telephones.

In constructing sueh a system it is
frequently desirable .:Ltld convenient that a
third circuit fmmed of any two shall be

said ﬂ‘leatel distance.
It has also been found eonvement fo meke_
 the principles underlying the above-men-
-+ tioned constr uctions available in other ways.

per lmpesed circutts

| of the two conductors in parallel of the two
In systems
of this kind it is evident that such portion or
portions of either or both constituent circuits
as extend beyond either end of the third or
“Qeonsmtuted circuit must be regarded as ex-
tensions or prolongations of the sa,id constitu- -
ent circuit or circuits and also of the super-
imposed circuit; which, though in conductive
‘relation to the scud thlrd clremt have no part
;111 its structure and add 110th1n0' to its effi-
- It has, however, been found in prac-
tice that when two pairs ef conductors of dif-
‘ferent lengths are associated to form a third -
¢ircuit the latter circuit is subject to stray
‘and induced currents and to variations and
redistributions of electrostatic charge,which

act upon its station-telephones and manifest

principal or constituent circuits.

themselves therein .as loud and confused
noises and dlstmba,nees which interfere se-

In other

rgo

60_': .

riously with the proper operamon of the said
These disturbances obviously
“arise from the presence of the conductive ex-
tensions already mentioned, which project
from certain points on the eonstltuted cireuit
into inductive proximity to the conductors
‘of other circuits, besides acting as electro-
static plOJ@thOHS of large smteee tending
‘to accumulate eons1derable eleetrostatw
‘charges, which distribute themselves over the
'_Zseveml eonduetors of the eystem _
words, the constituted circuit is by reason of
these attached extensions in an unbalanced
.condition and is extremely subject to dis--
turbance, because the disturbing eurrents
flowing in one of its sides are noh—end owing
‘to the presence of such prolongations cannot
be—neutr: alized by equal and Oppoeltely—db-l; |
rected currents in its other side.
-~ QOur invention has for its ob,]eet the eeteb—'
lishment of a pl"a,(,tleoml working balance in
such superimposed circluits;. whereby they
‘shall be freed from the abeve mentmn (,d dlb-—_:
fturbanees o | | |
- In.our mventlon Whe1e one of the teo eo:n-;
stituent eircuitsis longer than the other we
‘compensate for the unba,lenemﬂ eff AR
I additional length or prolenﬂ'etlon by associat- =~
‘ing with the lonﬂ'er constituent circuitanelee- - =
| ,[;.tl emawnetie dewee 111te1 poeed in (311*'01111; Wlth-f

75
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the conductors thereof at a point adjacent to,
but outside of or beyond, the end of the new
or superimposed circuit, the said device by
construction, connection, or adaptation being
organized to oppose a minimum impedance—
in fact, practically nothing more than simple
resistance—to currents traversing the con-
ductors of the constituent circuit in series—
such, forinstance, as the voice-currents pass-
ing between the terminal stations of the said
circult—but to oppose a maximum and high
Imapedance to any currents traversing the con-
ductors of the said constituent circuit and
particularly the conductors in parallel of the
prolongation thereof. The importance of this
will be manifest when it is considered that
the currents which disturb the superimposed
circuit must necessarily reach the same by
traversing a portion of the two conductors in
parallel of some one of its constituents.

The electromagnetic device we employ is a
double-wound electromagnetic resistance or
choking-coil, and we connect its two windings
in the circuit of the two prolongation-conduec-
tors in such a way that any current passing
through the two windings one after the other
(a condition which is complied with by the le-
gitimate working currents of the constituent
circuit itself) shall, in each, set up magnetiz-
ing effects equal and opposite to the magnet-
1zing effects of the other upon their common
1ron core, so that as far as these currents are
concerned the reactance of the device due to
self-induction is eliminated, the core main-
taining a magnetic zero and the coil-windings
therefor offer an opposition due to their resist-
ance only; but it is obvious that any current
passing through the two windings in parallel
or side by side (a condition of currents or
waves, which pass to or from the superim-
posed circuit through the conductors of the
prolongation) will necessarily circulate in
each round the iron core in the same direction,
so that the current flowing in each winding
will assist the magnetizing effect of that flow-
Ingin the other. . Theself-inductive reactance
of the device will in such case be present to
the fullest extent, and the coil-windings will
offer an impedance to the passage of these cur-
rents corresponding to the vector sum of the
sald reactance and coil-winding resistance.

When in our invention it is desired to form
two or more way-circuits from the metallic
through-circuits, we prefer to unite the sta-
tion terminal portions of our superimposed or
constituted circuits, including the station-
telephones, to their main-line sections (ecach
such section being formed of a portion of the
two constituent circuits) by means of singly-
wound impedance-coils, which are bridged be-
tween the two wires of each of the said two
original circuits at appropriate points, the
two such coils of each way-station having the
middle point of their respective windings con-

nected with the ends, respectively, of the tele-

phone-containing-station portions of the way-
circuit terminating at such way-station.

Inthedrawings which accompany andillus-
trate this specification, Figure 1 is a diagram
representing a system of three metallic cir-
cuits formed of four line conductors in which
the inequality in length of the two pairs of
line conductors is compensated for and bal-
anced In accordance with the principles of
our invention. Kig. 2is a diagrammatic rep-
resentation of an application of the same
principles to a system of multiple telephony
wherein a number of way telephone-circuits
are superimposed upon a pair of through me-
tallic telephone-circuits, the same four main
conductors being employed for both classes of
circuit, whereby each way-circuitis balanced
notwithstanding the prolongation of its sides.
Figs. 3 and 4 are detail diagrams illustrating
the windings of our double-wound segregat-
ing device and the direction through the said
windings of currents passing them in series
and in parallel, respectively; and Fig. 5 is a
diagram indicating more clearly the construc-
tion of the said device.

In the drawings, as far as possible, like ap-
pliances and eircuit connections are indicated
by similar referenceletters and numerals, and
where similar devices occur more than once
in the same figure, but require to be distin-
guished, the first bears the letter alone and
the other ones are supplied with exponents
of successively-increasing magnitude.

In Ifigs. 1 and 2 the original or constituent
telephone-circuits are marked C and C?, and
the constituted or superimposed circuits in
the first case C®and in the second case (B3, C*,
and C°, .

1" represents the telephone -transmitters;
R, the receivers; I, the ordinary transmitter
induction-coils; B, the transmitter-batteries,
and K the single-wire electromagnetic resist-
ances or choking-coils bridged between the
two conductors of any constituent circuit at
the points where they are joined to the ter-
minal conductors of a superimposed circuit.

X represents the double-wound electromag-
netic resistance, which is the characteristic
feature of our invention and which forms
the electromagnetic segregating device inter-

posed in the conductors of each constituent

main circuit at points where the said condue-

‘tors extend beyond the end of any extra main

circuit, having one of its line conductors com-
posed of the two conductors in parallel of the
sald prolonged line. The principle underly-
ing the said segregating device is well indi-
cated by Ifig. 5, where such a device X isrep-
resented as being placed at a station N® of a
telephone-circuit C, whose direct and return
conductors ¢ and ¢® extend to a terminal sta-
tion N, where are placed a telephone trans-
mitter T' and receiver R. In this instance
the device X is provided with an iron core I,
having a closed magnetic circuit, over which
the two windings are wound in two sections
95, 6, 7, and §, respectively.

The circuit starting from the entering-point
of the main conduetor cmay be traced through
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the coil X as follows: conductor ¢, winding- |

section 5, connection ¢, winding-section 6,
~ wire ¢, receiver R and tra,nsmltter T at sta-
tion N, wire ¢?, winding-section 8, connecting-
wire b Wmdmﬂ'-seetlon 7, and main conduc-
In sueh a oomponnd ¢oil,so connected,
1t 1s evident that the maﬂ‘netle polarity or

- tendency thereto clevelopecl at any. or all

IO

- 30

- _' '_:3.5

. 45
coo o ized loy the same current flowing in the oppo-
. site direction through the wmdmg-seomons 7
. associated with 5, encl 3 associated with 6, and.
.. 1in KFig. 4, which illustrates the route of cur-
g0
.~ allel, we see the’r the windings 5 and 6 each
o j'.i--wmcl round their :tespeetwe core-sections in
e same direction as their respeotwe asSSo-
T omtecl windings 7 and 8, and since the cur-
rents are also in the same direction the mag-

the s

o ._i-.'5'5 |
. netization induced by 5 and 6.is ‘reinforced

- andexalted by thatof 7and 8.
~ mnot necessmy that the form of choking-coil

B . indicated in Fig..5 shall be followed

points of the core by the action at any given
moment on said core of a current of given di-

rection traversing the winding-sections in se-

1ies and acting through the winding-sections’

5 and 6 will be 0pposecl and neutrahzecl by

_the action of the same current in winding-
sections 7 and 8; but it is also evident that 1f.
- a current insteacl of going through the wind-
1Ings in series be sent throuo*h the sections §
!end 6 in parallel with the seotlons 7 and Sthe
currents in the two windings will be in thej
same direction as regards’ the core, and in-
stead of exerting eaoh a neutralizing effect on’
the other they mll exercise a mutually rein-.
forcing effect each at all points tending toset:
up like’ pol:gbrlty or magnetization.
sult of this isof course that little Self-induc-
tion” will ‘occur in the transit through the
complete coil of currents passing the wind-
- 1ngs 1n series, and that a high develo_pmentj
. of self-induction will occur :ili the . transit of
ourlents through the wmdmﬂ's of the coil in

are stmnfrly opposed by self-mduomve re&ot—-.
ance it follows that we mayv say that the coil
X will offer ‘a maximum 1mpedenoe to eur-
rents traversing its windings in parallel and
aminimum 1mpeclanoe to currents traversing
- its windings in series.
. clearly 111115*‘51 ated by Figs. 3 and 4, which in-.
- . dicate by arrows the dli‘ferent e
40
- parallel omrents for in Flﬂ‘ 3, which illus-

- . trates the route of the series cur 1ents We see
- that the magnetizing action of the ourrent-
~ flowing through the sections 5 and 6 of the

; Wl]:ldlllﬂ" in ooncluctm ¢ 1snecessarily neutl al-

These facts are more

passage through the windings of series and

¥ ents sent throu oh the coil-conductors in par-

It.is of course

RBGH]III’JU‘ to F]fr 1 c and...o? ele the two;

with the first.

T eots of the

be subjected to very 11ttle 1mpeclanoe
‘system, as far‘as described, is unbalanced by
reason of the prolongation of circuit C beyond
the end of the phantom-circuit and beyond. |
the end of circuit C?, for although the phan-
tom-circuit C?is: indeed a metallic telephone- 130
circuit with its two sides substantially equi- - -
distant from pamllel sources of inductivedis-
| turbance it is not balanced as is 'necessary - !
_..to seoure 1111m11n1ty from suoh d1sturbances, |

In-
60 stead of a ring or closed core we may employ
. one in the fmm of a cylinder and have one
. section of each winding wound over each end

. of thesaid cylinder. n short theessence of:
~ the device consists in the electrical relation
~of the windings and not in fmm in any seueef

| ;Wh&tSOBVEﬂ

main conductors of a meta,lllo telephone cir-

cuit extending between two terminal stations

M and N and fitted at each with the ordinary
telephones T and R, the former shown as be--

ing associated mth a battery B, a local c¢ir-
cuit f therefor, and an induction-coil I, whose

primary p-is in the local circuit f with.the
transmitter, and whose secondary s 1s In the
main ou:-ou.lt C with the receiver. =

- C?isa second metallic telephone—elrmut eX-

_tended in a direction substantially parallel
- 1t is not, however, as long as

the first, and though one of its ends also is at

station M its other end reaches only as faras -

station N2 which may be a way-station—possi-

75

30

bly of circnitC. We: may considerthat circuit '

C?is about half as long as circuit C. A third

circuit, C®, may now be formed between the
: Stamons M and N2 without employing any ad-
ditional main conductors by arranging on cir-
cuits C ‘and C* at the two deS1red stations
singly-wound electromagnetic resistance or

impedance coils E, br1dged between the two
The re-. |

-Since

90

conductors c.¢* and S ctatpointsxz andy,and
uniting the central or middle points m and -

m3 of . the winding of the coils E and E?, as-

sociated with the circuits C and C?at station
M, and the central points m? and m* of coils
;Ez and X! at station N* by means of terminal
conductors d and d?, including the telephones
T%and R®of the new and extra circuit..

95

this new and extla, circuit has no main con-

ductors of its own, but employs the two wires

100

¢ ¢* of circuit C in parallel as one and the

two wires ¢ ¢* of circuit C*in parallel as the. -
other of its sides, it is a superimposed circuit
ha,vmcr the two orwmal circuits as its con- -

-stltuents and it may in conformity with usage
From the_ -

be ter med a ‘‘ phantom-circuit.”

point m it may be traced by way of ¢°, re- .

ceiver R3, induction-coil I3, and wire ¢® to ms,
thencein spllt conductor to the two ends «8 fy*"._ L
“of coil E®and over the two eondnotom cctof
circuit C? in parallel to z* and y* and to.the
central point m*of coil E4 then through wire =
% induction-coil I3, 'recewer R3, and - wire ¢®
at station N? to the eentml pomt m?of coil B
and back over the conductors ¢ and ¢? of cir-
cuit C in parallel to the coil-terminals z and -
4 at station M, and from the said terminalsto -~
the startin cr-pomt m at the centerof the coilE. -

1y

The currents of circuit C will find so much i im-

pedance in the bridged electromagnetic coils

120

E that they will have little tendeney to leak B

through the bridges, but the currents of cir- 5

cuit 03 passing as they do between the middle. -

of eaoh of the said bridges and its ends, will .

Such a -
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because from the end of one of its constitu-

ents an electrostatic extension or prolonga-
tion projects in the form of that portion of
circuit C which continues to station N. We

find that a practical balance may be attained
by connecting ourdouble-wound electromag-
netic senreﬂ'atmn or differentiating device in
the cn*emt of the two conductors ¢ ¢?, in the
manner shown, at a point beyond the con-
nection of the terminal d? of the phantom-
circuit C° and its associated choking-coil E=.
The windings 5 and 6 are connected one after
another in the conductor ¢, and the windings
7 and 8 are connected one after another in
the conductor ¢>. When so connected, the
windings, though all in circuit C, offer merely
the opposition of resistance to the currents
of the said circuit and being half in one of its
sides and half in the other donot in any way
unbalance the same, while they present a

maximum impedance to stray or disturbing

carrents or waves, or charge distributions
which may be accumulated by the extension
toward N of the conductors of circuit C, and
which tend to surge through the phantom-
circuit C°. In other words, they form such an
eifective bar to the passage of such currents
over ¢ and ¢? in parallel that such portion of
C as constitutes one side of C?is substan-
tially segregated from the prolongation of C
toward N, and as a consequence two sides of
C° are no longer unbalanced.

In Fig. 2 the same principles are applied to
the utilization of the conductors of the two
circuits C and C* in such a manner that out
of them a number of way telephone-circuits
may be formed, each employing a different
longitudinal section of the said circuits C C?,
Three such way-circuits are in the drawings
shown. These are C°, extending between sta-
tions M and N°; C, extending between N and
N? and C° between stations N® and N* Tach
way-circult is formed in a manner similar to
the cireuit C° of Ifig. 1 of terminal conduc-
tors d d?, and telephones R, connected there-
in, uniting at their respective stations the
middle points m2 of the two singly-wound
choking-coils E, which at such stations are
bridged between the main-line conductors of
the constituent circuits C and C?, so that the
portions of the two conductors of the said
circuits located between the coils K of any
two paired stations, as M and N2, constitute
in parallel the direct and return conductor,

respectively, of the way-circuit concerned.

In this arrangement we place one of our

double-wound choking-coils X in the circuit

of the two conductors of each of the constitu-
ent circuits C and C° between the approxi-
mate or adjacent ends of each two successive
way-circuits, as shown in the figure, where X
and X?®are associated with the cireuits C and
C? between the conterminous ends of the way-
circuits C° and C*% while the choking-coils
X*and X* are s1m11m'-1y placed with respect
to the other end of way-circuit C* and the
neighboring end of C°. ° When our double-

wound coils X are so placed, the current from

the telephones R at station M will not pass
beyond station N3, where it will operate the
corresponding telephones R’ and the other
way -circuits C*and C° are in like manner
completely isolated. |

By means of ourinvention, therefore, we are
enabled not only to restore a practical worlk-
ing balance to phantom telephone-circuits
superimposed upon the conductors of metal-
lic telephone-circuits, where the constituent
circults are unequal in length, but also to

“divide pairs of long metallic circuits into sec-

tions, using the two conductors of such sec-
tions of the said circuits as the two sides of
shorter way-circuits available for local and
intermediate intercommunication, while the
sald long circuits as a whole are being em-
ployed for through business.

We claim as our invention—

1. The combination of a metallic telephone
line-circuit, asecond main metallic telephone-
circuit having for one of its sides or conduc-
tors a portion of both of the conductors in
parallel of the first circuit, and a double-
wound electromagnetic resistance or choking-
coll having 1ts two windings serially but op-
posingly connected in the conductors of the
sald first circuit at points beyond or outside
the portion of them which forms one side of
the second circuit, and adapted ther eby to
offer a minimum 1mpedmlce to currents flow-
ing through the conductors of the said first
eircuit in Serie_s, and a maximum impedance
to currents flowing through the same condue-
tors 1n parallel, substantially as specified.

2. ''he combination of two main telephone-
circuits each having anoutgoing and a return
conductor,and athird telephone-circuit whose
direct and return conductors are formed of
the two conductors in parallel of the said two
original circuits respectively, one or both of
sald original circuits being longer than the
said third eircuit, or having an extension or
prolongation beyond an end thereof; with an
electromagnetic device interposed in circuit
with the two conductors of each extension, im-
mediately beyond theend of the said third cir-
cuit, and adapted to oppose a maximum im-
pedance to currents traversing the conductors
of the said extension in parallel, and a mini-
mum 1mpedance or simple resistance to cur-
rents traversing the said conductorsin series;
whereby the said original circuit extensions
may be segregated from the said third circuit,

and prevented from disturbing the balance

thereof, substantially as specified.

3. The combination in a system of multiple
telephony, of two metallic telephone-circuits
each extending between two terminal sta-
tions; electromagnetic resistance or single-
wire choking-coils bridged between and con-
necting the two conductors of both of the said
circutts at one ormore pairs of stationslocated
thereon; terminal conductors including sta-
tion-telephones, uniting the central, points of
the sald electromagnetic resistances of the
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-two circuits at any pair or pa,lrs of sueh St&-
tions; to form thereby one or more superim-

posed or phantom circuits, each having its

two sides formed of portmns of the two con-
ductors in par allel, of the two original cir-
cuits; and a series of double- Wound electro- |

" magnetic resistances or choking-coils, associ-
~ated with each of the said original’ eircuits,

IO

and having their two Wmdmﬂ‘s serially con-

nected in the two conductors thereof the smd -  3
choking-coils being interposed in pairs in |

theirr espeetlve eonstltuent circuits, at points
between any two of the said erxtra, or super-

~ imposed eir cuits, and so connected as to offer

e

amaximum impedance to currents passing in 15
parallel and the minimum impedances to cur-

rents passing in series over the conductors of

- the said two original circuits.

In testimony Whereof we have signed our

'names to this specification, in the presence of 2o
two.subscribing witnesses, this 18th day of
.Mareh 1896.

FRANK A PIOKERNELL
FREDERIO S. PERRIN

Wltnesses |
- AvFrED E. HOLCOMB
EDWARD W. BELL.
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