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To all whom it may concern: _
Be it known that we, Jacon W. LarTIia
and Criarres LaNE GOoDRUM, citizens of the

‘United States, residing, respectively, in

Wyncote, Montgomery county, and in rhila-
delphia, Philadelphia county, Pennsylvania,
have invented certain new and useful Im-
provements in Multiplex Telephony, of
which the following is a specification. ,

Qur invention relates to means for trans-

mitting more than one telephonic communi-
cation over the same wires at the same time.
It has for ifs object the produgtion of a
system for such multiple transmission where-
in a proper balance of the circuits is main-
tained, ordinary signaling-currents can.be
used without confusion of signals and with-
out short-circuiting, the static capacity of
pieces of apparatus whose associated parts
have a difference of potential is reduced or
neutralized, and other important ends are
attained, which will sufficiently appear from
the specification. '
Referring to the accompanying drawing,
TFigure 1 is a diagram of a system embodyin,
our invention as to its broad features,. ang
Fig. 2 is a similar diagram showing one coil
with ‘means to neutralize or compensate its
static capacity. Fig..3 shows one form of
composite circuit. ‘ R

In Fig. 1, XY and X’ Y’ are subscribers’”
‘'stations, connécted, regpectively, to the cen-

tral stations 8 §’. Between these central
stations extend a pair of metallic trunk-lines
T and; 1", the former consisting of two wires

16 18 and the latter of two wires 17 19.
- These may be long-distance lines extending:
between distant points, or one may be a con--
‘tinuous ‘circuit extending between distant.

points and the other may be composed of

several shorter circuits connected up in tan--
dem to form a return, as will be more fully
-pointed out hereafter, or both-may be built-

up circuits. - At station S the subscribers’
lines 2 4 and 6 8 terminate in spring-jacks J
and J%, and these subscribers are served by

operators O and 0% whose respective tele- |
‘ {) ones are shown connected through their
is

tening-keys K to the cord-circuits 10 12 and

14 16. The former circuit has, terminal
Ring- |.
and connected so°

plugs P P2 and the latter (i)_lugs PePs,

that. the operators can send alternating c}lr‘- ‘
rent from the generator G through the re-
spective plugs ¥? £° to line.” All of this ap- 55
paratus and these local circuits are of any
usual or desired type, forming no distinctive:
part of our inventicn. At the station S the .
subscribers’ lines 1'3-and 5 7 terminate in

jacks 4’ and J3, and all the other parts are 6o |

lettered to correspond to the similar parts at
station S, being distinguished by exponents
of odd instead of even number. This sys-
tem of numbering is uniformly adopted, all
even numbers appertaining to station S and 65
the odd numbers to station 8’. . .
"As shown in Fig. .1, the trunk T has its
conductors 16 18 extending from the jack J*
at station S to the jack J7 at station S'. "As-
sociated with the first-named jack is a-drop- 79
annunciator s, connécted 'so as tq be cut out”
in the jack when & plug is'inserted.’ ~Asso- -
ciated with the jack J7is a &imilar annuncia- -
tor &, similarly connected.  The trunk T/, .
extending from jack J¢ at station S to jack:J® 15

-at station &', is shown as similar to'the trunk - -

T, its’ terminal jacks being provided with *

‘drop-annunciators” s* and &’," respectively..
Both these trunks are  supposed. to be prop--.

erly transposed at suitable intervals through- 8o,
out their lengths in the usual way, so that =
each individually will be -free from -disturb- —
ances. In addition; the ‘two trunks are

‘relatively and. jointly .transposed,- treating '

each as a unitary conductor, for a purpose 85

“which will now appear.

_ According to our invention we combine
the two trunk-lines, heretofore ‘described, to .
form 4 third trunk pr phantom circuit.” - This
has- heretofore ‘been attempted in various go
ways and by divers persons, but to. our.
knowledge has never been successfully ac-
complished. Since in a metallic circuit’the
slightest unbalancing produces:a noisyline,
particularly in these days of universal adop- 95
tion of varying currents, it must be apparent -
that the'diﬁicult(?l in maintaining a phantom"
circuit composed in the manner we mention,
free from noise, is much increased.’ -Accéord-. -

ing tootir present invention, however, wefind. fco

it possible not only to thoroughly-isolate our. " -
ghantom circuit so that:there is no possi~.
bility of cross-talk, but to balance'the lines

~once and for all, so: that thenceforth all pir-
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~ cuits 'aré eqlially_ quiet, all signals are simi-
larly received, and neither subscribers nor
operators can possibly detect any difference

between the real and the phantom circuits,

5 except that transmission over the latter is a
little louder, owing to lower line resistance.

. We attain our ends by taking a tap off from
each side 6f.each trunk-line at each end, unit-
m% the corresponding pairs through a suit-
1o ably-wound coil, ‘and connecting up each
air as one conductor to one contact at a
jack.” “Thus in Fig: 1 we take off the-taps 20
“and 22 from the conductors: 17 and 19 at
~gtation S, carry them oppositely through the
15 impedance-coil ‘C*, and unite them as one to
the -spring

" "conductors 16 and 18 of the trunk T, carry
"them oppositely throygh the double-wound
20 impedance-coil C%, and unite them as one to
the sleeve-contact of the same jack J°. At
..station S’ we take off taps:25 and 27 from

. 'the conductors® 16 and 18 and carry them |

through the coil C* to the spring-contact, of

25 the jack J° and similarly take off taps 21.apd

.23 from conductors 17 and 19, ;carrﬁing them
..through the coil € to. the sleeve of tt

The jack J® is provided with.an annunci~

ator s, -the sane as those of the trunk-jacks

30 Jtand J°.. The jack J° has associated with it

a gimilar annunciator s*. These annuncia-
. tors are all bridged across_their respective:
‘circuits when the linés are idle, but are cut

- out, when the'lines are busy,. either in the

'35 jacksor by suitable relays. . It will be under-.

‘stood that the annunciators and their con-

" . nections, as well as the coils and other piéces
-of a%paxfatus, are all shown in the drawing'in
symbolic .or- conventional forms only. “As

40 our invention does not reside in or depend.

upon any particular type of apparatus, we
;_:hgve_ 'con‘}‘uT p‘ted .,Qurselz& with JIJT ingi
_in the simplest manner possible. - The trunks
T and T' a :
45 of use, as we have shown' them,:for talking
" and signalihg both ways without regard to
~ the length or character of the cifcuits con-

" pected with them at their terminals, -On
the other hiand, the trunk T? which is a phan-

so tom cireuit, [depends for its balance and effi-

ciency not oply upon the ptoper equalizatign
.and transposition of its component circuits

T and T, hut also upon the severance from

" the phantom! ciréuit in its operation of the
55 subsidiary cbnnected circuits, which: of
course may he of variable length and. pos-

- gsessed of dissimilar characteristics. This
'severance we| may, iaccomplish in several

~ ways, two of which are illustrated. One is

60 by the introduction of the coils C C/ C* C*.
The other is by the introduction of d répeat-
ing coil or ¢oils R, this being resorted to par--

ticularly when a trunk is employed in con-
‘nection with subscribers” lifies deriving cur-

" 65 ‘rent from a centlalized battery.

[

: -contact of the jack J*. -Simi--
-+ -larly, we take off the taps 24 and 26 from the-

6 jack o

ustrating’it-

¢ earh -complete and susceptible

The coils C €7, C?, and C® are all alike, each
comprising a subdivided - core of soft iron,
which may be suitably returned upon itself
to form a ‘complete magnetic circuit, al-
though shown in simple bar form. - The 70
windings- are double, of an equal number.
of turns so disposed that their magnetic
effects upon all parts of the core are the same.
As indicated in Fig. 1, these are twin wind- -
ings; the conductors being laid on tqgether 75
throughout their length. In practice it is
preferable, however, to-make what are called

“layer’’ windings—that is, to wind one layer

of one conductor, insulate' the layer with

‘paper or otherwise; then wind ‘s second layer 8o

with the second.conductor, insulate that
and: again wind a layer of the first conductor,
and so-on. The insulation resistance of the
coil made in this. way is very much higher
than in the case of a.twin-wound:coil. In- 83

‘the latter. the insulation between.the two:

conductors is simply their individual insula-
tion, at any.point i which. 8 puncture,or
breakdown is fatal to the entire coil, where-

as in a layer coil the insulation between the go
sides of .the line is due’ to the interposed
ldayered resistance. . ‘. R

For currents passing thtough either trunk

T or. T individually as a metallic_circuit— .

that is, in opposite direction through its com- 95

ponent ‘wires—there is substantially no re-
tardation due tothe coils, asithe double wind-

ings neutralize each’ othier in their magnetic .

effects. on:their cores.. Moreover,;we make -

the ohmic resistance of thecoils as iow-asposr .1co

siblé by using conductors of large size. .. .

For currents passing over the trunk-lines

T or T’, each as a single conductor—that is,

over the component wire of each trunk in-

parallel—the coils'C, C',.C?, and C*® offer suf- 105
cient retardation to.prevent the passage of

| any -but diréct.or very low: frequency; alter-

nating currents. For voice-currents, there- -

- fore, and for all other currents of a reasonably . -
- high frequency sent over the phantom circuit 110

that circuit is limited both as to its dis-
charge of function and as to its lability to .
distiirbanfe to those portions of the trunks

“between the coils mentioned. .~ . .. -
for'severing uni- 115

In addition to the means’
used portions of the tangible tfunks from the-
pliantom circuit we provide means for pre-
venting the exterisions of the phantom circuit
(20 22,24 26, 21 23, and 25.27) from short-

circaiting the - said. trunks. Such means i1zo
comprise the coils G4, C*, C%, 'and €7, and the .

condensers' M, M?, M*, M®/and M/, M?, M*, and.

M?: - “Each of thege coils 1s wound with equal-

and opposite windings, preferably‘put onin” .-

‘layers, of low ohmic resistancé, but havinga 125
‘considerable number of turns, as in the case
‘of theé other coils. - The function of’these lat-.

ter coils is exgetly the reverse of that of the
firstaained or triunk coils. Eachcoil, s Ct; =

‘has-its two windings connected together at: 130




one end and the other ends connected to op-
posite sides of a trunk-circuit. Thus cur-
_ rents passing over the two sides of a trunk

and over the phantom extension-wires in’

5 parallel will encounter no retardation effect,
because the equal and opposite windings neu-

tralize each other in their magnetic effect on

" the core. For currents passirg over the two
- conductors of a trunk in opposite directions,

1o however; the phantom coil ¢+, C°, C*, or C

offers considerable impedance, sullicient to
Yar the passage of alternating currents.of
reasonable frequency. -

The condensers M, &c., are inserted in the’
15 branches20to27inorder to confine signaling-

icurrents of low fréquency or contiruous in
‘character to the respective plug-circuits
over which they are sent, thus also prevent-

~ ing short-eircuiting.  'We have fourd the use
20 of these condensers to be essential, ard we
consider it an important part -of our inven-
tion, because the coils C! to €7 ave of low

. ohmic resistance, ar.d therefore the branches
120 22, &c., would.otherwise scriously inter-
25 fere with signaling over the trunks. ~We
make these condensers each with a capacity

.. preferably not exceeding .two ‘microfarads.

* It will:be observed that In-each branch cur-
rent ‘passing through the branch from oune

. 30 side of & trunk to the other would haye to

_.pass two condensers in series, which, by the
_rule governing capacities, would: reduce the

" capacity of the branch to such an extent.as to
offer & very high apparent resistance to low-

35 frequency currents.

circuit would find in each side thereof two
condensers in parallel, giving ample capacity:
The ultimate development of tlis ides is of

- 40 course to so_apportion the constants of the
respective circuits that, while the phantom-

circuit might be approximately resonarit for
ringing currents of a given frequency, the se-
ries connection of the condensers in “the

_45_ branches 20 22, &c., would present a maxi-

mum resistance to ringing current over the
trunks. - In practice, however, we find that

. fine adjustments are unnccessary, the margin

belween the series and the parallel arrange-

50 ment of capacities being wide enough so long

as each capacity is not too high. .
While we have shown our phantom circuit
" T2 composed of the intermediate portiohs of
two continuous-trunks T and T’, we have
55 stated that one or both of these trunks muy
be built up of shorter circuits. - Such an ar-
rangement:is shown in Fig. 3. Here "the
_ stations X and X¢ are connected by * me-
tallic circuit, while stations Y and Y’ are

60 similarly connected by a similar metallic cir-

cuit. These two circuits have their respec-
tive conductors joined through the two wind-
ings of a coil C* similar in.all respects to thé
coil Ct. Here the two circuits T and T afé
65- separated by the coil for currents in series

as7986 L tveow

. At the same time simi-
“lar signaling-currents sent over the phantom:

|-

through each; but for currents in parallel
through the two sides of each circuit.they are
continuous and may form one side of .a
phantom circuit T?% whose terminal branches
are taken off through coils C° and C*, as here-
tofore described. In all such cases.we. find
that the static capacity of the lines is in-

vious reasons, Even in the  arrangement
shown in Fig. 1 the lumped capacity of each

may be made as a %‘% t of the coil, but \pref(;p
ably isseparate, . We believe that theidea of

reducing or ‘compensating this localized or

original with us, and we shall present the
same broadly herein.

Tig. 2 shows a diagraphic develo ir:iei;t_of

preferably at their middle point, to secure a
good balance and-interpose between the dis-
severed ends a coil possessingself-inductance,

wholly withdrawn to regulate the:amount of
iron in the core, and thereby the self-induct-

winding of the main coil Cat.c?
plug-and-socket switch.
plugs, is used: to: cut:in:ar
turns in-the coil ¢
- 'We do niot-wish te restri
particular. form of ‘compens

‘justments, - All such variatrons are included
in our invenfion.: <. :u N

‘to the conductors-16:18 and *whose primary
goes to thejack J1°." A ‘condenser m Is inter-
posed to prevent maguetization of the core
and lowering of the efliciency of the coil R.

P P are employed, and the-operation is the
same as before described. - T i

detailed statement of operation of our sys-

description. “The results we have attained

‘#ble a system of this character, we feel enti-

. the specific forms we hete present. . -
A feature of our invention which we have

iting coil, - as

there are many forms: that can be :adapted -
for our purpose. . "Wealso find it quite possi- -
‘ble to design a compensating coil without ad- - -

~In connecting: upicommon-battery -lines
the coils C, &c., can be dispensed:with; as we
have stated.” “We haveshéwnin Fig. 1 are- .
peating-coil R, whosesecondary-is connected-

aresommercial, and, as we believe we are the.
ffest. t0 commercially petfect.and make avail-

70

creased by the inclusion of these coils, for ob-

75

coil, being at one point in the litie, is undesir- -
able. We therefore provide means for de-
_creasing ‘the’ capacity of each coil or intro-
duce a compensating self-inductance, which -

8o .

lumped. capacity. gnd the attainment of
greatly-improved transmission thereby is

85

the coil C, with its equal and similarly-dis-
.posed windings. - We break these windings,” -
9o

One of thesecoilsis shownat ¢in Fig. 2, with -
an adjustable core ¢/, which may.be partly or

ance of the circuit,.. Ancther form of coilis
shown introduced in the middl ipr,tt;he other -

105

1jo

15 |

"'With this branch and its jack a pair of plugs -

: 122
We do not consider it necessary to give a

tem in general, as this is apparent from the . ’

125

tled to all equivalents that may be found for '

13°
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* no avail, for the reason that this particular-
. condition has apparently never arisen before.

20

25

- original with us, and it is the first successful

30

“siderable number of turns between the con-

" denser and the generator we can almost en-
35"
+ " golutely, remove t
- turbance between the line.

" to the somewhat altered characteristics im-

40

45

50

" parallel and in part of a separate return-cqn-

55

-idea is to prevent the low-frequency ringing

-Condensers in the regular circuit—that is,’

~mercial methods to make them perfectly uni-
‘form. Hence there is apt to be, due fo the

tained.

ing circuit with condensers and including in-

\

found of considerable practical importance,
being, in fact, essential, if absolutely quiet
lines are desired, is the arrangement of the
ringing circuit to avoid cross-ringing. The

current over-one line from affecting the other.

the telking-circuit—as at M M? M* Me, &e.,
are necessarily not exactly equal in capacity,
it being almost impossible by ordinary com-

low frequency, a tendency to cross-ring from
one line to the other, or,in other words, ring-
ingin one line can be heard in the receivers of
the other line. In attacking this problem
the expedients of ordinary practice were of

It has been proposed to use bridge-coils with-
out condensers and to use bridged con-
densers without coils, {this arrangement, how-
ever, being inoperative, as it creates a short
circuit for higl -frequency voice-currents,)
but 'so far as we know the combination we
have arranged and which is herein set forth is

commercial arrangement.that has béen at-
We have found that by bridging the ring-

each side thereof a retardation-coil of & con-

tirely; and, in faot, in many cases we do ab-
he last trace of cross dis-
We ascribe this

parted to the current, the curve representing
the alternations being smocthed 6ff 'and ap-

proximating a sine curve, - . :
- Hayifig tﬁus described our invention, what
we claim is— - — . '
1. Ina system for the transmission of elec-
trical currents having different characteris-
tics, & wire-circuit composed of two conduc-
tors adapted to convey current through its
component conductors serially,.and a second
or phantom circuit composed in part of said
first-named circuit witg its -conductors in

ductor; ccnnected to hoth conductors of the
first circuit by a branch wire bridged across
the same, together with an electromagnetic
coil and & condenser included in ssid branch
and so connected as to impede the passage of.

either alternating or direct cyrrents through

- said branch serially, substsfitially as. de-

60

seribed, B o o
2. In a system for the transmissjon of elec- |

+ trieal currents having different characteris- |

tics, a metallic circuit adapted to transmit |

currents over its conductors serially, and a |

of the conductors of the first circuit in paral-
lel and in part of a separate return, a branch
or bridge connécted across the metallic cir-
cuit, an impedance-coil having its windings
included serially in said branch and: their
middie point connected to the return-conduc-
tor, together with a condenser included in
series with the coil in said branch, whereby

63

70

the passage of either direct or alternating-

current through said branch from one side of
the metallic circuit to the other is impeded,
substantially as described. 2

75

3. In a duplex system of transmission, the -

combination of the following instrumentali-
ties: two metallic .all-wire circuits, each

‘adapted for transmission over its own con-

stituent conductors in series, bridges. across
each of the metallic circuits, each bridge con-

So

taining a double differentially-wound ccil, a -

pair of condensers in each bridge, one on each
side of the coil, connections between the mid-

"dle points of the windings of the correspond-

ing eoils appertaining to the two metallic ¢ir-
cuits, and means to inclyde talking or signal-
ing apparatus in said connection, whereby in

‘addition to the two metallic circuits a third

85

Qo

or phantom circuit is produced; substan-

tially as described. -

4." In a telephone system, two metallic cir-

cuits as T .and T, each terminating:in a con-
nective device, bridges across each of said cir-

cuits, a-double and differentially-wound coil.

95

in-éach:bridge, connecticns from the middle

points of each corresponding. pair of ¢oils, as.

C*and C° to a third connective device, a pair
of condensers in each bridge, one on each side

160

of each coil, and means to bring talking and -
signaling apparatus into operative connec- -

tion with- said connective devices, substan-
tially as deseribed. - o

~.5..In a telephone system, line-circuits,
double-wound coils having their respective

105

windings included in said circuits, and means -

interpolated in the windings of each coil to

increase the self-inductance of the coil and )

‘the circuit, substantially as described.

110

6. In & telephone system, a metallic cir- -

cuit, & differential or neutral coil having its
windings included therein, together with an
auxiliary coil possessing considerable self-in-
ductance connected to the first or neutral
coil, substantially as deseribed. - -

7. In a telephone system, a metallic cir-
cuit, a differential or neutral eoil having its
windings included therein, in auxilinry coil
possessing considerable self-inductance con-
nected to the first or neutral coil, and means
for arbitrarily determining the. coeflicient of

self-inductioh of said- auxiliary cqil at will,

substantiglly as deseribed. e
8. In a duplex telephone system, two cir-
cuits, & bridge across eacly cireuit, condensers

in said" bridges, a-ringing circuit, mears for

second or phantom cireuit composed in part | connecting the same to the first-named cir-

RES
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cuits, and. means in said ringing circuit to :
smooth down or modify the character of the |

ringing current to avoid very sharp or abrupt
changes therein, substantially as described.
9. In a telephone system, a metallic cir-
cuit, a differential or neutral coil having its
windmgs included therein, an auxiliary coil

possessing considerable self-inductance con- |
-nected to the first or neutral coil, and means |

to determine the number of active turns in
sald auxiliary coil, substantially as described.

By

I

S

In testimony whereof we have hereunto set
our hands, this 19th day of February, A. D.
1904, in the presence of two subscribing wit-
nesses. '

JACOB W. LATTIG.
CHARLES LANE GOODRUM.

Witresses:
Mary C. McCarTny,
E. R. ConnELLY.
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