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To «ll whonv it ey concern: - ,

- Be it known that IsA1AH H. FARNHAM, de-
ceased, formerly residing at Wellesley, in the
countyof Norfolkand State of Massachusetts,

s did invent certain Improvements in Tele-

phone-Circuits, of which the following isa |

specification. | o |

Owing to the facility with which they could
be constructed, the early telephone-lines were
constructed like the telegraph-lines by using
the ground as the return-circuit and were
scarcely disturbed by the inductive effects of
the existing telegraph-lines, which were the
only circuits then in existence employing
electric currents upon poles. Upon the ex-
tension of the telephone-lines to longer dis-
tances and the rapid introduection of electric
light, power, and railway service it soon be-
came necessary to substitute metallic circuits
for grounded circuits and to transpose the
conductors upon the pole-lines relatively to
one another to avoid the inductive effects of
the power-currents, and as the same troubles
oceurred in the overhead and underground
telephone-cables it became mnecessary (o ar-
range their conductors so that these disturb-
ing effects should be eliminated. As the art
~ of telephony broadened out composite cir-
cuits were devised in which telegraphic and
telephonic services were performed upon the
same circuits and also composite circults were
arranged for telephone service whereby the
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conductors of two telephone -circuits were.

employed asthelimbsof a third telephone-cir-
cuit, which areknown as ‘‘ phantom circuits.”
In the large towns and cities the overhead
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~ pole-lines and house-top supports for tele-

phone-wires have become obnoxious in many
ways, and the ecircuits are being rapidly
placed in conduits underground. 'The con-
ductors are bundled together in insulated

twisted pairs and inclosed in a protecting

covering or sheath, which is usually of lead.
The pairs of eonductors within the sheath are
arranged in reverse layers—u. e., a certain
number of pairs twisted to the right consti-

tute one layer, and over the layer is another

layer of pairs having a turn to the left, and
so on, to constitute, say, a cable having thirty
zo pairs of conductors, denominated a *‘ thirty-

| pair” core-cable. Such cables have certain

specified relative electrical properties, such
as resistance and electrostatic capacity, and
at the present time the soft-copper conduc- |
tors are covered with paper insulation. 55
The invention described in this specifica-

tion relates to telephone-cablesand telephone-

circuits of novel construetion. The cable prei-
erably consists of a plurality of pairs of insu-
lated conductors separated from each other 60
to as great an extent as the diameter of the
covering or sheath will admit. Theinsulated
conductors are twisted in pairs, and then
each two pairs are also twisted-together in a
reverse direction to the conductors, forming 05
the single pairs, and the length of the twist of '
each pair and also that of each two pairs in
practice is made about three inches. HKach
set of two pairs when twisted are bound with

a thread of some distinetive color in order to 70
more easily identify the pairs, and the whole

of the conductors when thus arranged intwo
twisted pairs are formed into a core within
the sheath in reverselayers. Each two pairs
of twisted conductors constitute a unit, which 75
when the cable is in place is adapted to form
three independent circuits—u..e., the two me-
tallic eircuits and a third or phantom circuit

in which the conductors of each metallic eir-
cuit are employed as one limb or conductor— 3o
and in a thirty-pair core-cable there will be
fifteen such units and fifteen phantom cir-
cuits. By means of the invention it 1s possi-
ble to greatly increase the circuit capacity of

a cable and obtain completely-balanced cir- 85

cuits in each of the said units in their rela-

‘tions with one another and in relation to the

powerful foreign eurrents conveyed upon con-

ductors strung in proximity to the cable.

The foregoing describes the preferable form go
of cableemployed; butthere mayalsobeused
a cable made up of units of four conductors,
forming two metallic circuits, which are all
twisted together and several of such units
placed within a sheath or eovering, all of 95
which will now be more fully described, and
pointed out in the appended claims. _

Inthe accompanying drawings, which illus-

trate the invention, Figure 1-is a diagram-
matic view of one unit of the improved cable. 100




‘pedance or inductance coil.
‘gram of cireunit connections.

~are diagrams of

Fig. 2 is an end view of the same. Fig. 3 is

an end view of .a cable having a plurality of
such units. Fig. 4 is a diagram of an im-

view of a modified cable, and Figs. 7 and §
“the circuit conn_ections of

- Fig. 6. o |
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Fig. 1 shows in a simple way the invention

with one unit B composed of the two pairs o

and b of paper-insulated conductorsin a lead

 sheath A. (Shownindottedlines.) Each pair,

I 5-

consisting of two conductors 1 2 and 8 4, re-
spectively, are first twisted together with a
right-handed twist, and the two circuits ¢

~ and b are then twisted to each other with a

- to the left and then the two twisted to the
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left-handed twist. If desired, the twists m ay
be reversed-—t. e., o and b may each be twisted

right. * The twisted unit B has wound around
1t & cord or thread 5 to hold the conductors
together, nsually of a distinctive color. At

~each end of ‘the cable the conductors are rep-
resented as connected to the poles of the tele-

'S

phones ¢ and #, respectively. Between the

- conductors of each of the two metallic cir-

cuitsisbridged an impedance-coil 7,and from

~ the center 10 of the coil-windings wires S ex-

“tend to the poles of the telephone 8 to form

& third or phantom circuit, of which the pair
a form one side or limb and the pair & the
other side. | : |

- Fig. 4 represents in diagram the windings
of the impedance-coils 7, the helices of which
#re wound on in parallel, and the outer ends
) and 11 are connected to binding-posts, while
the inner ends 12and 13 are connected to the
bridging-post 10, and the circuit from 9 is

from the binding-post 10 by one winding and

from said post to 11 by the second winding.

- In operation the currents from the signaling

instruments 7 in, say, the circuit a-circulate
through the helices of the coll-winding in se-

- ries and have an indnctive effect upon the

helices differentially to the circuits @ and b

‘The coils are thus wound so that a

~core of the coil, while the currents from the

signaling instruments #3 circulate by the con-
necting branch 8 to the center of the helices
of the coils and thence throngh the said

and have no inductive effect upon the cores.

_ perfect
balanceis obtained between the twoconductor

~metallic eircuits a and b and the third or

phantom circuit ¢. i |
The usunal way of making up telephone-ca-

bles whose conductors are insulated by pa-
‘per is, as has been referred to hereinbefore,

to twist the pairsof conductors together and
then arrange them in reverse layers within

the cable-sheath. In the experiments that
‘were made previous to this invention it was

found impossible to obtain quiet phantom
circuits between the pairs of metallic circuits
thus arranged, as there would in all cases be
more or less ‘‘cross-talk;” but by the forma-
tion of two pairs of such metallic circuits into
units it has been found that phantom cirenits

Fig. 5 is a dia- |
Fig. 6 is an end

i

|

ductor.
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| connected between the pairs of such units are

quiet and without perceptible cross-talk or

o

disturbances of any kind,
Fig. 2 is an end view of the unit shown in

Fig. 1, and Fig. 3 is an end view to show a

plurality of units in a sheath. o
Kig. 5 shows a similar cireuit to that shown
in Fig. 1 in diagram. The two circuits ¢ and
b are supposed to be twisted to each other
with a reverse twist, to which each are sepa-
rately twisted, but
So shown. = | : | |
In Figs. 6, 7, and 8 the sheath A incloses a
unit of two pairs of conductors, all of which
are wound together, and the opposite con-
ductors 15 15, forming the cireuit a, are con-
nected with the telephone ¢, and the opposite
conductors 20 20, forming the circuit b, are

connected with the telephone £, and the coils

7, bridged between the conductors of the cir-
cuits, are connected from their centers to the
telephone?’ to constitute the phantom circuit.

Having described the invention, what is
claimed is— | |

1. A plurality of pairs of paper-insulated

conductors, the conductors of each pairevenly

75

forthe illustration are not

90

and equally twisted together throughout their

length, and each twisted pair evenly and

95

equally twisted with another twisted pair, the

‘said two pairs that are twisted together be-

ing insulated from any other conduector.
2. A plurality of pairs of paper-insulated

conductors, the condactors of each pairevenly

and equally twisted together throughout their
length, and each twisted

in a direction reverse to that of the individual
palrs, the said two pairs that are twisted to-
gether being insulated from any other con-

ductor.

pair evenly and
equally twisted with another twisted pair, but

I10Q |
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3. An electric cable composed of a suitable

coveringor sheath, and a plurality of inclosed
pairs of insulated conductors, the conductors
of each pair evenly and equally twisted to-
gether throughout the length thereof, and
each twisted pairequally twisted with another
twisted pair,the said two pairs that are twisted
together being insulated from any other con-

I1O
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4. An electric cable composed of a suitable

covering or sheath, and a plurality of inclosed

pairs of insulated conductors, the conduectors

of each pair evenly and equally twisted to-
gether throughout the length thereof, and

each twisted pairequally twisted with another -

twisted pair, butin a direction reverse to that
of the said pairs, the said two pairs that are
twisted together being insulated from any
other conductor. |

5. A plurality of pairs of electric circuits,

the conductors of each pair evenly and equally
twisted together throughout their length, and

each twisted pair evenly and equally twisted
with another twisted pair; with an impe-
dance-coil at the terminals of each twisted

pair and in a bridge between the conductors
thereof dividing the eircuit into sections, one
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section provided with signaling instruments, !
with a connecting branch between the cen-

ters of the impedance-coil windings of two
circuits adapted to contain signaling instru-
ments. |

6. A plurality of pairs of electric circuits,
the conduectors of each pairevenly and equally
twisted throughout their length, and each

twisted pair evenly and equally twisted with'

another twisted pair; with an impedance-coil
at the terminals of each twisted pair and In
a bridge between the conductors thereof di-
viding the cireuit into sections, one section
provided with signaling instruments, with a

connecting branch between the centers of the

impedanee - coil windings of two circuits 10
constitute a third circuit, the said branch
adapted to contain signaling instruments.

7. A plurality of pairs of electric cireutits,
the conductors of each pairevenly andequally
twisted throughout their length, and each
twisted pair evenly and equally twisted with
another pair; with an impedance-coil at the
terminalsof each twisted pairand in a bridge
between the conductors thereof dividing the
circuit into sections, one section provided
with signaling instruments, current irom
which is adapted to circulate in the helices ot
the said coil-winding in series, with a con-
necting branch between the centers of the
impedance-coil windings of two circuits to
constitute a third eircuit, thesaid branch con-
taining signaling instruments, current from
which is adapted to circulate in the helices ot

Fru
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the coil-windings of the two circuits differen-
tially. |

3," A plurality of pairs of electric circuits,

the conductors of which are evenly and

equally twisted together throughout their
length; with an impedance-coil at the termi-
nalsof the conductors and in abridge between
the conductors of each pair dividing the cir-
cuit into sections, one section provided with

signaling instruments, with a connecting

branch between the centers of the impedance-

coil windings of two circuits adapted to con-

tain signaling instruments. |

9, A plurality of pairs of electrie circuits,
the conductors of which are evenly and
equally twisted together throughout their
length; with an impedance-coil at the termi-
nalsof the conductorsand in a bridge between

the conduectors of each pair, dividing the cir-

cuit into sections, one section provided with
signaling instruments as telephones, with a
connecting branch between the centers of the

impedance-coil windings of two ecircuits to.

constitute a third circuit the respective con-
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ductors of each pair of circuits forming the

limbs thereof, the said branch adapted to con-
‘tain signaling instruments as telephones.

) MARCIA J. FARNHAM,
Admimastratric of the estate of Isaiah H.
Farnham, deceased. '

Witnesses:
GRACE CLARE IFARNHAM,
MARrY 1. PIERCE. |
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