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To all whom. it may concern:
" Be it known that I, Fraxx R. McBzrry,
citizen of the United States, residing at
New Rochelle, in the county of Westchester
and \State of New York, have invented a
certain new and useful JImprovement in
Wiring Systems for Automatic Telephone-
Exchanges, of which the following is a full,
clear. concise, and exact description. |
" My invention relates to telephone ex-
change systems, and has for its object to
prevent disturbances of telephonic commu-
nication by induction between the pavallel
conductors employed in the wiring of the
switching apparatus thereof.

Tn an application for patent filed by me
February 27, 1908, Serial No. 418,121, there
is described a cable in the form of a flat

‘ribbon, ‘the conductors of which are not

twisted in pairs or triplets, as in ordinary
telephone switchboard cables, but lLie paral-
lel to one another and therefore in approxi-
mately the same plane.
cables are used to wire in multiple the cor-
responding terminals of a group of auto-
matic selectors, the cables being folded
along diageaal lines and the conductors
thereof soluered to the selector terminals at
alternate folds.

Ordinavily there ave three terminals in
each selector and three conducters of the
cable associated with each metallie cireuit
telephone or trunk line. Two of these ter-
minals and two of these conductors form
parts of the two sides, respectively, of one
line cirenit. The third terminal and third
conductor form a part of a local or test cir-

cuit for the line, which cireuit is usnally

grounded either directly or through a bat-
tery. Fach such flat ribbon cable contains
the conductors for a plurality of lines and
every three successive wires, counting from
one edge of the cable to the other, comprise
two line wires and one local or test wire, the

5 Grst and second, fourth and fifth, ete.. com-

prising pairs of main |circuit conductors,
and ‘the third, sixth, etc.. domprising local
or test circuit conductors.” Tt will be read-
ily understood by these skilled in the avt
that & eable constructed of paralled coun-
ductors, such as this flat ribben cable. when
used as a part of, or when connected to tele-
phone civeuits. would be particulatly lizble
{o inductive disturbauces, causing cross talk
between the telephone cirenits and noisy
telephone lines. The reason of this liabil-

Such flat ribbon 4

ity of inductive disturbances may be briefly
explained as follows: In any two adjacent
pairs of wires, say those comprising wires
Nos. 1, 2 and 4, b, respectively, of .a set of 60
six wires of such a cable, two of them, wires

2 and 4, are nearer to each other than are
the other two, 1 and 5. The static induc-
tion between wires 2 and 4 is thorefore
greater than that between 1 and 5, and the 63
result is cross talk, unless some means to
equalize the induction is provided. Also at

or near the edges of the cable, one wire of a
pair, say wire 2, is closer to test wire 3 than

1s the other wire 1 of'the pair, and the pair 7¢
is unsymmetrically located with respect to
the mass of other wires in the cable which
are usually connected to ground. The
statie induction to ground therefore is un- |
equal as between the two wires of this pair, 78
and fluctuating currents, which  are fre-
quently induced in the exposed portion of a
telephone line cutside of the switching sta-
tion would be stronger through one side of

the line to ground than through the other, 80

the result helng a noisy telephone line un-
less some means to equalize the induction is
provided.

A type of selector adapted to be wired
with flat ribbon cables is one having a pln- 85
rality of curved rows of terminals traversed
by a plurality of brushes, one brush for
each row. Preferably these selectors are
arranged in vertical rows and the brushes
are mounted on vertical spindles. The flat.90
ribbon cables run vertically along straight
rows of términals on each selector formed
by corresponding terminals in successive
curved rows, and the successive conducters
of each such cable respectively connect suc- 95
cessive terminals in a straight row on one
selector with the corresponding terminals
of other selectors in vertical alinement
therewith. A number of vertical rows of
selectors making up a group are wired in-100
this manner, and each row preferably has a
connecting rack at the top thereof, having
terminals arranged in horizontal and verti-
cal rows corresponding to the rows on a
selector. The flat ribbon cableg terminate 105
at vertical rows on these racks, and the
wires forming extensions of telephone lines

and loceal eirenits therefor extend horizon-

tally along the horizontal rows of terminals

on the racks and connect in wmultiple the 110
corresponding terminals of the several racks
asscciated with a grolup of selectors,
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ing brushes of the other sets thereon.

_ ua;y be made through the

E‘J

Hach selector of tne type referred to has
2 number of sets of three brushes cach and
the brushes of one set on any selector are
connected in n‘vltlple with the correspond-
<AL
the brushes are normally held by latches so
28 to traverse the rows of terminals without

making contact therewith, means being pro-
Vdae& however, to releas e any set to male
Vo“tactl with the terminals in the rows trav-
erzed thereby. Th -31/ the selection of a
ﬂe“t‘am set of brushes and by a definite
movement iﬂbi‘“(}}. a E,ogt the axis, connection

Iine having terminals thereon.

When used in an automatic ¢ elephone ex-
change system, me broghes ol stich & se-
lector preferably form ferminals of a ccp-
necting circuit adapted to bg as soch%oc'{ with
”hng telephone line or a trunk line, and
ch onnccsmg civcuit usaally inclades a
entral source of current, whicl, when the
ec o*hwcted tlﬁ“ough the selector, sup-
current to the telephone trans mitters at
ubstations or to other apparatos asso-
i with the connected Iines.

Thig invention may be applied ’w»any tele-
p}w‘ﬂe exchange system having sets of con-
ductors lying parailel {o one another in ap-
plo‘ﬂ*nafeiv the same plane and connﬂctnw
the pairs of line wires of metallic telephon<>
circuits to the switching. apparatus. It is,
Hewcvev, especially applicable to an auto-
matic telephone exchange system having
gronps of selectors arrange ed in rows, the
terminals o* which are wired by means of
the paraliel conductors in fiat ribbon cables.

In general, therefore, my inventicn pro-
vides that, in 2 Lelephone exchange system,
where two pairs of line wires are “connecled
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.to the switching apparatus thereof, each
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pair of wires by a pair of conductors in each
of two sets of parallel conductors, the con-
neetion fo the line wires of one of said pairs

of conductors in one of the sets shall be in

reverse order to that of the other pairs in
said setz. It provides further that, where
each set- of parallel conductors has more
than two pairs of line conductors, as ‘it
would ordinarily in practice, the connections
of each alternate pair in each alternate set
or in one
in the Samc manner. The several line cir-
cuits are thus inductively balanced. with
respect to one another in the parallel con-
ductors, and cross tall is prevented.

" The sets of parallel conductors may be
blv are arranged in the form of
flat #ibbon (“I)IPS, and the switching mecha-
nism may comprise the selectors of an auto-
matic telephone exchange system. These so-
lectors preferably have “sets of brushes trav-

' elslnc rows of terminals and are themselves

arranged in rows, there being at least one set
of parallel conducwrs or cables for each row

S’J ector to any-

12lf of the sets shall be reversed.

11,000,814

of selectors. Where four such rows of se-
lectors make up a group, my invention pro-
vides that a general reversal or transposi-
tion be made preferably in all of the pairs
of line wires between two of the sets of con-
ductors and the other two, and it is desirable
that these last mentioned reversals be so
made as not to interfere with the balance
between adjacent pairs securved by the first
menuoned reversals. A static balance is
thus secured in each metallic telephone’ cir-
cuit with respect to all other circuits con-
nected to the cables of parallel conductors
as well as between ﬂd]acent p:nrs thereof.
Iy invention alse provides 101 reversing
or transposing the connections of certain of

the brushes of the selectors, these reversals.

or franspositions: corresponding to those of
the cable conductors to the lines.  This is in
order that the fiow of current by way of the
brushes through the cable conduetors to the
lines shall in all cases be in the same direc-
tion.

7¢

75

85

T will describe my invention more partic-

ularly by reference to the accompanying
drawings, In which—

Figure 1 1‘epresem° diagrammatically and
in an isometric view the wiring of a group
of selector switches in an ‘{ULOIH"!UC tele-
pnonc exchange system; and Fig. 2 repre-

sents in some det'ul, and in a similar view
Wli:‘l parts broken away, the construction of
a selector of the type which T prefer to use.

‘In the drawings 57 to S8 inclusive are se-
Iectors arranged in four vertical rows A, B,
C and D, and R’ to R* inclusive are con-
necting racks, one at the top of each row of
selectors. 'This apparatus may be located at

the central office oi a ze]ephone exchange
105

system.

T7 and T* represent two telephone sub-
stations connected by pairs of line wires 1~
and 12 to the apparatus at the central office.
T® to T* inclusive represent other telephone
stibstations connected by pairs of line wires
1 to 1** inclusive to the central office.

Kach selector has a plurality of horizon-

-’ml curved rows of terminals as shown in

Fig. 2, fixed upon a cyhndncal frame A and
a row of brushes ¢’ to ¢° inclusive adapted

90

95

10¢

110

115

to traverse the curved rows of terminals

respectively. Corresponding . terminals in
the successive curved rows form straight

rows running vertically, and T have 1epre-'

sented one such vertical row on each se-

lector by the terminals ¢ to s® inclusive.

The brushes of each selector are mounted
upon a central spindle ¢, about which they
are adapted to rotate together. Any spit-
able mechanism may be provided for that
purpose. These brushes are also rotatably
held upon a vod 7 about which they are. “a I
pable of slight movement mdependently ot
one another. The rod 41s held in a frame
- Normally these brushes are held by &
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series of spring latches ¢, one for each set
of three brushes; in such a position that the
brushes may rotate about the spindle ¢ with-
out coming in contact with"the terminals.
Springs 7, one for each brush, bear against
offsets & of the brushes and tend to throw
the brushes outwardly into position to make
contact with the terminals.
oted on the spindle » and having offsets v, »,
is controlled by an electromagnet 4« in such
a manner that during the preliminary stage
of movement of the brushes about the spin-
dle 7, one or the other of the offsets v is
brought into position to engage one of the
spring latches ¢ and thus to release a set of
three of the brushes. '

Inasmuch as this invention does not in-
volve the circuits by which the brush seldc-
tion is secured, nor the details of the seléc-
tor mechanism, I have not shown in the
drawings "these circuits nor the complete
selector. It will be apparent, however, that
the construction shown in Fig. 2 is one in
which any one of two or more sets of three

5 brushes' each may be selectively brought
into position to engage the corresponding

rows of terminals of the selector, the other
sets of brushes remaining out of contact
with the terminals, although moving about

the spindle with the first mentioned set of
-brushes. :

The pairs of line wires 2 to I*®-are repre-
sented as being connected inductively by
way -of repeating eoil windings to the
brushes of the several selectors. a battery E
being connected in each repeating coil cir-
cuit 1n a manner well understood by-those
skilled in the art. This battery is-adapted
to supply current to line eireuits which may
be extended as shown to the various tele-
phone substations. ‘ :

Associated with each row of selectors is
a set of parallel conductors. These are pref-
erably in the form of flat ribbon cables Z.
In fact, there would be as many such ¢ables
for cach row of selectors as there ave ver-
tical rows of terminals on one selector.
Having shown in Fig. 1 but « single yvow of
terminals on each selector. my drawing also
shows but a single cable for eachrow. Iach
of these cables has as many conductors ly-
ing parallel to one another as there are
terminals in a vertical row on one selector,
and therefore six conductors in the arrange-
ment shown in the drawing. Conductors
m/, m® and ne® arve associated with one tele-

phone line and copductors n?, w® and m®

with another line. #z" and m* form a pair
of line circuit conductors, m® a local cir-

line conductors, and " another local cir-
enit conductor. These six. conductors in
auch cable respectively unite in multiple
corresponding terminals of the selectors in
one vertical row and connect them with ter-

An arm ¢ piv-

minals #* to 7% of the associated connect-
ing rack. The pairs of line wires I’ and
are extended to the terminals of the con-
necting racks, the extensions of line " be-
ing represented by a pair of wires ¢’, ¢* and

the extension of line /* being represented -

by a pair &7, % A local circuit wire a® is
associated with line 7 and a local circuit
wire b3 is likewise associated with line 72
Terminals 7 to 7° inclusive of the several
connecting racks are united in multiple by

-these wires a, @, a*, 0", b2, 03 which are

preferably made up. in twisted triples for

each telephone line; thus ', ¢® and @® would .

comprise. one twisted triple and &/, 0* and
0% another. :

The method of making the connections of
the line wires to the terminals of the con-
necting racks in accordance with my in-
vention is as follows: At terminals 4 +* of
connecting rack R?, line wires 4" and 4% of
line /* are connected in reverse order to that

70

5.

&b

of the same. wires to terminals 7* and #° of -

connecting rack R*; that is, wire §” is con-
nected to terminal »* of rack-R* and to ter-
minal 5 of rack R? and in like manner
wire 6% is connected to. terminal 7% .of rack
R¢ and to terminal #* of rack R2.
reversal in the order of connections of the
pair b’, b* occurs at- connecting rack R”
Line wires ¢’ and «* of line I’, however, are
connected without a reversal as between
connecting racks R* and R*, and as between
racks R” and R% By means of these re-
versals the adjacent pairs of conductors in
the flat ribbon cables are transposed in rela-

tive positions to one another in ‘the differ-.
‘ent cables with the result that induction

causing cross talk between the telephpne
lines connected therewith is prevented.

In order to insure a static balance in all
of the conductors of the flat ribbon cables
with respect to the grounded local circuit
wires and with respect to the mass of other
wires in the cable a general transposition or
reversal may be made in the order of con-

.nections of all of the line wires to the pairs

in the cable conductors. Such reversals are
indicated at @ and » in the pairs of wires ¢,
« and 6, b*, midway between connecting
racks R* and R* on one side and R” and It*
on- the other. Tt will be noted that these re-
versals do not disturb the balance between
lines I” and {2 secured by the reversals at

. " N ]

terminals i and »° of connecting racks R?

Pand V. ) : .
As it is desirable to have the flow ¢f cur-

rent in the several lines of the exchange

s always in the same direction regardless of
cuit conductor, m* and #° another pair of /|

which selector is used to make the connec-
tion thereto, a _reversal in the grder of con-
nection or transposition is made in the con-
ductors or wires leading from certain pa.is
of brushes to the battery in the connecting
cirenit and such reversals or transpositions

A like
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are made wherever the corresponding ter-
minals of the selectors are transposed by rea-

'son of their connection to the transposed

conductors in the flat ribbon Cables Tt will

5 be noted that no transposition is required in

‘the selectors in row I}; that in row B the
sarhe relation between the different pairs
of brushes to each other is maintained but
that a generfxl reversal of the battery con-

10 nections at 2" is made to corresmond to the

ib

20 correspond to the transpositions at @

25
30
35
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-transpositions at = and y; tha,t in the se-
fectors of rows C and A the lower pairs of
brushes g, ¢° are transposed at 2" and 2
" with respect to the upper.pairs g , 9%, these

transpesitions mrrespondmo o Lhe re-

versal of connections at termnals 7% and 75

of connecting racks R’ and R*; while at the
selectors in row A a general roversal of the
battery connections at a2, is also made to
and .

A brief summary may be made of the sev-
eral veversals or t:‘ansposmmn‘s inthe cabling
system shown in the drawing made 111 ac-
cordance with my invention and the advan-
tageous results therecf. The reversals at
terminals 7 and 7° of connecting racks R’
and R® prevent cross talk between the tele-
phone lines (Z’ and [?} which have adjacent
pairs of conductors in the flat ribbon cables;

those:at @ and v preve*&t me lines from being:

noisy- and’ those at o’ fv #" and #* insure a
uni-directional flow of cmrem in the tele-
phone lines.

Although I have shown for the sake of
clearness a separate battery E in each con-
pecting circuit; it is t¢ be understood that

one batter ry may be used and would ordi--
narily be preIeired in place of the several

shown. It is also w be LHd@I‘%‘COO& that any
suitable number of selectors may be pla«‘e&

n a row connected in the same way as those.

shown by the flat Tibbon cables L, that any
suitable number of rows of selectors may be
provided in a group and that each selector
may have as many terminals as practical re-
quirements dictate. I have shown but two
lines connected to terminals of the connect-
ing racks and selectors, but it is to be under-
stood that other telephone lines may he con-
nected to other terminals in the same man-
ner and that in the case of a large number of
lines; the pairs of line wires that are con-
nected to alternate pairs of terminals. in
vertical rows on the connecting. racks and
thus to alternate pairs of parallel conductors
in the flat cables.would be transposed at
alternate connecting racks. Obviously the
brushes of the several selectors may be con-
nected to telephone lines either directly or
indirectly through trunk or connecting cir-
cuits.

As this invention is not concerned with
the details of circuit arrangements, only so

much of the wiring is shown as seems neces- .

sary to fully describe the invention. Kor

clesrness in fracing the cirenits the wires or

onductors forming part of line cirenits are
shown in'heavy and light lines, respectively,
and those ¥orming parts of locel circuits are
shown in dotted lines. The polarity of the
battery ¥ is indicated by - and — signs

and corresponding signs placcd near the

wires of\ the lines # and # indicate the di-
rection of current in the lines when the bat-
tery is connected ‘therewith through the se-
lectors and eable conductors.

What T claimis: .

1. In a telephorne exehunoe sysLem, the
combination with two pairs of line wires
forming in par* two metaliic Lblepnone elr-
cuits 1°e°poct1 ely, and switching mechanism
adapted to extend the circuit of said line
wires to other lines, of two sets of parallel
conductors . each set comprising two pairs
of conductors connecting said switching
mechanism in circuit with said two pairs
of line wires respectively, one of said pairs

‘of conductors in one of the sets being con-

nected in cirenlt in reverse order to that of

the other Juirs in said sets, whereby cross
talk befween sazid ‘91ephone lines is pre-
vented.

2. In a telephone exchange system, “the
combination with two pairs of line wires
forming in part twe metallic telephone cir-
cuitc eapect1x781 and two sets of switches
each adapted to extend the cirenits of said
two pc.u's of line wires to other lines, of two
sets. of paraliel conductors one associated
with each set of switches, each set of .con-
ductors compmsmv two pairs connecting one
of said sets of switches in circuit with said
two pairs of line wires respectively. one of
the pairs of conductors 1 one of the sets
being conn in circult in reverse order
to that of the other pairvs in said sets, where-
by eross talk hetween said Te]ephone lines is

ected

: p? evented.

In a 1Lelephtmc_ exchange svstem, the
(On"bimiion with two pairs of line wires
forming in part two metallic telephone cir-
cuits u&pcctn elv, two switching mecha-
nisms and a source of current. each of said
switching mechanisms being adapted to con-
nect said source of current to either of said
pairs of line wires, of two sets of parallel
conductors, one associated with each switch-
ing mechaniem, each set: comprising two

pairs of conductors connecting one of said-

switehing mechanisms in cir cuit’ with said
two pairs of line wires respectively, one of
the pairs of conductors in one of the sets
being connected in circuit in reverse order
to that of the other pairs in said sets, and
means adapted {o secure a uni-directional
flow of current in said telephone circuits
when said source of current is connected to
the line wires through said pairs of con-
ductors. ' -

- 4. In a- telephone exchange system, the
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combination with two pairs of line wires
forming in part twe metallic telephone cir-
cuits respectively and two selectors, each
selector having a row of terminals for said
lines, of two sets of conductors one for each
selector, each set having its conductors lying
pafallel to one another in approximately
the same plane and comprising two pairs
respectively connecting said two pairs of
line wires with the terminals of one of said
selectors, one of the pairs of conductors in
one.of the sets being connected in circuit
in reverse order to that of the other pairs
in said sets, whereby cross talk between the
telephone lines is prevented. _

5. In a- telephone exchange system, the
combination with two pairs of line wires
forming in part two metallic telephone cir-
cuits respectively, and two selectors, each
selector having terminals. for said lines ar-
ranged in a row and two pairs of current
connecting brushes adapted, respectively, to
make contact with said terminals, of two
sets of conductors one for each selector, each
set having its conductors Iying paralle]l to
_one another and comprising two pairs re-
spectively uniting the terminals of one of
the selectors with said two pairs of line
wires, one of the pairs of conductors in one
of the sets being connected in circuit in re-
verse order to that of the other pairs in said
sets, and the pair of said brushes of one se-
lector which is adapted to make contact with
the pair of terminals that are connected in
circuit through the reversely connected pair
of conduectors being connected in circuit like-
wise in reverse order to that of the other
of said pairs of brushes of said selectors,
whereby ecross talk between the telephone
lines is prevented. ,

8. In a telephone exchange system, the
combination with two pairs of line wires
forming in part two metallic telephone eiv-
cuits respectively and switching mechanism
therefor, of two ribbon cables each having
its conductors lying paralle]l to one another
and comprising two pairs, respectively, con-
necting said two pairs of line wires with
said switching mechanism. one of said pairs
of conductors in one of the cables being
conmnected in civcuit in reverse order to that
of the other pairs in said cables, whereby
cross talk between the telephone lines is
prevented.

7. In a telephone exchange system, the
combination with two pairs of line wires
forming in part two metallic telephone cir-
cuits and tiwvo selectors, each selector having
a row of terminals for said lines. in combi-
nation with two ribbon cables one for each
selector, each cable having its conductors
lying parailel to one another and comprising
two pairs respectively uniting said two pairs
of line wires with the terminals of one of

8

tors in one of the cables being connected in
circuit in reverse order to that of the other
pairs in said cables, whereby cross talk be-
tween the telephone lines is prevented.

8. In a telephone exchange system, the
combination with two pairs of line wires
forming in part two metallic telephone cir-
cuits, a source of current and two rows of
selectors, each selector having terminals for
.said lines and two pairs of current connect-
ing brushes adapted to make contact with
said terminals respectively and thereby con-
nect said source of current in circuit with
said pairs of line wires, of two ribbon cables

having its conductors lying parallel to one
another and comprising two pairs uniting
in multiple the corresponding terminals of
the selectors in one row and being respec-
tively connected in circuit with said pairs
of line wires, one of said pairs of con-
ductors in one of the cables being connected
in circuit in reverse order to that of the
other pairs in said cables, and the pairs of
brushes in one of the rows of selectors which
are adapted to connect said source of cur-
rent in circuit through the reversely con-
nected pair of conductors being connected
to said source of current likewise in reverse
order to that of the other pairs of brushes
of said selectors.

9. In a telephone exchange system, the
‘combination -with two pairs of line wires
forming in part two metallic telephone cir-
cuits respectively, two rows of selectors each
selector having four terminals for said line
wires and two paivs of current connecting
brushes adapted to make contact with said
terminals respeetively, and two connecting
racks one for each row of selectors each
connecting rack having four terminals cor-

ribbon cables one for each row of selectors,
each cable having four conductors lying
parallel to one another and compfising two
pairs uniting in multiple the corresponding
terminals of the selectors in. one row and the
connecting rack therefor, the corresponding
terminals of said two connecting racks
being connected together by said pairs of
line wires, the connections of one of said
pairs of line wires to the terminals on one
of the connecting racks being in reverse

said pairs of line wires, and the pairs of
brushes in one of the rows of selectors
which are adapted tc connect current in
said circuits through the reversely connected
pair of connecting rack terminals being
connected to the poles of a source of cur-
rent likewise in reverse order to that of
the other pairs of brushes of said selectors.
~10. In = telephone exchange system, the
combination with a plurality of selectors

said selectors. one of the pairs of condue--

_each having a row of terminals and a row

one for each row of selectors, each cable’

responding to those of a selector, of two -

order to that of the other connections of
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said selectors being ar-

of orushes ammea
with 1espect1vel

‘ranged in rows, of 2 plurality of ribbon

cables one for esch vow of selectors; each
cable having conductors arranged in

metallic telephone circuits respectively, said
line wires
of each of S‘lld “selectors by way of the con-

-ductors of said ribbon cables, alternate pairs

of conductors in the cables of alternate
rows of selectors beiﬂg-.connected in circuit
in reverss oréie; to “that of the other pairs
of conductors in said cables, ‘whereby cross

“tallr between the teléphone lines is pravented. |

11. In a telephone e‘gcbmnoe system, the
combination with a pair of line wires Torm-
ing in part & metallic telephone eiveuit and
two switching mechanisms therefor each
adapted to connee* telephone lines with said
pair of line wires, of two sats of conductors
each set having 1ts conductors lying paraliel

to one ano*he.«. in approximately the same
plane, two corr p@ﬂdlm pairs of said con-

ductors, ong in each set and ansym:nea rically
located with respect to other conductors m
the sets, being arranged to unite terminals of
said two swilchi echanisias respectively
with said #s Jme, the connections of
one of s2id pairs fo the line being in ve-
verse ovder to that of the other pair, where-
by an inductive balance in the hne circuit
1s secured.

12. In o ve‘inpﬂme exchange 5ystcm, the
combination with a glumhw of line wires
forming in part the sides of metgllic cix
cult, telephone liines and s
switthing mechanisms thereio
ed to connect other lines with said
lines and said mechanisms b Ian“ &1
in rows, in combinstion with a plug
sets of conductors ‘one for each
switch mechanisms each set compmsm 2
elephione me
ach set being 2
nother in anprom—
mate‘!y the s same Zime and connecting in
multiple correspomimg terminsls of the
switeh mechanisms in one row with sud Iine
wires, pairs of conductors in some of said
sets belmr connected to said Jine wires in- 16

and the conductors of

‘ verse order io that of the corresponding
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. wires. fm‘mlpp
‘cireuit tel puom} lines and 2 Dlummg of
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pairs in other sets, Wllcrab 7 .51 inductive
balange i i the mrﬂmts oz the telephone lines
cuwnra . .
13.-In CH: l}?}"‘

"ahone eyc%mge svstﬁm9 the
wrnblna‘iop w

g pmrahﬁy of pairs of line
in port the sides of metallic

switch meghanisms therefor, each adapted to

sonneet other lines with said. Lelephone lines

and szid mechanism being ar mnged in rows,
in comblhatzon with a plumhty of ribbon
cables one for each row each cable compris-

malre contact there- -

Spairs
and }ylng paraliel to cne ar\othel, &Jd two
pairs of line wires forming in part 'two

being connected to the terminals

“conductors eac h associate

1,000,614

e

mg pair of conductors for each telephone
line and the condactors of each cable belng

arranged parallel to cne ancther and con-
nevtmg in multiple corresponding terpinals
of the switch mechanisms of one row with
seld line wires, pairs of conduciors in some
of said- cables being connected o said line

wires in reverse order to that of the corre-
_sponding pairs in the other cables, whereby
an inductive balanece in the circuits of said

telephone lines is secured.
14.In o te’ie:ﬂlonﬂ e?*‘“‘ 6
combination m
each pair forming
cuit of o téieghm
wires, one associabed
line and Iour switching me
trolling said line and Jocal
neet other hn& with
of four sets 01 sm conguctor
ciated with said four .g‘m itohi
sljecuvvly,‘ 2
*os:‘ahel ‘o one anoines
gaIIe pl ne and unit
2F

ge system, the
of line wire
the metallic cu-
'-'WO iccal civcuib
ach ielephone
é am NS eon-
ircuits to con-
slephone lines,
% each ‘2850~
mechanisms
wh sel Lylnrr

said te

LN

CIm 11"1(}3'}

the associated swit anism re-
o Tl 1 ’711,“? and
one Bin nd »he

ol elrenit wire
UV connections

AN

Lixie win es to th correop(mmng pun's of con-
& LCuors in one of the same two sets and one
of the other two sets being in reverse order
to ihau of the cwnech«me of said pairs of
line wires io the mqef BRIYS of Conauciors
of said four sefs, whereby cross tall between
said telephons lineg is vrevented and an in-
1) b*le “cirerits of said tele-

rchangs s*/'SLem, the
OL Wl‘b EW') pairs of line wires
forming in pavt the mcmlhc elr-

combinati
each pair
cuit of & te;epnmlm an, two local circuit

wires one- associated with each telepl.one
line, mu selectors mﬂh having six terminals
and six brushes co‘z‘espmdmv to said line
cmd local circuip wires of the two lines re-
bpecuvely, each of said selectors being adapt-
ed to connect a .:ourm of current wita either
of said Iines, of four lebon cables of six
with said four
selectors respectively, the conductors of each
cable Iying parallel to one another and unit-
ing said ferminals of the mqnnwieu dector
successively with the pair
one local curcuit wire of one hne and the
pair of line wires and one local circuit wire
of the other of said hnes, the connections
of one of sald pans of line wires to the
corres ponding pairs of conductors in two of
said- cables and of the other of said pairs
cf line wires to the corresponding pairs of
conductors in one of fhe same two cables
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o

ather-two cghles belng trans-
¢k §b the other connections
of said pairs of line wires fo psirs of con-
duetors 10 seid cables, corresponding trans-
positions being made in the connections of
said brushes to raaintain the same direction
of currvent flow in the lines regardless of the
path by which the source of current is con-
nected therewith, whersby cross talk be-
tween the telephone lines is prevented.

16. In a telephone exchange system, the
combination with conductors furnishing a
plurality of metallic telepbone circuits and
switching mechanism therefor, of sets of

. o Y
and one of ¢
- 3 343
posed . wily

D

”

parallel conductors connecting the telephone .

circuits and switching mechanism, each set
comprising a_pluyrality of pairs of condue-

tors and a pair in ‘one set being connected in”

reverse order to that of other pairs in the
set, whereby cross taik betweer telephone
circuits is prevented.

17. In a telephone exchange system, the
combination with conductors furnishing a
plurality of metallic telephone circuits and
a plurality of sets of switches, of a plurality
of sets of parallel conductors connecting the
telephone circuits and the switches, one set
of parallel conductors being associated with
each set of switches and a pair of conductors
in one set being connected in reverse order to
that of other pairs in the sets, whereby cross
talk between telephone circuits is prevented.

18. In a telephone exchange system, the
combination with conductors furnishing a

> plurality of metallic telephone circuits and

switching mechanism therefor, of sets of

parallel conductors connecting the telephone
circuits and switching mechanism, each set

comprising a plurality of pairs of conduc-

0. tors and a pair in each alternate set being

connected to one of the telephone circuits
in reverse order to that of other pairs in the
sets, whereby cross talk between telephone
cireuits is prevented. -

19. In a telephone exchange systemn, the
combination with conductors furnishing a
plurality of metallic telephone eircuits and
switching mechanism therefor, of sets of
paraliel conductors connecting the telephone
cireuits and switching mechanism, each set
comprising a plurality of pairs of conduc-
tors, a source of current adapted to be con-
nected in civeuit by said switching mecha-
pism, a pair in one set being connected in
reverse order to that of other pairs in the
sets, and means adapted to secure a uni-
dirvectional flow of current in the telephone
circuits when said source of current is con-
nected to the line wires through said pairs
of conductors, whereby cross tallk between
telephone circuits is prevented.

5y

In a iclephone exchange system, the
combination with the conductors furnishing

L.

a plurality of metallic telephone circuits and

automatic selector switches therefor, each
selector having a vow of terminals, of sets
of parallel conductors connecting the tele-
phone circuits and the selectors, each set
having a plurality of conductors lying par-
allel to one another in approximately the
same plane and a pair in one set being con-
nected in reverse order to that of other
pairs of the sets, whereby cross talk beiween
telephone circnifs is prevented.

21. In a telephone exchange system, the
combination with conductors furnishing a
plurality of metallic telephene circuits and
a plurality of automatic selector switches
therefor, each selector having terminals for
each of said circuits arranged in a row, and
pairs-of current connecting brushes adapted,
respectively, to make contact with said ter-
minals, of a plurality of sets of parallel con-
ductors, each set having its conductors lying
parallel to one another and comprising a
plurality of pairs connecting the telephone
circuits and the terminals, some of the cir-
cuits in alternate sets being connected to
their conductors in reverse order to that of
the connections to other conductors in the
sets, whereby cross talk between telephone
circuits is prevented. . ,

992. In a telephone exchange system, the
combination with conductors furnishing a
plurality of metallic telephone cireuits and
switching mechanism therefor, of a plurality
of ribbon cables connecting the telephone
circuits and switching mechanism, each cable
comprising a plurality of pairs of parallel
conductors and a . pair in one cable being
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connected in reverse order to that of other .

pairs in the cable, whereby cross talk be-
tween telephone circuits is prevented.

23. In a telephone exchange system, the
combination with conductors furnishing a
plurality of metallic telephone circuits and
switching mechanism therefor, sets of pur-
allel conductors connecting the telephone
circuits and switching mechanisn, cacli set
comprizing a plurality of pairs of conduc-
tors and some of the pairs in some of the scts
béing connected in reverse order to that of
the other pairs in the sets, whereby cross talk
between telephone cireuits is prevented.

Tn witness whereof, I heveunto subseribe
my name this sixth day of August A. D,
1909.

FRANK R. McBERTY.
VWitnesses:

. T. Woopwarp
b %4 . ’
B, P, AcINvosn.
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