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g system 13 to remedy far-end cross-talk be-
- tween such sets of conductors.
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It 1s among the ob]ects of my mventlon _

to provide a new and improved system for
connecting Successwe Jengths of conductor
pairs or quads in a cable so as to 1mprove
transmission and facilitate ad]ustments n
such pairs or quads.  Another object In such

- Another ob-

]cc- of my invention 18 to plowc
necting successive- lcnﬁths of conductor palrs
or cucds; progressively with respect to capac-

1ty or cther reaccance prcperty s0 as to equal-

B 1ed.,lctlcn of far-end cross-talk.
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- a diagram showing suppiementary 11’18.«1118 for
cqu,lhzmg the Inlpedance of conductor pairs

£:3
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the nature of

in the fcllcmno* specification.

i1 cuch conductor sets and facilitate the
Sl o

other object of my invention has relation to

178 &

fm tlier equalization or compensation for far-

end cross-talk by introducing lumped im-

pedance devices in connection with such con-
~ ductor sets.

All-these objects, and other ob-
]ﬂcts and advantages of my invention will
become apparent in connection with the fol-
lowing disclosure of a limited number of
spec1hc examples of practice according to the
invention, which I have chosen for disclosure

understood that This disclosure relates prin-

cipally to these particular examples of the

invention, and that the scope of the inven-
tion will bc indicated in the appended claims.
Referring to the drawing, Higure 1 1s a

diagram sllcwmg a syatc n of ccnncctwns
for successive lengths of conductor pairs in

a cable according to my invention; ¥ig. 2 1s

Higo. 3 1s a diag gram illustrating
‘LS}THlI"lﬂtl‘lcal far-end cross-
a diagram showing a device
symmetncal .fcr.cnd CrOSS-

at repeaters;

talk s Hig. 4 18
fcr correcting
Lq ,_IW 5318.

chfwmm showing a deiflce
ross-talk; and Fig. 7

G 18

110

o (llagram uc'ﬂhcw ue nature cI J1

Lm{lc of CrOSs- talk, | o
In laying a muli- ccnductc ca ;_c, steces-

sive’ rccl lengths are placed end to end and
~ the pairs in one reel length are spliced to
~ corresponding pairs. in Lhc Nex
to provide

rcel lenoth

ccntu-uou% ccnductc“

for con-

It will be .

, e diagram showing a device
f01 corTe ctmﬁ asymmctmca‘ far-end cross-
o 131h&
'tc- reciuce re actlcn

' c1ent-
~ third reel length, and so on.
‘tions beginning at the Jeft and extending : as
far as. rccl lcnﬂth 10 are fully indicated in

pairs

q*erial. N’o' 581,741,

through a number ot such reel lengths.

For

example, a cable may have 68 pairs and be-

“tween two successive repeater stations, it

may consist ot 300 reel lengths sphccd to-

-_G*ccher' at 299 Junctions.

A pair in one reel length s hhely to vary

somewhat 1 capamty per unit length as-
compared with a pair in another reel length '

11 such pairs are spllced together, 1t means
that successive line sections are of different
impedance and there are, accordmnly, reflec-
tions of energy at the. various ]lmctlcns
The most cbvious method of connecting suc-

. cessive ‘sections 1s to connect them toeethcr

at random. hcwever this results 1n 1&1 oe
reflections in some cases

Each of the 68 pairs in one reel lcngth is
tested for capacity and these pairs in this
reel length are designated in the order of their
capacltles
ed dia wrammahcﬂly as extending length-
wise Immzontally across the figure. Hach dot
represents a pair in a reel length ; thus a col-
umn of dots represents a complete reel length,

These pairs in a single reel length, rep**escnt—_

ed by a column of dots are to be thought of
as arranged in the: order of descending ca-

pacity from top to bottom. Thus in- reel

length numbered 5, the pair of highest ca-
pacrty 18 recrescntcd by the dot at the top

of the column the pair next highest in capac-

ity by the next dot in the column and so on,

the pair of lowest capacity being zepresented -

by the lowermost dot in the column.
Beginning at the left-hand end, the pairs

m thc
in the second reel lenfrth S 1nd1cated by the

links 1 '01111110' the dObS at the left of FIO‘ 1.

rst I'eel length are connected to those

85

60

a5

The system here _
to be described may ‘be explained by means
~of the specific example, namely, 68 pairs n
- 300 reel lengths, as n 1ﬂnt10ned above.

70

In I‘w 1, the cable is represent-

80

80

Thus pair 1 in the first reel length is con-
nected to pair 3 in the second- rcel length,

which in turn is connected to pair 5 in the .

the left part of TFig. 1 and will reqmre no

further Vﬂl‘b‘tl descrlptlon.
If thc connectmns were contlnued throucrh

These connec-

95
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B0
" and 22nd, between the 32nd and 33rd, and

~ the whole lengﬁh of the_féable,' aééording to

~ length No. 68, the continuous conductor pair

the plan that has just been described, then

pair 1 in the first reel length would eventu-

ally be connected with pair 68 of lowest ca-

pacity in the thirty-fifth reel length, and in
thirty-three more reel lengths, that is, in 18el

~ from the beginning would have been shifted

10

from a pair of highest capacity, namely, pair

{ in reel length 1 to a pair of lowest capacity;
namely, pair 68 in reel length 35, and then
back to a pair of next to the lowest capacity,

namely, pair 2 in reel length 68.. Such a
~cycle will be called a wave. Continuing 1n
this way, four times 68, or 272 reel lengths;

would make four complete waves or cycles,

~ leaving twenty-eight more reel lengths to be

30

connected. Tt is desirable to come out with

"% g pair at the distant end of the cable at the

‘same level at which we went in and, therefore,
{wenty-seven “straight” connections are dis-
tributed uniformly along the length of the

cable; as shown for one such connection in

Fig. 1 between the reel lengths numbered 10
and 11. 'We have just mentioned that four

complete waves or cycles will carry us from

reel length 1 to reel length 079 - But inter-
~ spersing these twenty-seven stralight connec-
" tions will carry us to reel length 299, and con-
‘tinuing according to the wave plan into reel
~ length 300, will bring us to positions at the
~ right corresponding exactly with those. for
the same conductor pairs at the left; that 1s,

7 the pair that begins at the left at highest ca-

_.35

45

55

picity 1 in rel length 1 will come ont at
the right in the pair of highest capacity 1 in

 reel length 300, and-similarly for other pairs.
~ As already mentioned, there are twenty-
- geven straight connections to be distributed

= .

in 800 teel lengths.

~ There will be 28 1nte 'v'a'lis be't'w"een'the éﬁ_dé__

anid the straight connections ard hence the

pumber of reel lengths bétween consecutive
straight connections will be an integer near -
300/28 which is 10 and 20/28. Multiplying
this by 1, 2, 3, etc. for successive intervals the
pumbers 10 and.20/28, 21 and 12/28, 32 and

4/98, ete. are obtained. The straight connec-

10th and 11th reel lengths, between the 21st

Of course the impedance of a pair is de-

pendent on inductances as well as on capac-
ity. ‘But the capacity and inductance are
correlated rather definitely. If we think

of the two conductors as being moved fur-

60

~ ther apart to decrease the capacity between

“ them, this will increase the self-inductance
' of that circuit at the same time and in about
‘the same ratio. This will be the justification.
for fixing our attention on the capacity in

the following discussion and saying little
directly about the inductance.

It will be apparent t! at the c'ircuit of each

pair in the system buﬂt up aCCoi‘ding to the
foregoing plan will be relatively free from

ik

reflections, for the capacity of the pair in
one reel length will be very little different

from the capacity of the pair in the consecu-

70

tive réel length so there will ‘be very little

impedance difference at junction points to
occasion reflections. Moreover, the sixty-

‘eight circuits will be substantially equal in
total attenuation because each circuit-pair

75

goes four times through the cycle from high-

est to lowest impedance and thus the circuit

pairs are substantially alike. However, there

will inevitably be some difference between

the pairs in terminal impedance, that 1s, 1n

the impedance presented by a pair at the ter-

‘minal office. In order to get the benefit of
the kind of splicing that has been described,
the office impedance connected to the differ-

ent. pairs should be made adjustable and
should fit the impedance of the pair in the
nearest reel length as nearly as practicable.

A convenient way of doing this is to build

the repeater so that its output impedance

fits substantially the lowest impedance that

80

will be encountered and its input impedance
fits substantially the highest impedance that

will be encountered. Then the repeaters can
~be built out as indicated in Fig. 2 by series
resistances on the output side and shunt re-

sistances on the input side, these resistances

being adjusted to fit the line. In this way,

a line of low impedance at its ends will have

very little building out where it connects to

the output of the repeater but will have rela-

tively much building out where it connects

at the other end with the iuput of another

repeater, and vice versa for circuits which

are of high impedance at the ends. As a

result, the total building out connected to
any circuit will tend to be approximately
constant and the total attenuation of the
line, including the building out resistances:

at both-ends, will tend to be constant, as com-

paring one pair- with another among the |
sixty-eight pairs. .

In order to get the fullest advantage of

- . ined. The _ eC- this type of splicing, it should } ned
~ tions will accordingly be located between the - iis type of splicing, it should be combined

with allocation of reels. This can be done -

by measuring the average capacity of the
pairs in available reels and then arranging
‘the reels so that no two reels having widely
different average capacity per unit length

are adjacent to each other. The preferred

arrangement is to arrange the reels in ascend-

ing or descending order of average capacity

ance of irregularity were desired.

It will readily be seen that the foregoing
system for 300 reel lengths and sixty-eight
pairs might be modified by introducing a
- greater number of straight splices and hav-

- 130

ing a less number of complete waves or cycles

1206

per unit length. However, such a complete
~allocation would be rather inconvenient, and
would be unnecessary unless extreme avoid-

123
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from end to end of the sysﬁém However,

there should be an integral number of these

- waves or cycles In any case and it will be

better not to have the number too small, as
for example, merely one complete wave or

~cycle, for in the case of only one complete

10

- Fig. 8 where two palrs

wave or cycle the cross-talk between two paIrs

- Thas is 1Tlustmted 1n
1 and 2 are repre-

sented’ extending between the pomts A and

may be asymmetrical.

- B. The netw’orks in these pairs: represent

“is not al,temmted in elther network.
result will be greater far-end cross-tallk from

excessive attenuation at the points where

‘they are placed. It will read 11y be seen that

far end cross-talk from A—1 to B—2 suffers

‘attenuation. through both the networks,*

Wh ereas far- end croas-tmk from A—2 to B—1

The

,. A————Q to B—1 thfm from A—1 to B—2. But

in the correction of cross-talk, it is far more

convenient to have 1t symmefrlt,al Such cor-
rection may be effected, for example, as

- shown 1n I‘10' 4 by an 1nduct1ve linkage be-

= ¥

. i.-' i

-other

tween a properlv chosen conductor of one
pair and 2 properly chosen conductor of the
Such correction is obviously

symmetmcal and, therefore, if the far-end
cross-talk 1s not symmetmcal it cannot be ac-

~ curately corrected in this way. Thus an ad-

vantage of the multlple wave system, 1ndi-

cated in Fig. 1, is that it tends to reduce

asymmetric “far-end - cross-talk and makes

- correction Dractlcable by such means as

iy

P

ShOWIl n I‘l
If the number of reel lenoths 18 small cOm-

- pared to the number of pairs, the shifts at

“each ]1111(3’61011 may be made greater than in

Fig. 1

, so as to get enough complete waves

 from end to end. For example, instead of
connecting from 1 to 8 at the upper left cor- _
ner of I‘w 1, we might connect from 1 to &

and so on. Also should 1t be desired to re-
duce the number 'of waves from end to end,
more straight connections may be mtroduced
either one at a place, or two or more con-

secutively at a place, these places bemcr dls--
~ tributed uniformly. | :

It is practicable to introduce an asym-

‘metric corrector - for asymmetric far- end
cross-talk if the need becomes inevitable. In

- T‘w 5 we see the same serles transformer at

&
(49 |

a resmtfmce In serles

. TOWS.

,the left as in Fig. 4 and, in addltmn, another "

transformer with one wmchng 1N series In one
conductor of pair 1 and the other winding
bridged across the conductom of pair 2 with
If the two transtorm-
ers are poled so as to be series aiding 1in

transmission from A—1 to B—2, and as in-

dicated by the solid line arrows then they
will be opposing in transmission from A—2
to B—1, as indicated by the -dotted line ar-
Accordmﬂly, the far-end cross-talk

components due to the corrector shown 1in
Fig. 5 will be greater from A—1 to B—2 than

‘._'from A2 to B—l and will theref01e COT-

mission from 1eft to right.
to the line 2 the arrow a represents ordinary

pair. 2,

instead of being physica:
Fig. 7, may be a useless phantom on pairs

Or more pairs. -

" rect normal far-end cross-talk which is asym-

metric in the opposite sense.

There is another kind of lumped corrector
shown in ¥ig. 6 which 1s of advantage to
remedy reaction cross- talk., The nature of
reaction cross-talk will be pomted out in con-

nection with Fig
From the line 1

near-end cross-talk and the arrow & repre-

sents ordinary far-end cross-talk. There is

3

70

7. Here we consider trans-

another variety of far-end cross-talk which

arises from near-end cross-talk with one re-

flection. .
d, according to whether the reflection occurs
in the first pair or the second pair.

" This is shown by the arrows ¢ and

80

Such

reflection far-end cross-talk appears as ordi-

‘nary far-end cross-talk except that 1t will be

somewhat displaced in - phase. Reaction
cross-talk is as represented by the arrows
e and f. Here a third pair 3 is 1nvolved,
and in the first stage as shown by arrow e,

there is ordinary near-end cross-talk from
pair 1 to pair 8. Then again there is another
stage of near-end cross-talk from pair 3 to.
g resultant far-end cross-talk

giving &
from pair 1 to pair 2.  Similarly, as shown
by arrow f, reaction far-end cross-talk may

arise as the resultant of two stao‘es of far—" .
- 95

end cross-talk.

- 85

90

The ordmary tar- énd Cross- tﬂL as rep— .

resented 1n arrow O can. be eliminated to a

large extent by means of balance; as sug- -

frested in a simple manner in Fig. 4. The

reflection cross-talk such as mdlmted by the

arrows ¢ and ¢ in Fig. 7 can be minimized

by avoiding 1mpedance irregularities in the

line Wthh would give rise to reflections.

‘This. 1s accomphshed in the foregoing de-
scribed system of Fig. 1. It is to be noticed

that reaction cross-talk such as represented
by arrows e and f involves a third pair in

addition to the two pairs between which the

This intermediate pair,
Iy distinct as 1n

cross-talk occurs.

1 and 2 or a useless phantom between one
of tﬂese and a third pair such as 1 and 3;

or the intermediate circuit may be a circuit

established by a degree of grounding of one
VVhen the intermediate cir-

100

105 .
110

115

cutt represented by 3 in Tig. 7 is a physical

pair, the reaction cross-—ta,lk represented by

e, will be firelatwel“vyr small for the reason

that near-end cross-talk is known by experi-
‘ence to be small enough so that two such
stages of near-end CI‘OSS-t‘lH{ in tandem would .

110t be Great Therefore it is inferred that

the chlef intermediaries in the case . of reac-.
tion cross-talk, represented symbolically by

3 1 Kig. T, Wlll be the various phantoms
and Grounded circuits, as mentloned -above.
Currents. flowing in- " stch phantoms and

grounded mrcmts will flow alike 1n the two
conductors thereof whereas. the normal use--

120

130



o 'ful voice currénts ﬁow 111 opp051te phase n -

~ the two conductors of a pair.
N transformer system such as represented

~in Fig. 6, is interposed 1n- each pair. .

G

the: normal transverse currents of the pairs

‘it will be seen that the two wmdmﬂ's 1n the

- respective conductors of the pair buck each _
other, 'so that they have practically no re-
* _actl‘ve effect. -

‘But for currents flowing in

in the same d1reet1011 in the two -conductors,

10
these wmdlngs are series aiding on the mag-

netic circult and, therefore an mductwe re-

~ energy in the resistance.

\
-,_.{ —\
.

actance is set: up “The thlrd winding on

the core has a resistance in series therewnh“_.
so that the flux set up in the core by the

phantom currents leads to a dissipation of

normal - transverse voice currents
damped by the device, but the ‘abnormal or

parasitic phantom currents have their energy

dissipated 1in the resistances. These devices,
“such-as shown 1n Fig. 6, will be inserted in

~all ‘the palrs 1n the cable at suitable inter-

~ vals which may be at every sphce or at in-
5 tervals of a few reel lengths.

- of the apphcatmn of theee devices in all the
pairs is to increase the attenuation in all

- circuitsother than pairs, without impair ment

of the normal current flow in the pairs. In-

=5 asmuch as the mtermedlate or -third medium
in reaction cross-talk is generally some such

~ other circuit, the devices will serve greatly
- to reduce the reaction cross—-talk

&5
o

o prmmpa,lly to. smooth lines. -
be worked. with carrier currents at high fre-

‘quencies, for which the cepaclty eﬁects be-

“ductance to transverse currents in the R
‘Moreover, these wind-
INgs should have as low a capacity as pos-
If it is not possible .to make both
and the leakage inductance -

' -31ble

the capacity
negligible, the coil should be de31 ned so that

Cits characterlstw 1mpedzmce wﬂl be equal to o
‘that of the pair. o

The two 111terposed windings of the de- .

vice shown in Fig. 6 should be as nearly per-
fectly coupléd as’ possible so that the in-

will be mnegligible..

The foregoing disclosure hes had relatlon
‘Sueh lines may

tween the conductors of a pair become con-

siderable, and the proper joining up of suc-
cessive reel lengths according to my inven-

“tion becomes of ‘considerable -importance.

o '..i";fa

To'a degree, the principles.of my invention
may be utlhzed for loaded lines with cable
5 palr sections. extending between ‘the load-
~ing coils.
will not be as high as for smooth carrier
. ‘current circuits. and the capacity reactances
- will not- be as high, and therefore, ‘it be-
60 comes ummportant to systematize the splic- 1
“ing between reel lengths. |
tem of sphclnrr between reel lengths that is
~disclosed in connection with Fig. 1 for smooth

lines ‘may ‘advantageously be employed fer

In this case the current frequencles

loadmg sectlons of loaded lines.

Accordingly,
For

-EIELHY be phantomed so that we must
_circuits. .

In this way the
are mnot

The net effect

on ‘the west.
fourteen quads, let them be connected at this
loading coil statlon according to the same

pair

But the sime sys-
necting the reel lengths instead of doing

'1-,91‘_5,442’

The prlnelpel aim of wave sphemg in the _
case of high frequency carrier cables 1s to

reduce reﬂectlon eross—talk In the case of

loaded - curcults the aim is to hawe the line

present a smooth impedance to the repeater |
office, which makes- 1t suitable for two way

operation. ‘Here we deal with two wire cir-

‘cuits with transmission both ways, whereas in
the case of the smooth lines heretefore con-

sidered we dealt with one-way. transmlssmn
in four-wire circuits. - - -
The loaded lines here cenadered wrll en-
eal
with quads, each quad comprising two side
A procedure in accordance with

my invention will be to complete all the inter-

mediate splices but without the loading coils

connected at either end, then measure the ca-

pacity between the two conductors of each
side circuit pair in a given group in each

70
75
80

89

loading section, then add the capacities of the -

two side cir cuits in each quad. Call the quad -
for which such added capacities give the

highest result, No. 1, the next No. 2, then No |
3, ‘and so on. _
: iber the quads in the same way in all the load-,. '
For convenience let us assuie

Measure the 011 cu1ts and num-

ing sections.
a paltmular loading coil station and let the
numbers stand as thus obtained on the east

but let them be primed, that is, 17, 2/, 3/, etc.,
Assummo' that the cable has

O'eneral plan asin Fig. 1, but without stralght
spllees that 1s, in accordence with the fol-

-lowmo' teble

E ,_2é1r e* o

N S 6_4’ o
911" 108
11-137 - 192-10"
13-14 14-1927

'. WVltlnn each qued pole the palrs S0 that the
~ pair with the highest capacity in that quad
pair of the highest capacity in

ooes to the
the quad of the essocmted section according

to the above table.
It has ‘been stated ubove that for loaded__
lines with their lower frequency as compared
~with smooth earrier current -lines, there -is
no advantage in wave splicing for eonnectlng
the reel lenﬂ'ths between loading coil sta-
tions.
this is because the phase shift in all the reel
lengths making up one such section is com-
paratively small and this is due to the fact
that the frequeney of current involved - is

It may properly be considered ‘that

much lower. However, it may be worth

90

100

- 105

110

115

120

while to have some degree of system for con-

it
In -4 pulel}r random ~fashion. The reel

Jengths may be spheed together ‘in a com-
.pensatmy mianner $o that the total capacﬂ;y._ _.

150



‘up of pairsonly, that is, no queds
further, that one loading section comprises
eight reel lengths. -

1,915,442

per loading section is as nearly the same as

practicable, for all the different - circuits.
Suppose, for simplicity, that a cable is made
Suppose,

Then a simple procedure

18 to connect the ﬁrst reel length to the sec-

10

ond, the third to the fourth, the fifth to the

: s:txth and the seventh to the eighth, so that

the hlcrhest capacity pair in the first reel

_lenﬂ*th is connected to the lowest capacity

- pair in the second, the next highest m the
~ first 1s connected to the next. Jowest in the

-15

second, and so on. After this, the junctions
of the second to the -third and the sixth to

the seventh may be made according to. the

same procedure, having regerd to the capacl-

~ties of the double length sections that have

~ been established to this

20

- been built up to this point.
-of this kind of connection may be reached to

Ry

~ of allocation of reels in such 2 manner as to

35

point.
fourth and fifth lengths may be connected in
the same way, ha‘vmg regard to the capacities
of the quadruple 1ength sections that have
The advantages

a degree but sufficiently, by taking part of
these steps but adopting random ephcmg to
some extent. = It is also desirable to make use

make the average cepemty the same in all

loading sections.

Usually the deviat.ions in the loadmcr coils

do not cause as oreat 1rreﬂ'uler1t1es as the
- deviations in the 1111e cepa(‘,ltles
~ latter have been

When the

taken care of, as disclosed
heretofore, it may be that the loedmﬂ‘ coils

will contrlbute enough 1rreﬂuler1cy to make

it desirable to eystemahze their connections.

40

First assume that the loading coils are sub-

stantially alike in respect to. capacity, and
crade them according to inductance. In this

case Increased 11*11f0rm1ty can be obtained
according to either of two plans. The first

~ plan is to connect the highest inductance coil

.':__"45

between the highest cap e,c1t§;r pairs, the second
highest mductance coil between the next
| -éhlo'hest capacﬂsy pairs, and so on. The sec-
. ond plan is to connect the highest inductance

coil between the lowest cepaclty pairs, the

" next highest coil between the next lowest

50

55

pairs, and so on. The first plan is thought
. preferable when the cut-off of the loading is.
- high in comparison with the
‘quency used. When the cut-off frequenoy
“1s only slightly greater than the hlo‘hest fre-
quency used the second plen 1S thoucrht pref-

B ere,ble

But there may be ?’LI‘lELtIOIlS in the coil ca-

pec1ty of sufficient importance to be con-

‘sidered. 1In this case the coils are arranged
“as before from highest to lowest but mstead

- ofhaving regard only to pure inductance they
“are arranged in descending order of the

- 6"'

o quantity L—RE/C where I, 1s the coil 1n-

~ductance, R is the characteristic impedance
of thc lme, and C is the coil cepamty The

Finally, the

dlo'hest fre-'

proprlety of this formule will be recognized
“when it is remembered. that capacity enmﬂs

a certain fraction of the inductance, this frac- .

tion being epprorlmatcly R2/C.
- Hather to 1t has been assumed thet the cable

is made up of pairs exclusively. In a more
‘usual case, however, the cable 1s made up of

0

Lestj and the coils are made up in phantom

units.

In order to have a useful phantom
circuit it is necessary to take care that the '
two palrs 1in a-quad are not separated in any

of the splices and, likewise, that the two

pairs in a quad are connected to the loading

coils which form a unit. Therefore, the pro-
~cedure out tlined. ebove will not be eppllceble' >

in such a-case of quads, for if it were fol-
lowed it would seperate the pairs. The pro-
cedure to be followed in the case of quads

must be a compromise as, for example, in

accordance with the followmg plan.

80
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“In the first plece 1t will be assumed thatitis

not necessary to improve the smoothness of

phantom c:trcmts Assume that the cable

contains forty quade to be spliced together.
The capacity of all the pairs is measured and

then the quads are grouped into say four

90

groups of ten each, such that the ﬁrst aroup

contains the ten quads in which the differ-
ence between the two side capacities is the

~ smallest, the next group contains the ten

quads in which the difference between the

side capacities is the next smallest, and final-
_.ly the fourth group contains those ten quads
in which the dlﬂ'erence between the side ca- -
pacities 1s the oreatest o -

Next, each group of ten quads 1S arranﬂed '

05

100

accordmfr to the order of the sum of the 51de "

‘circuit. CELp‘lCltIES so that the quad which has

the highest sum for the side circuit capacities
within any group of ten is assigned the
number 1, etc.
Ing sectron quads in corresponding groups

105

In splicing within any load-

are spliced together and within a glven group

a quad having the highest sum is spliced to

the one havmfr the lowest sum, etc., and with- -

n the quad a high pair is- sphced to a low
pair. At the loading points the practice of

‘wave splicing is apphed to the quads in ac-
cordance with the sum of the capacities of 51_15' -
In respect to the manner of splicing the
‘pairs within a given quad, the following
procedure is sugoested In cases where the

their pairs, as heretofore explained.

correlation between the capacities of the two
pairs of a quad is small. At each third load-

ing point, say at points 1, 4, 7 etc., high is con-

nected to high within the three OI‘OUpS of ten
quads hwmcr the greatest difference be-

tween the pairs. Tn the group having the

smallest difference between the pairs, hloh 1S -

“connected to low at these points. At the 1oad-
ing points numbered 2, 5, 8, etc., high is con-

nected to high throuo‘hout the quads 1n
oroup 4 are connected to the quads in group 3

and the quads 1 group 2 are connected to °

110
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the quads In group 1.
‘numbered 3,

Fmelly, at pomts

6, 9, etc., high is connected to

~high throughout but the quads In group 3 are

| :z'i"'- o

10

._ in the phantoms or the sides;, re5pect1ve1y, by
| means of sphcmcr Wlthln the loadlnﬂ sectmns

15
" of conductor sets in successlve sections of a
‘cable, which consists in connecting them

connected to the quads in group 2.
manner the constructmn wﬂl be tha.t of ai
_smooth wave.

1f it should be deemed desn‘able to 1m -

N prove the smoothness of the phantoms as well
. as of the sides, this may be done by confining

the wave sphcmg to EIthEI‘ the sides or the
phantoms and then to obtain the smoothness

Iclaim: -
1. The method of connectmg a plurahty

- progressively according to a reactance prop-

20

25
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~erty of such sets from hwher to slightly lower
and so on and then back from Jower to slight-
~ ly higher and so on In an 1ntegral number*
__'of complete waves.
2. The method of connectmg a plurahty of
conductor sets in consecutive cable sections,
‘which consists in ‘numbering the sets in eaeh
section in order of a reactance property, then
connecting them progressively 1-3-5 etc.,

2-1-3 etc 3-5-7 etc., 42-1 etc., and so on-“.

throuﬂfh all the numbered sets m the first,

second and third sectmns, and so on throuﬂ'h
all the sections.

8. The method of claim 2, with’ the quah- '
“fication that straight connectlons are inter-
spersed umformly ‘the number of straight
connections being such as to make an integral
number of complete waves of progresswe.
connectmns AR
- 4. A multi- conductor cable in sectmns end'

.'to end, a plurahty of sets of conductors in

‘each sect10n being graded in respect to a re-
-actance property and the sets of conductors
of these sections being connected progres-
sively at the sectmn ]unctmns accordmg to
_the grading. |

A mult1 cenductor cable in sectmns end -
to end a plurality of sets of conductors in
each section being graded in respect to a

 reactance property and the sets of conductors

" e

& B
Ot

it

ing, the progression being carrled over an
integral number of complete waves elenﬂ'

'the Iength of the cable

- 7. A cable comprising a plurahty of sec-
tmns end to end with'a plur ality of conductor
‘sets in each sectlon the sets 1n euch sectlon

In this
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. belng oraded in respect to-a reactance prop-
certy and the sets being connected consecu-
‘tively from section to section in progressive

order based on such grading, the’ ‘progression

;entendmn to an extreme of the graded prep-
“erty, then reversing, and so en throufrh at

least one complete cycle. -
8. A cable as defined in claim 7 with alter-

native straight connections at enough of the
Junctions. to establish an integral number of -7

complete cycles from end to end.
9. In a multi-conductor cable, sections con-

‘nected consecutwely, a pair of a certaln ca-
‘pacity in one section being connected to a parr
of shgl 1t1§r different cap‘lclty in the next sec-
tion and so on progresswely from section to
‘section until an extreme of capacity has been

reached and then In opposite progression until

the opposite extreme has been reached the
connections being carried thus throufrh an &

integral number of complete waves or cycles

-from one end of the cable to the other.

10. A cable according to claim 9, w1th
straight connections mterspersed umformly
so that the progressive connection will come

‘out in an integral number of complete waves.

11. A multl conductor cable in sections end
toend, sets of conductors in cach section being

:frmdcd in respect to a reactance property,
_and the sets of conductors of these sections
being connected at the section junctions pro-
-orrcsswely according to the grading to sets of
'-_conductors of Small reactance dlfference, 80

as to afford only slight: impedance irregulari-
ties at the 1unct10ns and so as to give sub-

stantially the same attenuation in the con-
nected sets of conductors. |

12. Two cable lengths, each accordmg to

‘claim 11, and between them a repeater built to
fit a low impedance on its output side, and a
high impedance on its input side, and an ad-

:]usted series impedance interposed on 1ts out-

put side, and an’ ad]usted shunt resmtence

-_across its mput side.

13. A cable eccordlno'to clalm 11 and cor-
rectors for residual asymmetrlc far-end
cross-talk mte:cposed between the conductor

_sets thereof.
~ of these sections being connected progressive- -
ly at the section ]unctmns according to the
‘grading, the progression being carried over
at least one complete wave elon(r the lencrth :
- 'of the cable. . -
6. A multi-conductor cable in sectlons end_'
.to end, a plurality of sets of conductors in
each section being graded in respect to a react-
~ance property- and the sets of conductors of
these sections being connected progressively
“at the section 1unct10ns according to the grad-

14. A cable according to claam 11, and ap-
pa,ra,tus units interposed in the conduct01
sets, these units offering substantially - no
1mp edance to transverse eurrents on the sets

but being energy dlss1pators for long1tud1— '

nal currents on the sets.

15. Means for equalizing asymmetnc far-
end cross-talk between two conductor pairs,
consisting of two transformers one having
its two coils respectwely in series 1n conduc-

‘tors of the respective pairs and the other 1os

transformer having one coil in series 1n one

conductor of one pair and the other coil
across the other pair, and a res1stence In se-
ries with the last mentioned coil. o

16. Means for equalizing. asymmetrlc far—h

end cross—talk between two conductor pairs, 130

&,
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' eompmsmg a reactmce connection a,nd an en-

ergy dissipator, said energy dissipator func-
tioning to dissipate energy for far-end cross-

‘talk one way but not for far-end cross—talk-,

asymmetrlc thereto.
17. Means for equalizing asymmetrlc far-

~end cross-talk between two conductor pairs
- consisting of two transformers, their coils

10

o

- ecircult with a resistance, the windings in the =
-~ sides buckmcr each other for transverse cur--

29

being- connected with conductors of the pairs
and poled to be aiding for far-end cross-talk
one way and opposing for asymmetrlc far-
end cross-talk the same way. :
18. A transformer system to be mterposed

in a multi-conductor cable to remedy asym-
metric far-end cross-talk, having at least

- three coils and a resmtance - serles Wlth one
. coil. |

19. \Ieans to femedy reactlon far end

'_cross—talk between conductor pairs consist-
ing of a transformer in each palr with one
Wmdmcr in one side of the pair, another wind-

Ing in the other side and a third winding in

rents in the pair. -
20. Means to remedy reactlon tar-end

cross-talkk between conductor pairs consist-
~ing of a transformer in each pair wound to
e non-reactive to transverse currents and

- 30

energy dissipative to longitudinal currents.
In testimony whereof, T have signed my

“name to this spe(nﬁcatmn this 15th day of
- December, 1931.

HARRY NYQ,UIST
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