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One of the principal objects of my invention is 
to provide a new and improved system for elimi 
nating the objectionable eifects of crosstalk in sig 
naling circuits. Another object is to make cor 
rcction or compensation for crosstalk in a sys 
tern of transmission lines extending side by side. 
Another object is to provide a convenient sys 
tem or arrangement of small adjustable reac 
tance units for compensating crosstalk between 
any one and any other of a considerable number 
of pairs of neighboring signaling circuits. An 
other object is to provide such a system with adap 
tation for growth by increasing the number of 
circuits between which compensation must be 
made. All these objects and other objects and 
advantages of my invention, will become apparent 
on consideration of a speci?c example of prac— 
tice in accordance with the invention which I will 
now disclose in the following speci?cation. It 
will be understood that this disclosure has rela 
tion, primarily, to these particular examples of 
the invention, and that the scope of the invention 
will be indicated in the appended claims. 

Referring to the drawings, Figure 1 is a dia 
', gram of two telephone lines between which there 

be crosstalk, with adjustable means for its 
compensation; Fig. 2 is a diagram indicating a 
panel arrangement for bringing each of a num 
ber of conductor pairs in relation to each of the 
others for making adjustments between them; 
Fig. 3 is a diagram indicating a panel arrange 
ment for bringing each of a complement of con 
ductor pairs in relation to each of another com~ 
plemcnt for making adjustments between them; 

4 is semi-diagrammatic elevation of a frag 
ment of the panel of Fig. 3; Fig. 5 is a diagram 
matic elevation of an adjustable mutual induc 
tance unit for connection between two pairs; 
Fig. 6 is a ‘diagram indicating the relation of a 
cable and an adjusting panel for a single comple 
ment of pairs taken from the cable; Fig. '7 is a 

iar diagram for two complements of pairs 
taken from the cable; Figs. 8 and 9 correspond, 
respectively, to Figs. 6 and 7 but are more dia 
ammatic; Figs. 16, 11 and 12 go on from Fig. 9 in 

succession showing the introduction of further 
panels as more complements of pairs are brought 

relation for balancing; Figs. 13, 14, 15, 16 and 
l? are yet more diagrammatic representations than 
the“ which precede; these indicate a suitable ar 

icr: the panels for further. successive 
or complements until ten complements 

have been brought into the system in Fig. 17. 
There are many existent cables which are load 

ed and carry voice frequencies. By deloading 

(Cl. 179-78) 
them and putting repeater stations at more fre 
quent intervals, and operating them with carrier 
currents, their capacity may be increased. In 
crease of traffic and other conditions may make 
such a change desirable for only part of the con 
ductor pairs in the cable at any one time. When 
pairs of the cable are changed over from voice 
frequency operation to carrier current operation, 
it may be necessary to balance for crosstalk in 
a way that was not necessary before. Hence, as 
successive complements of pairs are changed over, 
corresponding successive installations of ‘the here 
in disclosed panels for balancing will be made. 
It is a feature of my invention that an advantage 
ous plan for these successive installations is pro 
vided. 

Referring to Fig. 1, this is a diagram showing 
the two twisted pairs 2l—2|' and 22-—22’ of a 
cable extending between two consecutive repeater 
stations. At these stations each pair is termi 
nated in apparatus having the characteristic im 
pedance R. which is the characteristic impedance 
of either line. The modulated carrier current ap 
plied at the left end to the pair 21-2!’ comprises 
components of various frequencies, and at vari- -.-. 
ous places along the line there may be some un 
balanced or residual inductance and capacity 
effects from one side or the other of the pair 
2l—-2l’ into one side or the other of the pair 
22-22’. Thus there may be a certain residual or 
unbalanced mutual inductance between the con 
ductor 2i’ and the conductor 22’, as indicated by 
mr, and/or there may be a capacity e?ect be 
tween these conductors, as indicated by 01. At 
other places along the length of these lines there 
may be other inductance and capacity effects, as 
at me and c2. 
At any convenient place along the length of 

the repeater section shown in Fig. 1 a panel P is 
installed and arranged so that adjustable mutual 
inductances such as ms and/ or adjustable capaci 
ties such as C3, may be connected across from a 
conductor of one pair to a conductor of another 
pair so as approximately to neutralize the residual 
crosstalk due to such connections, as at M191 and 
777.202. 
The panel P may be located anywhere along 

the length of the repeater section. An advan 
tage in having it near one end will be the great 
er convenience in having it assembled at a re~ 
peater station so that itcan be cared for and 
attended along with that station. On the other 
hand, the inevitable slight irregularity of im 
pedance termination at the ends of the section 
makes it somewhat advantageous on this ac 
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2 
count to have the panel P about halfway between 
the repeater stations. In Fig. 1 it is shown lo 
cated at the halfway place. The mutual induc 
tance m3 between the two pairs may be adjusted 
differentially by displacing the intermediate coil 
50 in one side of one pair toward one or the 
other of the coils 48 and 49 in the respective 
sides of the other pair. The capacity correction 
between the two pairs may be reached by differ— 
ential adjustment of the movable condenser 
plate 54 which is connected to one side of one 
pair, in relation to the two ?xed plates 52 and 
53, which are connected to the respective sides 
of theother pair. Each ?xed series coil 48 or 
49 is shunted by a resistance 32 and inductance 
32' in series to each other in the shunt. The 
purpose of these elements is to make the mutual - 
inductance characteristic of the balancing coils 
m3 simulate the mutual inductance characteris 
tic, such as an, existing between any two cable 
pairs. Theoretical considerations which have 
been checked by measurements on cables show 
that 7711, due to a proximity effect, is complex in 
character, that is, an equals ma-i-y'ms. By suit 
able design of the resistance 32 and inductance 
32', the mutual inductance ma can be made to 
assume the proper WZa-I-j'i'?b relationship. 

Instead of two pairs to be balanced or com 
pensated against each other as in Fig. 1, sup 
pose there are such pairs. They may be led 
across the face of the panel in courses such as 
represented in Fig. 2. It will be seen that each 
of the six pairs intersects each of the other ?ve 
pairs once and only once in Fig. 2. Adjacent to 

I each intersection the adjustable inductance and 
capacity units may be set up at the places in 
dicated by the respective dotted circles for the 
intersection 2-—5, and as will be shown more in 
detail in connection with Figs. Aland 5. 

If a large number of pairs are to be balanced 
each against each of the others, it may be im 
practicable to do this on a single panel like that 
of Fig. 2. For this and other reasons which will 
appear presently, the pairs must be handled in 
sets or complements and the task arises not only 
to balance each'pair of a set against each other 
pair of that same set, but also to balance each 
pair of one set against each pair of a different 
set. For this purpose a panel such as shown in 
Fig. 3 will be employed. One set or complement 
of pairs‘ consists of those pairs numbered 1, 2, 3, 
4, 5, 6 and the other set or complement consists 
of those pairs numbered 7, 8, 9, 10, ll, 12. It 
will be seen that each pair of one set intersects 
each pair of the other set; these intersections are 
indicated'by expressions such, for example, as 
3—-1l, designating the intersection of pair 3 of 
the ?rst complement withpair 11 of the second 
complement. The dotted circles adjacent to the 
intersection 1—9 indicate the location of the 
respective inductance and capacity units. Be~ 
tween two consecutive intersection places along 
a pair, the conductors of that pair are insulated 
and twisted together and physically crossed over 
another pair as indicated, for example, at Lil. As 
convenient short names, I refer to the panel of 
Fig. 2 as a “square panel” and to the panel of 
Fig. as a “rectangular panel”. - 

The detailed construction of the panels of Figs. 
2 and 3 will be su?iciently indicated for the pur 
poses of the present invention by the fragment 
of the panel of Fig. 3 which is shown enlarged 
and less, diagrammatically in Fig. 4. On the 
panel back are mounted adjustable mutual in 
ductance units and adjustable capacity units. 
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Each inductance unit stands on a square bake 
lite base such as 42 in Fig. 4, 42 carrying at each ' 
of its corners a pair of soldering lugs such as 43. 
The intersections of the pairs, such as 3-11 of 
Fig. 3, occur on these bases 42 which carry the 
soldering lugs such as 43. Centrally mounted 
on each base 42 is the adjustable mutual induc 
tance indicated generally in Fig. 4 and shown 
more in detail in Fig. 5. In the two sides of the 
pair from to 46 are the respective coils 48 
and (it with their common axis perpendicular to 
the panel face. The sides of the other pair from 
43 to 44 are twisted together with excess of 
length to facilitate adjustment, but at the mid 
point between the soldering lugs 43 and 44, one 
side of this pair goes through the coil 50 which 
is mounted so that it is coaxial with coils 48 and 
49 and adjustable along the common axis by 
means of the handheld 47. 
The inductance units on the bases 42 occupy 

only about half the space of the panel. Along-p 
side each base M is a space 5i of about the same 
size in which is mounted an adjustable mutual 
capacity unit comprising the stacks of fixed 
plates 52 and 53 connected respectively to the 
sides of one pair at soldering lugs 44 and the 
stacl: of movable plates 54 connected to one side 
of the other, pair at one of the soldering lugs 46. 
Adjustment may be made by application of a 
screw-driver at 55. I 

At successive intersections along one pair, the 
two ?xed coils 48 and 49 alternate with the one 
movable coil 50, ‘and at successive intersections 
where movable coils appear on the same pair, 
they are connected alternately in one side and -»> 
then the other of that pair. To keep the char 
acteristic impedance of the line substantially un 
changed by these series coils, suitable ?xed con 
densers are connected across the pairs at regu 
lar intervals of not less than about ?ve and not 
more than about twenty intersections along each 
pair. These condensers are in rows extending 
across the panels parallel with the edges which 
carry the terminals. 

Fig. 6 is a semi-diagrammatic view represent 
ing a segment of a cable 60 in which most of 
the pairs extend through directly from right to 
left, but a complement, of say 20 pairs, coming 
in from the left is taken off through the branch 
cable 6| to the square panel i (like Fig. 2) 
whence the pairs are gathered together in the 
branch cable 63, and go on to the right in the 
cable 60. ' 

Suppose that at a later time it is desired to 
balance or compensate another complement of 
pairs in the same cable Kill. The same panel I, 
previously installed, is shown in Fig. 7, and in 
addition another complement is taken out 
through the branch cables BI’ and 63’ and 
through the square panel 2 which is like the 5 
square panel 8. .Thus, in the panels I and 2, 
each pair of complement 1 may be balanced 
against each other pair of that complement, and 
each pair of complement 2 may be balanced 
against each other pair of that complement. 
Both panels 1 and 2 are of the type shown in 
Fig. 2. ' 

It remains to provide for balancing each pair 
of complement 1 With each pair of complement 2. 
This is done in the third panel 1A;. The branch 
cables 6l"~ and 63" carry all the pairs of both 
complements 1 and 2; the panel 1/2 is a rectan 
gular panel like that shown in Fig. 3, with pro 
vision for balancing each pair of complement 1 
against each pair of complement 2. ‘ 
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2,080,217 
The systems of Figs. 6 and 7 are represented 

again according to a somewhat different sche 
matic in Figs. 8 and 9, respectively. The six 
parallel lines in Fig. 8 represent six complements 
of a cable, each of which may be thought of as 
consisting of twenty pairs. In Fig. 8 one of these 
complements, which may be called complement 
1, is taken out through a square panel as has 
been explained more in detail for Fig. 6. At a 
later time as in Fig. 9 complement 2 is also taken 
out through a square panel 2, and at the same 
time both complements are taken out through 
the rectangular panel V2, as has been explained 
more in detail for Fig. '7. Whatever the number 
of pairs in the ?rst complement, say twenty pairs 
for example, the number of pairs must be the 
same in each succeeding complement. 
The cable 66 of Figs. 6 and 7 may be carried 

through a little house at midsection between 
repeater stations; in this house the panels will 
be arranged systematically according to the plan 
set forth herein in connection with Figs. 6 to 17. 
If the cable 60 is carried on poles, each panel 
may be placed in a weatherproof sheet metal 
box mounted on a pole. As more panels‘ are 
added according to the plan of Figs. 6 to 17, 
more poles may be set up for them between those 
already occupied by panels, or the earlier panels 
may be distributed along the poles so as to leave 
intermediate poles vacant of panels in the earlier 
stages, where such panels may be placed in the 
later stages. Thus in Fig. 12 the ?fteen panels 
of that ?gure may be thought of as mounted on 
?fteen consecutive poles present from the outset 
for support of the cable. Although it is here 
suggested that the plan of Figs. 8 to 17 may be 
thought of as practiced by setting the panels 
up on respective poles of a pole line, this plan 
may be practiced otherwise, as by setting the 
panels up in an. inclusive housing associated 
with a repeater station or in such a housing at 
a place between repeater stations. 
The cable sheath may contain nitrogen under 

sustained pressure according to well known prac 
tice. To prevent this nitrogen from leaking out 
of the cable where the panels are installed, a 
plug splice is provided in the cable branch (ii- 
63 leading to the panel. The panel box or cas 
ing may be ?lled with nitrogen under less pres 

‘ sure than that in the cable. If this is done, each 
such panel ‘casing is provided with a safety valve 
which permits the escape of the nitrogen at mod 
erate pressure. If there should be any leakage 
of nitrogen from the cable sheath into the panel 
box, this safety valve prevents the pressure from 
building up in the box. The boxes for the square 
panels, each carrying ‘twenty pairs, may be about 
31/2 feet square. The corresponding boxes for 
the rectangular panels may be about 31/2 by '7 
feet, or two 31/; foot square boxes may be set side 
by side with half the rectangular panel in each 
box, the two halves joined by a short length of 
connector cable. 
The order of arrangement of the three panels 

'1, 2, and 1A9, of Fig. 7 preserves and extends a fea 
ture of construction that is embodied in the two 
types of panels, square and rectangular, that have 
been considered. Each of these panels has the 
advantage that one way along each of two pairs, 
from where corrective connection is made be 
tween those two pairs, there will be about the 
same number of such corrective connections on 
one pair as on the other pair. The same is true 
the other way from where the correction is made. 
For example, in Fig. 2, reading from top to bot 

3 
tom with reference to the intersection 1-5, there 
are three preceding intersections along pair 1, and 
two preceding intersections along pair 5. On any 
square panel of the kind shown in Fig. 2, the 
number of intersections along two pairs preced 
ing their intersection will not differ by more than 
a unit. The same principle is exempli?ed in the 
rectangular panel of Fig. 3. For example, along 
the pair 5 preceding the intersection 5-7 there 
are four intersections; and along the pair '7 pre 
ceding that sameintersection there are four inter 
sections. Similarly, the intersections are the 
same in number the other way from the common 
intersection; for example, there is one intersec 
tion on each of the pairs 5 and 7 below the inter 
section 5-7. The advantage of the‘ relation 
pointed out is that the cumulative phase shift 
such as it may be, due to corrective connections, 
will be about the same along each pair to the 
point where the corrective connection is made / 
between these pairs. Accordingly, the corrective 
connection between these two pairs will be effec» 
tive alike for crosstalk either way; whereas if the 
number of corrective connections preceding the 
point mentioned were substantially different 
along one pair from what it is along the other 
pair, the resultant difference of phase shift would 
at best make the correction a matter of com~ 
prom1se. ' 

According to the present invention, the indi~ I 
vidual panels, square and rectangular, are de 
signed to satisfy the principle that has just been 
explained, namely, that the number of intersec 

. tions along one pair going one way from its inter 
section with another particular pair shall be the ‘ 
same or differ by not more than unity, going the 
same way along that other pair. 

Referring to Fig. 9 it will be seen that within 
the group a of panels stretching along the cable, 
each pair appears on a panel once and only once, 
and within the like group I) each pair appears on 
a panel once and only once. Within the group 
a each pair intersects nineteen other pairs, and 
within the group I) each pair intersects twenty 
other pairs. Thus, it will be seen that within 
the combined groups a and b the number of inter 
sections preceding (or succeeding) a particular 
intersection, will be the same along one of the 
pairs of that intersection as along the other pair 
of that intersection. 

This principle will be exempli?ed more con 
spicuously in the ?gures that follow. 
The wide spacing in Fig. 9, between the panel 

2 and the panel 112, is intended to facilitate taking 
out further complements from the cable at later . 
times and carrying them across panels without 
disturbing the preceding panels, and yet pre~ 
serving the principle that has been discussed 
heretofore. 
In Fig. 10 a third complement is taken out and 

carried across the square panel 3 thus providing 
intersections between each pair of complement 3 
and each other pair of that same complement. 
The two rectangular panels 1/3 and 2/3 are also 
provided, and all these panels are distributed 
along the cable as shown in Fig. 10. Compie 
ments 1 and 3 are taken out to panel 1/3 and com- 
plements 2 and 3 are taken out to panel 2/3. Thus, 
it will be seen that in one or another of the six 
panels shown in Fig. 10 each pair has one and 
only one intersection with any one other pair. 
Also, the principle is preserved that along any 
two pairs, one way from their point of intersec 
tion, there is the same number of intersections 
on each. Three groups are shown in Fig. 19, 
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4 
namely, a, b, and 0. Each pair appears on a panel 
‘once and only once in each group. 
A fourth complement is taken out as shown in 

Fig. 11, and carried across the square panel 4, and 
three additional rectangular panels are also added 
in Fig. 11 to bring each ‘pair of the fourth com 
plement to intersection with each pair of the 
preceding complements 1, 2 and 3. Here it will 
be noticed that the panels fall in four consecu 
tive groups such that within each group each pair 
appears only once on a panel. Within each group 
each pair passes through either nineteen or 
twenty intersections, according as its appearance 
is on a square or rectangular panel. 

It will be seen that the successive transitions 
from Fig. 8 through Figs. 9 and 10 to Fig. 12 have 
been made in such a way as to leave spaces ‘for 
the addition of panels without disturbing the 
existing panels, and so that at each stage the panels 
will fall in successive groups as explained here 
tofore. In Fig. 12 ?ve complements appear on 
the panels and these panels lie in ?ve groups, 
a, b, c, d and e. 7 

Consider, for example, two pairs of Fig. 12 
which intersect in the panel %/, and, more par 
ticularly, consider one of these pairs in the com 
plement 2. Going from left to right this pair 
appears, and is intersected twenty times in panel 
1%, twenty times in panel 2/5 and nineteen times 
in panel 2, ?fty-nine times in all, before reach 
ing the panel 24. The other member of the pair 
considered, belonging to the complement 4, is 
intersected twenty times in panel 1A, twenty 
times in panel 1%, and twenty times in panel 4/5, _ 
sixty times in all, before reaching the panel 34. 
These numbers, ?fty-nine and sixty, differ by 
only one. They will always be either equal or 
different by one. Going on to the right from the 
panel 2,4, the pair in complement 2 intersects 
twenty other pairs in panel 1/2, and the pair in 
complement 4 intersects nineteen other pairs in 
panel I}. And, as vexplained heretofore, the num 
ber of intersections within the panel 24 is al 
most, or quite, the same along one of the two 
pairs considered as along the other. 
According to the plan of spacing the panels 

for Figs. 8 to 12, the system is ?lled up with the 
inclusion of the ?fth complement in Fig. 12. 
If another complement were to be included and 
preserve the principle of successive groups with 
one complete appearance of each and every pair 
within each group, thepanels of Fig. 12 would 
have to be shifted and spaced out, requiring the 
breaking and remaking of a considerable num 
ber of cable connections. 

Figs. 13 to 17 are highly diagrammatic repre 
sentations indicating how the system might be 
carried on to the successive inclusion of ten com 
plements. Fig. 13 presupposes a different wider 
spacing from that followed in Figs. 8 to 12. In 

13 each integral number, like 6 or 5, repre 
sents the corresponding square panel, and each 
fraction like 1A; or % represents the correspond 
ing rectangular panel. 

I have not found it practicable to plan an ar 
rangement at the outset by which all the panels 
installed for seven complements may be left in 
place upon the inclusion of the eighth comple 
ment. According to the plan which leads to Fig. 
13 and continues on. through Fig. 17, the rec 
tangular panel 1A is taken from the place it has, 
occupied until after the inclusion of the seventh 
complement and shifted to another place for the 
inclusion of the eighth complement, as will be 
seen clearly by comparing Figs. 14 and 15. Sim 
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ilarly, to make the transition from Fig. 15 to Fig. 
16 which corresponds to including the ninth com 
plement of pairs, two more shifts are necessary, 
namely, of square panel 5 and rectangular panel 
%. And, to pass from Fig. 16 to Fig. 1'? upon the 
inclusion of the tenth complement, yet two more 
shifts are necessary, namely, panels 6 and 1A, as 
shown by a comparison of those ?gures. 

I claim: 
1. A plurality of neighboring conductor pairs 

grouped in complements, panels for the respec 
tive complements on which each pair of the com 
plement intersects each other pair thereof, and 
other panels for the respective pairs of comple 
ments on which each conductor pair of one com 
plement intersects each conductor pair of the 
other complement, said panels being disposed 
along the said plurality of conductor pairs in 
successive groups in each of which groups the 
number of intersections is substantially the same 
along each pair of all the complements. 

2. The method keeping the phase shift about 
the same in each of two pairs of signaling con 
ductors carried across successive panels on which. 
they are subjected to phase disturbing adjust 
ments at intersection points of each pair with 
each other pair, which consists in carrying the 
said two pairs across the panels with the same 
number of intersections along each pair to the“ 
intersection of the members of the said two pairs, 
and carrying the conductor pairs to the panels 
in successive groups of panels with each appear 
ing on one and only one panel in a group 0 
panels. ' 

3. In combination, a cable comprising a num~ 
ber of conductor pairs grouped in complements, 
a plurality of panels of each of two kinds in de?~ 
nite order beside the cable, a single complement 
being carried across a panel of one kind so that 
each pair thereof intersects each other pair there 
of, each pair of complements being carried across 
a respective panel of the other kind so that each 
conductor; pair of one complement intersects 
each conductor pair of the other complement, the 
intersections on each panel and the panels in 
relation to one another being disposed so that 
proceeding one way along the cable along any 
pair of conductor pairs from their intersection 
there will be the same number of intersections 
along each of the two conductor pairs, and pro~ 
ceeding in the opposite direction from their in 
tersection there will be the same number of in 
tersections on each conductor pair. 

4. In combination with a cable comprising a 
number of conductor pairs between each two of 
which a phase-disturbing cross~talk adjustment 
is to be made, a plurality of panels of one kind 
across each of which a respective complement of 
said conductor pairs is carried so that each pair 
of the said complement intersects, each other 
pair thereof, a cross-talk adjuster at each of said 
intersections. a plurality of panels of another 
kind across each of which a respective pair of 
said complements is carried so that each conduc 
tor pair of one-of said pair of complements in 
tersects each conductor pair of the other of said 
complements, a cross-talk adjuster at each of 
said last-mentioned intersections, all of said 
panels being arranged in circuit successive groups 
along said cable so that in each group each 
complement appears once and only once. 

5. A combination in accordance with the claim 
next preceding in which in both circuit directions 
from any of said cross-talk adjusters there is 
substantially the same number of adjusters along 
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the two circuit pairs intersecting at said ad 
luster. 

6. In a cable system, a multiplicity of conduc 
tor pairs grouped in three or more complements, 
means individual to said complements for ef 
fecting a compensating coupling between each 
pair of the complement and every other pair of 
the complement, means individual to each pair 
of said complements for similarly effecting a 

w compensating coupling between each conductor‘ 
pair of one complement and each conductor’ of 
the other complement, all of said means being 
disposed insuch circuit sequencev that along any 
two of said conductor pairs there are substan 

15 tially the same number of couplings up to the 
point where they are coupled together. 

5 
7. At a cross-talk correcting point in a cable 

system, a multiplicity of complements of con 
ductor pairs, panels of a ?rst kind on which only 
intra-complement correction is e?ected, panels 
of a second kind on which only inter-comple 
ment correction is eifected, said panels of both 
kinds being grouped in such circuit sequence that 
in each group each complement appears once 
and only once. 

8. A combination in accordance with the claim 
next preceding in which each conductor pair is' 
‘brought into corrective relation with another 
conductor pair only at points where both pairs 
have been involved in substantially the same 
number of corrective relations. 
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