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An object of my invention is to provide a 
practice for compensating between conductor 
pairs so as to eliminate crosstalk between 
them. Another object of my invention is to 
effect such compensation entirely by the use 
of twisted pair. Still another object is to 
use twisted pair in a precise way to balance 
the mutual inductance and capacity between 
two transmission lines. These objects and 
other objects or" my invention will become ap 
parent on consideration of a limited number 
of speci?c examples of practice according to 
the invention which I will disclose in the fol 
lowing speci?cation. t will be understood 
that this disclosure relates principally to 
these particular examples of the invention, 
and that the scope of the invention will be in 
dicated in the appended claims. 
Referring to the drawing, Figure 1 is a 

diagram showing several cable pair circuits 
belonging to one cable and neutralized for 
crosstalk according to my invention; and 
Fig. 2 is a detail diagram showing how the 
compensation may be introduced between two 
circuits. 
lVhen several signaling circuits extend side 

by side as in a cable or in the form of open 
wire lines on poles, there may be some mu~ 
tual effects of capacity and inductance be 
tween them that will occasion crosstalk. In 
the cable the pairs are twisted to compensate 
such effects in great degree, and in the open 
wire lines transposition is practiced to the 

Nevertheless, there are likely to 
be some accidental dissymmetries even after 
careful twisting or transposition that will oc 
casion some degree of crosstalk. 
My invention is applicable for open wire 

lines as well as for cable pairs, but I will pre 
sent the case of compensation. for cable pairs 
by way of example. 

Fig. 1 shows diagrammatically four cable 
pairs extending together in the same cable 
sheath. There may be a large number of 
such pairs, of which the four shown are only 
a few, and they may extend together in the 
same cable sheath a distance of, say, 25 miles 
between consecutive repeater stations along 
a long cable transmission line. At a- place 
about half-way between the ends of this cable 

section, that is, 121/2 miles from either end, one 
or both conductors of each of two pairs be 
tween which there is crosstalk may be inter 
rupted and compensating elements intro 
duced to annul the crosstalk. In connection 
with F 2, I will now explain the principle 
involved in making the corrections that are 
shown in Fig. l. 
A quantity of compensating twisted pair 

consisting of an inde?nite length ‘of two in 
sulated wires wrapped or twisted compact 
ly together in the form of a compact helix. 
This twisted pair has a certain capacity 0 
per unit length and a certain mutual in 
ductance m per unit length,with a de?nite 
ratio between them so that c=7cm. 
Before correction is made, the conductors 

1, 2, 3 and 4E extend continuously as indi 
cated in Fig. 2. By tests made upon them in 
this condition, it is ascertained that the ca 
pacity between conductors 1 and 11- exceeds 
that between 2 and 3 by the quantity C; also, 
that the mutual inductance between conduct~ 
ors 1 and 4 exceeds the mutual inductance be 
tween 2 and 3 by the value M. Hence, to 
compensate, it'is desired to introduce capac 
ity C between conductors 2 and 3 and mu 
tual inductance M between conductors 2 and 
3. This result will be e?ected by introduc 
ing two distinct lengths of compensating 
twisted pair in the manner shown in Fig. 2, 
and shifting the eight switches s to the dotted 
line positions. Let the lengths of these two 
sections of compensating twisted pair be such 
that their capacity values are, respectively, 
01 and c2 ; accordingly, their inductance values 
will be according to the equation 01=7cm1 
and c2=lcm2, respectively. ' 

Since the element 01ml is between’ con 
ductors 2 and 3, whereas 02m2 is between con 
ductors 2 and Al, the net capacity between con 
ductors 2 and 3 due to the introduction of 
both elements 01ml‘ and 02117.2 is given by the 
equation ' 

C1 — 02 : 0. 

Comparing the connections of the element 
02mg with the connections of 01ml, it Wlll be 
seen that the axial conductor of czmz is re 
versed and the helical conductor of 02m,‘ 1s 
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connected in the opposite side of the line, thus 
amounting to two reversals. Therefore, the 
inductance e?’ects of the two introduced units 
01ml and 02mg will be added, so that 

m1 + m2 = Z11, 
whence 

c1+c2=7cM. 
From the foregoingv twoequations for cl—c2 
and 01+ 05, it is readily deduced that 

Knowing the values of C, M and 7c, the fore 
going equations give the values of 01 and 02, 
and accordingly, the proper length of com 
pensating twisted pair units can be cut 0]"1g and 
introduced as shown in Fig. 2. 
In the last foregoing equation, if C should 

exceed 10M, this would place a negative value 
on 02. It would take care of this merely to 
connect the right-hand unit 02 between the 
wires 2 and 3 instead of between 2 and 4:, 
keeping the reversed connection in the wire 
2 as shown in Fig. 2. In Fig. 1, the connec 
tions of the lower pair of units are as shown 
in Fig. 2, but the connection of the upper 
pair of units are as just mentioned for a case 
when G is greater than is“. 

It will be seen that according to my im— 
proved system for neutralizing crosstalk, the 
procedure is simply first to ascertain the un 
compensated capacity and mutual inductance 
between the conductors of the two pairs to be 
balanced From these data a simple calcula 
tion shows the proper lengths to be given to 
two units of compensating twisted pair. 
These two units are cut off at the proper 
lengths. Also, the simple computation just 
mentioned shows how they are to be connect 
ed in the conductors of the two pairs, and the 
two units are connected accordingly. The 
method is not a cut-and-dry method and 
therefore it is not inconvenient to interrupt 
two circuit conductors and reconnect them to 
the terminals of the units of compensating 
twisted pair, because this can be done once for 
all. 
I claim: 
1. In combination, two conductor pairs be 

tween which compensation is to be effected 
for crosstalk and two lengths of twisted pair 
with the two conductors of each twisted pair 
interposed in conductors of the respective 
pairs to be balanced. 

2. In combination, two conductor pairs be 
tween which compensation is to be eifected 
for crosstalk and two units each comprising 
capacity and mutual inductance in the same 
proportion, said units each having two pairs 
of terminals connected in respective conduc 
tors of said pairs, and said units being ad 
justed so that net effective compensating 
capacity and inductance are introduced be 
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tniien the pairs to compensate for said cross 
ta . 

3. In combination, two conductor pairs be 
tween which compensation is to be effected 
for crosstalk and two adjustable units each 
having two pairs of terminals and having a 
constant ratio of capacity and mutual induc 
tance at all adjustments, said units having 
their terminals connected in respective con 
ductors of said pairs and adjusted to estab 
lish the proper net e?ective compensating 
capacity and mutual inductance between the 
pairs. 

4. In combination, two conductor pairs be 
tween which compensation is to be effected 
for crosstalk and two lengths of twisted pair 
conductor, one conductor of each length of 
twisted pair being connected in series in a 
conductor of a respective pair to be compen 
sated the lengths of said twisted pair con 
ductors being adjusted to give the proper 
net effective capacity and mutual inductance 
between the conductor pairs between which 
compensation is to be e?ected. 

5. In combination, two line conductor pairs 
between which compensation is to be effected 
for crosstalk and two lengths of twisted pair 
each having four terminals, certain of the 
conductors of said line conductor pairs being 
interrupted and their ends at the interrup 
tion being connected to the terminals of the 
twisted pairs, the connections for one twisted 
pair being reversed relatively to the corre 
sponding connections for the other twisted 
pair, and the lengths of the twisted pairs be 
ing adjusted to compensate the cross-capacity 
and inductance between the given line con 
ductor pairs. . 

6. In combination, two line conductor pairs 
between which compensation is to be effected 
for crosstalk and two adjustable four-ter 
minal units of distributed capacity and mu 
tual inductance in a constant ratio at all 
adjustments, certain of the conductors of said 
line- conductor pairs being interrupted and 
their ends at the interruption being connected 
to the terminals of said units, and said units 
being adjusted to compensate the cross-ca 
pacity and inductance between the given con 
ductor pairs. 

7. In combination, two conductor pairs 
1—2 and 3—4: with the cross-capacity G be 
tween 1 and 4 in excess of that between 2 and 
3, and with the mutual inductance M between 
1 and 4 in excess of that between 2 and 3, 
and two twisted pair units one conductor of 
one such unit being interposed in conductor 
2, the other conductor of the same unit being 
interposed in conductor 3, one conductor of 
the other twisted pair unit being interposed 
in conductor 2 and the remaining conductor 
of the last-mentioned unit being reversely 
interposed in one conductor of pair 3——4. 

8. The method of balancing two line con 
ductor pairs for cross-talk which consists in 
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interposing two short lengths of twisted pair 
conductor, one end of each twisted pair con 
ductor in a respective line conductor and 
poling the connections and adjusting the 
length of each twisted pair to neutralize both 
cross-capacity and mutual inductance be 
tween the two line pairs; 
In testimony whereof, I have signed my 

name to this speci?cation this ?fth day of 
January, 1931. 

OLIVER H. COOLIDGE. 


