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This invention relates to electrical con 
ductors, and particularly to multiplex cable 
circuits \ such as may be employed in 

~ telephony. - 

,-ln a cable quad having two pairs of wires 
which may be used in phantom circuit ar 
rangement, the relative positions ofthe four 
wires is of ' importance. Their position 
largely determines the capacities of the side 
circuits of the phantom circuit as well as the 
disturbing capacitative coupling between the 
side circuits and the phantom. As regards’ 
the capacitative relationships, it is'very im 

` 15 portant to guard against 'too great a capacity 
in .the phantom circuit. A low phantom 
capacity may be realized by twisting the two 
separatelytwisted pairs of conductors, one 
about the other, as is done in multiple twin 
cabling. ». Such ̀ a twisted quad has a veryv 
irregular shape and it is difficult to constructv 
such a quad to meet the req-uirements of pre 
cision in manufacture whlch are necessary 
to insure its freedom from îhigh capacitative 

2 coupling. Far lgreater regularity in con 
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struction may be obtained in a quad' of square 
cross-sectional area in which the conductors 
located at adjacent corners of the square, or 
the conductors located at diagonally opposite 
corners, are employed as one ̀ side circuit, the 
other remaining two conductors in either case 
being employed as the other side circuit. By 
pairing diagonally opposite ̀ conductors of a 
quad, it is possible to operateiboth the side 
circuits and the phantom circuit without sub 
stantial interference. Yet, any undesirably 
high phantom circuit capacity of the latterl 
arrangement may be greatly reduced and 
possibly completely avoided if adjacent con 
ductors of the cablel quad are paired to repre 
sent each of the side circuits. In the latter 
case, it will be clear that both side circuits 
run .constantly parallel with eachother and 
are coupled with one another. 
To neutralize the coupling in side circuits 

which run constantly parallel to each other, 
transpositions may be employed as in open 
wire construction in which one or both side 
circuits may be transposed in accordance 
with definite rules in order that the couplings 
“of individual sections may be mutual. If 

such transpositions be employed in the con~ 
ductors of a cable quad in which the wires of 
each pair run parallel to the wires of the 
other pair, then the problem of interference 
elimination becomes more complex due par 
ticularly to the closer proximity of the side 
circuits resulting in greater interaction there 
between. Thus, it becomes apparent that 
_special transposition schemes will be required 
for cable circuits which will differ consider 
ably from those of open wire lines. 

t Any practical transposition scheme must 
provide as much freedom from coupling in 
its ideal construction as is provided by the 
well-knownA form of star quadded coupling, 
i. e., a-quad in which the conductors are spi~ 
‘rally wound about a common axis, the diag 
onally opposite conductors forming the 
respective side circuits. There is a greater 
necessity for care in the case of cable circuits 
than in open wire lines to reduce the detri 
mental eifects of unavoidable manufacturing 
irregularities to reduce any couplings which 
may arise through irregular or even system 
atic deviations of the wiring from their theo 
rètical positions. Any manufacturing ir 
regularities may, in practice, introduce 
couplings only to a permissible and `pre 
determined extent. A transposition has a 
finite extensionand has a definite influence 
on the _coupling relationships as well` as on 
the mutual capacities. Any useful trans 
position scheme must take into account any 
unavoidable imperfections in the actual con- ‘ 
struction of a cable quad. 
The primary advantage of this invention is 

to provide a transposition scheme which 
guaranteesA substantial freedom from cou 
pling in the practical construction of the 
cable quad as well as in its ideal construction. 
This invention maybe better understood 

from the detailed description ̀ hereinafter fol 
lowing, when read 'in connection with the 
accompanying drawing, in which Figure 1 
represents two side circuits of a quad having 
an equal number of transpositions; Figure 2 
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shows a similar arrangement of side circuits  
in which one has four transposition sections 
as compared to the one transpos1t1on section 
in the other; Figure 3 shows a similar ar 
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._be appreciable, 
. l and, after 

n 40'. introduces-an additive effect >of considerable 

j sections on the other side circuit. In a. trans 
' position scheme 1n even pitch 1n which trans 
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_ ' A transposition design 

rangement in whichvone side circuit has eight 
transposition sections as against three in the 
other; Figure 4 shows still another arrange 
ment in which one side circuit has three trans 
position sections against a single transposi 
tion section in the other; Figure 5> shows a 
further arrangement in which one side circuit 

.. _Y has eleven transposition sections and the 
other seven; and Figure 6 shows a modifica 
tion of the arrangement in Figure 5 in which 
the transposition sections in one side circuit 
are displaced with respect to those in the 
other. ‘ . ï ' 

for the conductors 
of the side circuits of a cable quad which are 
parallel to each other and, under ideal condi 
tions, are free Jfrom coupling, involves an 
_arrangement in which the transpositions take 
place in even pitch. A transposition arrange 
ment in even pitch is shown in Figure l of the 
drawing. The transposition sections on both 
side circuits are equal inr length, a transposi 
tion on one side circuit‘tatïing place midway 
between two transposition's on the other side 
circuit. In practicing this transposition 
scheme, it may occur through some necessary 
_constructional measure or through a possible 
inaccuracy of slight order, that one of the 
movements of the transposing device em 
ployed in actual practice may be eíiected so 
as to introduce a regularly recurring error. 
The transposing device may produce a trans 
position regularly at an angle slightly more 
or less than 180 degrees. Such an error may 
be repeated continually under the same condi 
ytions, introducing a systematic coupling dis 
turbance, which in a single section may not 

_ but which occurs constantly 
passing through several sections, 

proportions. 
‘The two. side _circuits of a 'cable may be 

provided with transposition sections of dif 
ferent lengths and still be in even pitch, i.-e., 
_the number of transposition schemes on one 
side circuit for a` given .length may be some 
even multiple of the -number of transposition 

positions take place at diße’rent lengths _in 
the respective side circuits, a transposition on 
the side circuithaving sparsely located-_trans 
-positions may coincide with a transposition 
on the other side circuit having a greater 
number of transpositions at regular inter 
vals. ‘ Such a transposition'scheme is shown 
in Figure 2 of the drawing. In this embodi 
ment, each transposition section of the lower 
side circuit is four times as long as>y a trans 
position section in the upper side circuit. 
However, in such an arrangement, _manufac 
turing irregularities, 'such as are described 
hereinabove, may also be presented. In addi» 
tion to these manufacturing'v irregularities, 
anv irregular distribution of the transposi 

’ coupling disturbances resulting 

-sunrof the lengths of 

transpositions. 
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tions on the respective side circuits may be a 
further source of error introducing a dis 
turbance in the balance between the side cir 
cuits. Thus, there is some disadvantage in 
having a pair of side circuits in which one of 
the side circuits has considerably fewer trans 
position ysections than the other of the side 
circuits by virtue of the fact that small and 
ordinarily inappreciable coupling disturb 
ances may occur at each transposition. 
In the transposition scheme of this inven 

tion, it is intended to greatly minimize any 
from me 

chanical imperfections. This is accomplished 
' by having the relative positions of the trans 
positions on the ̀ respective side circuits as 
diverse as possible in order that any possible 
schematic coupling errors, which may be in 
appreciable in a single transposition section, 
may not additively exceed _ some definite 
amount. At the same time it is intended to 
suitably transpose each side circuit at regu 
lar intervals, so that the number of trans 
position sections on one ̀ side circuit will not 
greatly“ preponderate over the number of 
transposition sections on the other side ̀ cir 
cuit. This may be accomplished by providing 
certain transposition schemes in uneven pitch 
in place of the schemes _in even pitch. In 
order to more clearly understand the special 
transposition schemes in uneven pitch, which 
may bring about the above-mentioned advan 
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tages, even in view of practical manufactur- c 
ing difiiculties, it becomes necessary to eX 
amine somewhat closely >diiferent possible - 
forms of transposition schemes. '  
In quadded cabling in which the wires at 

two adjacent corners‘of a square cross-section 
represent one side circuit, the wires at the 
remaining two ladjacent corners representing 
the other side circuit, the substantial elimina 
tion of crosstalk disturbances 'requires the, 
use of a transposition scheme, in which the 

all transposition sec 
tions which are separated from the first sec. 
tion by an even number of transpositions, in 
cluding the first section itself, be equal to the 
sum of the lengths of all sections separated 
from the first section by an uneven number of 

Thus, 'the lengths of the 
transposition sections of both side circuits are 
tol be added together, and the diderence be 
tween the sum of all sections of the first (posi 
tive) kind and the sum of all sections of the 
second (negative) kind, will be called the ef 
fective disturbing length for that particular 
section of cable. « ' ‘ 

In the case of transpositions in even pitch, 
although transposition sections may be dif 
ferent from each 4other on the respective side 
circuits, these sections are individually equal 
to each other on _the sameside circuit. The 
lengths of thetransposition sectionson both 
side circuits may, however„ be incommensu 
rable. An incommensurable relationship be 
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tween the lengths of the transposition sec 
tions may, in practice, be closely simulated 
by some commensurable relationship. `Ac 
cordingly, the length of a transposition sec 
tion may be so chosen in _a quad in whichthe 
side circuits run parallel 4to each other, that 
the transpositions at the ends of a definite 
length of cable coincide, while there is no co 
incidence of transpositions anywhere within 
that length. The length of the cable quad 
having equal sections on the respective side 
circuits providing coincident transpositions 
at its beginning and at its end, ‘will be re 

~ ferred to hereinafter as the basic interval. 
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The basic interval may be considered as com 
posed of m and n transposition sections on the 
respective side circuits, m and n being whole 
numbers. lt will be assumed hereinafter that 
m is greater than n. Moreover, a basic inter- ' 
val may exist only when m and n represent 
relatively prime numbers. The lengths of the 
transposition sections are then conversely 
proportional to the number of transposition 
sections within the basic interval. Within` 
the basic interval the length of a transposi 
-tion section in a side circuit having m sec 
tions is proportional to n, and conversely, the 
length of al transposition section in the other 
side circuit is proportional to m. 
In the case of transposition fields of diifer 

ent lengths arranged in even pitch, the follow 
ing relationship will exist: 

f 

sle‘IsiH 
l in which c is a positive whole number and CZ 
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is an odd number. n must necessarily be 
unity, for the right side of the Equation (l) 
Vwould not have an integral value unless m 
were divisible by n and unless m and n were 
relatively prime numbers. This, obviously, 
can only be true when n is unity. Transpo 
sitions in uneven pitch are those in which the 

relationship between m and n, 1. e. E is not 

represented by an even integer. An arrange 
ment in which the number of transposition 
sections in the basic interval is even in one 
side circuit and uneven in the other, the un 
even number ditfering from unity, or vice 
versa, represents a case in uneven pitch. 
Also, an arrangement in which the transposi 
tion sections in the basic interval are uneven 
integers in the respective side circuits, even 
though the smaller number be unity, repre 
sents another case of uneven pitch. Of 
course, an arrangement in which the trans 
positions in both side circuits are even in 
tegers is not here considered'because two even 
numbers ̀are not relatively prime. 
Suppose m to be even and n uneven and sup 

pose that the initial transpositions'on the two 
side circuits are coincident, then the transpo 
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sition ( l -l-Ícm) of the side circuit with shorter 
spacings will coincide with the transposition 
(I+/7cm) ofthe side circuit with longer spac 
ings, 7c being a positive whole number. Such 
an arrangement is illustrated iii'FigHre 3 of 
the drawing in which m equals 8 and n equals 

There a transposition on the side circuit 
of shorter spacing will lie between two trans 
positions on the side circuit of longer spac 
ing, two short transpositions following each 
other consecutively. To calculate the effec 
tive disturbance, i. e., the effective disturb 
ing length within a basic interval, it may be 
desirable to divide the basic interval into 
short and long transposition sections follow 
ing each other alternately. Figure 3 shows 
portions of the arrangement enclosed by rec 
tangles deíined by dotted lines. The entire 
basic interval is symmetrical about a plane 
intersecting the quad at its center. Since 
only one transposition is located atl the cen~ 
ter o_f the basic interval, that transposition 
being in the side’circuit of shorter spacing 
in which m is even, the two symmetrical 
transposition sections on both sides of the 
center line will be separated from each other 
by an uneven number of transpositions. Con 
sequently, their disturbances will be mutually 
compensated, andthe total effective disturb 
ing length of the basic interval will be equal 
to zero.V The same conclusions may be de 
rived for the case in which lm is uneven and 
n is even. rl‘hus, in general, in the basic inter 
val in which either m or n is even in one of 
the side circuits and uneven in the other 
of the side circuits, there is produced a bal 
anced basic interval, and, consequently, a bal 
anced cable quad, the relative positions of the 
transpositions on the respective side circuits 
being considerably more diverse than they 
are in the case of even pitch. ` 
Figure 4 shows another arrangement in 

which m equals 3 and n'equals l. Since n 
equals 1, the conclusions derived hereinabove 
do not apply, and this particular case of un 
even transpositions becomes of little interest. 
Figure 5 shows an arrangement in which 

m and n are both uneven. Here m equals 11 
and n equals 7. Moreover, the last transposi- f 
tions on the respective side circuits are coin 
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cident. Where m and n are uneven, no trans- - 
position is located at the center of the basic 
interval. Two transposition sections which 
are symmetrical about the center are separat 
ed from each other by an even number of 
transpositions and, consequently, their dis 
turbances are additive. In such an arrange 
ment, each basic interval may be considered 
to have a transposition section exhibiting a 
positive charge at its beginning. The dis 
turbances of the individual bas-ic intervals are 
Aalso additive. To eliminate interferences, it 
is essential that counteracting charges of 
equal magnitude be provided in each basic 1n 
terval. 

12oA 

130 



10 

15 

20 

25 

\ tribute to the eiïective disturbance by the 

40 

45 

4 

It is to be noted in the arrangement shown 
in Figure 5 that the transposition sections 
in the lower side circuit number 7 and yalter 
nate in respectto the character of the elec 
tricalcharge. Since'the number` of trans 

‘ position sections within the basic interval- is 
uneven, the effective disturbance may be con 
sidered proportional to 7. It may be shown 
that in any arrangement in which m and n 
are both odd integers the effective disturb 
ance is +71? It is also to be noted that at the~ 
left of the center, the lengths of the trans 
position sections in the space intervals of the 
íirst side circuit all appear as whole num 
bers, each greater than zero and less than 7. 
In other words, the numbers 1, 2, 3, 4, 5 and 
Y6 occur, each occurring but once. Here, also, 

> the even integers exhibit negative charges and,` 
the odd integers positive charges. It may 
readily be shown thatthis is generally true 
for any arrangement in which the number 
of transposition _sections in the basic interval 
are odd in both side circuits. Thus, at the» 
left of the center in the particular arrange' 
ment disclosed in Figure 5, the transposition 
sectionsinclude positive charges of +1, Y-l-3 
---- -l (7L-2), and negative charges of 

, ~4 ,----- - (fn-1). 
transposition sections in thel space intervals 
within the basic interval on both the left and 
right-hand ̀ sides of the center contribute to 
the effective disturbance by 

,_ 2 

and the negative transposition sections Vcon\y 

amount » 

2 

Thus, theentire disturbance, including both 
the positive and negative contributions, is 

_ É. 
2 

Consequently, the etl'ective disturbance with 
1n a basic lnterval in any arrangement in 

4 ’n 

' whichy both mand n are odd integers can 
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never vanish.. Thus, it becomes impossible 
to eliminate the effect of crosstalk disturb! 
ances by means of transpositions where m and 
n are both odd-integers, when'terminal trans 
positions within the basic interval in both 
said circuits are coincident, as assumed. 

It is possible, however, to displace the basic 
interval on one side circuit with respect to 
the same interval on the other side circuit. 
It .may be generally shown that in an ar 
rangement in Which m and n are both odd, 
>the displacement of the terminal transposi 
tion of one side circuit with respect, to the 
terminal transposition of the other side ,cir 
cuit to the yextent of one-half the common 
measure of the transposition sections causes 

The l positive , 
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thev effective disturbance to become zero. A 
displacement of the basic interval in one side 
circuit to the same interval in the other side 
circuit by 1/271l may be made. \ ' 

Figure 6 of the drawing shows the ar 
rangement of Figure 5 where m equals^11 
and n equals 7 ,A the terminal transpositions 
being displaced by one-half with respect . 

y’to each other. The arrangement- in Figurev 
6j provides the followingl spacing within the 

_basicv interval upon the side circuit having 
`fewer transpositions: 0; 0.5; 7; 11.5; 14; 21; 
22.5; 28;`33.5=35; 42; 44.5; 49; 55.5; 56; 65; 
66.5; 70; 77. _ 
‘ .The spacing provided by the arrangement 
of Figure-'6 producesïthe Ifollowing disturb 
ances z-l- ( 
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(335-28) + (42- 35) + (4Q-44.5) + (5e- ' ' 
55.5) + (66.5 - 63) + (77-70) -f +6.5+2.5+ 
1.5+5.5+7+4.5+o.5+3.5+7=38.5. y 
Thus, the net positive disturbance is equal 

to one-half of the length of the entire basic 
interval: However, the negative transposi 
tion sections introduce a negative effective 
disturbance of _38.5, the negative disturb 
ance exactly compensating the positive dis 

turbance. » y l The particular advantages to be derived 
from an arrangement having an odd num 
ber Aof transposition sections become even 
more evident as the >number of transposition 
sections with the ̀ basic. interval increases. 
Thus, it will be shown that there is consid 
erable advantage in having mand n compar- 
’fatively 'large numbers, these numbers rep 
resenting one number` of transposition sec 
tions within the basic interval in the respec 

of the relative positions taking place within 
that interval. . < 

It is'to be noted that a great increase in 
the magnitude of Y'm and n does not neces 
sarily imply a corresponding enlargement 
of the transposition sections. The length of 
the transposition section on one of the side 
circuits may be selected freely, the length 
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 tive side circuits, no periodicity or repetition ' 

110  

of the sections on the other side circuits being ' 
ldetermined from the relationship existing . 
between fm and n. If Ím or n be- of substan 
tially the same order of magnitude as their 
difference, then it may occur as a result of 
the practically insignificant yariatio'ns in the 
length of the transposition sections, that fm, 
and n have a common divisor, whereupon 
the ratio of m to n becomes considerably 
smaller _than anticipated. Thus, when m 
equals 1000 and n'equals 499, the complete 
repetition of the relative' positions of the 
transpositions on the two side circuits will, 
of course, occur only after 499 long transpo 
sition sections or after 1000 short transpo 
sition sections, respectively. Yet, if the4 
longer transposition section be decreased in 
length by, for example, 1/500th of its design 
length, then the ratio of m to 'n may become 
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. 1000/500=2. , Accordingly, the relative po 

10 

sitions of the transposition sections will be 
repeated after two short sections or one of 
the longer sections, respectively, and the ad 
vantages mentioned hereinabove in 'connec 
tion with the employment of a great number 
of transposition sections Within a basic in 
terval disappears. . 

If, however, m and n be comparatively 
large numbers and their difference be small 
as compared to these numbers, thenthe dith 
culty outlined hereinabove may be avoided. 

' i If, for example, m equals 1000and n equals 
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989, then, should n be increased by 1, vthe ra. 
tio of m to n would become 1000/990= 100/ 99. 
Here an increase in ln, by l causes areduction 
in the number of transposition sections With 
lin the vbasic interval by almost 90%. 

n because of the occurrence of a common 
divisor is further limited by the fact that 
even after proper allowance has been made 
for the elimination of the common divisor, 
the ratio of m to n must necessarily be a 
Whole number which is at least unity. In 
the casein which both m and n are compar 
atively large numbers, it may be assumed 
that 

Then, if the transposition sections be properly accomplished in practice, resulting 
' in a reduction in the values of m and n, the 
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reduced magnitude of m suchas m’ 

îl/e. 
By reducing the value of- e, the order of mag 
nitude of lml and also that of n, initially of the 
same order of magnitude, may be safely kept 
at a suitably high value. Consequently, the 
number ofv transpositions on the side circuits 
should not diii'er from each other too much, 
so vthat any unequal distribution of the trans 
positions on the respective side circuits Will 
not result in disturbing capacitative/unbal 
ances. In general, a difference in the num 
ber of transpositions on the respective side 
circuits in excess of 20% may become objec 
tionable. rll‘his permissible percentage limi 
tation depends on the accuracy to be acconi- ` 
plished in practice in the formation of the 
transpositions as Well as on'the degree of 
immunity from interference required. 

If m and n be comparatively large num 
bers Whose difference is small as compared 
to these numbers, as mentioned hereinabove, 
then the various cases of transpositions in 
uneven pitch, i. e., those in Which m is even 
and n uneven, or vice versa; those in Which 
m and n are both uneven, havin terminal 
transpositions Which are coincid nt Within 
the basic interval and which have imperfect 
interference elimination in practice; and 
those in which m and n are both uneven, hav 

The 
possibility of a decrease in the ratio of m to" 

5 

ing terminal transpositions which are rela 
tively displaced, are practically not distin 
guishable. Where m, for example,equals 1000 
anda is 989, the first transpositions Within 
the basic interval being coincident, a general 
limiting case of'an irregular transposition 
scheme is provided in practice, corresponding 
to an arrangement in- which m equals 100 
‘and n equals 99. Interference may be elimi 
nated Within a basic interval includingî 100 

" short vtransposition sections or 99 long trans 
position sections, respectively, as mentioned 
hereinabove. 
Taking into consideration the unavoid 

able irregularities of the sections in practice, 
if a case be assumed in rWhich fm, equals 999 
and n equals 989, these numbers being rela 
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tively prime with respect to each other, and ' ' 
`the terminal transpositions Within the basic 
interval being coincident, there Will be a dis 
turbance Within the basic interval which Will 
not vanish». As may be assumed in all cases 
in which both m and n are uneven, lthe dis 
turbance may amount toA -i- 1. In other Words, 
the disturbing length Within the basic inter 
val Will amount to substantially 

l 
- 1,000,000th « 

of the length of the basic interval. In the 
case assumed, the denominator becomes the 
product of 989 andy 999v or 980,011. This ar 
rangement, having uneven values for m and 
n and coincident terminal transpositions, is 
fpractica'lly free from interference. However, 
ïby displacing the terminal transpositions by 

' 1/2‘ With respect to each other, the disturb 
ance may be completely eliminated. Accord 
ingly, in the three types of transpositions in 
uneven pitch specifically enumerated here 
inabove, in all of which there are the same 
relative positions of the transpositions on the 
respective side circuits Within the basic in 
terval, the basic interval containing essen 
tially 99 long sections and 100 short sections 
and coincidentV terminal transpositions, the 
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disturbance or. effective disturbing length ‘ 
may be completely eliminated. 
The following table shows the character 

istic values for the three types of transposi 
tion schemes~ mentioned hereinabove: 

I II III 
mm 

100:99 1,000z989 999:989 

Greatest common measure... 1 mm. 0.1 mm. 0.1 mm. 
Transposition section on cir 
cuit having greater number 
of transpositions .......... _. 99 mm. 98.9 mm. 98.9 mm. 

Transposition section on cir- ' ì 
cuit having smaller number 
of transpositions __________ __ 100 mm. ~ 100mm. 90.9 mm. 

Length of basic interval in 
common measure _________ -_ 9900 989000 988011 

Length of basic interval in 
absolute measure __________ _. 9900 mm. 98900 mm. 088011 mm. 

It may frequently be desirable to have the 
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. cable as free from interference as possible, 

10 

regardless of the place where it is intersected. 
Of course, a cable having individually bal 
anced basic intervals and consisting of a 
Whole number of these intervals, lwill have a 
negligible disturbing length regardless of 
the point in the basic interval considered as 
its beginning or as its end. But this is not 
true in the case of the cable which does not 
_consist of an integral multiple of individu 
ally balanced basic intervals. The disturb 
ing length in the latter case may, however, 

vbe substantially'suppressed, if desired, by 
’ allotting to the greatest common measure of 

15 

25 

the transposition sections on the two side cir 
cuits whose absolute magnitude is arbitrary, 
a very small value. rI‘hus, it appears desir 
able to maintain the transposition sections on 
the side circuits comparatively small. ‘ 
To increase the possible number of mutual - 

positions of the conductors of the quad, the 
method ot accomplishing the transposition 
scheme may be changed to thereby increase its 
eiiectiveness. Accordingly, a single side cir` 
cuit may be transposed, iirst in one direction 

 and then in the other. Thus, the tirst trans 
position may be accomplished by turning‘one 

y conductor about the other to the right through 
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an angle ot 180 degrees, followed by a turn in 
the reverse direction through 180 degrees; 
then, >by a transposition to the leftthrough 
180 degrees; then by a turn in the reverse di 
rection, and so on. Accordingly, one of the 
conductors of one side circuit andy then the 
other of its conductors are alternately located 
adjacent to the second circuit. Such an ar 
rangement m'ay be brought to an even higher 
efficiency by preventing the coincidence of 
transposition sections exhibiting the same 
relative positions in both side circuits. 
Whilethis invention has been shown and 

described in one particular embodiment mere 
ly for the purpose of illustration, it will be un 
derstood that the general principles of this 
invention may be embodied in other and 
widely varied organizations without depart 
ing from the spirit of the invention and the 
scope of the appended claims. 
What we claim as new and desire to secure 

by Letters Patent of the United States, is, 
1. The method of constructing a cable quad 

which consists in twisting the four wires of 
the quad about a common axis, transposing 
one pair of wires so as to form m sections per 
unit of length, and transposing the other pair 
of wires so as to form fn, sections in the same 
unit o? length, mand 'nI representing relative 
ly different, prime odd integers. 

2. The method of constructing a cable quad 
which consists in transposing one pair of 
wires of a quad representing one side circuit 
so as to form an- odd number of sections with 
in a predetermined interval, and transposing 
the other pair ofwires of the quad represent 
ing the other side circuit so as to form a dif 

ferent odd number of sections within the pre 
determined length, the number of sections in 
the respective side circuits being relatively 
prime numbers. _ 

3. The method ot constructing a cable quad 
which consists in transposing one pair of 
wires representing one side circuit so as to 
form a definite number of sections within a 
predetermined interval, transposing the other 
pair of wires of the quad representing the 
other side circuit so as to form a diiïerent 
number ot sections within the same predeter 
mined interval, the number of sections in one 
side circuit bearing a ratio to the number of 
sections in the other side circuit as do two odd 
prime integers, and displacing one pair of 
Wires with respect to the other pair of wires 
by a predetermined distance. 

4. __A cable quad to be employed for the 
transmission and reception of telephone mes 
sages, comprising four wires Wound about a 
common axis having point-like transpositions 
equally spaced in each pair of wires,thelength 
of the transposition sections in one pair of 
wires bearing the relation to the lengths of 
the transposition sections in the other pair of 
wires in accordance with two prime unequal 
integers, one of which is an odd integer dit 
Íerent from unity, one pair of wires being 
displaced with respect to the other pair ot 
wires by a predetermined distance. 
In witness whereof, we have hereunto set 

our hands this 25th day of October, 1927. 
` ALFRED BYK. 

HANS JORDAN. 
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