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This invention relates to electric. commu 
nication cables in which the conductors are 
grouped in pairs or multiples of pairs.' 
In order to obtain eñiclent or distortion 

less transmission over-a cable of. this type 
it is necessary that the capacities within the 
cable be uniformly distributed. To this end 

l it is usual to expend great care in obtaining 
` uniformity of the conductors themselves and 
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in "the insulating materials, usually paper, 
which surround them. However, in order to 
vreduce cross talker capacity unbalance in 
'the cable, it isnecessary to use different 
lengths of twist of the conductors forming 
the pairs'or pair. multiples and hence. the 
structure of the airs o_r multiples becomes 
unsymmetrical. i 

expended in the choice of uniform materials, 
etc..cannot result in symmetrically distrib» 
uted capacities. vFor example, a circuit with 
short twist _will generally have a capacity 
different from that of 'an exactly similar cir 
cuit with longer twist. ' 
In accordancewith the invention the ca 

pacities between the conductors of pairs or 
pairl multiples may be equalized by placing 
a separator between the conductors of the 
various groups. `The-separator is selected for  
this’purpose in respect to its dielectric prop 
erties and in respect to the capacity between 
the conductors of groups so that the differ 
ence in capacity due to the difference in twist 
lmay be compensated for by the difference 
in the dielectric properties of the separators. 
A compensating effect may be obtained by 

the insertion of strips of varying thickness , 
and/or volume and/or composition and/or 
specific weight and/or form, between the two 
wires 'of` a >pair of conductors or by inserting 
such material between the two conductors of 
pairs having certain twists and omitting such 
material between the two conductors of pairs 
having other twist'lengths. 
The present invention relates particularly 

` to'cables in which the conductors are ar 
ranged in what is usually termed stars. that 
is, groups of four elements, each consisting 
either of a single wire, or units of wires, 
the four elements being so arranged as to 
occupy the four corners of a square and be 

onsequently the great care ' 

ing twisted together about their common 
center. In the most simple type of star, con 
s1st1ng of four conductors, there _are three 
possible circuits, two pair circuits and one 
superimposed circuit commonly called phan° 
tom circuit. The two conductors diagonally 
opposite each other form a pair. Each in 
dividual star» of whatever composition is 
characterized by the length of its twists. 

It is known that in such star units the geo 
metrical -regularity and the mechanical sta 
bility can be improved by the employment 
of a string-in the center of the unit referred to 
hereinafter as the central string. „ » 
In accordance with the invention the ca 

pacities between the conductors in stars of 
different twist lengths` may be equalized by 
means of a proper selection of the'dielectric 
of the central string of the various stars. 
Thus, for example, a central string and/or 

thread maybe used in some stars and not inY 
others or dissimilar strings aud/or threads 
may be used in stars of diiïerent twist lengths 
lin order to obtain equality of capacities be 
tween the conductors ̀ in various stars. 

Thus by selecting or varying the diameter, 
and/or volume and/or specific weight and/o1` 
composition and/or form of the central 
.strings used in the star quads the compensa 
tion may be’eifected. Still another way of 
carrying out the invention is to use different 
numbers of strings situated in the different 
quads;’also the complete compensation may 
be effected byusing some or al1 of the above 
methods .i'n combination. 
The invention will now be described in 

connectionwith specific and preferred em 
bodiments and reference will `be made for 
this purpose to the attached drawings in 
which - y 

Fig. 1 is a simplified showing of a portion 
of a telephone cable to which the present in 
vention may be applied and in which the con 
ductors are twisted together in pairs; 
Fig. 2 isa sectional view of a twisted pair 

separated in accordance with the invention; 
Fig. 3 is a simplified showing of a tele 

phone cable in which the conductors are 
grouped in stars; and ` 
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Fig. 4 is a sectional view of a star unit Vof 
conductors. 

Referring toFig. 1, the cable 10 comprises 
a plurality of twisted pairs of conductors 11, 
two of which, 12 and 13, are shown as hav 
ing different length of twist in order to pre 
vent cross talk between the pairs. The pair 
14 has been illustrated more in detail in order 
to more clearly show the feature of the in 
vention. This pair comprises conductors 15 
and 16, each of which has a central conduct 
ing wire surrounded by paper insulation. 
This paper insulation may be in the form of 
paper strips such as shown :1t-17 and 18 
wound about the conducting wires, _prefer 
ably with an annular air space between the 
wire and the main body of the paper insula 
'tion as more clearly shown in Fig. 2. Be' 
tween the insulated conductors 15 and 16 is 
placed a separator 19 by means of which the 
desired compensation is obtained in accord 
ance with the invention. This separator 
may be _of any suitable insulating material 
such as, for example, paper andmay be in 
the form of a single strip or may be creased 
into several layers or it may comprise a 
number of strips placed together to provide 
the desired separation. Thus in a pair with 
a certain twist, a smgle layer may be desir 
able, whereas in another pair with a different 
twist the separator 19 may comprise a num 
ber of layers to compensate for the difference 
in capacity between the conductors oÍ the 
two pairs'due to their difference in twist. 
The compensation may be obtained by vary 
ing the separator 19 in other ways as for 
example, byvarying the thickness or the 
width of the tape 19 or by varying the 
‘density of the material of the separator or 
by using materials having different dielectric 
constants. Any two or more of these meth 
ods may be combined for the attainment of 
the desired compensation. 
In Fig. 3 is shown a portion of a cable 50 

having the conductors arranged in star quads4 
51. Two such quads 52 and 53 are shown as 
having different lengths of twist and a quad 
54 is shown more in detail as comprising 
paper insulated conductors 55, 56, 57 and‘58 
similar to the conductors shown in Fig. 1. 
A section of thisv quad is shown in Fig. 4 
which also shows a separator 59 placed in 
the geometric center of the star. This sep 
arator 59 besides serving the purpose of giv 
ing mechanical stability to the quad also af 
Íects the capacity between the conductors of 
the pairs of the quad, that is, between con 
ductors 55 and 57, forming one pair and 56 
and 58 forming the other pair. Also in this 
case, the separator 59 may be varied in the 
quads in 
ence in length of twist and the consequent 
difference in capacity between the conductor 
pairs. Thus the form or the volume of the 
separator may be varied; different materlals 

order to compensate for the differ- 
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may be used such as cotton or silk; the cord 
may be impregnated with different sub 
stances to vary its dielectric constant or may 
be more or less compressed; and any two or 
more of these methods may be combined for 
the purpose of the invention. 
What is claimed is: ' 
l. In a communication cable, insulated 

conductors twisted into groups with different 
lengths of twist, continuous elements of in 
sulating material,said elements having differ 
ent dielectric properties, one of said elements 
being placed within each of said groups so 
that the diíïerences in said properties are 
effective in substantially compensating for 
the difference in capacities between the con 
ductors in said groups which is due to the 
difference in length of twist of said groups. 

2. A communication cable having insulat 
ed conductors-twisted into groups, the length 
of twist of one group being different from 
that ¿,of another group and each of said 
groupshincluding a continuous element of in 
sulating-material placed between a pair of its 
insulated conductors, one of said elements in 
one of said groups forming a dielectric be 
tween its pair of conductors, and another of 
said elements in another of said groups form 
ing a dielectric different from that of the 
first said element, to reduce the dißerence in 
capacities between said pairs of conductors 
in said two groups, which would otherwise 
have existed Adue to the diñerence in length 
of twist of said groups. 

3. A communication cable comprising a 
plurality of insulated conductors, twisted 
into star quads having twists of dißerent 
lengths and having a cord placed centrally 
within each of said quads the cord of one of 
said quads having an electrostatic capacity 
effect different from that of the cord of an 
other of said quads to substantially compen 
sate for the diñ‘erence in capacitiesof said 
quads due to the difference in their length of 
twist. _ 

4. A communication cable in accordance 

u 

100 

105 

110 

with claim 2 in which said continuous ele- ' 
ments have diñerent dielectric‘constants. 

5. A communication cable in accordance 
with claim 2 in which said continuous ele 
ments are composed of different materials 
and are of different volumes. 

6. A communication cable in accordance 
with claim 3 in which said cords are com 
posed of dilïerent materials. ` 

7. A communication cable in accordance 
with claim 3 in which said cords are composed 
of different materials and have different di 
mensions. , 
In witness whereof I hereunto subscribe 

my name this thirty-first day of July, 1929. 
EMIL KAEMPF. 
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