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This invention relates to cable circuits, and 
particularly to cable circuits of high cut-off 
frequencies for the transmission of signals 
over long distances. 
With the development of modern cable sys 

tems it has been found that it is necessary to 
use circuits having high cut-off frequencies 
for transmission over the longer distances 
while circuits having lower cut-off frequen 
cies are satisfactory for the shorter distances. 
Moreover, repeater's must be grouped to 
gether in repeater stations at definite points 
where suitable sources of power are available 
and the necessary supervision can be carried 
on. As repeaters must be inserted in iong 
cable circuits at approximately equal inter 
vals, it is desirable that the transmission 
losses per mile of the various classes of cable 
circuits be multiples of some common value. 
The repeater stations are then so located 
along the route that circuits having the great 
est, loss will require repeaters at each repeater 
station, while circuits having lesser losses will 
require repeaters Olaly at every second station 
or every third station, etc. in practice, re 
peater stations are located at approximately 
equal distances of about 50 miles from each. 
other. 
In the multiple-twin type of construction, 

the insulated wires forming a cable are taken, 
two at 8 time, and twisted together to form. 
“pairs’. The pairs are next taken, two at a 
time, and twisted together to for a quads. 
The quads in turn are arranged in layers 
ai. a central quad to form the cable. The 
four wires forming any quad all have the 
time diameter or gauge, but different quads 
in the same cable may have wires of dif 
ferent sizes. The two wires of each pair are 
the conductors which are used for a 'side cir 
cuit', while the two pairs of a quad are used 
as conductors for a phantom circuit. Each 
quad thus provides for two side circuits and 
one phanton circuit. In this type of con 
struction, the capacity per unit length of the 
phantom is so related to that of the sides, 
that when they are loaded to have the same 
transmission loss the cut-off frequency of the 
phantom is higher than that of the side cir 
cuits. Each quad thus provides two side cir 
cuits suitable for transmission over a certain 
distance and one phantom circuit suitable, be 
cause of its higher cut-off frequency, for 
transmission over longer distances. 

In the star type of construction, four 

insulated wires are twisted around a com 
mon axis to form a quad and these quads are 
assembled to form a cable. Two wires which 
lie diametrically opposite to each other in 
the quad are used for one side circuit, and the 
two remaining wires are used for the second 
side circuit. The wires of the two side cir 
cuits form the conductors for the phantom. 
The four wires of any quad are all of the same 
diameter, but different quads may have wires 
of different diameters. The capacity per unit, 
length of the phantom in this type of con 
struction is so great compared with the capac 
ity of the side circuits that even when they 
are loaded to give the same transmission loss 
the cut-off frequency of the phantom is low 
er than that of the side circuits, which, of 
course, is indesirable. 
On the other hand, the space required for 

a star quad is nauch less than that required 
for a mu:ipie-twin quad, hence it is possible 
to put as in any good circuits within a cable 
sheath of a given size by using the star con 
struction as by using the multiple-twiga con 
struction, without using the phantoms of the 
star quads. This arrangement obviates many 
of the disadvantages connected with the utili 
zation of phanton circuits, but it has one dis 
advantage, namely, it does not provide cir 
cuits of high cut-off frequency such as are 
available in the phantoms of the multiple 
twin system. Side circuits of high cut-off 
frequency could be provided in star quadded 
cabie by increasing the diameters of some of 
the quads to reduce their capacity, but this 
Anakes the construction of the cable more 
difficult. Side circuits of high cut-off fre 
quency may also be provided, by changing 
the spacing of the loading coils or by depart 
ing from the requirement that the transmis 
sion losses of various kinds of circuits shall 
be multiples of a certain value. All of these 
methods for increasing the cut-off frequency 
are, however, uneconomical. 
In the drawing, Figure shows a quad lo 

cated centrally and including four conduc 
tors, each of which may comprise a "yire of 
copper or of other conducting material cov 
ered by a strip of paper or of other insulat 
ing materiai. Six quads are shown in a layer 
about the central quad, twelve quads in the 
next layer, and so on. It will be clearly un 
derstood that these quads may be of similar 
construction and of similar cross-sectional 
area, as shown. All of the quads are covered 
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by a sheath which may be made of lead, as 
is well known. It will also be understood 
that any number of layers may be provided 
and that each layer may have any desired 
number of quads and that each quad may or 
may not be wrapped separately. 

Fig. 2 shows a perspective of one of the 
quads to which the principles of this inven 
tion may be applied. Here, conductors g, f, 
i and care wound spirally about a common 
axis. Conductors g and i represent one side 
circuit, and conductors f and ?o the other side 
circuit. It will be shown hereinafter how 
the cut-off frequencies of these side circuits 
may be increased to equal or exceed those 
obtainable with the phantom circuits of the 
multiple-twin type of cable construction. 

In accordance with the present invention 
a novel arrangement is provided for increas 
ing the cut-off frequency of any desired num 
ber of quads without affecting the normal 
cut-off frequencies of the other quads of the 
cable, all of which may be accomplished with 
out changing the spacing of the loading coils 
or of the repeaters and without any change 
in the general construction of the cable. In 
order to more clearly understand the princi 
ples underlying this invention, a mathemati 
cal analysis will be resorted to. The attenua 
tion constant of a coil loaded circuit is given 
approximately, within the transmitting 
range, by the following expression: 

8-Big 12+3; (1) 
in this expression, it is the resistance of the 
conductor, R. is the resistance of the load 
ing coil, O and L are the capacity and induct 
ance, respectively, per unit of length, of the 
circuit, and A is a factor dependent upon leak 
age. The attenuation constant may also be 
expressed in the following manner: 

RoO E. A 
f-i-soo + i +, (2) 

in which 
or 7 (3) s/LO 

o representing the cut-off frequency while 8 
represents the distance between loading coils. 
At readily follows that the equation may be 
rewritten in the following form: 

8 1 EA 

On examination of Equation (4) it will be 
seen than there are two terms on the right 
hand side of the sign of equality. The first 
term gives the attenuation factor approxi 
mately and the second term is a small correc 
tion factor. It will be apparent from Equa 
tion (4) that if two circuits having conduc 
tors of different diameters and in which the loading coils are spaced at substantially 
equal distances apart, be compared, their at 

tenuations will be substantially equal when 
the product of R O and 0 is the same for 
both circuits. 
One of the features of this invention is to 

provide a method of design by which the cut 
off frequency of any group of circuits may be 
increased without requiring any change in 
the diameter of the quads. In practicing this 
method, use is made of an empirical curve 
(not shown). Using primed symbols for the 
group of circuits having the higher cut-off 
frequency, then 

-8 f riff 1 2. A' B' =R oCo) +., +7 (5) 
If we make 

F'O = R.O. (6) 
co 

then the first terms on the right of Equations 
(4) and (5) are equal and, since the second 
terms are small, 

(8' = 3 approximately. (7) 
in cases where the difference between the 

second terms of Equations (4) and (5) are 
not negligible a correction may be made in 
the design of the loading coilin which the 
- 1 factor L' 

As an example, assume the following data 
relating to a group of circuits of low cut-off 
frequency: 
for 57.8 ohms per kilometer 

is important. 

E. 9 ohms per kilometer 
A = 0.1 henries per kilometer 
C = 0.0335 microfarads per kilometer 
A r 0.8 micromhos per kilometer 
o=17300 radians 

cycles per second) 
S = 2 kilometers 

It follows, then, that 
R.C-1935. (8) 

Assuming that the side circuits of a multi 
pie-twin quad have the constants listed above, 
the phantoms would have a cut-off frequency 
of 22,000 radians (3500 cycles). To obtain 
this frequency in the group of circuits of high 
cut-off frequency in a star quadded cable, we 
have the relation: 

(equivalent to 2760 

17300 
RO = .935 22000 1.52 (9) 

The empirically derived curve mentioned 
hereinbefore in which R is plotted against O, 
shows that in a cable in which the quads are 
of equal diameter, the requirements of the 
circuits of high cut-off frequency will be met 
by using conductors 1.3 millimeters in diam 
eter (2 ohms per kilometer), which have a 
capacity of 0.055 microfarads per kilometer. 
The empirically derived curves mentioned 

above are obtained by tests of experimental 
cables. They show the relation between R, 
and C for star quads of various diameters. 
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These curves vary widely depending upon 
the insulation used. But, trying various 
curves it is possible to select a construction 
for the required quads which is most advan tageous from a manufacturing standpoint. 

. Then, also, the accuracy with which the value 

St. 

2) 

3) 

50 

() 

of the product F. O' is attained need not be 
very great since, in accordance with the cal 
culations given hereinbefore, there is still a 
correction factor which may be applied and 
any correction deemed necessary may be ob 
tained by an appropriate selection of a load 

i; factor. The 
proper Selection of the loading coil, its pro 
portions, etc., may be made in its Emanufac 
ture. One of the essential features of this in 
vention is based on the recognition of a fun. 
damental proposition that if the diameters 
of any quad are kept constant, a higher cut 
off frequency may be attained by a suitable 
selection of the magnitudes E and O. If the 
cut-off frequency required is of such large 
value as to render the fulfilment of the condi 
tion given by expression (6) hereinabove 
practically impossible, assuming, of course, 
that the quad diameters remain the same, 
then, in accordance with a further feature 
of this invention, the conductor diameters 
may he determined from the expression 

EO = 2. E. ( 0. (i. O) 

in which i is an integer. In the latter case 
the groups of circuits having a higher cut 
off frequency will not have the same atten 
uation factor as heretofore, but rather an 
attenuation factor a times as great, as those 

ing coil having a suitable 

co 

of the remaining circuits. The separation 
between the repeaters or amplifying means 
in the latter case will be inth 
corresponding repeaters or amplifying means 
discussed heretofore. In the case under con 
sideration, however, a may be, for example, 
two, for groups of conductors having double 
the cut-off frequency. In the normal Ger 
man long distance cable circuits, conductors 

as great as the 

of one diameter are used and loading coils 
having one-quarter of the normal inductance 
are used for the circuits of high cut-off fre 
quency. The attenuation is twice normal and 
the distance between repeaters is one-half 
normal. Yet, in accordance with the present 
invention, the assembly and construction of 
the cable is exactly the same as in the case in 
which all of the groups of conductors have 
the same cut-off frequency. 
In contrast, with the multiple-twin cable 

System in which the phantoms are utilized 
this invention has great advantages since any 
desired number of talking circuits may be given high cut-off frequencies. In the ordi 
nary multiple-twin cable system, only one 
third of the circuits may be so arranged, ir 

respective of the percentage required or de 
sired with higher cut-off frequencies. 
Furthermore, in accordance with the pres 

ent invention a further advantage results 
from the fact that the quads having higher 
cut-off frequencies may be arranged in any 
desired Way within the cable so that, for ex 
2fmple, two quads having higher cut-off fre 
quencies Will never be situated next to each 
other. In the ordinary multiple-twin cable 
systern, however, one talking circuit, having a 
higher cut-off frequency is found in every 
quad. This fact is of considerable impor 
tance in the familiar four-wire circuits, in 
which two wires are employed for transmis 
sion direction and the two others for trans 
mission in the opposite direction. In connec 
tion with the four-wire circuits, it is neces 
sary because of the large gains that are used, 
to separate the pairs used for transmission in 
One direction from the pairs used for trans 
mission in the opposite direction so as to min 
inize the possibility of cross-talk. 
While this invention has been pointed out 

in particular, arrangements merely for the 
purpose of illustration, it is to be distinctly 
understood that the general principles of this 
invention may be applied to other and wide 
y varied organizations without departing 
from the spirit of the invention or the scope 9. 
of the appended claims. 
What claim as new and desire to secure by 

Letters Patent of the United States, is 
1. In a cable for the transmission of speech 

currents, the combination of a plurality of quads of substantially equal diameters loaded 
at equal intervals, some of the circuits of 
which are to have higher cut-off frequencies 
than others, the constants of the circuits of 
high cut-off frequency being related to the 
constants of the circuits of low cut-off fre 
quency by the formula, 

'O = E. : 
in which to is the conductor resistance, O in the capacity of the circuit per unit length 
and oo is the cut-off frequency, the primed 
characters relating to the properties of the 
conductors of higher cut-off frequencies. 

2. In a cable for the transmission of cur 
rents such as speech currents, the combination 
of a plurality of quads of equal diameter 
loaded at equal intervals, some of which are to have higher cut-off frequencies than 
others, said quads being proportioned such 
that the product of the resistance, capacity 
and cut-off frequency of each circuit intended 
to have a higher cut-off frequency shall equal 
the product of the resistance, capacity and 
cut-off frequency of each circuit of low cutoff frequency. 
In witness whereof, I have hereunto set my 

hand this 19th day of May, 1927. 
GUNTER, WUCKEL. 
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Patent should be read with this correction therein that the same may conform to 
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