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This invention relates to a conducting system 
for transmitting with small attenuation a band 
of frequencies extending upwards to hundreds 
or thousands of kilocycles. In particular it deals 
with conductors which are arranged concentri 
cally, one or both of the conductors consisting of 
a number of separately insulated strands. 
Modern developments in the art of communi 

cation render it desirable to have available means 
for transmitting extremely Wide bands of fre 
quencies. On a system for telephone communi 
cation over long distances the cost of the line cir 
cuit is a large portion of the total cost, and any 
means which utilizes the line circuit more ef 
liciently results in considerable saving. One 
method which has already been applied for this 
purpose is the use of multiplex or carrier trans 
mission, whereby several conversations are trans 
mitted simultaneously over one pair of line con 
ductors. It would bey desirable to greatly in 
crease the number of talking channels on one 
pair of line conductors, but this requires the use 
of correspondingly higher frequencies for which 
ordinary types of circuits are not suitable on ac 
count of crosstalk, attenuation, and noise. From 
this standpoint, therefore, it is desirable to have 
available a circuit which will transmit extremely 
wide bands of frequencies without undue Values 
of attenuation and interference. 
Another factor is introduced by the modern 

development of television. The transmission of 
a well-defined representation of some large scene 
such as a sporting event or theatrical perform 
ance would require a band of frequencies extend 
ing from 0 to about 1000 kilocycles or higher, a 
range far beyond that which can be handled by 
the ordinary types of circuits. 
In accordance with the present invention a cir 

cuit having these desirable wide band character 
istics is obtained by employing concentric con 
ductors, one acting as a return for the other. 
The two conductors may be insulated from each 
other and held in proper concentric relation by 
means of suitable insulating material arranged 
in any desired manner. This insulating material 
should preferably be of some dielectric having 
small power factor and low dielectric constant 
'so as to reduce as far as possible the leakage loss 
between the conductors. To further minimize 
the leakage loss, it would be desirable to arrange 
the insulating material so that it occupies a small 
portion of the space between the outer and the 
inner conductors, the remainder of the space be 
ing ñlled with dry air or gas, which, as is well 
known, involves substantially no leakage loss. 
This could be accomplished, for example, by 
forming the insulating material in the shape 
of washers spaced as far apart as possible con 
sistent with mechanical support, or by making it 
in the form of a spiral strand or helix with a 
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large pitch. In the case of a flexible conductor 
which would be subjected to considerable bending 
it might be necessary, however, to fill the entire 
space with insulation. The conductors might 
consist of tubing made of any suitable conductive 
material such as copper, and in the case of the 
inner conductor a solid wire may be substituted 
for the tube if desired. 
In such a conducting system, the resistance of 

the conductors increases with frequency due to 
the well-known skin effect, which causes the cur 
rent to crowd to the outer surface of the inner 
conductor and to the inner surface of the outer 
conductor, thereby increasing the conductor re 
sistances. In a Well designed system, at high 
frequencies, a large part of the attenuation is 
due to the resistance of the conductors, and it 
would thus be desirable to reduce their resist 
ance. This can be accomplished by making each 
conductor of a number of individually insulated 
strands so interwoven or twisted that each strand 
passes alternately back and forth from the sur 
face of the conductor. An arrangement of this 
type causes the current to be more nearly uni 
formly distributed throughout the cross-section 
of the conductor, and the A. C. resistance is there 
by reduced due to the more effective use of the 
conducting material, as set forth in the patent 
to Aiîel and Green, No. 1,818,027, dated August 
11, 1931. 
A conducting system such as that outlined 

above has a number of advantages. It may be 
made waterproof by the application of a pro 
tecting sheath, with the result that the leakage 
losses between the conductors (which in the 
case of ordinary open-wire construction vary 
greatly with Weather conditions and at high fre 
quencies contribute very substantially to the at 
tenuation) may be made small and constant. 
Also, the form of construction is such that inter 
ference to or from nearby circuits, .and noise 
coming from external sources can be made prac 
tically negligible. The attenuation may be 
made very small by increasing the conductor di 
mensions, consistent with practical problems of 
construction and installation. In any case, the 
attentuation at high frequencies may readily be 
made much smaller than the attenuation of 
open-wire or cable circuits, thus making possible 
the commercial transmission of wide bands of 
frequencies over long distances. When dis 
tances of the order of hundreds or thousands of 
miles vare to be spanned, it will of course be nec 
essary to make use of amplifiers spaced at suit 
able intervals as is done in the case of existing 
signal transmission circuits. 
A particular object of the invention is to pro 

portion such a coaxial circuit (with one or both 
conductors composed of insulated strands) in 
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2, 
such a manner as to obtain minimum high fre 
quency attenuation. 
The invention will now be more fully under 

stood from the following description when read 
in connection with the accompanying drawing, 
of which Figure 1 is a perspective View in partial 
section of a portion of the conducting system in 
accordance with the present invention, Fig. 2 is 
a perspective view in partial section of 4a modi 
ñed form of conductor system, and Figs. 3, 4 and 
5 are curves illustrating certain characteristics 
of the concentric conductor systems which are 
described herein. 
Referring to Fig. 1 of the drawing, I 0 desig 

nates the outer conductor, I2 the inner con 
ductor, Ill a plurality of dielectric washers for 
separating the two conductors, I5 a core upon 
which the inner conductor is mounted, .and I6 
a waterproof covering for encasing the entire 
construction. One of the conductors acts as a 
return for the other and not as a mere shield, 
this fact being indicated by the conventional 
representation of a source of alternating electro 
motive force G with its terminals connected to 
the two conductors. The inner conductor is 
formed by braiding a number of separately in 
sulated strands of copper or other conductive 
material over the core I5 to form in effect a 
tubular conductor. If desired, the strands 
might be arranged by a process similar to that 
used in the construction of rope, wherein a few 
strands are twisted together to form a group, a 
number of groups then being twisted together 
to form ,a larger group, and so on until a number 
of groups of the desired size are obtained, which 
may then be twisted around the core I5 to form 
a tubular conductor. Any other suitable method 
could be employed which would accomplish the 
object of causing each individual strand to pass 
alternately to and from the surface of the con 
ductor so that it successively occupies all possi 
ble positions in the cross-section of the con 
ductor, .and at the same time does not lie con 
stantly adjacent to very many other strands. 
Upon this conductor the spacing and insulating 
washers I t are mounted. 
The outer conductor is then formed by braid 

ing a number of separately insulated strands of 
conductive material over the outer surfaces of 
the spacing washers to form in effect a conduct 
ing tube. 
able method of arranging the strands could be 
employed as previously described for the inner 
conductor. The waterproof covering which sur 
rounds the outer conductor may be of any known 
type, such as will serve the dual purpose of 
mechanical protection and prevention of the en 
trance of water into the interior of the system. 
Since the shielding effect against external 
sources of interference obtained with a solid wall 
tubular outer conductor is to a considerable ex 
tent impaired when the outer conductor is com 
posed of insulated strands, it might be desirable 
to have the waterproof covering made of con 
ductive lmaterial which would act as a shield. 
Moreover, such ,a shield will prevent interference 
from the concentric conductor circuit into eX 
ternal circuits, thus effectively isolating the con 
centric conductor circuit electrically. In this 
case the waterproof covering would serve in ad 
dition as an electrical shield to the conducting 
system enclosed therein. Generally the thick 
ness of shield which is necessary for mechanical 
reasons will afford sufficient electrical protec 
tion. ` > « 
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Instead of braiding, any other suit- ' 

Fig. 2 of the drawing shows a modiñed form of 
conductor system, in which I0 designates the 
outer conductor, I2 the inner conductor, and I'I 
the insulating material which maintains the con 
ductors in concentric relation. One of the con 
ductors acts as a return for the other, as indicat 
ed by the conventional representation of a source 
of alternating electromotive force G with its ter 
minals connected to the two conductors. The 
inner conductor I2 is formed of a number of sep 
arately insulated conducting strands suitably 
braided or interwoven so as to pass to and from 
the surface of the conductor and forming a cy 
lindrical conductor whose cross-section is com 
pletely filled with said strands. Around the in 
ner conductor is wrapped a strip I'I of any suit 
able insulating material, such as a papier or rub 
ber string, said strip being applied in the form 
of a helix with a comparatively large pitch in 
order that the space between the inner and the 
outer conductors may consist principally of dry 
air or gas. This strip of insulating material 
serves to support the inner conductor concen 
trically within the outer conductor II), which con 
sists of a tube of conductive material, such as 
copper. In this’case the outer conductor pro 
vides mechanical protection for the system, in 
addition to acting as a return for current flowing 
in the inner conductor and serving as an elec 
trical shield for the system. 

It is apparent that a coaxial conductor sys 
tem of the type herein described may be made 
in many different forms, of which the construc 
tion shown in Figs. l and 2 are merely tWo ex 
amples. For instance, if it be desired to construct 
a coaxial system which shall be extremely flexible 
and which may be subjected to considerable 
handling, it might be necessary to comp-letely 
ñll the space between the two conductors with 
insulating material, such as rubber, in order to 
prevent the conductors from being forced in con 
tact with one another by severe mechanical 
strains. In this case each of the two conductors 
could be made of a number of separately insulat 
ed strands of copper wire so interwoven or 
twisted that each strand successively occupies 
all possible positions in the cross-section of the 
conductor, and at the same time does not re 
main continuously adjacent to more than a few 
of the other strands comprising the conductor. 
In any transmission system it is important that 

the attenuation at the maximum transmitted fre 
quency be less than some critical value above 
which the usefulness of the system would be im 
paired. This critical value depends, of course, 
upon the particular case under consideration, 
and is determined by the amount of power avail 
able at the transmitting end of the system, by 
the amount of power which may be safely ap 
plied to the system, by conditions or" crosstalk to 
and from adjacent systems, by interference due 
to external sources of power, by the available 
amount of amplification at the receiving end of 
the system, by the noise currents due to thermal 
agitation of electric charge in theV conductors, by 
the amount of power necessary to operate the 
load which is connected to the receiving end of 
the system, and by similar and other limitations 
known to persons skilled in the art. With re 
spect to a number of the above items, a con 
centric conductor system is superior to open-wire 
or cable circuits, and in particular it has such lovv 
values of crosstalk and interference that these 
factors are no limitation to its use at frequencies 
above the’audiblerange. Furthermore, the at 
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2,034,047 
tenuation of a coaxial circuit may ordinarily be 
made as small as desirable by increasing the size 
of the conductors, consistent with practical 
limitations of construction and installation. It 
is important, however, that the dimensions of 
the inner and outer conductors be properly pro 
portioned, as a mere increase in size may not 
result in the desired reduction of attenuation. 
Correct proportioning is likewise desirable as it 
permits the use of smaller conductors than would 
otherwise be necessary to secure a given at 
tenuation, and thus leads to an economical design 
of a transmission system. 

'I‘he method of proportioning a coaxial circuit 
in which either conductor or both conductors are 
composed of insulated strands, in order to secure 
minimum attenuation at high frequencies will 
not be considered. 
At frequencies above the audible range, the 

attenuation of a transmission circuit is given by 
the formula: 

R C G L 
A--n/riïx/c <1) 

R, L, G and C being respectively the resistance, 
inductance, leakance, and capacitance, all values 
in this and subsequent formulas being expressed 
in c. g. s. electromagnetic units. In a coaxial cir 
cuit, R is the resistance of the inner conductor 
plus the resistance of the outer conductor, L is 
the inductance of the dielectric plus the internal 
inductances of the two conductors, G and C are 
respectively the leakance and capacitance of the 
dielectric. 

Let a be the inner radius of the inner conductor, 
b the outer radius of the inner conductor, c 
the inner radius of the outer conductor, d the 
outer radius' of the outer conductor, f the fre 
quency, A the conductivity of the conductor ma 
terial, e the average dielectric constant of the 
dielectric, and p the average power factor of the 
dielectric. The inductance, capacitance and the 
leakance of the dielectric are given by the 
expressions: 

When the inner conductor is completely stranded 
as illustrated in Fig. 2, its resistance can be com 
puted by a formula given in an article by S. 
Butterworth, which is published in the Philo 
sophical Transactions of the Royal Society of 
London, vol. 222, page 57. Equation (85) therein 
should be modified by the omission of the two 
terms involving D2, thus giving an expression for 
the resistance of a straight cylindrical conductor 
whose cross-section is completely ñlled with well 
transposed separately insulated strands. 
When the inner conductor is stranded and 

of annular cross-section as illustrated in Fig. 1, 
its resistance must be determined by measure 
ment, as no published formula appears to be avail 
able. Likewise for a stranded outer conductor, 
the resistance must be obtained by measurement. 
The internal inductance of an inner conductor 

whose cross-section is completely filled with 
insulated strands is very nearly equal to 0.5 
abhenry per centimeter at frequencies from zero 
up to very high values. This figure is the internal 

3 
inductance of a solid wire for direct current, 
being determined by the fact that the current 
density is uniform over the cross-section of the 
conductor. When a conductor is composed of 
suitably transposed insulated strands, uniform 
current distribution is maintained up to very high 
frequencies, and thus the internal inductance re 
mains substantially the same as the D. C. value. 

'I‘he internal inductance of a stranded con 
ductor of annular cross-section likewise remains 
substantially constant from zero up to very high 
frequencies, and is very nearly equalto the D. C. 
internal inductance of a solid wall tube of the 
same dimensions. When used as the inner con 
ductor of a coaxial circuit, the internal induc 
tance is: 

172+@2 

When used as the outer conductor of a coaxial 
circuit, the internal inductance is: 

Since no general formula for the resistance of 
a stranded conductor is available, there will be 
introduced at this point two factors, n and m, 
applying to the inner and outer conductors re 
spectively, these factors being defined as the 
ratio of the high frequency resistance of a con 
ductor composed of insulated strands to the re 
sistance at the same frequency of a non-stranded 
conductor of the same dimensions. Accordingly, 
at frequencies above the audible range, the re 
sistance of a stranded inner conductor may be ‘ 
expressed by the formula: 

n f Ri-îN/g‘ (5) 
Similarly for the outer conductor: 

m î 
Ro=î î (7) 

It will be appreciated that n and m may vary 
over a range of values which depends upon the 
frequency and upon the dimensions and config 
uration of the stranded conductors. However, 
at a given frequency and for a particular con 
ductor, the value of n (or m) is definite and ' 
determinable. Since the attenuation of a coaxial 
conductor system of the type herein described 
in general increases with increase of frequency, 
and since the highest attenuation of a trans 
mission system determines its degree of useful 
ness, it is desirable to so proportion the system 
that optimum relations are obtained at the high 
est frequency which is to be transmitted. Ac 
cordingly the variations of n or m with frequency 
need not be considered in deriving the relations 
for optimum proportions. Furthermore, n (or m) 
will not vary rapidly with changes in conductor 
dimensions, provided that the number of strands 
be changed as the conductor size is varied. 

It, therefore, becomes possible to treat n and 
m as constants in deriving the relation for opti 
mum proportions of a coaxial system. When the 
formulas so obtained are used for design pur 
poses, it is, of course, necessary to bear in mind 
these conditions, .and if a large range of sizes is 
involved it may be necessary to use the method 
of successive approximations if changes of n and 
m are of appreciable magnitude. 
The attenuation of a coaxial conductor system 

in terms of its dimensions may be obtained by 

10 

20 

30 

40 

45 

Ur Ul 

60 

55 



Ul 

40 

vi Ci 

75 

4 
combining formulas (1)', (2)', (200,' (3), (6)> and' 
(7) : 

wherein L’ is the sum of the internal inductances 
of the two conductors as given in the text or in 
formulas (4) and (5) according to the particular 
types of conductors under consideration. 
Coaxial conductor systems may be divided into 

two classes: I, Where the dielectric loss is so small 
as to be negligible; and II, where the dielectric 
loss is appreciable. Under each of these classes 
there will be considered three subdivisions: a, only 
the inner conductor is stranded; b only the outer 
conductor is stranded; and c, both conductors are 
stranded. ,_ 

Ic. Dielectric loss negligible, only the inner 
conductor stranded. This case is of greatest im 
portance for two reasons; ñrst, by suitable choice 
and arrangement of the insulating material it is 
possible to reduce the dielectric losses to relative-v 
ly small values, and second, since the greater part 
of the resistance of a coaxial system is due to 
the inner conducton,proportionately more reduc 
tion of the attenuation of the system can be ob 
tained when the inner conductor is stranded. 
Under these conditions the attenuation may be 
expressed: 

In this case, the sum of the internal inductances 
of the two conductors (L'f), may be considered 
equal to the internal induotance of the inner 
conductor (L1), as the internal inductance of a 
non-stranded conductor at high frequencies is so 
small as to be negligible; s » ¿ , 

Expressing the ratio of c to b as œ, and setting 
the derivative of A with> respect to x equal to 
zero„we obtain: 

This equation gives the relations which mustex' 
ist between the ratio of the diameters of the -two~ 
conductors, the internal inductance of the inner 
conductor, and the ratio of the resistance of the 
inner conductor to the resistance of a non-strand 
ed conductor of the same dimensions, in .order 
that the attenuation of a coaxialconductor sys 
tem having a given size of outer conductor will 
be a minimum. ' ' 

Fig. 3 shows a graph of Equation (l0) for two 

(1o) 

values of L1, the curve marked 0 being for the» 
condition that LlàO, and the curve marked 0.5 
being for the condition that Li:0.5.abhenry per 
centimeter. The latter curve applies to the case 
when the cross-section of the inner conductor is 
completely filled with insulated strands; When 
the inner conductor is of annular cross-section, 
the'optimum value of the diameter ratio, (rc), 
will lie somewhere between the >two curves shown, 
approaching more closely to the curve marked 0 
as the portion of the cross-section of the inner 
conductor occupied by strands is reduced._ It 
has been Vfound that the values of. 1L which are 
obtained for ,con-c_ìuctors> ‘of> reasonsable idimen- l 

2,034,021.71 
sions and sizes of strands lie’above approximately 
0.5, and since‘it is unlikely Athat values of 1L 
greater than unity will be advantageous in prac 
tice, t-he useful range of n may be taken as lying 
between these two figures. The corresponding 
range of diameter ratio (x) is from about 3.3 to 
4.3. ' 

» ‘In vderiving >the relations for minimum atten 
uation in this case, as well as in the subsequent 
cases, ’it .has been assumed that the two conduc 
tors of the circuit are perfectly concentric. It 
should, of course, be appreciated that practical 
diiïlculties of construction prevent the realization 
of this condition, and that small values of eccen 
tricity will be present. For moderately small de 
partures from perfect concentricity, however, 
such as might be tolerated in practice, it can be 
shown that the conditions for minimum attenu 
ation are substantially the same as in a circuit 
which has no "eccentricity. 

Ib. Dielectric loss negligible, only the outer 
conductor stranded. This case might apply when 
it is desired to obtain a mechanically flexible 
coaxial system. The attenuation of a conductor 
system of this type is: 

The-»relations between œ, m, and Lo which result 
in minimum attenuation are obtained by setting ' 
the derivative of A with respect to a: equal to 
zero, ̀ which gives the equation: 

2x loge x__4 logex-I-L., (12) 
x+m _2 logex-l-Lo 

It may be noted, however, that when the wall 
thickness of a stranded outer conductor is small 
compared with its diameter, its internal induc 
tance~ is small compared with the dielectric in 
ductance of the circuit. In this case the rela 
tions for minimum attenuation are very closely 
represented by: 

(13) 
Fig. 4 is a graph of Equation (13), and shows 
the relation which exists between the ratio of 
thel conductor diameters and the ratio of the 
resistance of a thin-walled stranded outer con 
ductor to a non-stranded conductor of the same 
dimensions when the coaxial conductor system 
has minimum attenuation. Assuming that the 
useful range of m is from 0.5 to 1, (as is the case 
for n), and that the outer conductor wall thick 
ness is small, it is seen that the optimum diam-’ 
eter ratio lies between approximately 3.2 and 3.6..  

Ic. Dielectric loss negligible, both conductors 
stranded. The attenuation is: 

and the condition for minimum attenuation: 

As discussed under cases Ia and Ib, the values 
of n. and m may lie in the range from about 
0.5 to l, and the value of L’l may lie between 
approximately 0 and 0.5. The corresponding 
values of :r are in the' range from 2.9 to 4.3. If 
n-zm, (a »condition which might be approached 
in a practical system), the values of :r are re. 
stricted to a much narrower range, lying be 
tween 3.3 and 3.6. - 

...IIa. Dielectric „loss appreciable, ̀ onlythe inner` 
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2,034,047 
conductor stranded. The attenuation of the sys 
tem is: 

2 10gI x (16) 

and the condition for minimum attenuation: 

2nx1ogI x-(nx-i- 1) 
where 

M: crepa/1T. 
An idea of the magnitude of M and consequently 
its effect on the optimum diameter ratio can be 
obtained by noting that for a half-inch diameter 
coaxial system composed of copper conductors 
and having a dielectric of power factor :0.01, 
M is approximately equal to unity at a frequency 
of one megacycle. Fig. 5 shows the relations 
between n and :l: for several values of M, on the 
assumption that L1=0.5, which, as previously 
described, applies to the case where the cross 
section of the inner conductor is completely filled 
with insulated strands. Assuming that the use 
ful range of n is from 0.5 to 1.0, and that M is 
not greater than 2.0, it will be seen that the 
optimum values of .r lie between approximately 
3.3 and 4.7. 

IIb. Dielectric loss appreciable, only the outer 
conductor stranded. The attenuation is: 

2 log., x 

and the condition for minimum attenuation: 

4 loge x-l-Lo 
2 loge X-I-Lo 

As previously stated, the internal inductance of 
a thin-walled stranded outer conductor is small 
compared with the dielectric inductance of the 
coaxial system, and Equation (19) may be closely 
represented by Equation (13). Fig. 4, therefore, 
shows the approximate relations for minimum 
attenuation for a coaxial system having a thin 
walled stranded outer conductor and having an 
appreciable value of dielectric loss. When m 
lies between 0.5 and 1, the optimum diameter 
ratio is between approximately 3.2 and 3.6. 

lIc. Dielectric loss appreciable, both conductors 
stranded. The attenuation is given by Equation 
(8), and the condition for minimum attenua 
tion is: 

4 loge x-I-L’ 
2 10gs x-I-L' 

When the Values of n and m lie in the range 
from 0.5 to l, the value of L’ between 0 and 0.5, 
and the value of M less than 2, the corresponding 
values of .r are between approximately 3.3 and 
4.7. If n=m, the values of :t are between ap 
proximately 3.3 and 4.1. 

It will be obvious that the general principles 
herein disclosed may be embodied in many other 
organizations widely different from those illus 
trated without departing from the spirit of the 
invention as defined in the following claims. 
What is claimed is: 
1. A transmission circuit for transmitting fre 

quencies well above the audible range compris 
ing two substantially concentric conductors ar 
ranged one inside the other, said conductors be 

5 
ing insulated from one another and being con 
nected one as a return for the other, at least one 
of said conductors being composed of a plu 
rality of conducting strands insulated from one 
another so that the internal inductance of said 
conductor will be materially greater than zero 
and the ratio. of lthe resistance of the stranded 
conductor to a non-stranded conductor of the 
same size will be substantially less than unity, 
the ratio of the inner diameter of the outer con 
ductor to the outer diameter of the inner con 
ductor being so related to the resistance ratio 
of stranded to non-stranded conductor and to 
the internal inductance of the conductor system 
that the attenuation of said circuit at a given 
high frequency transmitted over said circuit will 
be a minimum. 

2. A transmission circ . uit comprising two sub stant1ally concentri 
I . c conductors arranged one 
inside the other, said conductors being insulated 
from one another and being connected one as 
a return for the other, the outer conductor being 
composed of a plurality of conducting strands 
insulated from one another, said outer conductor 
being surrounded by a conducting shield, said 
circuit being substantially isolated electrically 
by said shield at frequencies above the audible 
range, the ratio of the inner diameter of said 
outer conductor to the outer diameter of the 
inner conductor being such that the attenuation 
of said circuit at a given high frequency will be 
a nummum. 

3. A transmission circuit comprising two sub 
stantially concentric conductors arranged one 
inside the other and connected one as a return 
for the other, said conductors being insulated 
from one another by a substantially gaseous me 
dium, at least one of said conductors being com 
posed of a plurality of conducting strands in 
sulated from one another, the ratio of the inner 
diameter of the outer conductor to the outer 
diameter of the inner conductor being such that 
the attenuation of said circuit at a given high 
frequency will be a minimum. 

4. A transmission circuit for transmitting fre 
quencies well above the audible range compris 
ing two substantially concentric conductors ar 
ranged one inside the other, said conductors be 
ing insulated from one another and being con 
nected one as a return for the other, at least 
one of said conductors being composed of a plu 
rality of conducting strands insulated from one 
another so that the internal inductance of said 
conductor will be materially greater than zero 
and the ratio of the resistance of the stranded 
conductor to a non-stranded conductor of the 
same size will be substantially less than unity, 
the ratio of the inner diameter of the outer con 
ductor to the outer diameter of the inner con 
ductor being functions of the resistance ratio 
of stranded to non-stranded conductor and of 
the internal inductance of the conductor sys 
tem, said diameter ratio having such a value 
between 3.2 and 4.7 as will produce minimum at 
tenuation. 

5. A transmission circuit for transmitting fre 
quencies well above the audible range compris 
ing two substantially concentric conductors ar 
ranged one inside the other, said conductors be 
ing insulated from one another and being con 
nected one as a return for the other, the inner 
conductor being composed of a plurality of con 
ducting strands insulated from one another so 
that the internal inductance of said conductor 
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6 
will be materially Ygreater than zero ‘and theratio 
of the resistance of the stranded conductor to 
va non-stranded conductor of the same size will 
be substantially less than unity, the ratio of the 
inner diameter of the outer conductorV to the 
outendiameter of said inner conductor being 
functions of the resistance ratio of stranded to 
non-stranded conductor and of the internal in 
ductance of the conductor system, said diameter 
ratio having such a value between 3.3 and 4.7 
as Will produce minimum attenuation. 

6. A transmission circuit for transmitting fre 
quencies well above the audible range compris 
ing tWo substantially concentric conductors ar 
ranged one inside the other, said conductors be 
ing insulated from one another and being co-n 
nected one as a return for the other, the outer 
conductor being composed of a plurality of con 
ducting strands insulated from one another so 
that the internal inductance of said conductor 
Will be materially greater than zero and the 
ratio of the resistance of the stranded conductor 
Vto» a non-stranded conductor of the same size 
will be substantially less than unity, the ratio of 
the inner diameter of said outer conductor to 
the outer diameter of the inner conductor being 
functions of the resistance ratio of stranded to 
non-stranded conductor `and of the internal in 
ductance of the conductor system, said diameter 
ratio having such a Value between 3.2 and 3.6 as 
will produce minimum attenuation. 

’7. A transmission circuit for transmitting fre 
quencies Well above the audible range compris 
ing two substantially concentric> conductors ar 
ranged one inside the other, said conductors be 
ing insulated from one another andbeing con 
nected one as a return for the other, each of 
said conductors being composed of a plurality 
of conducting strands insulated from one another 
so that the internal inductance of said conductors 
will be materially greater than zero and the ratio 
of the resistance of the stranded conductor to 
a non-stranded conductor of the same size will 
be substantially less than unity, the ratiov of the 
inner diameter of the outer conductor to the 
outer diameter of the inner conductor being func 
tions of the resistance ratio of stranded to non 
strandedv conductor and of the internal induc 
tance of the 'conductor system, said diameter 
ratio having such a value between 3.3 and 4.1 
as will produce minimum attenuation. 

8. A transmission circuit for transmitting fre 
quencies Well above the audible range compris 
ing two substantially concentric conductors ar 
ranged one inside the other and connected one 
as a return for the other, said conductors being 
insulated from Vone another by a medium Which 
introduces substantially no dielectric loss, the in 

Y-ner conductor being composed of a plurality of 
conducting strands insulated from one another 
so that the internal inductance of said conduc 
tor will be materially greater than zero and the 
>ratio of the resistance of the stranded conductor 
lto a non-stranded conductor of the same size 
Will be substantially less than unity, the ratio 
of the inner diameter of the outer conductor to 
the outer diameter of said inner conductor being 
functions of the resistance ratio of stranded to 
non-stranded conductor and of the internal in 
ductance of the conductor system, said diameter 
ratio having such a value between 3.3 and 4.3 as 
will produce minimum attenuation. 

9. A transmission circuit for transmitting fre- ' 
quencies well above the audible range compris 
ing two substantially concentric conductors ar 
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ranged one inside the other and connected one 

Y as a return for the other, said conductors being 
insulated from one another by a medium which 
introduces substantially no dielectric loss, each 
of said conductors being composed of a plurality 
of conducting strands insulated from one an 
other so that the internal inductance of said con 
ductor will be materially greater than zero and 
the ratio of the resistance of the stranded con 
ductor to a non-stranded conductor of the same 
size will be substantially less than unity, the 
ratio of the inner diameter of the outer conduc 
tor to the outer diameter of the inner conductor 
being functions of the resistance ratio of strand 
ed to non-stranded conductor and of the internal 
inductance of the conductor system, said di 
ameter ratio having such a value between 3.3 
and 3.6 as will produce minimum attenuation. 

10. A transmission circuit for vtransmitting fre 
quencies Well above the audible range comprising 
two substantially concentric conductors arranged 
one inside ̀ the other and connected one as a re 
turn for the other, said conductors being insu 
lated from one another by a medium which in 
troduces dielectric loss, the inner conductor be 
ing composed of a plurality of conducting strands 
insulated from one another so that the internal 
inductance of said conductor Will be materially 
greater than zero and the ratio of the resistance 
of the stranded conductor to a non-stranded 
conductor of the same size will be substantially 
less than unity, the ratio of the inner diameter 
of the outer conductor to the outer diameter of 
said inner conductor being functions of the re 
sistance ratio of stranded to non-stranded con 
ductor and of the internal inductance of the con 
ductor system, said diameter ratio having such 
a value between 3.3 and 4.7 as Will produce mini 
mum attenuation. 

11. A transmission circuit for transmitting fre 
quencies well above the audible range comprising 
two substantially concentric conductors arranged 
one inside the other and connected one as a re 
turn for the other, said conductors being insu 
`lated'from one another by a medium which in 
troduces dielectric loss, each of said conductors 
being composed of a plurality of conducting 
strands insulated from one another so that the 
internal inductance of said conductor will be ma 
terially greater than zero and the ratio of the ‘ 
resistance of the stranded conductor to a non 
stranded conductor of the same size Will be sub 
stantially less than unity, the ratio of the inner 
diameter of the outer conductor to the outer di 
ameter of the inner conductor being functions of 
kthe resistance ratio of stranded to non-stranded 
conductor and of the internal inductance of the 
conductor system, said diameter ratio having 
such a value between 3.3 and 4.1 as will produce 
minimum attenuation. . ' 

12. A circuit for the transmission of afband of 
frequencies extending up to a frequency many 
times the limit of audibility, said circuit com 
prising two substantially concentric conductors 
arranged one inside the other, said conductors 
being insulated from one another and being con 
nected one as a return for the other, at least one 
of said conductors being subdivided into conduc 
tive units, said units being insulated from one 
another and being so transposed as to distribute 
the current Ysubstantially uniformly 'over the 
_cross-section occupied by said units at frequen 
cies lying in said band of frequencies, the ratio 
of the inner diameter of the outer conductor to 
the outer diameter of the inner conductor being 
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such that the attenuation of said circuit will be 
a minimum at a frequency in said band of fre 
quencies. 

13. A transmission circuit for transmitting fre 
quencies well above the audible range compris 
ing two substantially concentric conductors ar 
ranged one inside the other, said conductors be 
ing insulated from one another and being con 
nected one as a return for the other, at least one of 
said conductors being subdivided into conductive 
units, said units being insulated from one an 
other and being so transposed as to distribute the 
current substantially uniformly over the cross 
section occupied by said units at frequencies ex 
tending up to many times the limit of audibility, 
whereby the internal inductance of said conductor 
will be materially greater than zero and the ratio 
of the resistance of the stranded conductor to a 
non-stranded conductor of the same size will be 
substantially less than unity, the ratio of the 
inner diameter of the outer conductor to the 
outer diameter of the inner conductor being func 
tions of the resistance ratio of stranded to non 
stranded conductor and of the internal inductance 
of the conductor system, said diameter ratio hav 
ing such a value between 3.2 and 4.7 as will pro 
duce minimum attenuation. 

14. A transmission circuit for transmitting fre 
quencies lying well above the audible range com 
prising two substantially concentric conductors 
arranged one inside the other and connected one 
as a return for the other, said conductors being in 
sulated from one another by a medium which in 
troduces substantially no dielectric loss, the inner 
conductor being composed of a plurality of con 
ducting strands insulated from one another, the 
relations in said circuit being expressed by the 
equation 

wherein n is the ratio of the high frequency re 
sistance of said inner conductor to the resistance 
at the same frequency of a non-stranded conduc 
tor of the same dimensions, :c is the ratio of the 
inner radius of the outer conductor to the outer 
radius of said inner conductor, and L1 is the in 
ternal inductance of said inner conductor. 

15. A transmission circuit for transmitting fre 
quencies lying well abo-ve the audible range com 
prising two substantially concentric conductors 
arranged one inside the other and connected one 
as a return for the other, said conductors being 
insulated from one another by a medium which 
introduces substantially no dielectric loss, each 
of said conductors being composed of a plurality 
of conducting strands insulated from one an 
other, the relations in said circuit being expressed 
by the equation 

wherein 1t is the ratio of the high frequency re 
sistance of the inner conductor to the resistance 

_ at the same frequency of a non-stranded conduc 
tor of the same dimensions, m is the ratio of the 
high frequency resistance of the outer conductor 
to the resistance at the same frequency of a non 
stranded conductor of the same dimensions, a: is 
the ratio of the inner radius of said outer conduc 
tor to the outer radius of said inner conductor, 
and L’ is the sum of the internal inductances of 
said inner conductor and said outer conductor. 

16. A transmission circuit for transmitting fre 
quencies lying well above the audible range com 
prising two substantially concentric conductors 
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arranged one inside the other and connected one 
as a return for the other, said conductors being 
insulated from one another by a medium which 
introduces dielectric loss, the inner conductor be 
ing composed of a plurality of conducting strands 
insulated from one another, the relations in said 
circuit being expressed by the equation 

wherein n is the ratio of the high frequency re 
sistance of said inner conductor to the resistance 
at the same frequency of a non-stranded conduc 
tor of the same dimensions, :c is the ratio of the 
inner radius of the outer conductor to the outer 
radius of said inner conductor, Li is the internal 
inductance of said inner conductor, c is the inner 
radius of said outer conductor, p is the average 
power factor of the dielectric medium, f is the 
frequency, and A is the conductivity of the con- ~ 
ductor material. 

17. A transmission circuit for transmitting fre 
quencies lying well above the audible range com 
prising two substantially concentric conductors 
arranged one inside the other and connected one 
as a return for the other, said conductors being 
insulated from one another by a medium which 
introduces dielectric loss, each of said conduc 
tors being composed of a plurality of conducting 
strands insulated from one another, the rela 
tions in said circuit being expressed by the 
equation 

4 logc x-FL’ 

wherein n is the ratio of the high frequency re 
sistance of the inner conductor to the resistance 
atthe same frequency of a non-stranded conductor 
of the same dimensions, m is the ratio of the high 
frequency resistance of the inner conductor to 
the resistance at the same frequency of a non 
stranded conductor of the same dimensions, a: is 
the ratio of the inner radius of said outer conduc 
tor to the outer radius of said inner conductor, 
L’ is the sum of the internal inductances of said 
inner conductor and said outer conductor, c is 
the inner radius of said outer conductor, p is the 
average power factor of the dielectric medium, f 
is the frequency and A is the conductivity of the 
conductor material. 

18. A coaxial conductor transmission system ; 
comprising inner and outer conductors of differ 
ent effective resistivities, at least one of these 
conductors being a composite structure, the ratio 
of the internal diameter of the outer conductor 
to the external diameter of the inner conductor 
being the optimum with respect to the attenua 
tion of waves lying near the top of the frequency 
band transmitted. 

19. A transmission circuit for transmitting fre 
quencies lying well above the audible range com 
prising two substantially concentric conductors 
arranged one inside the other, said conductors be 
ing insulated from one another and being con 
nected one as a return for the other, at least one 
of said conductors being a composite structure so 
that the effective resistivities of the two conduc 
tors will be different, the ratio of the inner diam 
eter of the outer conductor to the outer diam 
eter of the inner conductor being so related to the 
resistance ratio of the two conductors that the 
attenuation of their circuit at a given high fre 
quency transmitted thereover will be a minimum. 
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