
1,996,186 April 2, 1935. H. A. AFFEL 

TRANSMISSION LINE CONDUCTOR 

Filed Oct. 5, 1932 

I’ ' J6 

INVENT? 
E/Q'W 

. 

. 

~ ~ 0 0 000 

“van; / . 

GOO 0° 

00 v 

a. . .. 

. a 

I 

I ‘ 

u‘ / 

/ 

.... 
owugn?ono‘ Jaw" oooo a.‘ Thzoag... 



Patented Apr. z, 1935‘ 1,996,186 

UNITED STATES" PATENT OFFICE 
1,996,186 

TRANSMISSION LINE CONDUCTOR 

Herman A. Affel, Ridgewood, N. 1., alllgnor to 
American Telephone and Telegraph Company. 
a corporation of New York 

Application October 5, 1932, No. 636,377 

17 Claims. (01. 173-81) 

This invention relates to conductors for use in art, or of coaxial conductor arrangements of the 
transmission lines and more particularly those kind disclosed in a patent to Espenschied and 
transmission lines used for communication in A?el, 1,835,031, December 8, 1931. 
which the frequencies to be transmitted rise to In the ordinary cable pair construction where 

'5" high values. two wires‘ are twisted together with paper or 5 
Its purpose is to so design the cross-section of wood pulp for insulation, low shunt losses are 

and arrange the spacing between a pair of con- obtained by insuring that the dielectric is dry 
ductors as to reduce the skin and edge eil'ects and approaches an air dielectric condition as 
characteristic of alternating currents ?owing in closely as possible. Minimum series losses in the 

10 conductors. conductor are approached by having the dielec- 10 
Another purpose is to make the attenuation tric constant of the insulating material as low ' 

of the line as low as possible by a design of as possible in order that the characteristic im 
conductors which will give as small a distrib- pedance of the circuit may be relatively high. 
uted capacity and as large a distributed induc- The conductors are otherwise proportioned with 

15 tance as is consistent with the amount of metal respect to size and spacing so that a reasonable 15 
at hand and the space available. balance is achieved between the series and shunt 
Another purpose is to provide a conductor losses. The scrim losses in such a conductor, 

which is extremely e?icient with respect to its however, tend to be large because as the fre 
ability to transmit high frequency currents and quency is increased “skin eilect" plays its part in 

20 which is at the same time substantially balanced increasing the e?ective resistance of the con- 20 
to ground. Still another purpose is to so sup- ductor. The situation is further complicated 
port a pair of conductors of the kind referred to by the “proximity effect" in which the current 
above by such means and in such manner that tends to avoid those portions of going- and re 
the average dielectric constant along the trans- turn conductors which are farthest from each 

25 mission line between the conductors shall, be as other. In other words, the current tends to take 25 
low as possible, and which will, at the same time, the path of minimum impedance. This crowding 
permit twisting of the conductors to reduce in- of the current toward the return conductor and 
ductive e?fects. ‘ the skin eirect avoidance of the interior of the 
The invention will be better understood by ref- conductor cross-section means that even in rela 

30 erence to the following speci?cation and the ac- tively small conductors the alternating current 30 
companying drawing in which Figures 1 to 14 resistance is several times that of the same con 
and 18 show the conductors in cross-section or ductor for direct current. 
various parts of insulation in detail. Fig. 15 In an effort to improve the e?lciency of trans 
shows the connections of a pair of transmission mission, stranded conductors have been em 

35 lines made up of my conductors for multiplex ployed in which the individual strands are in~ 35 
signaling purposes, and Figs. 12, 16 and 17 illus- sulated from each other, and by a suitable twist 
trate how a plurality of pairs of conductors may ing and braiding of the strands a more equal dis 
be laid up together to form acable. tribution of current in the cross-section is 
In determining the best conductor for high achieved, Stranded forms of conductors, how 

40 frequency transmission systems there are two ever, have certain disadvantages. They are rel- 40 
outstanding characteristics to be considered: atively expensive, and also in the stranding there 
(1) a low attenuation, that is low losses consist- is a problem of insulating the individual strands. 
cut with desirable size and mechanical proper- Also, even though insulated, the capacity be 
ties; and (2) a construction which will have the tween the individual strands in close proximity 

45 maximum freedom from external electrical dis- tends to disturb the ideal current distribution 45 
turbances, such as cross-talk from other conduc- at the higher frequencies. 
tors in the vicinity or noises from other stray For a solid construction with the conductor in 
electrical ?elds. . free space remote from the return conductor, a 

Considerable work has been done in the way pipe shape in which the conducting material is 
50 of providing compact, well-shielded conductors relatively thin and in circular cross-sectional 50 

for high frequency transmission purposes, such form, is a more ideal construction, and by mak 
as carrier frequency systems, television, etc. ing the walls su?iciently thin the A. C. resistance 
These efforts have chiefLv taken the form of can be made to closely approach the D. C. re 
cable pair construction using wires of a circular sistance. The higher the frequency, the thin 

5 cross-section of the form now well known in the her should the walls be. When the outgoing and 55 
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2 
return conductors are relatively close' together, 
although the skin e?ect can be made smaller, 
the proximity effect is still serious unless the 
going and retum conductors are of pipe form of 
di?’erent size and coaxially related, preferably 
being supported by spacers at intervals so that ‘ 
the dielectric is largely air. Such an arrange 
ment is disclosed in the patent to Espenschied 
and Mel, referred to above, and constitutes a 
very desirable form of high frequency conduc 
tors from an attenuation standpoint. 
In electrical signaling there are two chief 

methods of taking care of cross-talk or induc 
tion problems. In an ordinary cable pair con 
struction, the symmetry of the construction in 
sures a fair balance to ground which makes the 
circuit relatively free from induction e?ects, and 
the system is given its ?nal degree of improve 
ment by transposing or twisting the pairs regu 
larly, and, by using di?erent degrees of twist, 
pairs in close proximity may be kept from cross 
talking into one another to a fair degree. How 
ever, the ordinary cable construction, with its 
many pairs twisted and crowded together under 
a. single sheath and with relatively loose paper 
insulation, su?ers considerably from lack of rig 
idity anda nice mechanical separation of the 
pairs, so that there are appreciablev random va 
riations in the relations of the different pairs 
one to another. Inductive eifects may be fur 
ther reduced by means of external shielding, that 
is, enclosing the conductors in a metallic shield 
which eifectively forms a by-passing path forv 
electrostatic ?elds which are external to the con 
ductor and, if the shield be of magnetic mate 
rial will also ‘by-pass any magnetic ?eld which 
may tend to produce E. M. F.’s in the conductor. 
In the case of a coaxial conductor the very form 
of the conductor itself with a concentric exter 
nal return conductor, provides a shield. How 
ever, the e?'ectiveness of the shield. depends on 
its thickness and it may be necessary to employ 
more metal in providing the desired degree of 
shielding than is necessary to provide for the 
conductor transmission itself. Furthermore, the 
coaxial form of construction does not readily 
lend itself to transposing or twisting. 

It is with the considerations given above re 
garding various types of conductors that the 
form of conductors constituting this invention 
and described hereinafter deal. In brief, the 
invention consists in using conductors which are 
no longer of circular cross~section, but in which 
the shape of the conductor in such that proxim 
ity and skin eiiects are minimized. Fig. 1 shows 
the two conductors in the form of curved ?at 
strips. These strips may be very thin if quite 
high frequencies are to be transmitted, and their 
contour will be adjusted in such a way that the 
current will distribute itself substantially uni 
formly over the whole strip, in other words, that 
each equivalent conducting element of the strip 
has a reactance which is the same as that for 
every other element. The exact shape which 
the conductors will take will depend on the 
nature of the dielectric between the two strips 
and their distance apart. This becomes evident 
when one considers the distribution of current 
in a single insulated ?at strip. Even though 
the strip be quite thin so that “skin e?ect” is 
not present, there will be a large edge e?ect due 
to the tendency of the current to concentrate 
at the edges. If two such strips are placed ad 
jacent to each other, the proximity eiiect neu 
tralizes, at least in part, this edge effect. If 

1,996,186 
the two strips are close together (which would 
be a relatively undesirable proportioning of the 
parts because of the high capacity), the two 
strips should be practically ?at, as shown in Fig. 
2. On the other hand, if the two strips are very 
far apart, the optimum contour approaches the 
form of a pipe shape, as shown in Fig. 3. The 
practical contour for strips where the distance 
apart is of the order of the width, is approxi 
mately the arc of a circle of fairly large radius, 
or, more speci?cally, an arc of an ellipse, as in 
dicated in Fig. 1. Whether in any speci?c case 
the contour be made strictly that of an arc of 
a circle or an arc of an ellipse will depend, 
among other things, on the spacing and on the 
nature of the intervening and surrounding di 
electric, and hereinafter, for the purpose of sim 
plicity, the term “ellipse” will be taken to include 
that special case of the ellipse more commonly 
called a circle. 

Practical considerations will change the exact 
shape of the conductor somewhat. Thus, to pro 
vide for twisting or spiraling, it is frequently 
desirable that the total cross-sectional area of 
the transmission line, including the conductors 
and their insulating and supporting material, 
should be substantially circular in form. This 
means that one practical form which my con 
ductor may take will be that shown in Fig. 4 
in which the two conductors are of approxi 
mately elliptical cross-section of considerable ec 
centricity. Solid metallic conductors of the 
form shown in Fig. 4 represent a substantial im 
provement over the more common conductors of 
circular cross-section. On the other hand, in 
view of the skin eifect and proximity e?ects, the 
interior of such conductors would not carry 
much current and these conductors may, there 
fore, be hollow. Also, for the sake of mechani 
cal rigidity, these hollow conductors may be ?lled 
with some cheap non-conducting or other ma 
terial. Even in this case it will be recognized 
that the back surface of each conductor would 
carry less than its fair share of current and 
might, therefore, be replaced by some cheaper 
metal or non-conductor for mechanical support. 
This is illustraed in Fig. 5 in which the main 
conducting strips arev portions of elliptical sur 
faces, the convex surfaces being adjacent to 
each other, and the remainder of the ellipse be 
ing of any other material for mechanical sup 
port. Still further, the whole elliptical cross 
section of each conductor may be taken up by 
stranded or braided conductors, as shown in Fig. 
6, and a pair of conductors so constructed will 
show an appreciable improvement over conduc 
tors of circular cross-section. 
To insure the proper separation of the two 

conductors, several alternatives are possible. If, 
for instance, the conductors are of the form 
shown in Figs. 4 to 6 they may be held in proper 
relation to each other by'a ?at perforated mod 
erately compressible material, such as wood pulp, 
as shown in Fig. 7. Such insulating material 
may be of a form such as shown in Fig. 8, being 
made of wood pulp or similar material perfo 
rated to a very considerable extent, such that 
the dielectric constant of the medium between 
the conductors shall approach as nearly as fea 
sible that of an air dielectric. Still another 
method which I ?nd suitable for proper spacing 
of the two conductors is shown in Figs. 9 and 10, 
the ?rst of these representing the general ap 
pearance of a zigzag strip of insulator as seen 
from the side of Fig. 7, and Fig. 10 showing 
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‘1,936,186 
grooves in this zigzag strip in which the elliptical 
conductors may be seated to increase their rela 
tive rigidity. 
Such a pair of conductors as shown in Fig. 7 

may be bound together by a serving of paper or 
fabric, as shown in Fig. 11, thus giving a com 
pact unit of approximately circular cross-section 
which can be spiralied and, if necessary, made to 
lie in a cable close to other similarly formed 
conductors, as shown in Fig. 12. 
An alternative construction is shown in Fig. 13 

in which each conductor is an arc of an ellipse, 
the two being supported in proper relationship 
and given practically an air dielectric condition, 
as shown in that ?gure. The two conductors are 
shown as supported on the inside of an insulat 
ing pipe-like structure which can be pieced to 
gether or extruded in the desired shape, and 
which provides both the shell and the support 
for the conductors. This insulating shell may be 
spiralied to give the necessary transposing effect, 
as shown in Fig. 12, or the conductors within the 
shell may be spiralied. 

Fig. 14 shows an alternative shell supporting 
structure in which the shell is externally in 
dented to give the necessary contour for support 
of the conductor. 

Still another alternative construction would 
consist of a continuous spiralied serving of cord 
or tape which binds the two conductors together 
but which is looped between the two conductors 
at intervals in order to maintain the required de 
gree of separation, at the same time providing 
a dielectric medium which is largely air, is 
shown in Fig. 18. 

In addition to the characteristics of my trans 
mission line, pointed out above, I ?nd that an 
excellent one is that a plurality of such trans 
mission lines may be readily laid up to be largely 
non-inductive with respect to each other. This 
is illustrated in Fig. 16 in which the line joining 
the centers of one pair of conductors are per 
pendicular to the line joining the centers of the 
adjacent pairs of conductors. It will be noted 
that the ?elds set up by any one pair of con 
ductors are substantially perpendicular to the 
?elds set up by the adjacent pair, and the 
coupling between the pairs is therefore relatively 
low. This is illustrated further in Fig. 17, 
as applied particularly to the structure of Fig. 14. 
The outside contour of Fig. 14 may be made up 
of four surfaces, each substantially a quarter of 
a circle, and in this case the plurality of pairs of 
conductors may be laid up inde?nitely in a com 
pact manner. as shown in Fig. 17. The con 
ductors in two of the pairs are shown in dotted 
lines and the orthogonal nature of the ?elds of two 
adjacent pairs is evident. Such a grouping of 
conductors lends itself, also, readily to a slow 
spiralling which is desirable for transposition ef 
fects. It is evident that the four pairs of con 
ductors shown in either Figs. 16 or 17 may con 
stitute a transmission group unit which could, if 
desired, be spiralied with respect to other similar 
groups as in the case of “quads” in an ordinary 
cable. 

Fig. 15 shows. for illustrative purposes, one ap 
plication of such transmission lines for communi 
cation purposes. Thus, the pair of transmission 
lines, l0 and il, each comprising two conductors 
of the type described, are shown as connected for 
multiplex signaling in both directions, in a man 
ner now well understood in the art. In this 
?gure T represents a source of telephone cur 
rents, such as a subscriber set, which is connected 

3 
through a hybrid coil H to a modulator M and fil 
ter F to the line ll, through suitable ampli?ers A1. 
This line ll may be used for a plurality of chan 
nels employing different carrier frequencies as 
indicated in the ?gure. Signals coming from the 
other direction over the line Ii pass through ap 
propriate ampli?ers A2, ?lter F, and demodulator 
D through the hybrid coil to the subscriber set 
at T, this transmission line being also adapted for 
a plurality of channels. 

It is evident that numerous variations and 
changes may be made in the structures which 
are shown, those given being for illustrative pur 
poses only. 
What is claimed is: 
1. In a transmission circuit for high frequency 

currents. a pair of going and return conductors, 
the cross-sections of which are substantially por 
tions of elliptical sheets greater in one dimension 
than in the other, the two conductors being held 
parallel along their major axes and with the 
convex surfaces disposed to each other, such sur 
faces being so shaped as to provide substantially 
uniform current density throughout for alter 
nating currents. 

2. In a transmission line for high frequency 
currents, a pair of conductors, each conductor be 
ing of approximately elliptical non-circular cross 
section, the conductors of the pairs being dis 
posed with the convex surfaces toward each other 
and with the major axes parallel to each other 
and perpendicular to the line joining the centers. 

3. In a transmission line for alternating cur 
rents, a pair of conductors, each conductor be 
ing a thin, broad elliptical strip of metal, the two 
conductors being parallel to each other, and the 
planes of the conductors being substantially per 
pendicular to the axial plane joining the centers 
of the conductors with the convex surfaces dis 
posed toward each other, the distance between 
the conductors being adjusted to cause sub 
stantially uniform alternating current density 
throughout the cross-section of the conductors. 

4. In a transmission line for high frequency 
currents, a pair of conductors, each conductor 
being a thin sheet of metal with a cross-sec 
tion approximately an arc of an ellipse, the two 
conductors being parallel to each other, and the 
planes of the conductors being substantially per 
pendicular to the axial plane joining the centers 
of the conductors with the convex surfaces dis 
posed toward each other. 

5. In a conducting system for communication 
of intelligence, two conductors connected one as 
a return for the other, each conductor having a 
non-rectilinear cross-section whose dimensions 
are substantially greater in one direction than 
the other, the conductors being placed with broad 
convex curved surfaces towards each other and 
with the greater dimension perpendicular to the 
axial plane passing through the conductors. 

6. In a conducting system for communication 
of intelligence, two conductors connected one as 
a return for the other, each conductor being in 
the form of a thin, curved sheet, the conductors 
being placed with convex surfaces towards each 
other, the chords of the curved surfaces being 
perpendicular to the axial plane passing through 
the conductors. 

'7. In a conducting system for communication 
of intelligence, two conductors connected one as 
a return for the other, each conductor having a 
non-rectilinear cross-section whose dimensions 
are substantially greater in one direction than the 
other. the conductors being placed with broad 
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4 
convex curved surfaces towards each other and 
with the greater dimension perpendicular to the 
axial plane passing through the conductors and 
insulating means of low dielectric constant for 
supporting the conductors. 

' 8. In a conducting system for communication 
of intelligence, two conductors connected one as 
a return for the other, each conductor being in 
the form of a thin, curved sheet, the conductors 
being placed with convex surfaces towards each 
other, the chords of the curved surfaces being 
perpendicular to the axial plane passing through 
the conductors and insulating means of low di 
electric constant for supporting and separating 
the conductors. 

9. In a conducting system for communication 
of intelligence, two conductors connected one as a 
return for the other, each conductor being in the 
form of a thin, curved sheet, the conductors 
being placed with convex surfaces towards each 
other, the chords of the curved surfaces being per 
pendicular to the axial plane passing through the 
conductors, and insulating means of low di 
electric constant for supporting and separating 
the conductors, the insulating means for spacing 
the conductors being so formed that the dielec 
tric between adjacent surfaces will be principally 
gaseous, and terminal apparatus for the con 
ductors for supplying thereto and receiving 
therefrom signal frequencies. 

10. In a conducting system for communica 
tion of intelligence, two conductors connected one 
as a return for the other, each conductor having a 
non-rectilinear cross-section whose dimensions 
are substantially greater in one direction than 
the other, the conductors being placed with broad 
convex curved surfaces towards each other and 
with the greater dimension perpendicular to the 
axial plane passing through the conductors and 
insulating means of low dielectric constant for 
supporting and ‘separating the conductors, the 
outside form of the pairs of conductors with its 
insulation being such that a plurality of Jairs 
may be laid up and the combination given a twist 
to reduce interfering inductive eifects. 
.11. In a conducting system for communica 

tion of intelligence, two conductors connected 
one as a return for the other, each conductor 
being in the form of a thin, curved sheet, the 
conductors being placed with convex surfaces to 
wards each other, the chords of the curved sur 
faces being perpendicular to the axial plane pass 
ing through the conductors, insulating means of 
low dielectric constant for supporting and sepa 
rating the conductors, the insulating means for 
spacing the conductors being so formed that the 
dielectric between adjacent surfaces will be 
principally gaseous, and terminal apparatus for 

the conductors for supplying thereto and receiv 
ing therefrom signal frequencies, the outside 
form of a pair of conductors with its insulation 
being such that a plurality of pairs may be laid 
up and the combination given a twist to reduce 
interfering inductive e?ects. 

12. The combination of two pairs of conduc 
tors as set forth in claim 5, with the axial planes 
of the pairs perpendicular to each other. 

13. The combination of a plurality of pairs of 
conductors as set forth in claim 5, with the axial 
planes of any two adjacent pairs perpendicular 
to each other. 

14. In a conducting system for communication 
of intelligence, two conductors connected one as 
a return for the other, each conductor being in 
the form of a thin, curved sheet, the conductors 
being placed with convex surfaces towards each 
other, the chords of the curved surfaces being 
perpendicular to the axial plane passing through 
the conductors, and insulating means of low di 
electric constant for supporting and separating 
the conductors, the cross-section of the curved 
surfaces and their distance apart being such 
that the edge e?ect and the proximity effect 
substantially neutralize each other. 

15. In a conducting system for communication 
of intelligence, two conductors connected one as 
a return for the other, each conductor being in 
the form of a thin, curved sheet, the conductors 
being placed with convex surfaces towards each 
other, the chords of the curved surfaces being 
perpendicular to the axial plane passing through 
the conductors, and insulating means of low di 
electric constant for supporting and separating 
the conductors, the cross-section of the curved 
surfaces being substantially the arc of an ellipse, 
and their spacing being such that the edge 
effect and the proximity effect substantially neu 
tralize each other. . 

16. In a transmission line for alternating cur 
rents, a pair of conductors each conductor being 
a thin, broad elliptical strip of metal, the two 
conductors being parallel to each other, the pair 
being bound by continuous spiralled serving of 
cord or tape which is looped between tne two con 
ductors at intervals sufficient to provide the de 
sired separation. 

17. In a transmission line for alternating cur 
rent, a pair of going and returning conductors, 
each conductor being a thin, broad elliptical strip 
of metal, the two conductors being disposed with 
the convex surfaces toward each other and being 
held apart by a continuous tape of porous in 
sulating material and being bound together by a 
continuous serving of insulating tape or cord. 
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