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The present invention relates to coaxial cable and more 
particularly to coaxial cable having a helical insulating 
spacer and a helical outer conductor. 

Coaxial cables for the electric conduction of high-fre 
quency alternating currents generally consist of a metal 
inner conductor, insulating spacers arranged concentri 
cally about the inner conductor, and a metal tubular outer 
conductor concentrically around, and supported by, the 
spacers. This type of cable should have low transmis 
sion attenuation, sufficient flexibility to be curved, in place 
ment and in transportation, without breaking the cable or 
lowering its transmission quality, and substantially equal 
transmission characteristics for equal lengths of the 
cable. 
An insulating helix, rather than individual spacing 

plates, is preferred for coaxial cable because of its high 
dielectric insulating properties, uniformity of spacing, con 
tinuous productivity, and low cost of manufacture. The 
helical spacer, which is preferably of a plastic material, 
is injection-molded directely onto the inner conductor 
by automatic continuous machinery. The helix may also 
be constructed by winding either a single or a plurality 
of tapes in helical fashion about the inner conductor. 
While the insulating helix is flexible, the outer tubular 

conductor may break under bending. A number of types 
of cables have outer conductors which bend satisfactorily. 
In one type the outer conductor is a braid of metal threads, 
but it is inferior in transmission quality to a cable having 
a tubular outer conductor with solid side walls. An 
other type has a tubular outer conductor with solid side 
walls made of a relatively flexible metal such as lead. 
However, lead conducts electricity poorly especially at 
high frequencies, at which it is the skin or surface effect 
of the conductors which is of primary importance. In 
other types the outer tubular conductor has a corrugated 
solid side wall, with either the corrugations arranged in 
a series of doughnut-shaped metal rings stacked one upon 
the other or in a helical form. In the helica form the 
corrugations follow a symmetrical pattern, both the 
troughs and crests of the corrugation being curves which 
are symmetrical to each other. 

In those cables having a helically corrugated outer 
conductor and a helical insulating spacer the helixes are 
laid in opposite directions to each other to provide bend 
ability. With that construction the crests of the outer 
conductor and the crests of the spacer are positioned at 
random relative to each other. This random positioning 
results in unequal transmission characteristics for equal 
lengths of the cable and, as the spacer has a different di 
electric constant than air, attenuation by reflection of cer 
tain high frequencies. 

It is an objective of the present invention to provide 
a coaxial cable which may be curved in transportation 
and in placement without adversely affecting its transmis 
sion characteristics. 

It is a further objective to provide such a cable in which 
the transmission characteristics are susbtantially uniform 
over equal lengths of the cable. 

Another objective is that the insulating spacer of the 
cable does not attenuate high frequency waves by reflec 
tion. 
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Another objective is that the cable be convenient to 

manufacture by automatic and continuous machinery. 
In accordance with the present invention a coaxial cable 

is provided having an outer conductor formed with a cor 
rugation spiralling around the inner conductor, and an 
insulating helix of a high dielectric material spirally 
wound about the inner conductor and serving as a spacer 
between the outer conductor and the inner conductor. 
The insulating helix is arranged so that the outer periph 
ery of its turns is within the crest of the spiral corruga 
tion of the outer conductor, the turns of the corrugation 
being separated by a valley portion of the outer con 
ductor which spirals around the inner conductor between 
the turns of the insulating helix. By suitable proportion 
ing of the insulating helical spacer and the dielectric 
constant of the spacer, the greater distance between inner 
and outer conductors at the crest of the corrugation of 
the outer conductor will electrically offset the lower in 
sulation of the air space and the closer distance between 
the conductors at the directly opposite side of the cable 
where the valley portion of the outer conductor is located. 

These and other objects and aspects of the invention 
will be apparent from the following description of a 
Specific embodiment and by reference to the accompany 
ing drawings wherein: 

FIG. 1 is a cross-sectional side view of a coaxial cable 
of the present invention showing the top portion of the 
inner conductor in half elevation; 

FIG. 2 is a cross-sectional partial side view enlarged 
With respect to the view of FIG. 1, showing crest and 
Valley portions of the outer conductor and a preferred tool 
to form that conductor; and 

FIG. 3 is a diagram of the same tool as that shown in 
FIG. 2 illustrating the mathematical relationships in 
volved in the helix of the outer conductor. 

In FIG. 1 inner conductor 9 is a cylindrical electrically 
conducting metal member which may be solid but is 
shown as hollow. Electrically insulating spacer 10 in 
the form of a helix is secured concentrically around in 
ner conductor 9 and is surrounded by outer conductor 11, 
the latter being an electrically conducting tube corrugated 
in the form of a helix and having a solid tubular wall. 
The impedance of a coaxial cable is determined by the 

ratio of its inductance to its capacitance. The inductance 
is substantially the same along the length of the cable, 
but the capacitance varies, increasing with the insulating 
properties of the spacer and decreasing with the distance 
between conductors. For example, the insulating prop 
erty of a plastic helix is approximately 2.5 times that of 
air, i.e., the plastic material has a dielectric constant of 
2.5. In the coaxial cable of this invention, by a proper 
Selection of the dome height of the crest b of the corru 
gation of the outer conductor and its width V (FIG. 3), 
taking into account the dielectric constant of the par 
ticular material to be used in the helical spacer, com 
pensation may be attained so that the capacitance along 
the cable is equal. This equality is attained because in 
all cross-sections taken perpendicular to the axis of the 
cable, there is uniformity in the amount of dielectric 
spacing material and air and in the spacing of the outer 
conductor from the inner conductor 9. Phrased in 
another way, on a diameter taken perpendicular to the 
axis of the cable the outer periphery of the spacer (and 
the crest of the spiral corrugation of the outer conductor) 
is exactly opposite to, and electrically balanced by, an 
air gap and the valley of the outer conductor. 
As the spiral outer periphery of the insulating helix 10 

is held along its entire length within the crest of the 
spiral corrugation of the outer conductor, any mechanical 
displacements which occur due to the different coefficients 
of expansion of the outer conductor and the insulating 
helix are taken up by changes in the shape of the outer 
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periphery of the insulating helix. The outer conductor 
and the insulating helix do not move in relationship to 
one another, so that the electrical properties of the coaxial 
cable remain constant. 

iPreferably, the outer edge of the insulating helix 1 () is 
curved prior to forming the outer conductor 11 about it, 
so that it conforms to the shape of the inner wall of the 
spiral crest of the outer conductor. 
A further advantage of this construction occurs when 

the coaxial cable is used in a vertical position, for exam 
ple, as a feed to a high frequency antenna. In these 
cases, a clamp is preferably utilized whose internal undu 
lation profile is the same as that of the corrugation of the 
outer conductor. With this type of clamp, due to the 
construction of the cable, both the outer conductor and 
the insulating helix are clamped. 
The outer conductor 2 is shown in greater detail in 

FIG. 2 in which the wall thickness of the outer conductor 
is designated by t. The wall is bent by a forming tool 2, 
the tool preferably being in the form of a helix. The 
wide flat portion 2 of tool 2 together with its curved 
fillet 3 compresses the tubular wall of the outer conductor 
to form a valley 4. Portion 6, the crest of the spiral cor 
rugation, is not compressed by the tool but remains in 
recess 5 of tool 12. Since portion 6 is not under pres 
sure, it is free to shape itself and assumes a dome having 
a semi-circular cross-section. The dimensions of the tool 
and of the outer conductor are preferably given by cer 
tain relationships. For the formulae for these relation 
ships, an imaginary center line 8 is drawn in the center 
of the wall of the outer conductor. The width of the 
recess portion of forming tool 12 is designated ew. The 
width e is less, by the thickness t of the outer conductor, 
than the actual width ew. The radius r of the forming 
tool 2, taken to the imaginary line 8 or 8a, is greater 
than the radius rw to the outer surface of the crest. In 
FG. 3, b is the height of the dome of the crest of the 
outer conductor, R is the radius of the dome, Vo is the 
diameter of the arched circle forming that dome, and V 
is the distance across the base of the dome from the ends 
of fillet portions 3. 

it has been found that the preferred optimum relation 
ships are that the height of the dome of the crest b is 
equal to its radius R. Of greater importance for strength 
and bendability, however, is that the fillet radius r be 
substantially equal to the dome radius R, so that the 
metal between forming the inflection zone between the 
vaileys and the crest of the corrugation is not over 
stressed. The length of this transitional portion formed 
by fillet 3 is preferably V= VoV3. The valleys 4 are 
preferably flat rather than curved. The valleys and crests 
preferably follow the following equations: 

The maximum bendability of the coaxial cable is gen 
erally determined by the bendability of its outer conduc 
tor. The inner conductor is of relatively small diameter 
and therefore more readily bent while the intermediate 
insulating spacer is usually of a plastic or other flexible 
material. 
When the outer conductor is bent to its maximum, for 

example, when the coaxial cable is wound upon a ship 
ping dru m, the top part of the cable (facing away from 
the axis of the drum) is stretched and the bottom portion 
is compressed. 

In FIG. 3, V designates the crest and its oppositely 
curving inflection zone formed by fillet 3. 1-V, where 
V is less than 1, is the length of the cylindrical part (the 
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4. 
flat valley portion) where the measurement of the uniform 
corrugation is set, in this specification, equal to a pitch of 
P. The pitch is the distance, along a longitudinal line, from 
a point at the center of one valley to a point in the center 
of the next valley. This distance of P will be modified by 
the actual measurement which will give a multiplication 
factor for the pitch of h. In the case of extreme stretch 
ing of the corrugation, the crests at the top of the bent cable 
tend to be flattened out so that the dimension from valley 
to valley is lengthened. The relative change in length will 
now be equal to: 

2 P=1-42 WA 
which is equal to a relative lengthening of the longitul 
dinal element of the outer conductor in the stretched 
zone of 

P-1 
1 

letting the ratio of the diameter of bend D to the cable 
diameter d be equal to the bending factor k: 

k=1 
the relative change in length in the stretched zone, corre 
sponding to a bending around the diameter D, becomes: 

T (D+2d) - T (D+ d) - d - 1 
T (D--d) TD-- d -- 1 

For such bending the smallest permissible bending factor 
of the cable is: 

k= -1 == -1 
P V4b2-V2-V 

For the optimum corrugation shape, in which the circle 
of curvature of the peak point of the crest is a part of 
a semicircle over the extension of the cylindrical part, the 
bending factor is: 

W3 k=-1. --1 v(2 V3) 
The optimum shape of the outer conductor is not attain 

able. However, it is possible to make V Smaller in order 
to maximize the bendability of the cable or to make the 
height b of the dome smaller to save material. The lim 
itations on the amounts by which the length V or the 
height b may be altered are that the fillet radius r should 
be equal to the dome radius R, resulting in the relation 
ship: 

V 
2 COs arc tan 25 

It should be understood that the present disclosure is 
for the purpose of illustration only and that this inven 
tion includes all modifications and equivalents which fall 
within the scope of the appended claims. 

I claim: 
1. In a coaxial cable, the combination of an electrically 

conductive bare inner conductor of circular cross-section, 
an electrically insulating spacer of substantially rectangu 
lar cross-section spiralling around the bare inner conduc 
tor with the longer dimension of said cross-section extend 
ing substantially radially of the inner conductor, the spiral 
spacer forming a helix having its turns spaced along said 
inner conductor with the inner edge of the turns engaging 
the bare inner conductor around the periphery thereof to 
hold said inner conductor against radial displacement with 
in the turns, and a solid-walled tubular electrically conduc 
tive outer conductor surrounding the bare inner conductor 
in spaced relation thereto and having an outwardly pro 
truding corrugation spiralling around said inner conduc 
tor in spaced turns, the outer conductor also having a val 
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ley portion spiralling around said inner conductor in 
spaced relation thereto and in spaced turns which separate 
said corrugation turns and which are located between said 
turns of the spiral spacer, said corrugation having a crest 
portion which is located at a substantially greater radius 
from the inner conductor than is said valley portion and 
which is dome-shaped in longitudinal section of the outer 
conductor, whereby the inner surface of said crest portion 
is concave, said turns of the spiral spacer having their 
outer edge located entirely in said corrugation and seated 
against said concave inner surface of the crest portion to 
hold said inner and outer conductors in fixed spaced rela 
tion to each other. 

2. The combination defined in claim 1, in which said 

0. 

6 
valley portion is flat in longitudinal cross-section and 
forms along the length of the cable a spiral wall of uni 
form radius with respect to the axis of the cable. 
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