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This invention relates to microwave communication 
lines and more particularly to relatively short lines such 
as connecting a microwave transmitter to the station equipment. 
One of the objects of the invention is to provide a 

communication line for extremely high frequencies of 
the order of 5,000 megacycles and more which is Sub 
stantially independent from atmospheric influences such 
as humidity, ice and Snow, and at the same time simple 
in construction and efficient in operation. 
A more specific object of the invention is a communi 

cation system including a surface wave transmission line 
connecting appropriate receiving and transmitting ele 
ments and having a dielectric coating of a general or 
overall thickness extending substantially beyond the re 
gion of maximum intensity of the surface wave field but 
of a general or overall dielectric consant which is of 
the order of the surrounding atmosphere or at least not 
substantially higher. 

Another object of the invention is a Surface Wave 
conductor having a dielectric coating of a substantially 
discontinuous type of structure, consisting of an outer 
shell arranged at a distance beyond the region of maxi 
mum intensity of the surface wave field and surround 
ing a number of hollow spaces arranged regularly or 
irregularly between the outer shell and the conductor 
surface thereby reducing the overall dielectric constant 
of the dielectric coating to a minimum. 

Still another object of the invention is to provide a 
cellular type of dielectric coating on the surface wave 
conductor. 
A further object of the invention is to combine a 

dielectric coating having an outer shell extending beyond 
the region of the maximum intensity of the surface wave 
field, with an inner coating arranged directly on the 
surface of the surface wave conductor but of a thickness 
which is small against the diameter of the region of 
maximum intensity of the surface waves to be trans 
mitted. 
These and other objects of the invention will be more 

fully understood from the drawings annexed herewith, 
in which 

Fig. 1 shows in cross section a surface wave conductor 
embodying certain features of the invention. 

Figs. 2 and 3, in front and side cross sectional views 
respectively, show modifications of Fig. 1. 

Fig. 4 illustrates diagrammatically a complete surface 
wave transmission system in accordance with the inven 
tion. 

Figs. 5 and 6 in cross section side view respectively, 
represent another type of surface wave conductor in 
accordance with this invention, and especially suited 
for relatively short distance microwave communications, 
for example, antenna lines. 

Figs. 7 and 8 represent cross sections of modifica 
tions of the structures shown in Figs. 5 and 6. 

Figs, 9 and 10 in cross section and side view re 
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2 
spectively, represent another embodiment of the inven 
tion, especially applicable to long distance communica 
tion lines, and relatively low microwave frequencies. 
In Fig. 1, is a copper wire of No. 16 gauge adapted 

for example to transmit a microwave frequency of say 
10,000 megacycles. - 

In the past it has been found that at such high fre 
quencies a Surface wave conductor requires very little 
if any insulation or surface deformation to produce 
the relatively small diameter wave field extending sub 
stantially parallel to the conductor and enclosed sub 
stantially in a cylindrical region of wave length dimen 
sion surrounding the conducting surface. 

General theory and practice of such surface wave 
conductors and appropriate systems therefore are dis 
closed in U.S. patent specification No. 2,685,068, filed 
by G. J. E. Goubau. 

However, at very high frequencies, especially of the 
order as contemplated in this disclosure, Water drops or 
layers, ice layers or any other atmospheric deposits on 
the conductor surface are apt to disturb the surface Wave 
field especially if they are of the order of wave field 
dimension in view of the relative smallness of the Sur 
face wave field. 
As a result the surface wave field becomes unduly 

attenuated, standing waves result and undesired radia 
tion will occur. - 

In accordance with the invention, surface wave con 
ductor i is provided with a discontinuous type of poly 
ethylene coating 2 which is of a radial dimension sub 
stantially greater than the wave length or lengths con 
cerned, or which extends at least beyond the region of 
maximum intensity of the surface wave field Surround 
ing the conductor Surface, 
At the same time by providing of low dielectric dis 

continuities in the polyethylene coating, the overall di 
electric constant of coating 2 is held Sufficiently low, not 
higher or not substantially higher than the dielectric 
constant of the atmosphere surrounding the Surface wave 
conductor. 

In this way, losses in the dielectric coating due to un 
desired wave field concentration, especially in the region 
of maximum intensity immediately surrounding or ad 
jacent to the surface of conductor 1 are reduced to a 
minimum. Simultaneously, the accumulation of water, 
ice, and any other field distorting or obstructing atmos 
pheric elements are placed substantially beyond the re 
gion of maximum field intensity. 

in the realization of the invention of Fig. 1, the dielec 
tric coating is shown to consist of an outer shell or 
wall 3 of a diameter extending substantially beyond the 
region of maximum surface wave field intensity, or at 
least beyond a region of wave length dimension of the 
surface wave field. Outer shell 3 is maintained in this 
position by a number of radial walls Schematically in 
dicated at 4 between which hollow spaces or cavities 
5 are formed. 

This arrangement of elements 3, 4 and 5, results in 
a dielectric structure of an overall dielectric constant 
which, if anything, is only slightly higher than that 
of atmosphere surrounding outer shell 3. 

Radial walls 4 are supported directly on the outer 
surface of conductor 1 or, alternatively, as also shown 
in Fig. 1 on a thin enamel layer 6 of a dimension which 
is small against the operating wave length range and 
therefore does not substantially conrtibute to field at 
tenuation while at the same time serving to protect and 
define the outer surface of the conductor in a prede 
terminedly controllable manner. 

In Fig. 1, cavities or cellular spaces 5 are shown to 
be filled with substantially the same gas, in this case air 
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Such as would exist in the atmosphere surrounding the 
outer wall 3, which need not be perfectly continuous but 
only sufficient to keep the disturbing atmospheric or 
other elements at the proper distance out of the maxi 
mum field strength region. 

However, the invention is not limited to this specific 
arrangement. 

Alternatively, complete enclosure of the cavities 2 may 
be provided as apparent from the modification of the in 
vention shown in the different cross sectional views of 
Figs. 2 and 3. 

In this case, in addition to the outer shell 3 there is 
provided an inner shell 6 of a dimension which is rather 
small against wave length dimension and therefore sub 
stantially not contributive to field attenuation with radial 
ribs being provided as before at 7 forming cavities 8 
reducing the overall dielectric constant in accordance 
with the invention to a value which is not higher or 
not substantially higher than that of the surrounding 
atmosphere or air. 

In accordance with a further feature of the invention, 
cavities 8 may be so arranged that they do not extend 
continually and in the same direction throughout the 
entire length of the conductor surface but only over 
predetermined short lengths 9, 10, as apparent from Fig. 
3 which are separated from each other by walls 11 ex 
tending perpendicular to the axis of the surface wave 
conductor and which are angularly displaced with re 
spect to each other so as to present a better distribu 
tion or homogenization of the dielectric constant over 
the entire length of the surface wave conductor of 
say several thousand foot length. This especially ap 
plies to antenna lines in which the invention is believed 
to be of particular advantage. 
Thus a number of completely enclosed cavities 12, 

13 are realized extending radially around as well as longi 
tudinally along conductor 1. 

In accordance with another feature of the invention it 
is now feasible to further reduce the dielectric constant 
and to bring it as close as possible to that of the surround 
ing air by enclosing in these spaces a gas at lower di 
electric constant than that prevailing in the surrounding 
atmosphere. 
Such gases of lower dielectric constant are well known 

in the art, for example, hydrogen or helium; and to en 
close such gases into dielectric cavities made of rubber, 
polyethylene or any other thermosetting plastic or ex 
trusion material is well known and need not be explained 
in detail. 
One of the simplest ways of achieving such gas en 

closures of predetermined dimensions and gas content 
is to form or extrude the plastic in such a gas atmosphere 
or at least to add to the extrusion liquid or solution 
the desired gas content in a form in which during the 
extrusion process it will either be formed or exist at 
the moment of extrusion at the desired portions of the 
extrusion structure. 
While Figs. 2 and 3 show a direct application of the 

low dielectric constant coating on a surface wave con 
ductor it has been found useful to provide in addition 
to such coating a continuous density type of rather usual 
and relatively high dielectric constant but of a thickness 
which is small against the wave length contemplated or 
at least small as compared to the diameter of the region 
of maximum intensity of the surface wave field. 

In Fig. 2, intermediate coating 14 is an enamel coat 
ing and serves not only to concentrate the wave field 
to the required dimensions but at the same time to pro 
tect the outer surface of the surface wave conductor it 
self against atmospheric or mechanical attack or any 
other influences affecting the surface wave field. 

in Figs. 2 or 3, the inner shell 6 may replace the im 
mediate dielectric layer or alternatively may be added 
to enhance protection and definition of the outer con 
ductor surface. 

5 

4. 
Instead of providing cavities such as shown in Figs. 1, 

2 or 3 in more or less regular or symmetrical array 
around and along a surface wave conductor of appro 
priate dimensions, such cavities may be arranged in an 
irregular or asymmetrical manner with more or less 
equivalent effect on the overall dielectric constant of the 
dielectric coating. 
As apparent from Fig. 4 dielectric coating 15 surround 

ing an enameled coated surface wave conductor 16 is of 
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a dimension substantially exceeding wave length dimen 
sion or at least the region of maximum intensity of the 
surface wave field and including a number of irregularly 
arranged cavities or pores thereby reducing the relatively 
high dielectric intensity of the coating material itself to 
the relatively low value approximating the dielectric 
constant of air, in accordance with the invention. 

It has been found in practice that foam rubber or foam 
polyethylene or any other foam type dielectric can be 
used in accordance with the invention. 

Here too, in accordance with a further feature of the 
invention, the pores can be arranged to be filled with 
air or any other relatively low type dielectric constant 
gas in otherwise well-known manner. 
As apparent from the cross section of Fig. 4, the dis 

continuous type of foam rubber structure does not ex 
tend uniformly across the entire length of the surface 
wave conductor extending from antenna 17 to transmitter 
station 17 but is interrupted periodically through rela 
tively short but relatively densely or continuously struc 
turized dielectric portion 18, which in this particular case 
may consist of relatively less porous, or unporous poly 
ethylene, polystyrene or any other thermostatic plastic. 
These relatively hard or rigid portions of the dielectric 

coating surrounding the surface wave conductor may 
serve as supporting points or portions for the entire sur 
face wave conductor line, to hold for example nylon 
strings 19 depends from cross arms 20 of poles 21. 

In this way, wear and tear on dielectric coating of the 
surface wave conductor is reduced to a minimum with 
out impairing excessively its attenuation characteristics. 

In order to reduce this impairment of attenuation to a ; 
minimum the transition from the relatively porous to 
the relatively unporous structure of the dielectric coat 
ing is made gradual, all this without exceeding from the 
scope of the invention. 
The embodiment of the invention illustrated in Figs. 5 

and 6 represent means for preventing or breaking up the 
formation of ice on surface wave transmission lines of 
the kilomegacycle range and of relatively short lengths, 
such as are used as antenna lines. 

In Figs. 5 and 6 a surface wave conductor 22, enamel 
led or otherwise protected in otherwise well known man 
ner, or also unprotected as the case may be, is pro 
vided with a foam or sponge type polyethylene coat 
ing 23, removing the influence of rain or ice as far as 
possible from the high intensity region of the surface 
wave field surrounding conductor 22. 

In addition, there is provided around the circumfer 
ence of coating 23 a cylindrical balloon-like structure 
made of flexible and preferably elastic dielectric mate 
rial such as rubber schematically indicated at 24. 

Structure 24 can be inflated by pumping a gas, such 
as air, therethrough. 

In deflated condition structure 24 is indicated by dotted 
line 24. 

Inflation of structure 24 to shape 24 will produce a 
mechanical movement removing the ice partially or com 
pletely or at any rate removing the ice to a distance 
which is far out of the region of high intensity of the 
surface wave field created by conductor 22. 
As apparent from Figs. 5 and 6 structure 24 is formed 

into three-or more-compartments 25 having side walls 
26 which assure proper centrifugation around dielectric 
coat 23. 

In the realization of a balloon-like structure shown in 
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Fig. 6, the various compartments 25 are shown to extend 
spirally around dielectric coating 23 and as a result de 
formation of the balloon-like structure 24 will not only 
occur in a direction radial with respect to the surface 
wave conductor, but also in a direction longitudinal to 
that conductor, and as a result the balloon-like structure 
will be subjected to twisting movements which will en 
hance de-icing. 

In the embodiment of Fig. 7 the balloon-like struc 
ture is applied directly at 27 around a surface wave con 
ductor 28. 

In the modification of Fig. 8 a surface wave conductor 
29 is provided with a foam polyethylene coating 30 which 
is provided with a number of longitudinally or spirally 
extending channels 31. 

Such channels may serve to carry hot air or an anti 
freeze liquid reducing icing to a minimum. 
At the same time under appropriate pressures or pres 

sure changes of the gas or liquid passing through chan 
nels 31, the entire dielectric crating 30, and especially its 
surface, will be subjected to movements causing de-icing, 
or at least preventing or reducing the formation of ice 
to a minimum. 

Additional heating can be applied in all of the em 
bodiment of Figs. 1 through 10 to prevent or reduce in 
terior icing or at least reduce internal condensation to a 
minimum. 
However, in accordance with the invention, the electric 

heat required in the case of Figs. 1 to 8 is relatively 
small and may be held substantially below the tempera 
ture affecting the structure or efficiency of the insulat 
ing coating of the surface wave conductor, such as poly 
ethylene, since the principal de-icing operation is taken 
over by the balloon-like structure or inflatory movements. 

In Figs. 9 and 10, de-icing is shown to be caused by 
electric heating applied to a surface wave conductor in 
a manner especially adapted for long distance communi 
cation and relatively low microwave ranges such as of 
the order of several hundred megacycles. In this case, 
a surface wave conductor schematically indicated at 32 
is provided with a number of relatively high heat con 
ducting but still well insulating rings, cylinders, discs 
or the like, in a pearl string-like fashion as schematically 
indicated at 33, and consisting for example of steatite. 

In this way it is possible to heat the structure to a 
much higher temperature than that possible with poly 
ethylene or a similar type of thermosetting plastic, and 
yet at the same time to obtain a good conduction of the 
heat to the outside. 
In order to assure dielectric continuity on the pearl 

like structure 33 an outer polyethylene cover tubing 34 is 
provided which by proper means such as a plastic filler 
35, can be extended into the interstices between rings 33. 

Rings 33 can also be made of ferrites to increase the 
electric efficiency of the line. 

While the invention is particularly applicable to high 
microwave frequencies or to frequencies in which water, 
snow and ice and other deposits on the surface wave 
conductors are of wave length or field affecting dimen 
sions, the invention is not limited to any particular fre 
quency in this frequency range, nor is it limited to the 
particular form, structure or type of dielectric, cells or 
cavities but may be applied in any form or manner what 
soever without departing from the framework of this dis 
closure. 

I claim: 
1. In a microwave communication system, means for 
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launching surface waves at a predetermined wave length 
range, means for receiving said surface waves, and a sur 
face wave transmission line connecting said launching and 
receiving means including a longitudinal conductor in 
cluding a dielectric layer exposed to the atmosphere and 
having an outer surface spaced from the conductor sur 
face at a distance of the order of one wave length of said 
wave length range whereby said dielectric surface lies 
beyond the region of maximum intensity of the surface 
wave field; and a number of gas filled cavities in said 
dielectric layer between said outer surface and said 
conductor surface so distributed as to produce a dielec 
tric constant of an overall value not substantially different 
from that of the atmosphere surrounding said layer; both 
said layer and cavities extending substantially over the 
entire length of said line as exposed to said atmosphere. 

2. System according to claim 1 wherein said conductor 
surface is formed of a dielectric layer of relatively high 
dielectric constant and of a thickness which is small rela 
tive to wave length. 

3. System according to claim 1, wherein said cavities 
are substantially closed from the outer atmosphere and 
filled with a gas of lower dielectric constant than the outer atmosphere. 

4. System according to claim 1 wherein said cavities 
have an outer wall bordering the atmosphere and an inner 
wall bordering the conductor which is small relative to 
wave length dimension. 

5. System according to claim 1, wherein said dielectric 
layer is interrupted by short portions of continuous type 
of dielectric layer. 

6. System according to claim 1, wherein said dielectric 
layer is elastic and comprises inflatable portions. 

7. System according to claim 1, wherein at least part 
of said dielectric layer includes a cavity permitting pas 
sage of a fluid under greater than atmospheric pressure. 

8. System according to claim 1, wherein said dielectric 
layer is divided into cavities forming channels parallel 
to the conductor axis. 

9. System according to claim 1, wherein said dielectric 
layer is divided into cavities forming channels helicoidal 
to the conductor axis. 

:10. System according to claim 1, wherein the dielectric 
layer consists of a number of cylinders arranged over said 
conductor in pearl-string fashion. 

11. System according to claim 10 comprising means 
including a thermosetting plastic for filling at least a por 
tion of the interstices between said cylinders. 

12. System according to claim 10, wherein said cylin 
ders consist of ferrites. 
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