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3 Claims. (Cl. 343-719) 

The present invention relates to hardened antennas and 
particularly to a buried antenna capable of withstanding 
nuclear blasts or theY like. 

It is an object of the present invention to provide an 
antenna which presents a small target cross section and 
which has an optimum launching efficiency relative to its 
cost. 

Another object of the invention is to provide a buried 
antenna which radiates a vertical polarized field above 
ground. 

It is another object of the invention to provide an 
efficient buried antenna having a subs-tantially omni 
directional radiation pattern. 

It is another object of the invention to provide a buried 
antenna whose efficiency is not impaired by subfsurface 
and surface water. 
According to the invention, radio waves, preferably 

below 500_ kc., are transmitted from a buried loop» an 
tenna or loop antenna array. Radio waves in the fre 
quencies ranging downward from 500 kc. are transmitted 
more and more efficiently by a buried loop antenna or 
loop antenna array than by other antenna types of corn 
parable dimensions in terms of wavelengths. Each loop 
antenna is located in a vertical plane and has a length 
of the order of a quarter wavelength of the radiated 
waves in air. The height or width of the antenna is small 
relative to its length. The antenna radiates vertically 
polarized waves in a fìgure-of-eight pattern having its axis 
along the length of the loop and nulls at right angles to 
the loop. To achieve an omnidirectional pattern, a pair 
of loops may be arranged at right angles or four loops 
may be arranged in the form of a turnstile. The antenna 
is located in low loss material and provided with means 
for shedding surface water and draining sub-surface 
water to maintain a high launching efficiency. 

Other objects and advantages of the invention will 
become apparent and the invention itself will be fully 
understood from the following description and the draw 
ing wherein: 

FIG. l is a schematic sectional view showing a loop 
antenna according to the invention; 

FIG. 2 is a cross sectional view taken along the line 
2--2 of FIG. l; 

FIG. 3 is an end View of a wire forming the loop an 
tenna; 

FIG. 4 is a sectional view showing another embodi 
ment of the invention; 

FIG. 5 is a schematic view of a two element orthog 
onal loop antenna array; and 
FIG. 6 is a schematic view of a quadrangular array 

of four loop antennas. 
Referring to the drawing, a two-wire coaxial cable 1t) 

connects loop antenna 12 to a transmitter. The radio 
`Waves transmitted may be anywhere in the range below 
500 kc., but preferably below 100 kc. For the sake of 
definitencss, the present invention will be described par 
ticularly with reference »to an antenna operating at a fre 
quency near 500 kc. Wires 13, 14 of cable 10 and con 
nections 15 and 16 feed arms 17 to 2t) of the loop. The 
loop has a length of approximately a quarter wavelength 
in air of the Waves to be transmitted. The length of a 
quarter Wavelength is a rough upper limit to the over 
all length. The length may be more with some resultant 
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distortion of the figure 8 horizontal radiation pattern of 
a single loop. If less, the efficiency will be decreased. 
For a frequency of 500 kc. a suitable length of the loop is 
approximately 150 meters. Loop 12 is located in a verti 
cal plane with arms 17 and 20 immediately above arms 
18 and 19, respectively, and spaced therefrom a distance 
of about 3 feet. Loop 12 is tuned by a capacitor 21 con 
nected between conductors 13 and 14. 
Loop 12 is formed of a conductor having a plastic core 

24 surrounded by a cylindrical stranded conductor 25, 
such as a heavy duty Copperweld wire. Conductor 25 is 
embedded in a plastic cover 26 formed of material such 
as polystyrene having a low effective dielectric constant, 
say less than 3. The plastic cover 26 should have a rela 
tively larger diameter, for example, 4V inches, when the 
diameter of conductor 2S is about 2 inches. The larger 
part of the latter dimension is that of plastic core 24. 
The plastic cover 26, having a low dielectric constant and 
low loss and relatively large diameter, reduces losses 
which would otherwise occur in the material surrounding 
the loop wires. 
The construction of the antenna will now be described 

particularly with reference to FIG. t2. The ground is 
' graded so as to provide a run-off for surface water. For 
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this purpose a suitable incline 27, 28 is provided on both 
sides of the position of the loop antenna, and this grad» 
ing, of course, extends the entire length of the antenna. 
Three trenches 3d, 31 and 32, are dug to a suitable depth, 
for example, 10 feet. The trenches can have any con 
venient shape; for example, they can be triangular or 
V-shaped, having sloping sides, or straight sides, as shown 
in FIG. 2. These trenches run the entire length of the 
loop antenna. At the bottom» of the outer trenches 
drainage means are provided, such as clay tile 33 and 34. 
The clay tile drains extend the entire length of the loop 
antenna and slope downwardly from the center of the 
loop toward the two ends thereof. The tile may be in the 
form of pipe having openings therealong for the ad 
mission of water. After the clay :tile 33 and 34 are laid 
at the bottom of trenches 31 and 32, these »trenches are 
re-filled with a suitable material which will impede the 
movement of water toward the center trench. Such a 
material is stabilized soil which will remain dry. Trench 
3i) is filled to a suitable depth of, say, two feet, with 
silica sand or vermiculite. The loop antenna is then 
placed in the trench and connected to the twin coaxial 
line 1@ as shown in FlG. l. The ltrench 30 is further 
filled with coarse silica sand or vermiculite to a height 
slightly above the loop antenna. The remainder of 
trench 3f) is then filled with stabilized soil to a depth of 
about l foot within the surface. A plastic Pliofilm 40 
is -then laid over trenches 30-32 for the entire length of 
the antenna to form a Waterproof shed over the trenches. 
To increase th? effectiveness of ñlm 40, it is preferably 
extended a few feet beyond the outer trenches 31, 32. 
Film 4t) is then covered with earth 41 to hold down and 
hide the film and to provide a suitable slope of the earth 
to facilitate run-off of surface water. 

In the embodiment of the invention shown in FIG. 4 
a triangular trench 47 has a low loss fill 42 such as con 
crete or processed, dried earth. Upper loop wire 43 is 
buried at about one meter, or deeper, and lower loop wire 
44 at one meter or more below the upper wire. A 
weatherproof cover or Pliofilm 45 is placed over the 
trench, slightly below the surface of the earth, to shed sur 
face water. lf the fill 42 is sufficiently resistant to water, 
the side trenches 31 and 32 of FIG. 2 may be dispensed 
with. The length of the loop depends on the frequency, 
a length of about 250 to 300 feet being suitable at 1 mega 
cycle and a length of about 500v feet at 500 kc. Generally, 
the loop length and the number of Crossovers of the loop 
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cable wire are such that the phase shift along the loop is 
negligible, the length being uncritical. 

In order to provide an omnidirectional radiation pattern 
a pair of loop antennas 46, 48 are placed across each other 
as shown in FIG. 5. Antennas 46 and 48 are each connect 
ed by cables, as shown in FIG. 1, to a transmitter which 
energizes these loop antennas in phase quadrature. An 
other method of obtaining a substantially omnidirectional 
radiation pattern is to use four loop antennas of the type 
disclosed in FIG. 1, but arranged as in FIG. 6. Loops 
51 and 53, FIG. 6, are preferably energized in opposite 
phase, as are loops 52 and 54, and loops 51 and 53 are 
energized in phase quadrature with loops 52 and 54. All 
four antennas 51 to 54 are connected by suitable cables 
to the same transmitter. It is to be understood that the 
antennas in FIGS. 5 and 6 are of the same construction 
and are buried in the same manner as the antenna of 
FIGS. 1 and 2. 
As is indicated in patent application Serial No. 77,5 S7, 

tiled on December 22, 1960, in behalf of George F. Ley 
dorf and Lucien E. Rawls, launching losses are significant 
ly reduced if power losses occassioned by skin effect and 
proximity efr'ect are minimized. Advantageously, such 
losses are minimized if the subject antenna, or antenna 
array, is buried below the ground surface at a depth of the 
order of one skin depth; i.e., about one skin depth from 
the surface of the ground to the longitudinal central axis 
of the loop. Further, proximity effect losses are reduced 
if the upper and lower loop conductors are spaced-apart 
by about the order of a skin depth. Skin effect and 
proximity effect are well known phenomena, which are 
explained in great detail in the following books: “Elec 
tronics and Radio Engineering” 4th edition, authored by 
Frederick E. Terman and published by McGraw-Hill 
Company, at pages 2l 'to 24 and pages 803 to 808; and, 
“American Institute of Physics Handbook,” published in 
1957 by the McGraw-Hill Company, at pages 5~85 to 
5-95. Brieily, the phenomenon called skin effect is the 
tendency of an alternating, or varying, current to redis 
tribute over the conducting medium’s cross section in 
such a pattern that the current density is greater where 
it is encircled by fewer lines of magnetic llux; proximity 
eiîect being the term given to the skin eiîect phenomenon 
in connection with interacting conducting media such ‘ 
as looped conductors and coils. A radiated electromag 
netic ñeld near a conducting medium induces a current 
flow in the conducting medium: The current density in 
the conducting medium being greatest near the in 
ducing iield; the current density decreasing exponentially 
in the conducting medium at distances more and more 
remote from plate where the ñeld is being applied. At 
a remote distance, or depth of penetration, from the 
place where the ñeld is being applied, the current density 
will be about 36.8% of the maximum current density. 
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The remote distance at which this reduction in current 
density occurs is called “one skin depth.” 
For the sake of deñniteness, a particular embodiment 

of the invention has been described and particular dimen 
It will be understood, however, 

that many variations and modiñcations of the arrange 
ments herein disclosed will be apparent to those skilled in 
the art. For example, other means‘which might be used 
for maintaining a low conductivity and low loss in the 
vicinity of the antenna include ñlling the loop-containing 
trench with oil or applying heat to the trench. Therefore, 
it is not desired to limit the invention except vas deiined in 
the following claims. 
What is claimed is: 
l. A loop antenna for transmitting radio waves, com 

prising a single turn loop having an upper conductor and 
a lower conductor located in a vertical plane, a transmis 
sion line connected to said loop for feeding the same, 
said loop, having a length approximately equal to a 
quarter wavelength in air ofthe radio waves transmitted 
thereby, the distance between the upper and lower wires 
of the‘loop being a very` small fraction of the length of 
the loop, said loop being buried in a trench within the 
earth with the center of said loop at a depth below the 
earth’s surface of no more thanone skin depth, said 
trench being filled to above the loop with a material having 
a lower loss than the surrounding earth, separate drain 
age trenches on each side of said loop antenna extend 
ing the entire length thereof, and a liquid impermeable 
cover located above said trench and extending the entire 
length of the loop for shielding said loop antenna from 
surface water. 

2. A loop antenna according to claim ‘1, wherein said 
drainage trenches include pipe means at the bottoms 
thereof covered by a stabilized soil, and wherein said 
impermeable cover also covers said drainage trenches. 

3. A loop antenna according to claim 2, wherein said 
material is coarse silica sand. 
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