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This invention relates to antennas and more 
particularly to antennas employing a slot radi 
ator. 
Due to the recent rapid increase in the Speed 

of aircraft, it has become a matter of great in 
portance in their design to reduce the size of all 
protuberances from the surfaces of the craft or 
-to eliminate them entirely, if possible. The Solu 
tion of this problem with respect to antennas 
has resulted in several arrangeinents in which 
the antenna is reduced in size or incorporated 
Within the body of the aircraft. These arrange 
ments have not completely solved the problem 
since they have, in many cases, introduced Weak 
ness in the skin of the ship or taken up Valuable 
space inside. At the lower frequencies the di 
mensions of these antennas are Such as to create 
a serious space utilization problem. 

It is an object of this invention to provide ain 
antenna, which will protrude but little or inct 
at all from the surface of an aircraft. 

It is a further object of the invention to provide 
such an antenna, which may be disposed within or 
without an aircraft in a manner to consuline a, 
minimum of useful space without loss of radi 
ation efficiency with respect to previously knoWin 
types. 

It is another object of the invention to provide 
a recessed type of antenna, which Will strengthen 
rather than weaken the skin of an aircraft. 

It is a still further object of the inventioi) to 
provide an antenna, which may be wrapped 
around cylindrical or spherical Surfaces. 

It is still another object of the invention to 
provide an antenna, which may at lower fre 
quencies utilize the side of a building, the deck 
of a ship or other large surfaces as a portion of 
its radiating structure. 

It is yet another object of the invention that 
lends itself to use for broadcast and very low 
frequencies, eliminating the necessity for towers 
of high altitude. 

It is a further object of the invention to provide 
an antenna, having high radiation efficiencies at 
very low frequencies. 
These and other objects and advantages of 

the invention are realized by an attenna, con 
struction in which a resonant cavity lies flat 
upon a metal surface. The Open side of the 
resonant cavity is excited and forms a slot radi 
ator. Various modifications of this form are 
available. 
Referring now to the dra Wings: 
Fig. 1 is a perspective view of a slot radiator 

opening on one side into a resonant cavity; 
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Fig. 2 is a perspective view of an antenna, 

formed in accordance with the invention; 
Fig. 3 is a cross-sectional view of an antenna, 

formed in accordance with the invention; 
Fig. 4 is a perspective view of another form of 

antenna embodying the invention; 
Fig. 5 is a CrOSS-Sectional view of the antenna, 

of Fig. 4 taken along the line 5-5 of that figure; 
Fig. 6 is a perspective view of an antenna, of 

the type of Fig. 4, showing a feeding arrange 
ment; 

Fig. 7 is a perspective view of superimposed an 
tennas of the type of Figs. 4 and 6; 

Fig. 8 is a perspective view of an array of 
Superimposed antennas, the upper antenna be 
ing offset; and 

Figure 9 is a perspective view of an antenna, of 
the general type of the antenna of Figure 4 but 
utilizing a Wafer of solid dielectric material. 
There is shown in Fig. 1 a conducting plate or 

sheet (), having formed therein a rectangular 
slot having side edges 2 and end edges 3. It 
is known in the art to utilize, as an antenna, or 
radiating structure, a conducting plate having a 
rectangular slot of this configuration formed 
therein. When a slotted plate of this sort is ex 
cited radiation will be emitted from both sides 
of the plate. It is possible to limit the radiation 
to one side of an infinite sheet by the addition to 
the radiator of a resonant cavity as shown in 
Fig. 1. The cavity is shown as formed by a rec 
tangular flattened box having parallel side walls 
4 and 6 and parallel end walls 5. The 
end of this structure opposite the slot is like 
Wise closed, this Wall being invisible in the draw 
ing of Fig. 1. The depth of the box should be a 
quiarter wavelength or an odd nultiple thereof 
as calculated for a Wave guide of the Saina cross 
Sectional dimensions, while the distance between 
the Side edges 3 of the slot Should be a half 
wavelength or multiple thereof as measured in 
air. 
While this type of antenna, might be useful 

for aircraft installations, it nevertheless pro 
jects inwardly into the aircraft taking up valu 
able space and forming an obstruction which is 
objectionable. 

Fig. 2 illustrates an antenna constructed in 
accordance With the invention which retains 
the radiation efficiency of the antenna of Fig. 
1 without the objectionable Space consuming 
feature of that configuration. The same slot fi 
is formed in plate 0 as in Fig. 1. The box form 
ing the resonant cavity has, however, in effect 
been bent downwardly until it now lies against 
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the inner side of the plate (). The lower Wall 

is of the box can be dispensed with, the side 
Wallis 5 being joined directly to the inner Sur 
face of the plate 8. The wall 6 has been elon 
gated and curved around. With a const&nt, radius 
Of curvature to join the upper Side edge 2 of 
the slot. i.he wall 6 need not be curved, how 
ever. This end of the box may be inade identi 
cal With the opposite end. It can be Seein that 
the antenna, of iigS. 2 and 3, by lying flat against 
the outer surface of the aircraft, could be made 
to take up very little Space Within, and it has 
been discovered that no loSS in radiation effi 
ciency occurs by rea,Son of the change in config 
uration of the resonant cavity for that Shown 
in Fig. 1. 

Another form of the invention which is readily 
adaptable to aircraft use is that shown in FigS. 4 
and 5. In these figures the plate it is not pro 
vided with an opening. A resonant cavity which 
may be of silnilar dimensions to tihat of the fore 
going figures is formed by a box of pocket On 
the exterior surface of the plate 9. The plate 
it itself may form oine side of the box, talking 
the place, for example, of the side Wali 6. The 
remaining side wall 4, the end Walls 5, and the 
end wali : are retained. The end opposite the 
end wall is left open and tilis opening actS 
as a slot radiator. No alteration is the electrical 
characteristics, over the previously described: 
antennas, occurs in the present form if the Width. 
of the end walls 5 is Small cornpared to the 
Wavelength. This form of anteira, Inay be made 
very thin, being attached to the Surface of is 
aircraft by screws or rivets. In this in anihei it 
gain joe made virtually dragleSS, tine inaajor part 
of the drag being caused by the ScieWS or rivetS, 
The antenna, may also be formed of paint or Sirai 
liar materials, the box being formed of Conductive 
paint, applied over a dielectiic filian in a manner 
to contact, the surface of the craft on three SideS. 
he film may be a dielectric paint or a wafer of 

other dielectric material. All forms of the an 
tenna, may of course utilize other dielectric Iiha 
terials than air within the pocket. 

Figure 4 illustrates an antenna, of the type 
described acove in which a Wafer 25 of Solid di 
electric material has replaced the air Wiiihin 
the box of Figure 4. The walls l are foined 
of conductive paint. 

Fig. 6 illustrates a method of feeding an an 
tenna, of the type shown in Figs. 4 and 5, the 
feeding being accomplished by ineans of a co 
axial line i8, the inner conductor is of which 
is connected to the open edge of the Wailié, 
While the outer conductor 29 is S9cured. Within an 
opening in the plate 9. The plate e is ground 
ed, thus grounding the three sides 5 and of 
the antenna. The cavity is inade resonant, at 
the operating frequency by making the distance 
from the open end to the end Wall equal to 
a quarter wavelength or odd multiple thereof as 
measured Within the cavity and the length of the 
free edge of the side & equal to a half Wavelength 
as measured in air. 
When the distance from the side is to the 

plate G is much less than the wavelength, the 
radiation from this system is largely from cur 
rents circulating in the conducting Surfaces 
round the opening and very little froin the 

opening itself. For this reason the pattern of 
an antenna, of this for in is the same as that from 
the slot of Fig. 1, even though the plane of the 
opening in Fig. 6 is perpendicular to the con 
ducting Surface. 
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Fig. 7 illustrates an antenna, formed by two 
Superimposed pockets of the type shown in Fig. 
6. This has the effect of conserving space and 
of increasing the bandwidth of this system. in 
addition to being Superimposed, as illustrated in 
Fig. 7, pocket antennas of the types illustrated 
may le Wrapped around cylindrical or Spherical 
Surfaces Without ill effects. This expedieai, is 
particularly useful in the case of low frequency 
pockets where it may be desirable to wrap tie 
resonant cavity around the fuselage. The band 
width is increased in the configuration of Fig. 
by turning the two pockets to different, but adja 
cent, frequencies. This is accomplished in the 
system illustrated in Fig. 7 by means of con 
densers 2i and 22 connected between the walls 
it and the plate 9. Such condenserS may also 
be used to provide individual Spot frequency 
response from the two cavities of Fig. 7 or to 
tune a single cavity as illustrated in FigS. 2, 4 
and 6. 

Fig. 8 illustrates a system in which the two 
pockets of Fig. are offset from one another in 
stacking. This has the effect of reducing the Q 
of the antenna, because of the larger area fl'Orn 
which radiation takes place. The broad banding 
effect of Fig. 7 is retained. 
Where external cavities of the type shown in 

Figs. 4, 5, and 6 are utilized for aircraft instal 
iations, it is advantageous to have the pocket 
thin in order to limit the extent to Winici) it dis 
turios the air stream. In theory the antenna, Inay 
be made as thin as desired; practically, however, 
there are limiting features. 
An external pocket antenna divides basically 

into two parts, the resonant cavity aind the slot 
opening. The opennig behaves exactly like other 
slots and when thin serves only to excite cur 
rents in the conducting sheet, Surrounding it. 
The resonant cavity is in parallel with this 
opening and acts as a parallel resonant circuit, 
across it. The impedance of the Shuinting ireSOIn 
ant, cavity varies with its thickness, therefore, aS 
the cavity becomes thinner, even though itS Q. 
remains the same, the loss conductance parallel 
ing the slot increases and the efficiency of radi 
ation is reduced. A slot of .08 inch thickness 
has been built with an efficiency of 5 or 6 db below 
a free space dipole. A thick pocket may have a 
gain of 3 db over such a dipole. 
The impedance of the thin cavity can be in 

creased by making its walls of a Wire grid instead 
of solid conducting sheets. The finer the Wire 
and the coarser the mesh of the grid, the great 
er the resulting impedance will be. The effi 
ciency of a thin pocket can be increased by naak 
ing the top of the resonant cavity structure of 
Wire Screen. 
When the mesh of the wire screen is made too 

coarse, however, there is leakage of energy from 
the inside of the cavity to the outside through 
the screen. This is a disadvantage Since the 
operation of the pocket antenna, depends upon 
the slot opening being surrounded on all sides 
by a solid conducting surface. When this is 
not true, an increase of radiation resistance at 
the mouth of the pocket results. An increase of 
radiation resistance relative to iOSS resist&ince 
decreases the efficiency of the antenna. While 
this is not true of all antennas, it is true of the 
present antenna, because of the fact that the loSS 
resistance is in parallel with the radiation re 
sistance. 
The usable bandwidth of any pocket antenna. 

increases with its thickness. The Superposition 
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of One pocket upon another, as illustrated in 
EigS. 7 and 8, each of the pockets being tuned 
to a slightly different frequency, will give a 
bF0ader paSS. band. Bandwidths of up. to 15% 
have been obtained by this means without diffi 
culty. The resonant frequency of any pocket 
may of course be determined by selection of 
dimensions rather that by tuning. 
Spot frequencies over a wide range may be 

obtained by Waying a Single tuning control at 
the feed point. 
The amount of power that a thin pocket an 

tenna, can handle is limited by dielectric break 
down. Within the resonant cavity. At the res 
Onant frequency the impedance at the center 
of the slo, is between 500 and 1000 ohms. It is 
across this impedance that the highest voltage 
in the antenna, develops and it is at this point 
that break down occurS. 
The pocket antenna, lends itself very readily to 

use at low frequencies, including the broadcast 
frequencies. For some applications at these 
frequencies it offers striking advantages. One 
advantage is the elimination of costly towers. 
At these frequencies the pocket antenna, may, for 
example, be used to excite the decks of ships 
or the roofs or Sides of buildings. An antenna, 
of the form of Fig. 6 may be built up of a grid 
of wires Supported by poles, the poles extending 
along the sides 5 and , being conductive, while 
those supporting the Wire grid forming the side 
it are provided with insulators. By these means 
costly towers are eliminated. 
At very low frequencies efficient radiation is 

impossile to obtain by the use of standard types 
of radiators because of the impracticability of 
elevating the radiating element to a Sufficient 
height. However, a pocket antenna, operates 
here just as it does at any other frequency and 
should provide radiation efficiencies far in ex 
cess of anything heretofore available for these 
frequencies. 
While in the foregoing description and in the 

following claims reference is made only to the 
radiation of energy from the antenna, it should 
be understood that the invention is equally 
adaptable to the reception of radiant energy. 
What is claimed is: 
1. A resonant cavity type antenna, comprising 

a, rectangular wafer of dielectric material, two 
sheets of conductive material each in face to face 
contacting relationship with a respective One of 
the major sides of said wafer, said sheets being 
conductively joined along thiese edges of Said 
wafer and being separated in a conductive Sense 
by the thickness of said wafer along the remain 
ing edge thereof, one of said sheets extending 
beyoid the boundaries of the other, said conduc 
tive material thus constituting a flat rectangular 
box having one open end, and means coupling 
into said box electromagnetic energy of a fre 
quency at which said box constitutes a resonant 
cavity and the open end thereof constitutes a 
radiating slot. 

2. A radiating System comprising an extended 
sheet, of conductive material, a conductive body 
having the shape of a fiat rectangular box having 
two parallel side walls and three end walls, the 
regaining end of said box being open, One of Said 
side Walls being constituted by a portion of Said 
extended sheet, means coupling to the interior of 
said body electromagnetic energy of a frequency 
to which said body is resonant, the distance fron 
said open end to the opposite end of Said body be 
ing equal to an odd integral multiple of a quarter 
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6 
wavelength of said frequency as measured within 
Said body and the distance across said open end 
parallel to Said side walls being equal to an in 
tegral multiple of a half-wavelength of said fre 
queflicy as measured in free air; 

3. An aircraft radiating Systern as Set forth in 
claim 2, said extended sheet of conductive ma 
terial being constituted by the skin of said air 
craft. 

4. A radiating system as set forth in claim 2, 
Said conductive body being filled with a Solid di 
electric material. 

5. An antenna System comprising an extended 
sheet of conductive material, means forming with 
a portion of Said sheet a first flat rectangular box 
of conductive material having two parallel side 
walls and three end walls, the remaining end of 
said box being Open, Said portion of Said sheet 
Constituting One of said parallel Side Walls, means 
forming With the other of Said side walls a Sec 
Ond rectangular box of conductive materials hav 
ing similar proportions to said first box, the Said 
other side of said first box constituting One of 
the parallel sides Of Said second box, the open 
ends of said boxes being similarly orientated, said 
boxes being resonant at different, but adjacent, 
frequencies, and means coupling into each of Said 
boxes electromagnetic energy of the frequency to 
which it is resonant, said open ends of said boxes 
constituting radiating slots at Said frequencies. 

6. An antenna, System as claimed in claim 5, 
characterized in that a respective tuning reactor 
is connected in shunt with the open end of each 
of Said boxes. 

7. An antenna system comprising an extended 
sheet of conductive material, means forming with 
a portion of Said sheet a first flat rectangular 
box of conductive material having two parallel 
side Walls and three end walls, the remaining end 
of said box being open, Said portion of Said sheet 
constituting One of Said parallel Side Walls, means 
forming a second flat rectangular box of Similar 
proportions to said first bOX and Superimposed 
on the other side Wail of Said first box in Con 
ductive relation thereto, Said Second box being 
laterally offset with respect to said first box, and 
means coupling into each of Said boxes electro 
magnetic energy at a frequency at Which it con 
stitutes a resonant cavity and the Open end there 
of constitutes a, radiating slot. 

8. An antenna system as claimed in claim 7, 
characterized in that, said boxes are resonant at 
different, but adjacent, frequencies. 

9. An antenna system as claimed in claim 7, 
said boxes being resonant at different frequencies. 

10. An antenna, comprising an extended sheet 
of conductive material, a rectangular layer of di 
electric material applied to and covering a por 
tion of said sheet, a layer of conductive paint ap 
plied to and covering the free side and three of 
the edge surfaces of said layer of dielectric ma 
terial and extending into contact With Said Con 
ductive sheet at Said three edges of Said layer of 
dielectric material, said layer of conductive paint 
thus defining with said portion of Said sheet a 
flat rectangular box having one open end, and 
means coupling into said box electromagnetic 
energy of a frequency at Which Said box consti 
tutes a resonant cavity and the open end thereof 
constitutes a radiating slot. 

11. An antenna, as claimed in claim 10, the dis 
tance between said open end of Said box and the 
opposite end thereof being an odd integral mul 
tiple of a quarter-wavelength of Said frequency 
of said electromagnetic energy and the length of 
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said open end being an integral multiple of a Number 
half-Wavelength of Said frequency as measured 2,425,488 
in free air. 2,488,419 

2,508,085 
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