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of Delaware 
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1 
The present invention relates to ultra high fre 

quency antennas and more particularly to such 
antennas particularly adapted for use on air 
planes. ' 

An object of the present invention is the pro 
vision of an ultra high frequency aircraft an 
tenna having zero aerodynamic drag. 
Another object of the present invention is the 

provision of an aircraft antenna capable of being 
entirely contained within the skin of the air 
plane. 
A further object of the present invention is 

the provision of an antenna, as aforesaid, which 
has broad-band impedance characteristics. 

Still a further object of the present inven 
tion is the provision of the antenna, as aforesaid, 
which is capable of more than 20% band width 
when operated in conjunction with lengths of 
commercially available coaxial transmission line. 

Still a further object of the present invention 
is the provision of ultra high frequency aircraft 
antenna which has radiation characteristics 
making the antenna suitable for either vertically 
or horizontally polarized radiation. 

Still another object of the present invention is 
the provision of an ultra high frequency aircraft 
antenna which has physical dimensions small 
enough to be practical at frequencies higher than 
300 megacycles per second, even on the smallest 
aircraft. 

Still a further object of the present invention 
is the provision of an ultra high frequency air 
craft antenna of simple physical design of great 
inherent‘ mechanical strength. 

Still another object of the present invention is 
the provision of an ultra high frequency aircraft 
antenna which may be installed in aircraft with 
out in any way weakening the structure or skin 
of the ship. » 
The foregoing objects and others which may 

vappear from the following detailed description 
are attained by providing a cylindrical or semi 

I cylindrical sleeve radiator mounted coaxially in a 
semi-cylindrical cavity recessed in the skin of the 
plane. The internal walls of the cavity may be 
made of strong sheet metal while the aperture 
may be covered with a thin window of polystyrene, 
methylmethacrylate or other low loss dielectric 
‘material set ?ush in the skin of the ship. 

While intended primarily for use on aircraft, it 
will be evident from the following description that 
the use of this antenna is readily extended to 
other vehicles and to ?xed installations such as 

type of installations, where the restrictions im 
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2 
posed on physical dimensions are not as severe 
as on aircraft, use of the antenna can be ex-v 
tended to frequencies much lower than 300 mega-v 
cycles per second. 
The present invention will be more fully under 

stood by reference to the following detailed de- 
scription in which: , 

Figure 1 shows in perspective an embodiment of‘ 
the present invention, while 

Figures 2, 3 and 4 are curves illustrating the 
impedance characteristics of an antenna simi 
iar to that of Figure l with different feeding 
means connected to the antenna. 

Figure 5 is a schematic diagram illustrating the 
arrangement of an elemental transmission line 
matching section for the antenna of Figure 1, 
while 

Figure 6 is a plan view partly in section of the 
antenna of Figure 1, showing the mechanical de 
tails of the matching section in more detail, and 

Figures 7 and 8 are ?eld strength patterns of 
the antenna of Figure 1. 

Referring now to Figure 1, reference numeral 
if! identi?es the skin of a ship; that is, it isthe 
metallic outer casing of the fuselage of an air 
plane or it may be the upper or lower surface of 
one of the wings of the airplane. In the conduc 
tive sheet If; is cut a rectangular aperture i2. A 
semi-cylindrical cavity is formed back of aper 
ture l2 by a curved conductive rear wall [4 and 
semi-circular end plates l6 and I8. Aperture I2 
is preferably closed by a thin window I2’ of poly 
styrene or other low loss dielectric constant ma— 
terial so arranged flush with the outer surface of 
conductive sheet Ill. Thus, the entry of rain, 
snow or dust into the cavity is prevented and the 
electrical characteristics of the cavity maintained 
constant. One of the end walls, that is, end wall 
i8 has an aperture therein through which passes 
the outer sleeve 20 of a sleeve fed coaxial antenna. 
The upper half of the radiator is formed by rod 
radiator H which may be directly connected to 
the inner conductor 23 of coaxial transmission 
line TL. The outer shell 24 of transmission line 
TL is directly connected to sheet i8 and also to 
sleeve 20. Dimensions of the system which have 
been successful are indicated in the drawing and 
are tabulated as follows: 

Cavity length, approximately 1% wavelength. 
Cavity radius, 1% wavelength to 1/8 wavelength, 
depending upon whether a cylindrical or semi 
cylindrical radiator is used. ' ' 

Antenna length, approximately 1% wavelength. 
Sleeve length, approximately 3% wavelength. 

All of the wavelengths referred to being that 
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of the lowest frequency of the desired pass band, 
the dimension applying to an air-?lled cavity. 
For an antenna designed to cover the range of 

from 750 to 1,000 megacycles per second, the cav 
ity dimensions may be as follows: 

Centimeters 
Cavity length __________________________ __ 1,5 
Cavity radius __________________________ __ 7.5 

Maximum depth _______________________ __ 10.2 

Maximum width _______________________ __ 15 

Referring now to Figure 2 which is a curve 
showing the impedance characteristics of an an 
tenna in a cylindrical cavity using a straight 
axial stub antenna, 7.6 centimeters long, and 0.9 ‘ 
centimeter in diameter, curve 30 illustrates the 
variation in input impedance as the input ‘fre 
quency is varied from 750 megacycles/sec. to 
1,000 megacycles/sec. The region of less than 2:1 
standing wave ratio on a 50-ohm line is de 
lineated by dotted circle 3|. It will be noted 
that the entire length of curve 30 is outside of 
the circle 3! showing that at no point is it pos 
sible to attain less than 2:1 standing wave ratio 
on a 50-ohm line with a simple stub antenna. 
By adding a coaxial sleeve 3.8 centimeters long 

and 2.4 centimeters in diameter‘a-round the lower 
end of the stub radiator the impedance charac 
teristics shown in Fig-ure 3 are obtained. Curve 
40, it will 'be noted, now ‘passes through the circle 
3| limiting the region of less than 2:1 standing 
wave‘ratio in the region between 800 to 880 mega 
cycles per second. Thus, there is a 10% band 
width ‘with less than 2:1 ‘standing wave ratio, 
with the antenna fed directly ‘from 50-ohm line, 
without recourse to matching circuits. 
By further modifying the antenna to include 

a two element-matching section in the sleeve, the 
vcharacteristics in Figure '4 vare obtained. Here 
curve ‘50 is within-the dot-ted circle 3| for nearly 
its ‘entire length. Therefore, a less than 2:‘1 
standing wave ratio is obtained from 760 to 
nearly 920 megacycles, thus giving a 22% band 
width. 

“It will be further noted from reference to Fig 
ure 2 that the characteristics of asimple stub in 
a cylindrical cavity are marred by a low imped 
ance level and by a steep variation of reactance 
with frequency. That is,‘the slope of curve 30 is 
excessively steep. In Figure '2 the addition ‘of a 
‘sleeve surrounding the lower-end of the radiator 
2| results in the impedance level being raised, 
the resonant ‘resistance now being '40 ohms ‘as 
"compared to 15 ohms for the stub antenna above. 
The rate of variation of reactance with fre- . 
quency, as will be noted from the slope of curve 
'40, is decreased while'the-resonance is “shifted 
‘upwardly some 40 megacycles toward higher fre 
quencies. 
The matching section which results in the 

improved characteristics shown inFigure 4 over 
those shown in Figure '3 is shown (diagrammati 
'cally in Figure '5,‘ while the structural details are 
shown in'more detail in Figure 6. 'In Figure~5 
the main transmission line from the source (not 
shown) is identified by reference letters TL’, the 
said transmission line being connected to a series 
matching section 55 by means of a conventional 
type'of .line ICOIl'Il80tOI‘i15?. -In the case :of, a50 
adhm‘ctransmissioniline‘rthe series .section may 
have anwimpedanceof 60ohms andsbe 81;;elec 
trical degrees in lengthzat'760 megacycles'. The 
.other end ofthe .series section 'is;connec_ted .to 
the iantennasindicated diagrammatically‘ hereby 
._.1oad.resistor At the ,junction betweenthe' 

4 
series section 55, and load LR there is connected 
a short circuited shunt section 5‘! acting as an 
anti-resonant shunt. Since the antenna is series 
resonant, the shunt section must be anti-reso 
nant so that the rate of antenna input react 

‘ ance with change of frequency is reduced by 

10 

30 

C21 0 

(50 

.75 

opposing variations of the shunt section. A par 
ticular embodiment of the invention constructed 
and tested used a shunt section having a char— 
acteristic impedance of 50 ohms and 270 elec 
trical degrees in length at 885 megacycles. 
Short-circuited line sections of lengths equal to 
1/4, 3/4, 5/4, etc., wavelengths and open-circuited 
lines of lengths 1/2, 1, 11/2, etc, wavelengths are 
practical anti-resonant circuits which may be 
used. The particular examples given are merely 
illustrative and not intended to be restrictive. 
The actual impedance values and the line lengths 
used in any particular construction may vary in 
dependence upon the antenna impedance and the 
line impedance. The antenna impedance in turn 
is dependent upon the cavity construction and 
operating frequency band. 
The mechanical details of the two-element 

matching section are shown in more detail in 
Figure 6. Herein the matching sections 55 and 
5'! and the sleeve 20 associated ‘with radiator 2| 
are shown in section. The matching section 55 
may for example consist ‘of a piece of coaxial line 
having its outer sheath >58 soldered or otherwise 
?rmly electrically connected to the upper end of 
sheath 20. The inner conductor 59 of thematch 
ing section 55 is connected to the ‘bottom end 
of radiator member 2 l. ‘The shunt matching sec 
tion v57 may consist of a piece -of coaxial line 
of a length so as to be anti-resonant-at thev desired 
frequency with the inner conductor 6i and the 
outer sheath 62 connectedtogether'at one end by 
a short-circuiting means $3. At theother end 
outer shell 62 is electrically connected vto-the up 
per end of sheath 23 ‘while the inner conductor 
BI ‘is connected to radiator member 2! in-paral-lel 
with conductor 59. The junction between-con 
ductors 59, El and '21 maybe entirely surrounded 
by solid dielectric material ~64 to seal the ‘junc 
tion between the line sections and the ‘base of 
radiator 2|. The dielectric material also‘serves 
as a support for the radiators. The ‘dielectric 
material 64 is preferably polyethylene, a syn; 
thetic insulating material used as a soliddielec 
tric \‘between the outer shell and the einnerwcen 
ductor of most commercially obtainableicoa-xial 
transmission lines. 
In Figure 7 the transverse ‘section of the an 

tenna-shows a modi?ed form of radiator and 
sleeve-whereby the dimensions of the cavity- may 
bejf'urther reduced. "Radiator '21’ and sleeve20" 
‘are semi-cylindrical in-section. *Thus,»the axis 
of the radiator and sleeve may be-nearer»the 
mouth of cavity l2. 
Typical radiation patterns of the antenna .of 

‘Figure 1 *areshown in Figures ;'7 andt8, sF-‘igure 
showing .by meansof radiation pattern J-O-the 
?eld strength in .a plane normaltothe- conduc 

' itive sheet 10 and. normalsto theanten-na v2‘ I . The 
plane of polarization :of the “radiated energyis 
para-1,181 to the axis orthe antenna WhileFignre 
v8 shows by means of radiation pattern-Blithe dis 
tribution of energy in a plane normal togground 
plane l0 and in a plane ‘parallel ,tovthefantené 
na 2|. 

The distribution of radiation shown in Fig 
.ures.7._and,8 may also?be considered fromuthe?as 
pect of the installation of the, antenna _in_ ant-air 
plane- ‘;?uppese the cavity tube inounteqjon' the 
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underside of the wing or fuselage of an airplane 
with the length of the cavity parallel to the line 
of ?ight, then the curve 10 of Figure 7 is an 
athwartship pattern for horizontal polarization 
and the curve 80 of Figure 8 is the vertical fore 
and-aft pattern. It is evident from these ?gures 
that the radiation from a cavity antenna is en 
tirely concentrated in the hemisphere toward,‘ 
which the aperture faces. The curves are predi 
cated upon the assumption that the cavity is 
mounted in a surface having a radius of curva 
ture not less than the length of an operating 
wavelength. 
The impedance characteristics and ?eld pat 

tern characteristics of the antenna of the present 
invention make the antenna suitable for use in 
many applications. For example, in an altimeter 
installation two cavities may be used, mounted 
several wavelengths apart in the underside of a 
wing or fuselage with the cavity axes parallel, 
one cavity being used for transmission and the 
other for reception. 
A single cavity mounted as mentioned above 

would be suitable for ultra high frequency guided 
missile control. Asingle cavity mounted in the 
tail of the plane with the aperture opening aft 
provides a very satisfactory pattern and ample 
band width for automatic tail-warning devices. 
Alternately, a single cavity mounted in the nose 
of the plane looking forward and slightly down 
ward would be useful for identi?cation systems. 
If it is desired to obtain a fairly complete coverage 
of space from an airplane a pair of antenna 
mounted on either side of the fuselage and fed 
in phase quadrature may be used while the addi 
tion of a third cavity mounted in the nose or the 
tail of the airplane, the three fed in a three-phase 
relationship, would result in a still more uniform 
pattern. Due to the compensation inherent in 
polyphase feed, these systems would have a 
greater band width than a single cavity. 
As indicated above, the antenna of the present 

invention is usable for either transmitting or 
receiving service depending upon the type of 
radio frequency transducer means connected to 
the remote end of transmission line TL. 
While I have illustrated a particular embodi 

ment of the present invention, it should be clearly 
understood that it is not limited thereto since 
many modi?cations may be made in the several 
elements employed and in their arrangement and 
it is therefore contemplated by the appended 
claims to cover any such modi?cations as fall 
within the spirit and scope of the invention. 
What is claimed is: 
1. An ultra high frequency broad band antenna 

system including a conductive sheet having an 
aperture therein, a semicylindrical conductive 
structure arranged behind said aperture and con 
nected to said sheet at its edges to de?ne a hollow 
structure open at said aperture, a conductive 
sleeve member located within and having one 
end connected to said structure, said sleeve mem 
ber extending concentrically of said structure, a 
conductive rod member arranged in end-to-end 
coaxial relationship to said sleeve member, and 
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6 
means to extend a coaxial transmission line hav» 
ing inner and sheath conductors within said 
sleeve member and to connect the respective con~ 
ductors to said rod and said sleeve members at 
the adjacent ends thereof, the length of said 
structure being substantially three~eighths of 
the longest wavelength of the desired pass band, 
and the radius being between three-sixteenths 
and one-eighth of said longest wavelength, the 
total length of said rod and sleeve members being 
substantially three-sixteenths of said longest 
wavelength and the sleeve member having a 
length of substantially three thirty-seconds of 
said longest wavelength. 

2. An ultra high frequency broad band antenna 
system including a conductive sheet having an 
aperture therein, a semicylindrical conductive 
structure arranged behind said aperture and con 
nected to said sheet at its edges to de?ne a hollow 
structure open at said aperture, a conductive 
sleeve member located within and having one end 
connected to said structure, said sleeve member 
extending concentrically of said structure, a con‘ 
ductive rod member arranged in end-to-end co 
axial relationship to said sleeve member, and 
means to extend a coaxial transmission line hav 
ing inner and sheath conductors within said 
sleeve member and to connect said conductors 
respectively to said rod and said sleeve members 
at the adjacent ends thereof, the length of said 
structure being substantially three-eighths of the 
longest wavelength of the desired pass band, and 
the radius being between three-sixteenths and 
one-eighth of said longest wavelength, the total 
length of said rod and sleeve members being sub 
stantially three-sixteenths of said longest wave 
length and the sleeve member having a length of 
substantially three thirty-seconds of said longest 
wavelength, and a further section of coaxial 
transmission line extending within said sleeve 
member and connected to said rod and sleeve 
members at the adjacent ends thereof, said co 
axial transmission line section having a length at . 
which adverse effects on bandwidth of said an 
tenna are neutralized. 

ROBERT S. WEHN'ER. 
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