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ABSTRACT OF THE DISCLOSURE 

A short back?re antenna comprising a pair of re?ectors 
with a feed interposed therebetween. One of the re?ectors 
is a full, planar re?ector or a 90° corner re?ector while 
the other re?ector is a smaller partial re?ector having 
planar characteristics. The spacing between the re?ectors 
is electrically approximately one-half wavelength or mul~ 
tiples thereof in order to provide the resultant antenna 
with the properties associated with resonant cavity anten 
nas. An additional feed may be provided in order to en 
able the covering of an extended bandwidth or of two 
discrete frequency ranges. 

-_-_ 

Cross-reference to related application 

This is a continuation-in-part of application Ser. No. 
446,128, ?led Apr. 6, 1965, now abandoned. 

Background of the invention 

This invention relates generally to directional antennas 
and, more particularly, to a modi?cation of the type of 
antenna known as a back?re antenna to render it in accord 
with resonant cavity principles. Back?re antennas have 
been described in Patent No. 3,122,745, which was issued 
Feb. 25, 1964, to Hermann W. Ehrenspeck. 

Back?re antennas have heretofore required the utiliza 
tion of a slow wave structure, since the theory of operation 
of these devices required the binding of the re?ected sig 
nals to the array axis. 

It has been found that with short antennas, a slow Wave 
structure need not be utilized, and all of the director struc 
ture may be omitted. It is believed that the maintenance 
of a short distance of travel of energy from the feed to 
the full re?ector and backward toward the partial re?ector 
keeps the uncontrolled release of energy from the array. 
Optimization of the parameters, i.e., the spacing between 
elements, brought forth the realization that resonance 
and the production of a standing wave on the antenna is 
a critical factor in the operation of the resultant device. 

It was aiso heretofore believed that a planar re?ector 
was required; however, it was found that a corner re?ector 
could be utilized providing the angle between the sides of ' 
the re?ector was maintained at substantially 45° or 90". 
Variations of this angle caused a reduction in gain. A 
corner re?ector provides similar results to that of a planar 
re?ector since energy which impinges thereon from the 
feed is re?ected to a second surface thereof and then 
directed back along the axis of the antenna structure. 
Since the path from the feed to the ?rst side and thence 
the second plus the distance back to the feed is constant, 
the phase shift is constant such that the ?eld at the feed 
progressing toward the emitting end of the antenna is in 
phase. The cavity length for resonance in this case is repre 
sented approximately by the path taken by the plane wave 
from the feed to the ?rst re?ector, thence to the second 
re?ector, to the feed and ?nally to the partial re?ector. 

Addition of an extra feed does not disturb the cavity 
e?ect of the cavity structure, and there is increased gain 
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at the lower frequencies when the second 
spaced from the cavity structure. 

feed is properly 

Summary of the invention 

A short back?re antenna is provided in accordance with 
resonant cavity principles to produce an extremely short 
antenna having high gain and directivity. 

Accordingly, it is a primary object of this invention to 
provide a back?re antenna which eliminates the use of 
slow wave structures. 

It is another object of this invention to provide a back 
?re antenna which produces increased gain with less 
structure than that heretofore achieved while maintaining 
an e?‘iciency of more than 80%. 

It is still another object of this invention to provide a 
short back?re antenna having only two re?ectors in addi 
tion to a feed with spacings between them being such that 
the device operates in accordance with resonant cavity 
principles. 

It is a further object of this invention to provide a back 
?re antenna which utilizes a pair of feeds. 

It is a still further object of this invention to provide a 
back?re antenna which utilizes a 45° or 90° corner re 
?ector as one of a pair of re?ectors in conjunction with 
a feed. 

Still another object of this invention is to provide short 
back?re antennas which are easily and economically pro 
duced of conventional, currently available materials that 
lend themselves to standard mass production manufactur 
ing techniques. 
These and other advantages, features and objects of the 

invention will become more apparent from the following 
description taken in connection with the illustrative em 
bodiment in the accompanying drawings wherein: 

Description of the drawings 

FIGURE 1 is a schematic representation of a short 
back?re antenna employing a feed between a partial and 
a full re?ector; 
FIGURE 2 shows an antenna similar to that of FIG 

URE 1 with the addition of a second feed on the axis of 
the antenna beyond the partial re?ector; and 
FIGURE 3 is a schematic representation of a short 

back?re antenna utilizing a corner re?ector in place of a 
planar re?ector. 

Description 0]‘ the preferred embodiments 

The antennas of this invention conform to a structure 
which produces the same results as cavity resonators. 
When a pair of parallel plates, one being fully re?ecting 
and one partially re?ecting, are both mounted orthogo 
nally to a longitudinal axis an integral number of half 
wavelengths apart, the space between the parallel plates 
comprises a cavity. An example of such a system would 
be a laser cavity wherein the cavity length produces mul 
tiple re?ections of the laser energy between the plates. It 
has been found that reducing the length of the cavity to 
as little as one half wavelength still allows for resonance. 
Half wavelength antennas are of great interest in that 
their radiation patterns in the H and E-planes are easily 
adjusted and they may be made extremely simple and 
sturdy. The schematic example shown in FIGURE 1 may 
be made with a length of only one half wavelength or an 
integral multiple thereof with the limitation that the length 
should not be so great as to allow uncontrolled release of 
energy which would destroy the cavity effect. 

In FIGURE 1, M marks a circular planar re?ector, F 
the cavity feed supported by a piece of tubing A With the 
energizing cable inside, and R the re?ector built as a 
combination of three dipoles r1, r2, r3 which are mounted 
on a supporting rod B at a distance of about 1/3 wave 
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length from each other. For obtaining patterns with low 
side and backlobes the dipoles r2 and r3 are about 10% 
shorter than the center dipole r1; Q indicates two metal 
or plastic rods which hold the re?ector combination R at 
a certain distance from, and parallel to, the planar re 
?ector M; d; marks the spacing between M and F, d2 be 
tween F and R. For obtaining maximum gain d1+d2 
should be electrically about 0.50 wavelength or a multi 
ple thereof in order to produce the resonant cavity effect 
and cause multiple re?ections between the re?ectors. The 
radiation pattern can be adjusted for equal half power 
beamwidth in the H and E-planes, or for the smallest 
possible half power beamwidth in the H or E-plane by 
varying d1 ‘and d2 from the optimum position. By arrang 
ing an adjusting device for d2 in the antenna construction, 
for example, by means of length-adjustable supporting 
rods Q, these variations in the radiation pattern can be 
obtained even after the antenna has been mounted in its 
working position. The re?ector combination can be fabri 
cated as one unit, or, for example, as a disc or its equiv 
alent 
The position of the feed between the re?ectors is not 

critical with respect to the functioning of the device in 
accordance with cavity principles; however, the input im 
pedance is changed with position, thus allowing for match 
ing between the transmission line and feed. 
An experimental model of a short back?re antenna ac 

cording to FIGURE 1, with an annular ?ange or rim at 
the periphery of the planar re?ector as taught in Patent 
No. 3,218,646 to Hermann W. Ehrenspeck, issued Nov. 16, 
1965, and consisting of a circular re?ector of two wave 
lengths diameter, a feed dipole at d1=O.25 wavelength 
distance from M, and a three-re?ector combination at 
d2=0.32 wavelength distance from F, showed the follow 
ing results when used for receiving a horizontally polar 
ized ?eld: 

Degrees 
Half power beamwidth in horizontal plane ____ __ 30.5 
Half power beamwidth in vertical plane _______ __ 30.5 

These results indicate an area efficiency of more than 
80%. 
For an adjusting range d2=0.15 to 0.45 wavelength, 

the half power beamwidth could be varied as follows: 
In the horizontal plane from 27° to 37°, 
In the vertical plane from 48° to 26°. 
Over the entire adjusting range, the ?rst sidelobe al 

ways remained at least 10 db, mostly 15 to 20 db, and all 
lobes within -'_-90° from the backward direction in both 
planes were 25 to 35 db below the maximum. 
The operation of the device in accordance with resonant 

cavity principles is dependent on the length of the an 
tenna. As it increases in multiples of a half wavelength, 
the amount of uncontrolled energy release increases to the 
point where multiple re?ections are not signi?cant enough 
to increase the antenna gain appreciably. It has been 
found that re?ector M, although shown circular, may be 
of other shapes such as square, rectangular or other 
polygonal form of about the same area. 
With a half wavelength antenna, the area of re?ector 

M, for example, with a circular re?ector, requiresa disc 
of about two wavelengths for maximum gain, and the gain 
falls off with diameters greater than 2.2 wavelengths 
rather than causing an increase, as with antennas utilizing 
planar or curved re?ectors operating on other principles. 
The area of the partial re?ector should be that produced 
by a disc of approximately a half wavelength diameter. 
Increasing this dimension appreciably causes a decrease 
in gain and creates multilobed patterns. As the area of 
the partial re?ector approaches that of re?ector M it 
would cause the antenna to operate as a low gain, multi 
lobed, slot antenna with the slots represented by the space 
:between the outer circumferences of M and R. 

Thus, an antenna having extremely low sidelobes and 
high gain requires its operation in accordance with the 
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4 
principles of a resonant cavity wherein the spacing be 
tween the re?ectors is approximately an electrical half 
wavelength and the full re?ector and the partial re?ector 
provide areas as represented by circles of approximately 
2.2 wavelengths and .5 wavelength, respectively. The in 
teraction between elements may cause small variations 
from the dimensions given to provide the resonance and 
production of a standing wave on this array with multiple 
re?ections. 

Larger re?ector sizes than those speci?ed above may 
be used when the cavity length is a multiple of a half 
wavelength, within the limits discussed supra relative to 
uncontrolled release of energy. 
The short back?re antenna can be converted into an 

antenna which covers two discrete frequency ranges if a 
second feed, optimized for the lower of the two frequency 
ranges, is attached in front of re?ector R. A schematic 
sketch of a useful con?guration is shown in FIGURE 2. 
M, r1, r2, r3, d1, d2 and B have the same meaning as in 
FIGURE 1. G is a rod or tube supporting all elements of 
the antenna, while F1 marks the feed for the higher fre 
quency, and F2 for the lower frequency range. 

This antenna represents a combination of a short back 
?re cavity antenna for the higher frequencies, consisting 
of re?ector M, feed F1 and the re?ector dipoles r1, r2 and 
rs, and of a re?ector antenna for the lower frequencies, 
consisting of re?ector M and feed F2. d3 indicates the 
spacing between r1 and F2. In the higher frequency range, 
feed F2 cannot cause essential perturbations because it is 
located outside the cavity antenna; at the lower frequency 
range, the dipoles F1, r1, r2 and r3, practically, do not 
disturb the pattern because they are short compared to the 
wavelength. 

It has been found that re?ector r;, if it is given the 
appropriate length and shape, can serve as re?ector for 
the cavity antenna and as feed for the re?ector antenna 
at the same time. The added structure for F2 would be 
omitted for this case. Best results are obtainable from a 
folded dipole with its center point connected to the sup 
porting rod G,’ and the two open ends used as feed ter 
minals for the lower frequency range. If the dimensions 
of r1 are chosen such that the two frequency ranges are 
overlapping, an antenna combination with a fairly broad 
bandwidth is obtained. 
Many more combinations can be thought of. For exam 

ple, in addition to the feed of the cavity antenna, two or 
more feeds can ‘be arranged on a more widely extended 
supporting rod G. These feeds have to be optimized for 
the desired frequency and mounted at appropriate posi 
tions along rod G. A limit, however, is imposed by the 
size of re?ector M, which has to be large enough to act 
as an efficient re?ector for the lowest frequency to be 
covered. 
The antennas of FIGURES l and 2 are basically the 

short back?re resonant cavity antenna which has a length 
of approximately a half wavelength with slight variations 
of d2 utilized for producing pattern changes. When the 
second feed is added, as shown in FIGURE 2, the an 
tenna length, of course, is increased by the spacing d3 be 
tween the second feed and the partial re?ector. 
The antenna of FIGURE 3 comprises a corner re?ector 

C which is substituted for the planar re?ector M of FIG 
URE 1. Energy from the feed F impinges upon one side 
of the re?ector C and is re?ected to the second side and 
back along the axis of the antenna. 
_ The cavity resonance in this case is represented approx— 
lmately by a plane wave impinging from feed F on (a) 
the upper side of the re?ector C, then being re?ected 
downwardly to the lower side and thence back along the 
axis of the antenna, and on (b) the lower side of the re 
?ector. C, there being re?ected upwardly to the upper side 
and thence likewise back along the axis. It should be 
noted that the path length from the feed back to the feed 
‘is the same in both cases, (a) and (b); therefore, the ?eld 
in the virtual aperture will be everywhere in phase. This 
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condition is not true when angles other than 45° or 90° 
are utilized and, accordingly, the gain drops for conditions 
other than that of the planar or 45° or 90° corner re 
?ector. 

For a 90° re?ector, spacings between the feed and the 
apex of the corner re?ector is approximately .4>\ which 
gives approximately 25A spacing between the feed dipole 
and a perpendicular to either of the sides of the corner re 
?ector. When a corner re?ector is utilized, the spacing 
between the feed and the partial re?ector R, shown here 
as a small disc of metal, will be approximately one full 
wavelength for maximum gain. The total length, there 
fore, is greater than the length of a short back?re resonant 
cavity antenna using a planar re?ector; however, the gain 
per unit of antenna length is much greater than that of 
other antennas not utilizing the resonant cavity principle. 
For a 90° corner re?ector the cavity length would be 
electrically about 3/2 wavelengths. 
Although the invention has been described relative to 

particular embodiments, it should be understood to those 
skilled in the art that the invention is capable of a variety 
of alternative embodiments. For example, the re?ector R, 
as well as the re?ectors M and C, may be made of closely 
spaced rods, plates or any of the alternatives taught in 
the aforementioned Patent No. 3,122,745. 

I claim: 
1. A short back?re antenna comprising 
a feed, 
a full re?ector on one side of said feed of a size to re 

?ect substantially all of the energy impinging there 
on, and 

a second re?ector on the other side of said feed, said 
second re?ector being a partial re?ector, 

the spacing between re?ectors being substantially an 
integral multiple of an electrical half wavelength to 
produce a resonant cavity effect whereby a standing 
wave is produced such that the ?eld slowly decays 
from its maximum value on the antenna axis and is 
everywhere in phase. 

2. An antenna as de?ned in claim 1 wherein said 
full re?ector is a planar re?ector. 

3. An antenna as de?ned in claim 1 wherein said par 
tial re?ector has characteristics equivalent to a planar 
re?ector. 
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4. An antenna as de?ned in claim 1 including 
second feed means on the side of said second re?ector 

opposite from the side of said ?rst-mentioned feed. 
5. An antenna as de?ned in claim 1 wherein said 

partial re?ector comprises a series of dipoles, one of said 
dipoles being oriented on the antenna axis and comprising 
a second feed for said antenna. 

6. An antenna as de?ned in claim 1 wherein said full 
re?ector is a corner re?ector such that the path of energy 
from the feed to any one side of said corner re?ector, 
thence to the other side of said corner re?ector and 
back to said feed and to said partial re?ector is an in— 
tegral multiple of an electrical half wavelength. 

7. A short back?re antenna comprising a pair of re 
?ectors aligned on an axis, a feed on said axis interposed 
between said re?ectors, one of said re?ectors being a 
full, planar re?ector and the other of said re?ectors be 
ing a partial re?ector having characteristics equivalent 
to a planar re?ector, the spacing between re?ectors being 
such as to allow for resonance and the production of a 
standing wave on the antenna wherein the energy at the 
emitting end of said antenna is in phase. 

8. A antenna as de?ned in claim 7 wherein said full re 
?ector is of an area approximately equivalent to a circle 
of a diameter of two wavelengths. 

9. An antenna as de?ned in claim 7 wherein said par 
tial re?ector is of an area approximately equivalent to a 
circle of a diameter of a half wavelength. 

10. An antenna as de?ned in claim 7 wherein said 
spacing in multiple of a half Wavelength is limited to those 
spacings which inhibit an appreciable uncontrolled re 
lease of energy from said antenna. 
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