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OPTIMIZED REFLECTOR ANTENNA‘ 

BACKGROUND vor THE INVENTION 
This invention relates to directional antennas and 

more specifically to re?ector antennas,>i.e., those an 
tenna types which consist of a metallic re?ector and a 
feed that illuminates the re?ector area. Such antennas 
are used for almost any receiving or transmitting appli 
cations. Their directivity is a function of the area‘of the 
re?ector and the efficiency of its illumination. The re 
?ector may have various sizes and shapes: large parab 
oloidal shapes with hundreds of wavelengths in diame 
ter are applied as high-gain antennas for satellite'and 
other space applications and radio astronomy; medi 
um-size planar re?ectors with'diameters up to 10 wave 
lengths or re?ectors of rectangular or oval contours of 
equivalent area are used for multi-element arrays for 
telemetry and satellite tracking; smaller planar re?ec 
tors or corner re?ectors with areas equivalent to those 
of a circular-shaped re?ector of approximately one to 
three wavelength diameter are widely used as commu- . 
nication and TV receiving antennas, and more recently 
as transmitting and receiving antennas in ground termi 
nals for satellitelcommunication networks. ' 
The present invention refers primarily to medium 

and small size re?ector antennas. The most significant 
requirements which have to be met for the described 
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quarter to one-half of a wavelength from the reflector. 
Thus the antenna according to the invention resembles 
a center-fed re?ector with height-adjustable side walls. 

It has been found that by energizing the feed system 
the perimeter rim is also excited by radiation coupling 
and its edge acts like a secondary radiator that yields 
a marked effect on the radiation patterns of- the an 
tenna if its dimensions are optimized in amplitude and 
phase in reference to the feed system. Thus this new an 
tenna according to the invention is comprised of a com 
bination of two radiators: 

- l. The feed system in the center area of the re?ector 
called the “feed radiator.” ' _ ' 

2. Theedge of’ the rim, called the “edge radiator.” 
Because both of the radiators are arranged in front of 
a common re?ector both sources have unidirectional 
patterns with the directivity maximum of their combi 
nation in the axis normal to the re?ector. The radiation 
patterns of the combination antenna can be determined 

‘ by superposition of the patterns of both sources. High 
~ est directivity is obtained when the amplitude 
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applications are high gain, lowest side- and backlobe . 
I level, smallest dimensions and simplest construction. 
Antennas which are presently in use do not sufficiently 
ful?ll these conditions. The corner re?ector, as one ex 
ample, has favorable radiation‘patterns, but its gain is 
limited to values of approximately l4'dB. A paraboloi 
dal re?ector with small diameter, as another example, 
reaches relatively high gains, but its side- 'and' back 
lobes are unfavorably high. Still another example,_the 
grid-re?ector antenna, is .low in gain as long as it is en 
ergizedby only one feed. Somewhat higher gains from 
the latter antenna can be only obtained with an en 
larged re?ector area and a more complicated feed sys 
tem of 4 to 8 dipoles. ' 

- It is the object of this invention to avoid all of these‘ 
disadvantages and to describe a re?ector antenna 
which realizes much higher gains ‘for the same re?ector 
area, has lower side- and backlobes, is smaller in axial 
length, and ‘offers a much simpler construction than 
other'types of re?ector antennas such as those de~ 
scribed above. ’ ' 

DESCRIPTION OF THE PRIOR’ ART 
~lt is noted the inventor of the present invention has 

in the past been issued U.S. patents in thesame general 
area of re?ector type antennas; for example, “The 

_ vShort Backfire Antenna," U.S. Pat.‘No. 3,430,043 is 
. sued Apr. 8, I969; “End?re Antenna‘ Construction,” ’ 
U.S. Pat. No. 3,218,646 issued Nov. I6," 1965', and 
“Short Backfire Antenna,” U.S. Pat. No. 3,508,278 is: 
sued Apr. 21, 1970., ' ‘ - , . 

SUMMARY or THE INVENTION; 
v The antenna according to the invention consists in its 
simplest form of a planar re?ector with a rim of adjust 
able width around its perimeter and a feed ‘system that 
may,for example, consist ofa single dipole or a combi 
nation of dipoles which are arranged in the center of 
the re?ector area at a spacing of approximately one 
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optimized far?eld contributions of both, the feedand 
edgeradiator, are in-phase and lowest when they are in 
antiphase. ’ 

DESCRIPTION OF THE DRAWINGS 

FIG. la shows afront view of one embodiment of the 
invention in its simplest form; v ' 
FIG. lb shows a cross-sectional view of FIG. In; 
FIG. 2a is a cross-sectional view of a second embodi- , 

ment of this invention; 
FIG."2b illustrates an idealized aperture-?eld distri- ‘ 

bution curves of the feed and of the edge radiator as if 
both'were separately energized; ‘ I ' 

FIG. 26 illustrates the amplitude ‘distribution curve of 
the combination of both‘ radiators after optimum phase 
adjustment; ’ ‘ ‘ " t ' ' " ‘ 

ture; 

ent invention including ‘a combination of a dipole with 
ya re?ector as a‘ feed radiator; , 

‘FIG. 3b shows a cross-sectional view of FIG. 3a; 
FIG. 4 shows another, embodiment of the invention 

including a multiplicity of separately energized dipoles 
or disk-dipole con?gurations arrayed in front of a com 
mon re?ector; ‘ ' ' Y 

FIG. 5a vshows E-' and I-I-plane patterns of the antenna 
»4 of the present invention before the'essential optimizing 
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‘of the present invention after the 

procedure; = _ , > , 

FIG. 5b shows E- and I-I-plane patterns of the antenna 
essential optimizing 

procedures; ' I - ' ' I 

- FIGQSc shows the corresponding antenna configura- I 

tion for FIG. 5a; . 
FIG. 5d shows the corresponding antenna configura 

tion for FIG. 5b,- _ t r _ ' ' 

FIG. 6a shows an antenna configuration with an ex 
tended aperture; _ , . , ' ‘ . . 

FIG. 6b shows the ?eld'distribution across the ex 
tended aperture of FIG. 6a; and ' ’ ' v’ 

‘ FIG.‘ 7 shows the experimental directivity-curve as a 
- function of frequency of an'S-band‘antenna model with 

' the configuration of FIG. v3!. ' > 

FIG. 2d is a front view of FIG. 2a showingpthe aper 

FIG. 3a shows a front view of the antenna of the pres- '' 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For a better understanding of the invention, the fol 
lowing description with the accompanying drawings are 
supplied. 

FIGS. la and lb show an example of the antenna ac 
cording to the invention in its simplest form; FIG. la is 
a front and FIG. lb is a cross-sectional view. Circular 
planar re?ector 1 has a diameter D,,. It is surrounded 
by the circumferential rim 2 of width WE. Rim 2 can be 
moved to the right with its outer position indicated by 
the dashed lines in FIG. lb. The rim may be pressure 
fitted and its width adjusted by exacting pressure in ei 
ther direction. The rim edge L marked by the two small 
circles in FIG. 1b is the edge radiator. Its plane which 
also constitutes the aperture plane of the combination 
antenna is indicated by the dashed line P at a spacing 
d,; from reflector 1. Feed 3 is spaced at a distance dF of 
approximately one-quarter to one-half of a wavelength 
from re?ector 1. It is in its simplest form a dipole for 
linear polarization as shown in FIGS. 1a and lb, or a 
crossed dipole for circular polarization. Re?ector 1 and 
rim 2 form the re?ector antenna of adjustable depth dB 
which is energized by feed 3. Feed 3 may be energized 
by any of the conventional means such as a transmitter 
or by a received signal. 
The directivity of the single-dipole feed radiator 

changes only little for re?ector areas from approxi 
mately 0.7 A’ to 1.5 A”. It has been found, however, that 
the directivity of the combination of feed and edge ra 
diator, although continuously increasing with the re 
?ector area, passes through maxima and minima. Ex 
periments on circular-shaped antenna models with var 
ied re?ector diameters and thus with circular edge radi 
ators of different circumferential length revealed that 
directivity maxima are reached for diameter selections 
of approximately 1.35, 2.35 and 3.35 A and minima 
occur for diameters of approximately 1.75 and 2.75 A. 

' The antenna is, according to the invention, adjusted 
for its highest directivity at a given frequency if the fol 
lowing three conditions are satisfied: 

1. The diameter DA of the rim edge, i.e., the edge ra 
diator L, is chosen to be one of its optimal values of ap 
proximately DA, 0pt.=(n+0.35))\, with n=l, 2, 3 

2. The spacing dE of the edge of rim 2 from re?ector 
l is adjusted such thatthe far?elds of the edge radiator 
L and the dipole radiator 3 are in phase coincidence in 
the direction normal to the plane of re?ector l. 

3. The radiation-coupling between the feed and the 
edge radiator "is made strong enough so that the edge 
radiator L can markedly contribute to the far?eld of 
the two~'radiator combination. - 

The basic principle of the antenna according to the 
invention can best be understood and analyzed by 
studying the field distribution in the radiating aperture. 
FIG. 2a is a cross-sectional view of a typical antenna 
model with all parts designated by the same letters as 
in FIG. lb. The dipole-feed radiator 3 is parallel to re 
?ector l and oriented in‘ a direction normal to the plane 
of drawing. The amplitude distribution curves in the 
aperture P ofthis antenna can be measured with a small 
dipole probe which is moved across the aperture in a 
plane parallel to and spaced at a small distance from 
the plane of re?ector'l. The dashed-dotted line X indi 
cates the plane of the probe movement and Y the nor- 
mal axis of the antenna. 
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FIG. 2b presents in a coordinate system with X as its 
I horizontal and Y as its vertical axis idealized aperture 
field distribution curves of the feed and of the edge ra 
diator as if both were separately energized. The X-axis 
abscissae are always drawn to the same scale as the di 
mensions of re?ector 1. The long-dashed line is the dis 
tribution curve of the dipole radiator which, according 
to extensive aperture ?eld distribution measurements 
can be approximated by a cosine curve for re?ector di 
ameters smaller than about 2.5 A. Short-dashed lines 
are cosine-shaped distribution curves of the edge radia 
tor L with the amplitudes of the two maxima (appear 
ing at points K on the X-axis directly above the rim 
edge L) assumed as half the maximum aplitude of the 
feed» radiator. Although the major portion of the aper 
ture ?eld originating in the feed radiator can be as 
sumed to be contained in the re?ector area it is evident 
from FIG. 2b that the ?eld of the edge radiator extends 
outside the edge L of rim 2 as well as inside the re?ec 
tor area. 

FIG. 20 demonstrates in the X-Y plane the amplitude 
distribution curve of the combination of both radiators 
after their optimum phase adjustment has been per~ 
formed. It is noted that the width of theradiating aper 
ture of the antenna is now markedly extended beyond 
the rim 2. Experiments have shown that approximately 
the same distribution curve is measured in the Y-Z 
plane (not shown). From the resulting two-dimensional 
enlargement of the radiating aperture area a directivity 
increase follows which is approximately proportional to 
the ratio of the areas of the new larger “effective” aper 
ture and the smaller physical aperture of the antenna 
These conditions are described in FIG. 2d which is a 
front view of the antenna shown in FIG. 2a. The circu- ' 
lar area in the center of the sketch is the physical aper~ 
ture area A with its circumferential rim 2. The virtual 
area outside A which is marked by crossed lines indi 
cates the aperture area added by the maximum direc 
tivity adjustment according to the invention. It is noted 
that the area of the new effective aperture has approxi 
mately twice the size of the physical aperture and, 
therefore, the directivity of the antenna'has increased 
by approximately 3 dB. The increase could be even 
somewhat higher if more of the energy were coupled 
into the edge radiator. The most favorable ratio of the 
energy portions radiated by the feed and the edge radi 
ator has to be determined experimentally. It will be 
shown later in FIG. 6 that the results obtained from this 
analysis are in good agreement with measurements per— 
formed with practical models of antennas according to 
the invention. ~ - 

It should be mentioned that the effective aperture 
can also become smaller than the physical aperture if 
feed and edge radiator are in phase opposition. Then 
the re?ector area is only partly illuminated and the ‘di 
rectivity lower than expected from the size of the re 
?ector area. I ' 

'The described two-source analysis of the antenna ac~ 
cording to the invention clearly demonstrates that the 
maximum-directivity adjustment which is the most typ 
ical and advantageous characteristic of the antenna can 
be successfully performed only by satisfying all three 
conditions 1, 2, and 3, previously described. If, how 
ever, condition 1 cannot be fulfilled (for structural rea 
sons, for example) still an optimum directivity adjust 
ment can be reached by satisfying atleast conditions 2 
and 3. Such a limited adjustment can be applied to 
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practically any re?ector size in the described antenna 
con?guration. It will, however, result in somewhat 
lower directivity increases. - ' 

The optimum rim diameter for condition 1 is simply 
determined by introducing into the equation DMD,“ = 
(n + 0.35). A the wavelength of the desired operating 
frequency for the antenna. It is, however, not so easy 
to determine that edge radiator spacing dB which ful?lls ' 
condition 2 because the phase relations between the 
two sources are very complicated. If the phase of the 
energized feed is used as reference, ‘the total phase shift 
between the dipole and the edge radiator is a function 
of the distance between the dipole 3 and the rim edge 
L and of the spacings d,‘ and d5. Also the spacial phase 
shift between feed and edge radiator have to be taken 
into account. It is much easier to perform an empirical 
phase adjustment between the farfields of the two 
sources by a variation of spacing dE, until maximum ra 
diation is measured in the direction normal to the plane 
of re?ector 1. Therefore, for the maximum directivity 
adjustment accordingto 2 a rim must be used that pro 
vides a sufficiently .wide variation of the edge spacing 
dE. The antenna of FIG. 1b, for example, can be direc 
tivity-optimized by sliding rim 2 on the circumferential 
edge of reflector 1. 

Finally, for the satisfaction of condition 3, it has to be 
taken into account that the radiation coupling between 
feed and edge radiator is inversely proportional to their 
mutual spacing and thus decreases for larger re?ectors. 
It has been found that for re?ector areas smaller than 
approximately 2A’ a single dipole as shown in FIG. lb 
or other equivalent feed is applicable. Antennas with 
re?ector areas between approximately 2.5)‘2 and 5A’, 
however, need a feed with an effective radiating aper 
ture larger than that of a single dipole to provide effi- - 
cient coupling of energy into'the edge radiator and at 
the same time a more favorable illumination of their ar 
eas. Such a type of feed is, for example, the combina 
tion of a dipole with a small re?ector, as applied in the 
short-backfire antenna. FIGS. 3a and 31; show an an~ 
tenna according to the invention which utilizes such a 
feed system in its circular re?ector. The letter designa 
tions have again the same meaning as those in FIG. lb. 
Additional small reflector 5, here a circular metal disk, 
has a spacing d" from re?ector 1. The directivity 
optimizing procedure is the same as that for antennas 
according to FIG. 1b. 
For re?ector areas larger than approximately 5A’ the 

directivity does not continue to increase because the 
radiation coupling vbetween feed and edge radiator is 
strongly reduced and the illumination of the extended 
re?ector area is unfavorable. To overcome these condi 
tions another feed system is needed; for example, one 
consisting of several separately energized dipoles or 
disk-dipole configurations which are arrayed in front of 
the common re?ector 1 as shown in FIG. 4. It has been 

- found that for best results all dipoles should be ar 
ranged in the center area of the antenna in mutual 
spacings of approximately 1 to 1.25 A. Also the edge 
radiator should be spaced approximately this distance 

' from the neighboring dipole radiators. In FIG. 4 a front 
view of such an antenna with a feed radiator of four 
crossed dipoles 4a-4d is shown, with the main parame 
ters designated by the same letters as in FIG. 3b. It is 
noted that the re?ector shape is that of a square with 
round corners. From these conditions it follows that the 
re?ector shape ‘must be different from a circle. It has 
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been found that for the optimum directivity adjustment 
the perimeter of such re?ector antennas, i.e., their edge 
.radiator L must be chosen one of its optimal values of 
approximately CA, opt. = (l, 1 + mr))\ with n = 1, 2, 3 

The maximum directivity adjustment is again per 
formed in the same way as previously described. Addi 
tional small re?ectors 4e-4h are shown which are asso 

- ciated with crossed dipoles 4d-4d, respectively. 
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The directivity increase obtained by the maximiza 
tion adjustments of an antenna according to the inven 
tion cannot be accurately predicted because of the 
complicated interaction between all parameters. It can, 
however, be well demonstrated by comparing the E 
and H-plane patterns of an antenna of the described 
type before and after the optimizing procedure as 
shown in FIGS. 5a and 5b, respectively. The corre 
sponding antenna configurations for FIGS. 5a and 5b 
are FIGS. 5c and 5d, respectively, and are also added 
with the same letters as in the circular antenna of FIG. 
1b designating the same parts. The re?ector diameter 
is DA = 1.75 A, and the spacing (1,: is kept constant at 
0.25 k. , _ 

The antenna of FIG. 5c consists only of re?ector A 
and the dipole radiator F. In terms of FIG. lb the rim 
has a width of WE = 0 and consequently the spacing of 
the edge radiator is also dE = 0; this means that the re 
?ector edge itself constitutes the edge radiator L as in 
dicated by the small circles. ' 
The measured E- and H-plane radiation patterns of 

this antenna con?guration are presented in FIG. 5a by 
the solid and dashed lines, respectively. The E-plane 
pattern indicates a'half-power beamwidth of 48° and 
the I-I-plane pattern of 100°. 
The antenna of FIG. 5d has the same dimensions as 

the antenna of FIG. 50 but now also includes the cir 
cumferential rim 2 with the edge radiator L at its outer 
edge. Rim 2 had,‘for the optimum directivity adjust 
ment, to be extended out from re?ector 1 until its opti- ' 
mum spacing (is = 0.66 A was reached. For larger spac 
ings the directivity decreases again. 
The E- and H-plane patterns of this optimized an 

tenna are shown in FIG. 5b illustrated by the solid and 
dashed lines, respectively. It is noted that the half~ \ 
power beamwidths of the optimized patterns have now 
narrowed from their previous valueof 48° to 32.5° in 
the E-plane and from 100° to 39° in the I-I-plane. These 
results prove that mostly the drastic changes of the 
beamwidth in the H-plane pattern are causing the di 
rectivity of the optimized antenna of FIG. 5d to in 
crease by nearly 6 dB over that of the antenna of FIG. 
So. It is also noted that the sidelobe level remains at 
least 16 dB below the maximum of the main beam and 
thus has not assumed unfavorable values due to the op~ 
timum-directivity adjustment of the antenna. 
The marked performance improvement offered by 

the antenna according to the invention becomes evi 
dent if it is compared with other types of re?ector an; 
tennas. Their directivity is usually calculated from the 
‘well-known area-directivity equation D =, (41rA/1t2) ~ e, 
with A as the re?ector area expressed in A’ of the oper 

' ating frequency and e'as the aperture illumination ef? 

65 

ciency. The area of the radiating aperture is in general 
assumed as identical with the physical area of re?ector 
1. Although this equation is strictly valid only for re 
?ector diameters of many wavelengths,“ can also be 
used to obtain approximate directivity values of re?ec 
tor antennas with smaller re?ector areas. For most fa 
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vorable side-and backlobe conditions in the radiation, 
patterns, the areas of most re?ector antennas can be‘ 
illuminated only with efficiencies between approxi 
mately 60 to 70 percent. Because low side- and back 
lobe levels were also a most signi?cant goal of the an 
tenna according to the inventionthe following compar 
isons were. in general based on an aperture illumination 
efficiency of 65 percent. 
According to the area directivity equation, a directiv 

ity of 11.6 (10.6 dB) is calculated for the antenna of 
the configuration of FIG. 1b with a re?ector diameter 
of 1.35 A, i.e., with a re?ector area of 1.43 A’. The E 
and H-plane patterns of this antenna indicate half 
power beamwidths of 38° and 45°, respectively. The 
measured maximum directivity of 22.5 (13.5 dB) for 
this antenna is almost 3 dB higher than the calculated 
value. This large directivity increase which would cor 
respond to a re?ector area of almost twice its size can 
not be explained by a much higher aperture illumina 
tion efficiency which would then have markedly sur 
passed its 100 percent limit and would, in addition, not 
be compatible with the favorably low sidelobe level al 
ways measured with those antennas. It has been found 
that this directivity increase is rather the result of the 
extension of the radiating aperture of the optimized an 
tenna to a larger effective aperture, as previously dis 
cussed in connection with FIG. 2a. The measured di 
rectivity increase of almost 3 dB indicates that the de 
scribed antenna model acts'as if it would be nearly 
twice as large in re?ector area, or in terms of aperture 
size, that the maximum-directivity adjustment of the 
antenna according to the invention enlarges its physical 
aperture to an “effective" aperture of twice the area. 
The directivity of another optimized antenna model 

according to the invention with 2.35 A diameter (A = 
4.33 H) is calculated to be 35.4 (15.5 dB). For best 
performance it had to be constructed according to the 
configuration of FIG. 3b, with the rim adjusted to a 
width of 0.57 k. The measured‘directivity of 65 (18.1 
dB) which is 2.6 dB above the calculated value, indi 
cates an effective aperture area approximately 1.8 
times the physical aperture. The ‘half power beam 
widths are 245’ and 23.5° in the E- and I-l-plane pat 
terns, respectively. A comparison of this antenna 
model with one of the same re?ector diameter but 
without the rim'and disk showed that the optimization 
of the antenna in the three steps of selecting the opti 
mum re?ector diameter to D, = 2.35 A, adding to the 
feed radiator the re?ector disk 5, and ?nally arranging 
the ‘rim and adjusting d; to its optimum value resulted 
in a directivity increase of more than 10 dB. Antenna 
models according to FIG. 4 with an area equivalent to 
.that of a circular re?ector of ‘approximately 3.35 A di 
ameter gave directivity values of over 20 dB with a feed 
radiator of 4 dipoles. Still another antenna model ac 
cording to the invention with 16 dipoles in front of a re 
?ector area corresponding to a reflector of 6.35 A di 
-.ameter reached a directivity maximum of 25 dB. 

7 The aperture extension of the described antenna 
model with 2.35 A diameter was measured with a small 
dipole probe which was moved in a plane parallel to, 

~ and spaced at a distance of approximately 0.75 A from 
re?ector 1. FIG. 6a shows the antenna configuration 
and FIG. 6b shows the field distribution across the ap- » 
erture in the same X, Y coordinate system as used in 
FIG. 2. The curves have the same amplitude level in the 
antenna axis Y and are measured toward both sides and 

8 
' outside of the rim until the field amplitudes have de 
creased vto the —-20 dB energy level. The solid-line 
curve with its measured points indicated by small cir 
cles is the ?eld-distribution curve in the E plane and the 
curve with the small crosses is the distribution in the H 
plane of the feed radiator. Although the two curves 
should be presented in a three-dimensional coordinate 
‘system because they are measured in two orthogonal 
planes both are for simplicity of the drawing shown to 
gether in the X-Y system. 
With the effective aperture of the antenna defined as 

that area which contains all radiated power in and 
_‘ around the normal axis, including all energy levels not 
. more than 20 dB below that in the normal axis, it is 
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noted that the maximum directivity adjustment ex 
tended the radiating aperture to the points h and v in 
the E and H plane of the feed radiator, respectively. 
Since points h and v appear at nearly the same distance 
of approximately 2). from the Y-axis, the effective ap 
erture of the optimized antenna can according to FIG. 
6 be described as a circle of approximately twice the 
diameter of the edge radiatonThis information is, how 
ever, not sufficient for the calculation of the directivity 
increase. Rather the amplitude as well as the phase dis~ 
tribution over the entire aperture would need to be 
known and taken into account. The directivity of this 
antenna was, as previously‘mentioned, measured as 2.6 
dB above that calculated according ; to the area 
directivity equation for a 65 percent aperture illumina 
tion efficiency. ~ ' 

The model of FIG. lb presents the simplest. and most 
versatile con?guration for the antenna according tothe 
invention. Its complete circular symmetry makes it ap 
plicable to circular as well as linear polarization pro 
vided the feed has the feasible polarization response. It 
is another advantage of this configuration that it offers 
the lowest sidelobe level, the highest aperture illumina 

models of this antenna type‘. The most signi?cant fea 
tures of the antenna are, however, those directivity 
maxima which occur with. the periodicity (n + 0.35) . 
X, when the in-phase adjustement is performed. Com 
parable directivity values could with conventional re 
?ector antennas only be reached with much larger re 
?ector areas. » ’ 

Thehigh-gain'performance of the antenna according 
to the invention is not limited to the use of planar re 
flectors; curved re?ectors such as paraboloidal or 
spherical ones or stepped re?ectors may also be ap 
plied, and their peripheral contours may be oval or 
rectangular instead of circular as shown in FIG. lb. 
Instead of the linear dipole of FIG. lb'crossed orfolded 
dipoles, spirals, loops, open-ended wave guides, or ar 
rays of those may be applied as feed radiators. . 

In the antenna model of FIG. 1b the optimum phase 
adjustment is performed by sliding therim over the 
outer edge of re?ector A until maximum directivity is 
reached. Another adjustment method applies two tele 
scoping cylinders. Still another method is provided by 
the arrangement of several parallel rings of wire or 
metal stripes with the maximum directivity adjustment 
performed by changing the number of rings and/or 
their mutual spacing up to values of approximately one 
tenth of the wavelength of the highest frequency. 
The configuration of antennas according to FIGS. lb, 

3b, and 4 is applicable to any polarization of which the 
feed radiator is capable. If, however, only linear polars 
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ization response is “needed, those-sections of the rim 
which are not substantially oriented in the E plane of 

A the feed radiator can be omitted because they give only 
negligible contributions to the directivity increase. 
Thus circular re?ectors, for example, need only those 
approximately 90° wide sectors of the rim, which are 
mostly oriented in the direction of polarization. In anal 
ogy, square re?ectors need onlythe two sides of the rim 
which are parallel to the dipole-feed radiator. Antennas 
with a feed radiator consisting of four and more feeds, 
however, need the rim around the entire perimeter. 
So far only antenna dimensions for discrete frequen 

cies have been discussed and it was shown that the an 
tenna according’ to the invention can for any desired 
frequency be optimzed for its highest directivity. How 
ever, extensive experimental work has revealed that 
certain parameter combinations can be found that lead 
to optimized antennas that exhibit superior perfor-v 
mance over wide frequency ranges. FIG. 7 shows the 
experimental directivity curve as function of frequency 
of an S-band antenna model with the configuration of 
FIG. 3b. The antenna is according to the invention opti 
mized for frequency fM = 3.4 GHz by selecting one of 
those optimum re?ector diameters, here 2.35 >.,,, and 
applying the previously described optimum phase ad 
justment. The directivity values were measured with a 
three-dimensional pattern integrator over a 4:1 fre 
quency range and are presented versus frequency val 
ues which are normalized with reference to frequency 
f“ over a range from 0.3 f“ to 1.2 f“. FIG. 7 also con-_ 
tains, for the same frequency range and re?ector area, 
the calculated directivity curve DA for an assumed ap 
erture illumination efficiency of 65 percent. Used as a 
reference curve, it allows a direct performance com 
parison of the antenna according to the invention with 
a conventional re?ector antenna having the same area. 
The directivity curve of FIG. 7 has maxima at the 

points m, and ma; i.e., for those two discrete frequency 
values for which the re?ector has diameters of 1.35 A“ 
and 2.35 AM and consequently the edge radiator has its 
directivity maxima. A directivity minimum is noted for 
point I, i.e., for that frequency value for which the re 
?ector diameter is»1.75 A” and the edge radiator has its 
lowest directivity; but even this lowest directivity value 
still corresponds to an aperture illumination efficiency 
of approximately 60 percent. ' , 
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The E- and H-plane patterns were also measured for ‘ 
the entire frequency range 0.30 f” to 1.20 f”. From 
their study it is evident that the antenna has favorable 
patterns over a frequency range ofapproximately 3.6:1 
with the sidelobes ‘mostly below -—20 dB and reaching 
levels up to —l0 dB only at the highest frequencies. The 
lowest experimental frequency of 0.30 f" was dictated 
by limitations in the frequency’ range ‘of the power 
source. Since the patterns did'not shown any signas of 
deterioration at the lower end of the frequency band it 
can be concluded that the described type of the an 
tenna according to the invention has a pattern band 
width even much wider than 4:l. 

It should be mentioned that the phase adjustment 
performed for the 2.35 A. antenna is not optimal for that 
frequency which corresponds to are?ector diameter of 
1.75 it. Therefore, a new adjustment for the latter will 
result in a directiviy increase for this frequency which 
according to measurements amounted to 2 dB. How 
ever, with this adjustment the directivity for the fre 
quency corresponding to a 2.35 diameter of the an 
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tenna has decreased and the directivity curve as func 
tion of frequency is completely different from that. 
shown in F1617. Thus the pattern bandwidth of such 
antennas can simply be changed by varying their diam. 
eter DA and/or rim-edge spacing dE. 
What is claimed is: , 
1. A re?ector ‘antenna with optimized directivity 

being comprised of a common re?ector having a prede 
termined area and perimeter, a feed radiator arranged 
in the center of said area at a spacing of approximately 
one—quarter to one-half of a wavelength from said com 
mon re?ector, a rim surrounding said perimeter, said 
rim having a width and an edge, both said feed radiator 
and said edge being arranged in front of said common 
re?ector, means to energize said feed radiator while 
also simultaneously exciting the perimeter rim to per 
mit the edge thereof to act as a secondary radiator, 
both said feed radiator and said secondary radiator 
having unidirectional patterns with the directivity max‘ 
imum of their combination being in the axis normal to 
the common re?ector, and means to adjust said width 
of said rim to position said edge so that the amplitude~ 
optimized far?eld contributions of said combination 
are exactly in phase to provide substantially increased 
directivity, the parameters of said re?ector and said 
edge being arranged to permit said edge to operate ex 
clusively as a secondary radiator. ‘ 

2. A re?ector antenna as described in claim 1 
wherein the diameter of said edge is equal to (n + 0.35) 
)t, with n = l, 2, 3. and A equal to the ‘wavelength. 

3. A re?ector antenna as described in claim 2 
wherein said re?ector is curved. 

4. A re?ector antenna as described in claim 2 
wherein said re?ector is circular. 

5. A re?ector antenna as described. in claim 1 
wherein said means for adjusting said width of said 'rim 
is comprised of said rim pressure fitted on said re?ector 
thereby permitting movement of said rim toward- the 
direction of radiation by exerting a pressure on said 
rim. 

6. A re?ector antenna as described in claim 1 
wherein said means to adjust the width of said rim is I > 
comprised of telescoping cylinders. 

7. A re?ector antenna as described in claim‘ 1 
wherein said feed radiator is comprised of a dipole. 

8.’ A re?ector antenna as described in claim 1 
whereinsaid feed radiator is comprised of an array of 
radiators. ‘ I ' 

9. A re?ector antenna as described in claim 1 
wherein said feed radiator is comprised of a combina 
tion of dipole and a secondary re?ector, the sequence 
being said re?ector, said dipole and said secondary re‘ 
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10. A re?ector antenna as described in 'claim 1 
wherein said feed radiator is comprised of a multiplicity 
of combinations, each combination consisting of a di 
pole and a secondary re?ector, the sequence being said 
re?ector, said dipole, and said secondary re?ector. 

11. A re?ector antenna including a combination of 
first and second radiators to increase substantially the 
effective aperture of the antenna comprising aprimary 
vre?ector having a predetermined area in accordance 
with the operating wavelength thereof, said primary re~_ 
?ector having a predetermined perimeter, a rim sur 
rounding said perimeter, said rim having width and and 
edge, a feed radiator arranged in the center of said pri 
mary re?ector and spaced from V4 ‘to 56 ). therefrom, 
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means to energize said feed radiator to simultaneously 
provide a first unidirectional pattern from said feed ra 
diator and primary reflector, said feed radiator and said 
re?ector acting as said ?rst radiator, and a second uni 
directional pattern resulting from excitation of said rim 
edge by way of said feed radiator and said primary re 
?ector, said feed radiator, said primary re?ector and 
said rim ‘edge acting as said second radiator, and means 
to adjust the distance of said edge from said primary re 
?ector such that the farfield unidirectional patterns of 
said first and second radiators are in phase coincidence 
in the direction normal to the plane of said primary re 
?ector thus operating to provide a substantially in 
creased effective aperture and an equivalent increased 
gain, the parameters of said primary re?ector and said 
edge being arranged to permit said edge to operate ex 
clusively as a second radiator. 

12. A re?ector antenna as described in claim 11 
wherein said primary re?ector is curved. 

13. A re?ector antenna as described in claim 11 
wherein said re?ector is circular. 

14. A re?ector antenna as described in claim 11 
wherein said feed radiator is comprised of a combina 
tion of a dipole and a secondary re?ector in the se 
quence of said primary re?ector, said dipole, and said 
secondary re?ector. 

15. A re?ector antenna as described in claim 14 in 
cluding a multiplicity of said combinations. 
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16. A re?ector antenna as described in claim 11 

wherein the diameter of said edge is equal to (n + 0.35) 
)t where n equals 1, 2, 3, and A equals operating 
wavelength. 

17. An optimized re?ector antenna including a com 
bination of ?rst and second radiators comprising a 
common re?ector having a predetermined area in ac 
cordance with the operating wavelength thereof, said 
commond re?ector having a predetermined perimeter 
and diameter, a feed raidator arranged in front of and i 
approximately in the center of said common re?ector 
and spaced V4 to ‘A )\ therefrom, said feed radiator and 
common re?ector forming said first radiator, a multi 
plicity of spaced rings in a parallel arrangement ap~ 
proximately of the same diameter as said common re~ 
?ector, the ?rst of said multiplicity of rings positioned 
at said perimeter and extending therefrom in front of 
said common re?ector to the last of said multiplicity of 
spaced rings, said last ring operating in conjunction 
with said common re?ector to form said second radia 
tor, said last ring being at a predetermined distance 
from said common re?ector such that the far?eld uni 
directional patterns of said ?rst and second radiators 
are in phase coincidence in the direction normal to the 
plane of said common re?ector thus operating to pro 
vide a substantially increased effective aperture and an 
equivalent increased gain. 

. * I!‘ ll! * * 
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