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This invention relates generally to electromagnetic wave 
transmission and reception and more particularly to the 
control of edge diffraction in microwave antennas. 

In certain applications of microwave antennas it is 
often necessary to minimize the amount of energy radi 
ated in some directions as well as maximize the amount 
of energy radiated in other directions. In terms of 
antenna radiation patterns, this requirement generally in 
volves the provision of a principal lobe having a specified 
width, and the reduction of subsidiary or side lobes to a 
particular level relative to the principal lobe. Since the 
presence of side lobes within angular regions remote from 
the principal lobe is often of little consequence, in effect, 
the problem is one of forming a main beam without pro 
ducing side lobes of too great an amplitude within cer 
tain other angular regions. 
As is well known, increasingly marrow beams may be 

formed by increasing the antenna aperture, so that in 
the usual case, the formation of a main beam having a 
particular width is readily accomplished. When the 
antenna aperture is to be used efficiently, however, so as 
to form the narrowest beam possible with a given size 
aperture, considerable difficulty has been encountered with 
respect to side lobes. Very often this difficulty arises from 
the effects of edge diffraction in the antenna system. 
One conventional type of antenna which serves to illus 

trate the deleterious effects of edge diffraction is a para 
bolic reflector antenna including a radiating element in 
combination with a primary reflector such as a disk. The 
radiating element and primary reflector combination, gen 
erally referred to as the feed, simulate a point source lo 
cated near the parabolic focus and adapted to illuminate 
the parabolic or secondary refector. Since the primary 
refector must be small in terms of operating wavelengths 
so as not to obstruct the principal beam formed by the 
parabolic reflector, all of the energy from the feed does 
not radiate in the direction of the parabolic reflector. 
That is to say, whereas most of the energy from the feed 
is directed towards the parabolic reflector, some of the 
energy is directed more or less at right angles to the para 
bolic axis, and some of the energy is diffracted by the 
edge of the primary refector. Because of this edge diffrac 
tion, there is formed a diffraction beam axially aligned 
with the principal beam formed by the parabolic re 
flector, but disassociated therefrom with respect to phase 
relations. Accordingly, the diffraction beam interferes 
with the principal beam causing serious perturbations in 
the antenna radiation pattern over a relatively wide angu 
lar region. Although this effect may be alleviated at a 
single frequency by choosing a focal distance which is 
most satisfactory considered from the standpoint of phase 
relations between the principal beam and the diffraction 
beam, little can be accomplished in this way when the 
antenna system is to be operated over a band of fre 
quencies. 

In the past, another approach to the problem has been 
to taper the illumination of the primary reflector and 
thereby decrease the amount of energy in the diffraction 
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beam. Accordingly, energy from the radiating element 
is concentrated on the central portion of the primary re 
flector and gradually decreased in intensity towards the 
outer portions. When this type of illumination is used, 
however, the energy from the feed is less widely dis 
tributed with the result that the outer portions of the 
parabolic reflector are illuminated less strongly. As a 
result, the principal beam formed by the parabolic re 
flector becomes relatively broad. If then, the size of 
the primary reflector were to be increased in order to 
better illuminate the parabolic reflector, a greater ob 
struction Would be presented to the principal beam. Con 
Sequently, the principal beam would tend to be deformed 
and adjacent side lobes increased partly because of the 
diffraction of the principal beam itself by the primary 
reflector. 

Accordingly, this invention discloses an arrangement 
for controlling edge diffraction effects over a relatively 
broad band of frequencies in order to minimize perturba 
tions or side lobes within certain angular regions. In the 
case of the aforementioned parabolic reflector antenna, 
there is provided a plurality of radiators comprising aper 
tures positioned close to the edge of the primary re 
flector. If a disk-type primary reflector is utilized, the 
apertures are positioned along the edge of the disk so as 
to provide a ring-shaped source. This ring source is 
adapted to reradiate a portion of the energy from the feed 
radiating element in a manner to compensate for the 
diffraction effects produced by the edge of the disk. In 
other Words, the Waves emanating from the ring source 
are arranged to destructively interfere with the diffracted 
waves in the angular region of interest. To accomplish 
this result, the amplitude of the waves from the ring 
Source may be controlled by choosing apertures of proper 
Size, and the phase of these waves may be adjusted by 
placing dielectric material of suitable thickness over the 
apertures. Since the ring source is positioned close to 
the diffraction source, namely the edge of the disk, the 
arrangement of this invention is relatively insensitive to 
frequency variations and therefore particularly well 
adapted for broad-band operation. 

It is an object of this invention, therefore, to provide 
a method of controlling the diffraction of microwaves by 
a conductive body. 

It is another object of this invention to provide means 
for controlling the direction of propagation of diffracted 
electromagnetic waves. 

It is still another object to provide sources of radiant 
energy adapted to destructively interfere with energy 
diffracted by the edge of an antenna reflector. 

It is a further object to provide means for substan 
tially reducing the undesirable effects of edge diffraction 
in antenna systems operating over a broad-band of fre 
quencies. 
The novel features of this invention, together with 

further objects and advantages thereof, will be better 
understood when considered in connection with the ac 
companying drawings in which: 

Fig. 1 is a view in elevation of a feed structure com 
prising a waveguide-type radiating element and a reflect 
ing disk provided with an arrangement of apertures in 
accordance with this invention; 

Fig. 2 is a family of curves indicating the front-to-back 
ratio of the radiating element and reflecting disk combi 
nation of Fig. 1 as a function cf dielectric thickness; 

Fig. 3 is a perSpective view of a parabolic reflector 
antenna including a dipole-type radiating element and a 
reflecting disk provided with apertures in an arrange 
ment according to this invention; 

Fig. 4 is a parabolic reflector antenna including a horn 
type radiating element provided with an arrangement of 
apertures in accordance with this invention; and 
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Fig. 5 is a cylindrical reflector antenna including a 
slot-type feed structure provided with an arrangement 
of apertures according to this invention. 

Fig. 1 illustrates a feed structure comprising a length 
of round uniconductor waveguide 11 and a reflecting 
disk 2 affixed thereto by means of a dielectric support 
member 43. In particular, waveguide 1 has a diameter 
of approximately 0.7 wavelength in free space and is 
therefore adapted to transmit electromagnetic waves in 
the TE11 mode. At one end thereof, a flange 4 is pro 
vided for attachment to support member 13 which has 
a mating fange portion 5 as shown in Fig. 1. Com 
pleting support member 13 is a stem portion 6 fastened 
to the center of disk 12 so that in effect waveguide 11, 
support member 13, and disk 12 are aligned coaxially. 

Cisk 2 is provided with a ring of twenty four holes 
7 disposed about its center and in proximity to its edge. 
Cverlying holes 7 on the side of disk 2 away from 
waveguide if is a ring of dielectric material 18, having a 
dielectric constant, e, of approximately eight. It has 
also beein found desirable to form a rim ž9 at the edge 
of disk 2, rim 9 being at right angles to the Surface 
of disk 2 and overlying the outer edge of dielectric ring 
8. 
The operation of the feed structure of Fig. 1 may be 

best described with reference to Fig. 2 wherein the front 
to-back ratio of the feed structure as a function of di 
electric ring thickness is graphically represented for four 
different diameters of holes. The term front-to-back 
ratio refers to the relative magnitudes of the axial dis 
posed frontal beam or lobe comprising energy reflected 
by the surface of disk. 2, and the axially disposed back 
ward lobe comprising energy diffracted by the edge of 
disk 2. As seen from Fig. 2, the provision of holes 
7, in the arrangement of this invention, greatly increases 

the front-to-back ratio particularly when the size of holes 
17 and the thickness of dielectric ring 8 is optimum. 
This is because holes 7 in combination with dielectric 
ring 8 serve as additional sources of electromagnetic 
energy which interferes with the diffracted energy. By 
optimizing the size of holes 17, and the thickness of di 
electric ring 18, the amplitude and phase of the reradiated 
energy is so adjusted that destructive interference takes 
place with the energy comprising the backward diffrac 
tion iobe, thereby increasing the front-to-back ratio. The 
amplitude of the reradiated energy is proportional to the 
square of the hole diameter, and the phase of the energy 
is determined from the well known formula la=Ve ild, 
where la is the path length of electromagnetic waves in 
air equivalent to the path length ld in a dielectric medium 
of dielectric constant e. In this regard it is apparent that 
a further change in the magnitude of the reradiated energy 
may be obtained by varying the number of holes utilized. 

Fig. 3 illustrates the application of this invention to 
a parabolic refector antenna including a parabolic re 
fector 3i, having in the vicinity of its focus, a dipole 
type radiating element 32 and a disc-type primary reflector 
33. Dipole element 32 is supplied with electromagnetic 
energy from a length of coaxial transmission iline 34 dis 
posed along the axis of the parabolic or secondary 
refector 3. AS is well known, energy radiated by dipole 
element 32 is in part reflected by primary reflector 33 
so as to form a beam or lobe directed towards parabolic 
refector 3. Parabolic reflector 31 in turn reflects this 
energy again in a manner to form a second or principal 
beam of relatively narrow width, and having its axis co 
extensive with the axis of the parabolic reflector. Some 
of the einergy from dipole element 32 is diffracted by 
the edge of primary reflector 33, however, which would 
ordinarily result in the formation of a diffraction beam 
radiating in the same direction as the beam produced by 
parabolic reflector 31. Because of interference between 
the diffraction beam and the principal beam, perturba 
tions in the radiation pattern would then appear within 
a relatively large angular region about the parabolic axis. 
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4 
According to this invention, therefore, there is pro 

vided a plurality of apertures comprising holes 37, formed 
in a ring about the center of primary reflector 33 in proX 
imity to its edge. Overlying holes 37 there is also pro 
vided a ring of dielectric material 38. Holes 37 in com 
bination with dielectric ring 38 serve as sources of elec 
tromagnetic energy having such an amplitude and phase 
as to destructively interfere with the energy comprising 
the diffraction beam. Thus, the diffraction beam is sub 
stantially reduced, thereby eliminating to a large extent 
its undesirable effects on the principal beam and the radia 
tion pattern of the antenna generally. 

Fig. 4 illustrates another application of this invention 
wherein the antenna utilized comprises a parabolic re 
fector 4, which is illuminated by a horn-type radiating 
element 42 having a flanged portion 43. Horn-type radiat 
ing element 42 is located near the focus of parabolic 
refector 41 and Supplied with electromagnetic energy 
from a length of waveguide 44. Since a portion of the 
energy radiated by element 42 is diffracted by the edge 
of fanged portion 43 so as to form a diffraction beam 
which interferes with the principal beam formed in the 
manner previously described, there is provided a ring of 
holes 47 in fanged portion 43. For the purpose of phase 
adjustment, a ring of dielectric material 48 overlying holes 
47 is also included. The radiation pattern of the antenna 
is substantially improved owing to the reduction of the 
diffraction beam and its undesirable effects on the radia 
tion pattern of the antenna, particularly within an angu 
lar region about the axis of parabolic reflector 4. 

Fig. 5 illustrates the application of this invention to 
still another type of antenna utilized in height-finding 
systems and comprising a feed structure 51 and cylindrical 
reflector 52. Feed structure 5 includes a length of 
waveguide 53 supplying electromagnetic energy to an 
array of slot-type radiating elements 54. Radiant energy 
from slot elements 54 is then directed towards reflector 
52 by means of a pair of vanes 55 disposed at an acute 
angle to a vertical axis 56. Reflector 52, in turn, is 
adapted to provide a radiation pattern which, on the 
average, varies in amplitude as cosecº 6, where 6 repre 
sents angular deviation with respect to axis 56. 

Partly because of diffraction effects produced by the 
edge of vanes 55, appreciable perturbations or fluctua 
tions in the radiation pattern generally occur at small 
angles 9. To minimize these fluctuations, there is pro 
vided a linear array of radiating elements comprising 
holes 57 positioned along the edge of each vane 55, and 
strips of dielectric materia? 58 overlying each of these 
arrays of holes. By utilizing dielectric strips 58 of suit 
able thickness and making holes 57 of proper size, the 
energy radiated by the holes may be so adjusted in ampli 
tude and phase as to destructively interfere with the dif 
fracted energy within an angular region close to axis 56. 
In this way the perturbations or fluctuations in the radia 
tion pattern may be substantially reduced. 
On the other hand, if it is desired to eliminate pertur 

bations at relatively large angles in terms of 9, a linear 
array of holes would be provided along the edges of re 
fector 52. This is because the edge of reflector 52 gives 
rise to diffracted energy causing diestructive interference 
at these large angles. As is apparent therefore, an ar 
rangement of apertures in accordance with this invention 
will be equally applicable to other types of antennas 
wherein the effects of edge diffraction prove undesirable. 
Similarly, other types of apertures such as slots may be 
more advantageous than holes in some cases. 
What is claimedi is: 
1. A microwave system including a reflector for inter 

cepting radiant microwave energy, said reflector being 
provided with a plurality of apertures for reradiating a 
part of energy intercepted by said reflector to combine 
with energy diffracted by the edge of said reflector, and 
dielectric material covering said apertures for retarding 
the phase of said reradiated energy to cause said reradi 
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ated energy to destructively interfere with said diffracted 
energy. 

2. A system according to claim 1 wherein said aper 
tures are substantially circular, and have a diameter in 
the range between 0.1 and 0.7 of a wavelength of said 
radiant energy. 

3. A system according to claim 1 wherein said aper 
tures are adjacent the diffracting edge of said reflector. 

4. A microwave antenna system including a radiating 
element and a reflector for intercepting energy radiated 
by said element and directing part of said intercepted 
energy into a selected angular region of space, said re 
flector including means for reradiating another part of 
said intercepted energy into a second angular region of 
space to combine in said second region with energy dif 
fracted by the edge of said reflector, and means for re 
tarding the phase of said reradiated energy to produce 
destructive interference between said reradiated energy 
and said diffracted energy. 

5. A microwave antenna system including a radiating 
element and a reflector for intercepting energy radiated 
by said element and directing part of said intercepted 
energy into a selected angular region of space, said re 
flector being provided with a plurality of apertures for 
transmitting another part of said intercepted energy into 
a second region of space wherein energy diffracted by 
the edge of said reflector is propagated, and dielectric ma 
terial covering said apertures for retarding the phase of 
said reradiated energy to effect destructive interference 
between said reradiated energy and said diffracted energy 
in said second region. 

6. A system according to claim 5 wherein the trans 
verse dimensions of said apertures are in the range be 
tween 0.1 and 0.7 of a wavelength of said wave energy. 
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7. A system according to claim 6 wherein said aper 

tures are positioned along the edge of said reflector. 
8. A microwave antenna system comprising a radiating 

element, and a reflecting disk having a rim disposed at 
right angles to the surface of said disk, said disk being 
provided with a ring of circular apertures disposed about 
the center of said disk in proximity to its edge, and a 
layer of dielectric material covering said apertures. 

9. A microwave antenna system comprising a source of 
radiant microwave energy; a principal reflector; an auxil 
iary reflector disposed adjacent said source for directing 
microwave energy radiated by said source towards said 
principal reflector, said principal reflector forming said 
microwave energy into a narrow beam; said auxiliary re 
flector being provided with a plurality of apertures for 
reradiating a part of the microwave energy radiated by 
said source substantially along the axis of said beam, and 
dielectric material covering said apertures for retarding 
the phase of said reradiated energy to produce destructive 
interference between said reradiated energy and wave 
energy diffracted by the edge of said auxiliary reflector. 

10. A microwave antenna system according to claim 
9 wherein said apertures are circular and have a diameter 
in the range between 0.1 and 0.7 of a wavelength of said 
radiant microwave energy. 
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