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SPHERICAL MICROWAVE LENSES 

' This invention relates to spherical microwave lenses 
which are provided with re?ectors for re?ecting elec 
tromagnetic waves used in radar systems. 

It is known to provide a spherical microwave lens 
with a ?xed metallic re?ector by means of which in 
coming electromagnetic waves, after being brough to a 
focus on or close to the surface of the lens, may be re 
?ected back along a path parallel to the path of the in 
coming waves. Such re?ectors generally consist of a 
part-spherical band or cap of sheet metal ?xed on or 
close to the outer surface of the lens. Such an arrange 
ment of spherical lens and fixed re?ector provides a re 
?ected wave signal of constant amplitude and phase. 
The object of the present invention is to provide a 

spherical lens and re?ector arrangement, the re?ected 
wave signal from which may be varied in terms of phase 
and/or amplitude. 
According to the present invention, a spherical mi 

crowave lens arrangement comprises a spherical micro 
wave lens with a part-spherical re?ector movable 
towards and away from the lens. 

In one arrangement of the invention the lens has a 
focus outside the sphere, and the re?ector is movable 
about a position co-incident with the focus point of the 
lens, towards and away from the surface of the lens on 
either side of the focus point whereby movement of the 
re?ector produces a variation in the phase of a re 
?ected wave. 

In another arrangement of the invention the lens has 
a focus approximately on its surface, and a coating of 
an electrically resistive material extends over part of 
the outer surface of the lens, the re?ector being move 
able between a position where it lies against the resis 
tive coating, and a position where it is spaced from the 
resistive coating by a distance of approximately one 
quarter of a wavelength, whereby movement of the re 
?ector produces a variation in the amplitude of a re 
?ected wave. 
The electrically resistive material may be carbon 

loaded cloth, carbon loaded rubber or colloidal graph 
rte. ’ 

In order that the invention may be better understood, 
two preferred embodiments will now be described with 
reference to the accompanying drawings of which 
FIG. 1 shows in part-section one form of the inven 

tion in which two lenses and two re?ectors are used, 
one of the re?ectors being ?xed relative to its asso 
ciated lens and the other re?ector being movable about 
the focus point of its associated lens so as to produce 
a variation in the phase of a re?ected wave, and 
FIG. 2 shows in part-section another form of the in 

vention in which a single re?ector is movable towards 
and away from a single lens which is provided with a re— 
sistive coating over part ofits outer surface so as to pro 
duce a variation in the amplitude of a re?ected wave. 

Referring to FIG. 1, a spherical microwave lens 1, 2 
of dielectric material is mounted in each nose cone 3, 
4 of a pair of fairings mounted on the wing tips of a tar— 
get aircraft. The lenses 1, 2 are designed to have a focus 
F at a distance of half of the wavelength away from the 
surface of the lens. 
A re?ector 5 in the nose cone 3 is of part spherical 

form and has an inside curvature approximately equal 
to the outside curvature of the lens 1. It is mounted on 
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2 
the end of a movable ram 6 extending from an electric 
actuator 7 which is thus able to move the re?ector 5 
towards and away from the lens 1 about the focus 7. 
The actuator 7 is controlled by means of signals from 
a programme unit (not shown) in the aircraft. 
A re?ector 8 in the nose cone 4 is also of part spheri 

cal form and has an inside curvature approximately 
equal to the outside curvature of the lens 2. This re?ec 
tor is ?xed to a bulkhead 9 at the rear of the nose cone. 
It is shown as being positioned with the focus point F 
of the lens 2 falling on its forward surface. This position 
may be adjusted to be forward of the focus point or to 
the rear of the focus point. The position would, how 
ever, be determined and ?xed before use of the lenses. 
Although only one of the re?ectors shown in FIG. 1 

is movable in use, both re?ectors may be mounted so 
as to be movable in use, the extent of the movement 
being determined as follows: 
When the re?ector is within a distance of one eighth 

of the wavelength on either side of the focal point of 
the lenses 1 and 2 the radar cross-section is reasonably 
constant. Thus, the re?ector 5, when placed at the 
focal point F and moved towards- and away from the 
lens 1 by a distance of one eighth of the wavelength is 
able to re?ect substantially all of the received wave en 
ergy but, in so moving the re?ector, the phase of the 
wave is changed. Movement of the re?ector over the 
total range of one quarter of a wavelength produces a 
change in phase of the re?ected wave energy of half a 
wavelength. 
The distance over which the radar cross-section of a 

lens remains substantially constant is equal to a dis 
tance of approximately one quarter of a wavelength for 
most lenses, but this distance need not be equally 
spaced on either side of the focal point of the lens. For 
example, three quarters of the distance may be from 
the focal point towards the lens, the remaining quarter 
of the distance being from the focal point away from 
the lens. Thus whilst the range of movement of a re?ec 
tor is approximately one quarter of a wavelength, the 
range may be divided into movement either side of the 
focal point in many ways. 
By using the apparatus shown in FIG. 1, simple glint 

may be simulated. However, one use of this form of in» 
vention lies in the testing of a radar system where varia 
tion of the phases of waves from a number of re?ectors 
may be used to simulate glint from a target, i.e. where 
the re?ected wave appears to come from a position 
other than from the target. In such. a case, two or more 
spherical lenses would be employed spaced some dis 
tance apart and the phase change characteristics of 
each of them (i.e. the spacing of the re?ectors from 
their respective lenses) is varied by means of a pro 
gramme controlling the actuator so as to cause the re 
sultant, combined‘ re?ected wave to appear to come 
from a position other than that of any of the lenses. 

In the arrangement shown in FIG. 2, in which it is de 
sired to vary the amplitude of the re?ected wave signal, 
a resistive coating 11 such as a ?lm, card or sheet of a 
material of suitable resistive value is placed upon the 
surface of a spherical lens 12 and a re?ector 13 is 
mounted for movement towards and away from the 
coated surface of the lens along an axis through the 
centre of the lens. The lens and re?ector are mounted 
within a nose cone 10 of a target and the re?ector is 
movable by means of an electric actuator 7 as in the ar 
rangement shown in FIG. 1. The focal point F of the 
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lens in this case is on the surface of the lens. The 
amount of energy re?ected by the lens is at a maximum 
when the re?ector is positioned against the resistive 

' coated lenssurface but the amount of wave energy re 

?ected is reduced as the re?ector is moved away from 
the focal point of the lens, as the resistive coating ab 
sorbs the energy, and the amount of movement may be 
as much as one quarter of a wavelength away from the 
focal point of the lens. Thusthe amplitude of the re 
?ected wave may be varied by movement of the re?ec 
tor. 

The re?ector may be moved from a position where 
it lies adjacent to the resistive coating, to a position 
where it lies at a distance of one quarter of the wave 
length in use away from the resistive coating. 

suitable materials for the resistive coating which may 
be in the form of a sprayed coating, a film or sheet, are 
colloidal graphite, carbon loaded cloth, laminate or 
carbon loaded rubber sheet. 
Typical uses for this form of the invention where only 

a single lens and re?ector are required lie in the testing 
or radar systems where controlled fading of the re 
?ected signal is required or where one target may be 
used to simulate several different echoing areas. 

In both of the examples described, a re?ector may be 
moved manually or remotely by any of various means 
such as a nut and sore mechanism, a solenoid operated 
mechanism etc., but such mechanisms are well known 
and to not form a part of the invention. 

1 claim: 
1. A microwave lens arrangement comprising a 

spherical microwave lens with a focus approximately 
on its surface and an electrically resistive material over 
part of its outer surface, and a part spherical re?ector 
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4 
movable towards and away from the lens between posi— 
tions where it is against the resistive coating or spaced 
from it by approximately one quarter of a wavelength, 
whereby movement of the re?ector produces a varia 
tion in the amplitude of a re?ected wave. 

2. A microwave lens‘ arrangement as in claim 1 
wherein the electrically resistive material is carbon 
loaded cloth. 

3. A microwave lens arrangement as in claim 1 
wherein the electrically resistive material is carbon 
loaded rubber. 

4. A microwave lens arrangement as in claim 1 
wherein the electrically resistive material is colloidal 
graphite. . 

5. An apparatus for simulating the glint of an object 
illuminated by a radar beam including, in combination, 
two spherical microwave lenses spaced transversely to 
the radar beam, a ?xed re?ector associated with one 
lens, a movable re?ector associated with the other lens, 
and means for moving the movable re?ector towards 
and away from its associated lens thereby varying the 
phase difference between the beams re?ected from the 
?xed and movable re?ectors. 

6. An apparatus for simulating the glint of an object 
illuminated by a radar beam including in combination 
two transversely spaced spherical microwave lenses, a 
separate re?ector associated with each lens and mov 
able towards and away from its associated lens and 
means for moving the re?ectors independently of each 
other whereby movement of at least one of the re?ec 
tors produces a variation of the phase difference be 
tween the beams re?ected by said re?ectors. 

* * * * * 


