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INTRODUCTION

Whenever narrow beamwidth and high gain are required, antennas with large apertures
are needed. This usually means a reflector or lens in the antenna system. The designer
would like to exercise what control he can over the shape of the antenna patterns. He is
limited, however, by some fundamental restrictions, but the method of analysis he uses
should give him maximum flexibility within these fundamental limits.

There are several analytic methods of studying antenna performance. We have bor-
rowed two tools (geometric and physical optics) from an earlier science in order to get a
connected theory of antenna behavior which will verify experimental data. These tools can
be used in two basically different ways. First, we can treat the antenna as a transmitting
antenna. We place a point source with some assumed directivity, in the focal region of the
lens or reflector; and by the use of geometric optics we trace the rays to some aperture
plane. Pattern control is obtained by controlling the directivity of the point source —that
is, tapering the illumination on the aperture. Then we use physical or Fraunhofer optics
to compute the far field by the use of amplitude and phase distribution across the aperture.
This is a useful and well-accepted procedure.

A second method is to consider the antenna as a receiving antenna. This analysis
consists of considering the field distribution set up in the focal region when a plane wave
is incident on the reflector or lens. Now it is not so easy to separate geometric optics
from physical optics. We can use geometric optics to find the power and phase distribu-
tion, neglecting diffraction effects. This was done at our laboratory in the case of the
spherical reflector (1), and recently the same was done in the case of the paraboloid. How-
ever, superimposed on the field distribution predicted by geometric optics are the bunch-
ing or quantizing effects of physical optics. This paper describes how the focal-field
distributions caused by diffraction can be coped with experimentally. It does not handle
the complex mathematics needed to compute focal fields to high approximation (2,3). We
do not claim that treating a reflector or lens as a receiving antenna is superior to the
established procedure of viewing the design entirely as a transmitting problem. But we
have found the receiving-antenna approach useful in that it suggests the form of primary
feed needed in the focal region to produce a given pattern. The method of amplitude-taper
control fails to suggest remedies in the cases where there are optical aberrations.

THE UNDERLYING IDEA

) Is the reduction of illumination on the edge of the aperture the only effective method
of controlling side-lobe level 2 Encouraged (1) with our success in the use of multiple
sources for correcting geometric optical errors, it was only natural to apply such tech-

niques to the physical optics problem of reducing diffraction lobes.





























































































































