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Abstract

This thesis presents a study of two fundamental problems in
antenna theory: determination of antenna far-field radiation
properties from near-field measurements, and computation of the
near-field mutual coupling between two antennas arbitrarily
oriented and separéted in free space, given the complex electric
far-field pattern of each antenna and the geometrical factors
that describe the relative orientation of each antenna. Both
problems are based on plane-wave scattering-matrix (PWSM) theory
of antennas.

Plane-wave scattering-matrix theory was introduced by D.M
Kerns. It is a good basis for advanced antenna theory. Its
formulation is obtained by enclosing the antenna between two
planes and considering the incident and scattered plane-waves on
both planes. It specifies the linear transformation from the
incident part of the field to the scattered part of the field. It
considers the antenna as a multiport transducer which can be fully

described using the secattering parameters.

The far-field radiation properties (such as far-field
pattern, power gain, effective receiving area and peolarization
parameters) can be determined from near-field measurements.
Near-field measurements may be elither probe-corrected or non
probe-corrected. Near-field measurments may be planar
{plane-rectanaular or plane-polar) or spherical or cylindrical.
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This thesis is concerned with mplanar near-field measurements,.

Planar near-field measurements range consists of anechoic chamber,
control room, measuring probe, receivinag systenm, antenna under
test, transmitting system, recording system and data processing
system. The near-field data acquired are (relative amplitude and
phase) at 2ither rectanqular grid in plane-rectangular or at
concentric rings centered about the antenna under test in
plane-polar. The following processing methods and data
minimization technigques are used to determine the far-field
radiation characteristics from the measured near-field data:

two-dimensicnal sampling theoremn, two-dimensional £fast Fourier
transform algorithm, two-dimensional spatial filtering technigue

and equilizer alaorithm.

When verifving the alaorithms of computation of near-field
mutual coupling between two antennas using PWSM theory of
antennas, three cases have been investigated: First, the near-
field mutual coupling between two antennas Vversus transverse
displacemert is analyzed, assuming separation distance between
them is fixed, and an algorithm for its computation is developed.
The analysis starts with Kerns coupling equation that expresses
the coupling guotient in terms of the plane-vave transmitting and
receiving coefficients. This equation is expressed in terms of
the normalized complex electric far-field patterns of both

iv



antennas. The coupling guotient is the scalar product of the

complex normalized electric far-field patterns of both antennas.

The compufation is performed using two-dimensional fast Fourier

transform {(FFT) algorithm and sampling theorem. The following

transformations are used: normalization of the far-fieid pattern

of each antenna, spherical-to-rectangular transformation,

Eulerian transformation, and transformation of the integration

variables to azimuth and elevation angles.

Second, the near-field mutual coupling between two
antennas versus separation distance is analyzed, assuming that
the transverse displacement between them wvanishes, and an
algorithm for its computaticen 1is developed. The analysis
starts with Kerns coupling eguation that expresses the normalized
coupling guotient. The normalized coupling guotient i3 expanded
in a series of outgoing scalar spherical wave functions. The
spherical wave coefficients are given in terms of the scalar
product of the normalized complex electric far-field patterns of
the two antennas and Legendre polynomial. The normalized coupling
gquotient 15 expressed in terms of the spherical wave coefficients
and Hanke. function of the first kind. Legendre polynomial and
Hankel function of the first kind are generated using recurrence

relations and Miller algorithm is used to ensure their stability.




