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Sidelobes Due to Periodic Amplitude and Phase
Errors in the Aperture Field of a Radial Waveguide
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Abstract—The location and level of the sidelobes of a radial
waveguide pin-fed array antenna, which stem from periodic
amplitude and phase errors in the actual antenna aperture field,
are derived based on a simple model of a line source as well as the
pertinent model of a circular aperture. The theoretical results are
verified by comparisons with numerical and measured data.
Index Terms—Antenna array mutual coupling, antenna arrays,
antenna radiation patterns, antenna theory, radial waveguide
pin-fed array antenna (RWPFAA).

I. INTRODUCTION
ADIAL waveguide pin-fed array antennas (RWPFAAs)
are characterized by high gain, high efficiency, and low
profile, which make them attractive for use in modern communication systems [1]. However, it was found in [1]–[3] that regardless of the antenna aperture field one tries to achieve, the actual aperture field of such array antennas suffers from periodic
amplitude and phase errors. These periodic errors have been
explained as stemming from the changing mutual coupling between the pins feeding the array radiating elements (inside coupling) and the changing mutual coupling between the array radiating elements themselves (outside coupling). In this paper, we
study in detail the effect of such aperture field periodic amplitude and phase errors on the location and level of the RWPFAA
sidelobes in the region beyond the first and second sidelobes.
This effect must be taken into account when there are stringent
antenna sidelobe requirements. To gain insight into mechanism
of the effect of the periodic amplitude and phase errors on the
sidelobes, we first study the crude, but closely analogous, model
of a line source. The analysis is then extended to the case of
a circular aperture. The theoretical results are then verified by
comparisons with numerical and measured data.

distribution found for the case of the RWPFAA studied in [3],
we can further assume that except for small periodic and mutually correlated amplitude and phase errors the current is of
constant unit amplitude and constant zero phase. We then have
and
. Here,
,
, denotes the magnitude of the amplitude error,
,
, denotes the magnitude of the phase
and
, where ,
, is the period of the
error and
amplitude and phase errors, normalized to half the line source
length. For this line source, the radiation pattern is determined
by its space factor which can be written in a generalized form as
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Here,
is a generalized angular coordinate
where is the wavelength and the angle is the angle measured from the axis (broadside direction) in the
plane. For
half plane and for
,
simplicity, we consider only the
, and for
, we let
.
we let
Clinging to the assumption of small amplitude and phase er, and
, (1) can be
rors and keeping only terms of order 1,
readily reduced to

(2)
Carrying out the integrals in (2), we arrive at

II. LINE SOURCE MODEL
Following [4], we consider an -directed line source of length
centered about the origin. In terms of a normalized coordinate,
, the current of this line source is given by
, where
is a real amplitude funcis a real phase function. From the aperture field
tion and
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(3)
main term on the right hand-side is the wellHere, the
known space factor for a uniformly excited line source (with
current of constant unit amplitude and constant zero phase) and

(4)
denotes the angle-dependent part of the correction term to the
space factor due to the periodic amplitude and phase errors.
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