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LEAKY WAVES ON PERIODICALLY SLOTTED TRAVELLING-WAVE AERIALS

J. Arnbak

A class of micr-7ewavantennae can be derived from periodically slotted
structures radiating continuously along their length. Assessment of the
corresponding radiation patterns requires that the aperture field distribu-
tion and the propagation constant for the radiating line be known.

Usually, the rigorous Maxwellian eigenvalue problem based on continu-
ity of tangential fields across any slot is too involved for an explicit
solution. An approximate solution of the corresponding integral equation
is often made by the collocation, or point-matching, method, i.e. by as-
suning an electric field in the slots and ensuring continuity of the mag-
netic field belonging to it in a number of discrete locations. The cor-
responding dispersion relation is reminiscent of a system of Kirchhoff
equations for mesh currents related to the Floquet harmonics of the peri-
odic structure. A more stringent dispersion relation may be obtained by
enforcing local energy balance in any slot. Physically, this secures that
no false sources are unintentionally introduced in the slots when an as-
sumed field is stipulated. Mathematically, a dispersion relation stationa-
ry with respect to the field assumption results, not only in the case of
surface waves, but also for radiating (leaky) waves. The dispersion rela-
tion corresponds to a complex power constraint arising from both sets of
Kirchhoff equations for a network excited by Floquet harmonics. Since the
surface admittances of the harmonics enter, driven by fictive voltage
sources related to the Fourier coefficients of the slot field, the dis-
persion relation manifests itself as a transverse resonance condition.

The resulting expression takes into account edge conditions in slots
and mutual coupling between any two slots. Contributions from slots well
away from each other may often be summed asymptotically, leaving only the
interaction between near neighbours for computer evaluation.

The procedure, or its dual counterpart, is suitable for finding the
surlace-wave and leaky-wave spectra of a rather wide class of periodic
travelling-wave structures comprising slot arrays on waveguides and strip-
modulated dielectric surfaces. Anomalies arisinlg for instance from reso-
nances (stopbands) or from coupling to the Floquet harmonics of higher
order modes may be precisely located. From the near field of a leaky-wave
distribution, the far fields can be calculated by a suitable integration.

As an example, calculations for a slot array on a circular waveguide
loaded with a high-permittivity dielectric will be presented. A distinct
leaky-wave beam may be used for frequency-scanning purposes.

J. Arnbak is with the Laboratory of Electromagnetic Theory, the Technical
University of Denmark, Lyngby, Denmark.
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