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Abstract

The research described in this thesis can be categorized into three main areas. The
first area concerns the interpretation of observations of various atmospheric
processes and phenomena. The focus here has been on internal atmospheric gravity
waves and their manifestation in radar winds and in airglow intensities, but also
includes investigation of atmospheric tides and planetary scale waves, D-region
electron densities and collision frequencies, the aspect sensitivity of backscattering
and partially reflecting regions of the atmosphere, Polar Mesosphere Summer Echoes
and Mesosphere Summer Echoes, meteor trails, mesospheric temperatures, long
period variations in airglow intensities, and Kelvin Helmholtz Instabilities.

The second major area has been in the development of new experimental
techniques and the validation of existing techniques for investigating the atmosphere.
New techniques have included the dual-beam radar technique for measuring
momentum fluxes, and radar Time Domain Interferometry and Hybrid Doppler
Interferometry for use with multi-receiver channel Doppler radars. The Doppler
Beam Steering technique in the presence of non-uniform and periodically varying
wind fields has been investigated analytically, and various spaced sensor techniques
have been investigated using a numerical model of atmospheric radar backscattering
and by direct comparison with other techniques. The Sodium Lidar technique has
been investigated through numerical model calculations and a solid state system is
currently being developed.

Finally, a major activity has been the development of new radars and radar sub-
systems. This has included the development of a modular Medium Frequency
Doppler radar and a Medium Frequency Spaced Antenna radar, a variety of
Stratosphere Troposphere / Mesosphere Stratosphere Troposphere radars, an
Ionospheric radar, a Boundary Layer Tropospheric radar and an All-Sky meteor

radar.
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Organization of the Thesis

The body of this thesis begins with a brief overview of my research career. This is
followed by my CV, and a complete publication list, including un-refereed articles
and reports, invited presentations, and contributed oral presentations. Next there is a
list of my research students and then my grant record. The main part of the thesis
follows, and here I present a commentary on each refereed journal publication. When
taken together these form a narrative providing the context and significance of my
research. A commentary is provided for all papers, but copies of only 35 are
included here. The last part of the thesis is concerned with my contribution to the
design and development of radar systems. This represents a major contribution to the
field and I have provided a brief commentary for each major radar type. This follows
as closely as possible the format used in the first part of the thesis for refereed journal
publications. A complete summary of radars produced by Atmospheric Radar

Systems Pty Ltd and its precursor Adelaide Radar Systems is included in Chapter 7.
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