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Abstract

I present two pilot surveys and a range of new algorithms to aid
in planning and implementing wide-field radio surveys for transient and
variable sources. The first pilot survey is a blind survey for transient and
variable radio sources with the Molonglo Observatory Synthesis Tele-
scope at 843 MHz. This survey discovered 53 highly variable sources
and 15 transient sources and determined surface densities of 0.268 deg ™2
for variable sources and 1.3 x 10~2 deg~? for transient sources, with as-
sociated timescales of between one day and three years. I also propose
two new techniques which were developed for this survey. The first tech-
nique provides a post-imaging calibration for image gain. The second
technique is a statistical method for verifying whether flux error mea-
surements agree with the scatter in light curves over a population of
sources.

I also describe a follow-up survey for prompt radio emission from
gamma ray bursts (GRBs) at 1.4 GHz. This survey used a single-dish
telescope to automatically slew to a GRB position within 2 min of the
gamma ray trigger and performed single-pulse, repeating and low-time
resolution searches for variability. This survey discovered single, dis-
persed pulses following two long GRBs, which are possibly related to
the delayed formation of a black hole at the centre of the GRBs. The
high-time resolution measurements from this survey are some of the most
constraining limits on prompt radio emission from GRBs to date.

I also present two efficient new algorithms for detecting dispersed
radio emission in interferometric data: the Chirpolator and the Chim-
ageator. These two techniques excel in the regime of sparse arrays, where
they both require substantially lower data rates, and the Chirpolator re-
quires a much lower post-integrator operation rate than the existing al-
gorithms. These techniques are well matched to future supercomputing
architectures, where the arithmetic capability is outstripping the band-
width capability, and are therefore suitable for use by interferometer-
based fast transient surveys.

The surveys and techniques described in this thesis will have im-
mediate application to upcoming surveys with the next generation of
wide-field radio telescopes, such as the two transients surveys proposed
for the Australian Square Kilometre Array Pathfinder.
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