
Radio Variability and Interstellar
Scintillation of Blazars

Hayley Emma Bignall

Department of Physics and Mathematical Physics

University of Adelaide

A thesis submitted in fulfilment

of the requirements for the degree of
Doctor of Philosophy

February, 2003



♥♥♥♥♥♥♥
This thesis is dedicated to my mother, Kay Bignall, for always

giving me love, support, encouragement, and the freedom to ask
questions and to wonder at the Universe.

i



Abstract

This thesis presents several observational studies based on radio variability and in-
terstellar scintillation of extragalactic flat-spectrum radio sources. Such sources are
commonly called “blazars”, a term used to describe the phenomenon observed when
the jet of a radio-loud Active Galactic Nucleus (AGN) is directed towards the observer.
These sources provide unique “laboratories” for studying the physics of relativistic jets.

Observations of selected samples of blazars, made with the Australia Telescope
Compact Array (ATCA) and the Australia Telescope Long Baseline Array are pre-
sented here. Statistics for long-term (months–years) and short-term (intraday) vari-
ability in both total and linearly polarized flux density at several frequencies are pre-
sented. The sensitivity and flux density measurement accuracy of the ATCA make it
particularly useful for observations of intraday variability (IDV). Resolving the ques-
tion of what is the mechanism for radio IDV was of great importance at the time this
thesis was being undertaken, since if intrinsic, IDV implies extremely high brightness
temperatures, far in excess of the Inverse Compton limit for incoherent synchrotron
radiation. Most source models are fundamentally based on the assumption that the
radiation from radio to optical, and sometimes soft X-ray, energies is produced by
the incoherent synchrotron mechanism, so any result which challenges this has serious
implications.

There is now strong evidence that interstellar scintillation (ISS) is the principal
cause of radio IDV, which substantially lowers the implied source brightness tempera-
tures from those calculated assuming intrinsic variability. Some of the results presented
in this thesis have made an important contribution to the “paradigm shift” from IDV
to ISS, by showing unequivocally that the rapid IDV observed in PKS 1257−326 is
a result of scintillation due to a nearby scattering “screen” in the ionised interstellar
medium (ISM) of our Galaxy. This unusual source, serendipitously discovered dur-
ing the course of my PhD, has also proved extremely valuable in showing that ISS
can be used as a probe of microarcsecond-scale source structure and also of the local
Galactic ISM. Such high angular resolution is not currently achievable even with space
interferometer baselines.
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Preface

As the observational data presented in this thesis were collected for large projects
involving a number of people, it is appropriate to outline my contribution.

I was directly involved in all of the observations presented in this thesis from 1998
onwards. Dr Tasso Tzioumis was initially principal investigator on the southern blazar
radio monitoring programs presented in Chapters 3 and 4, which commenced in 1997,
before I became involved with the project in early 1998. From March 1998 onwards,
I was present at either the ATCA or the Mopra telescope for nearly all ATCA and
LBA observations, and thus gained a great deal of hands-on experience in observing
and scheduling observations, and also in writing telescope proposals.

The LBA observing was supported by staff from ATNF, the University of Tasma-
nia, and Hartebeesthoek Radio Astronomy Observatory in South Africa. Additional
observing support was often provided by staff and students from the University of
Adelaide. I was responsible for the correlation of most of the LBA data presented. Dr
John Reynolds, Dr Tasso Tzioumis and Dr Warwick Wilson provided a great deal of
assistance with setting up and correlating at the LBA correlator.

A number of the co-investigators on ATCA project C927, the intraday variable
source monitoring program which commenced in early 2001, assisted with the observa-
tions: in particular, Dr Tasso Tzioumis, Dr Dave Jauncey, Dr Jim Lovell, Dr Lucyna
Kedziora-Chudczer, Dr Dave Rayner and Dr Steven Tingay.

I was responsible for the reduction and subsequent analysis of all data from the
ATCA and the LBA which is presented here. The software and techniques used for
data reduction mainly involved the use of standard packages (e.g. MIRIAD, AIPS and
Difmap). The IDL software package was used for much of the subsequent analysis and
presentation of data; I wrote various procedures and functions in IDL to perform the
required tasks, generally making use of already available routines from the IDL library.
Dr Barney Rickett provided code used for calculating expected scintillation velocities
(Chapter 6).

I was also responsible for processing of data from the VLBA (Chapter 3) and the
VLA (Chapter 6), except for the initial fringe-fitting and a priori calibration of the
VLBA data, which was performed by Steven Tingay, and the VLA images presented
in Chapter 6, which were produced by Jim Lovell.

I was involved with the development of calibration procedures for LBA data, includ-
ing bug-fixes in AIPS to allow amplitude calibration of data from the LBA correlator,
and derivation of gain curves for the Hobart antenna, using data provided by Dr Marco
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Costa. I also derived gain curves for the ATCA antennas for correction of the gain-
elevation dependence in ATCA 3 cm data. Dave Rayner created a MIRIAD task to
apply these corrections to ATCA data.

A large part of Chapter 6 formed a research paper written in collaboration with 8
co-authors, which is to be published in The Astrophysical Journal.
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