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ABSTRACT

This thesis presents a detailed study of the research activities of the CSIRO Division of
Radiophysics Penrith and Dapto Solar Group, who, it will be demonstrated, achieved an
international reputation in solar radiophysics during the period 1949 to 1964, by innovative
design of observing equipment and by ground breaking investigations into the nature of metre
wavelength solar radio bursts and the disturbances which give rise to them.

An account of the planning, development and implementation of the world"s first
radiospectrograph at the Penrith field station in 1949 and its extensions to increasingly lower
frequencies at the Dapto field station from 1952 to 1963, as well as the first swept-frequency
interferometer, is presented using archival material, personal reminiscences and published

literature.

The Penrith observations led to the first classification of Spectral Type I, Il and Il bursts.
The observed frequencies of the leading edges of the slowly drifting Type Il bursts and the
rapidly drifting Type Il bursts were converted to radial heights by using a standard coronal
density model and by assuming that the radio emission occurs at the fundamental plasma

frequency. This was referred as the plasma hypothesis.

The resulting height-time plots suggested that the disturbances exciting the radio emissions
moved outwards through the corona with velocities of the order of 1000 km/sec for Type Il bursts
and 100,000 km/sec for Type 111 bursts. This was the first evidence for the ejection of corpuscular
material to such great heights in the corona and it was suggested that the Type Il disturbance
upon reaching the Earth might be responsible for initiating geomagnetic storms which disrupt
radio communication. Likewise the fast moving Type Il disturbance was considered to be a
possible candidate for solar cosmic rays, although the exact nature of the particles involved in the

emission of Type Il and 111 bursts was not known at that time.

The development of an improved radiospectrograph at Dapto led to the discovery in 1954 of
fundamental and second harmonic components in both Type Il and I11 bursts. This discovery gave
support to the plasma hypothesis and allowed the height-time plots to be extended to greater

heights in the corona. Further low frequency extensions to the spectrograph from 1956 to 1961
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pushed the investigations to even greater coronal heights until it was established that the fast
moving electron streams responsible for the Type Ill burst moved virtually unimpeded out to
heights of at least 3 solar radii above the photosphere. This height was the limit that could be
observed by ground based radio observations because of absorption effects in the Earth"s
ionosphere at frequencies below 7 MHz. Also, the Type Il disturbance was traced to similar

heights indicating that the shock wave responsible also escaped into interplanetary space.

Final confirmation of the plasma hypothesis was obtained with the development of the
swept-frequency interferometer at Dapto in 1957. The radial heights found subsequently for Type
Il and 111 sources were in good agreement with coronal density models assuming, as before, that
the emission occurs at the fundamental and second harmonic plasma level. An earlier
experimental model of the interferometer, the first of its kind, had been installed at Dapto in 1954
for the study of radio scintillations from the source Cygnus A.

Later, spacecraft observations confirmed that the Type Il bursts were associated with
electron streams travelling outwards towards the earth along Archimedes spiral paths, at speeds of
the order of ¢/3 in agreement with the earlier Dapto results. Similarly, the Type Il burst was found
sometimes to be associated with interplanetary shock waves and ejected plasma clouds known as
coronal mass ejections (CME"s). The latter are considered now to be the initiating cause of the
Geomagnetic disturbance. The close association of Type II-1V bursts with CME"s is why ground

based radiospectrographs are still used today to monitor space weather.

The Dapto observations also led to the classification of a new type of burst called the Type V
which sometimes followed Type 111 bursts. A model was proposed for this event in which some
of the Type Il electrons became trapped in coronal magnetic fields to produce the longer
duration and broader bandwidth Type V burst. Other phenomena discovered at Dapto included
the reverse drift pairs (RDPs) which were closely associated with Type | storms and the split-
band and herring-bone structure in Type Il bursts. The RDPs were thought to be evidence for
radio echoes in the corona while several magnetic theories were proposed for the split-band
structure in Type Il bursts. The herringbone features were found to be highly polarized
suggesting that the Type Il shock wave excited streams of fast electrons as it moved across

magnetic field lines in the corona.
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The only metre wavelength burst not discovered by the Australian group was the Type IV,
first classified by the French in 1957, who attributed the emission to synchrotron radiation from
electrons spiralling along magnetic field lines in the corona. Dapto interferometer observations
revealed that the Type IV had two components, an early moving source, called the moving Type
IV burst, followed by a stationary source called the stationary Type IV burst. A model was
proposed to account for the observed characteristics of the moving Type IV burst, which involved
an ejected plasmoid, containing relativistic electrons generating synchrotron radiation, behind a
Type Il shock wave. The second stationary component lasted several hours before degenerating
into a Type | storm. It was assumed that the fast electrons generating plasma emission in these
stationary sources were trapped in magnetic fields above the flare region. Spectral observations of
slowly drifting chains of Type | bursts were taken as evidence that the emitting electrons were
excited by Alfven waves in the corona.

Although the Solar Group concentrated mainly on the collection and interpretation of the
observed properties of solar radio bursts at metre wavelengths, several important contributions of
a theoretical nature also were produced and theories reviewed. These concerned the propagation
of electron streams and shock waves in the corona, as well as the conditions required for coherent
plasma wave emission which occurs in Type Il and Type 11 bursts. Also a two phase acceleration
process for flare particles was propose based mainly on metre wavelength observations of solar

bursts.

By the early 1960s the Division of Radiophysics had been granted funding to build a
radioheliograph at Culgoora, NSW. As a result the Dapto Field Station was closed down in 1964.

Solar radio observations continued at Culgoora from 1967 until 1984.
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1. INTRODUCTION

1.1 Thesis Topic

The aim of this thesis is to present, for the first time, a detailed account of the research activities
of members of the CSIRO Division of Radiophysics Solar Group using facilities at the Penrith
and Dapto field stations during the period 1949-1964. Through their original contributions to
radioastronomy the Solar Group attained an international reputation of excellence during this
period and were, in my opinion and others, to be the leading research group in the study of metre
wavelength solar radio bursts. The thesis includes descriptions of the unique instruments which
were developed for observations of solar radio bursts, data analysis and interpretations,

supplemented by notes from archival material and discussions with surviving members.

1.2 Explanation of Terms

1.2.1 Radio Waves

Radio emission is propagated as an electromagnetic wave, where the electric and magnetic

vectors oscillate in planes mutually perpendicular to the direction of propagation.

Radio waves today are often defined as only occupying that part of the electromagnetic
spectrum over the wavelength range from about 10 m down to 30 cm with frequencies ranging
from 30 MHz up to 1000MHz. This modern definition includes the VHF and UHF bands but
excludes long radio waves in the decimetre, hectometre and kilometre wavelength bands and
short radio waves in the microwave and millimetre bands. Traditionally, all of these spectral
bands have been considered to be radio emission. Also, radio astronomers, unlike their optical
counterparts, speak in frequencies rather than wavelengths, reflecting the origins of radio

astronomy in radio engineering and communications.
The frequency (f) and wavelength (I) of electromagnetic waves are related by the

formula
f=cl/l 1)
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where f is in units of Hertz (Hz) or in the past in units of cycles per second (c/s),

I is given in metres (m), and c is the velocity of light in a vacuum where ¢ = 3x 10 ® m/s.

For example, if 1 =1 (m) then f = 3 x 10 ® Hz = 300 MHz

The thesis deals mainly with metre wavelength radio band that is with frequencies from
30 MHz to 300 MHz, but some radio bursts have been recorded with the Dapto spectrograph
down to frequencies as low as 5 MHz, the limit imposed by ionospheric absorption in the F layer.
It includes TV and FM radio frequencies which often become a source of interference for solar

radio observations.

1.2.2 Radiospectrograph

A radiospectrograph measures the intensity versus frequency of radio emission. The incoming
radio waves are collected by a broadband aerial connected to a super-heterodyne receiver. In this
Type of analogue receiver the incoming radio spectrum is swept by tuning a local oscillator
connected to the mixer. The difference signal between the radio frequency (RF) and local
oscillator (LO) frequencies is passed to an intermediate frequency (IF) amplifier for detection and

display. Radiospectrographs are described in Chapter 2.

1.2.3 Radio Interferometer

A radio interferometer consists of two or more aerials whose signals are combined together (by
addition or multiplication) to form an interference pattern. When the path-lengths from the source
to each antenna are equal or differ by one or more wavelengths (nl) the signals combine in phase
to produce maximum amplitudes. At other times when the path difference is a multiple of half a

wavelength (n1/2) the combined signal pattern shows minima.

For an interferometer on an east-west baseline maxima occur when

dsing=nl 2
and minima occur when

dsing=nl/2 (3)
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Knowing d, n and I one can measure the position g of the source in the sky. This is the
principle use of a radio interferometer. Figure 1 shows a typical interference pattern for a two-
element interferometer on an east-west baseline. Note the interference fringes are always
modified by the antenna main lobe. Most interferometers operate at one frequency. The Dapto
swept Tfrequency interferometer described in Chapter 2 was the first to operate over a continuous

range of frequencies.

« = ==w POLAR DIAGRAM OF
SINGLE YAG) ARRAY

e POLAR DIAGRAM OF TWO-
AERAL INTERFEROMETER

ALRIAL ALRIAL

EAST

wist

g |

Figure 1 A typical interferometer pattern where fido is the spacing between
the two aerials (after Little and Payne-Scott, 1951: Fig. 2).

1.2.4 Refraction

Radio waves passing through an ionized medium with density gradients such as the solar
corona or the ionosphere suffer bending or refraction. This disperses the spectrum just as a prism
refracts white light into its separate colours. The amount of bending or dispersion is specified by
the refractive index of the medium.

The degree of fibendingo of the ray is given by Snellés Law

singy/ singy=my /my =V, /vy 4

where @ is the refracted angle to the normal, g; the incident angle to the normal, m, the

refractive index of the second medium, m; the refractive index of the first medium, v, the wave
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velocity in the second medium and v, the wave velocity in the first medium. Note that in a denser
medium where m, . m; the wave is slowed down and refracted into separate colours because the

refractive index is a function of frequency (except in vacuo or air where m (f) = 1).

The refractive index of the solar corona, in the absence of a magnetic field, is given by

the Lor