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STATEMENT

The occurrence of spectral type III bursts (fast
drift bursts) was first recognized by Wild (1950) from the
frequency-time behaviour of the dynamic spectra at meter
wavelengths., They are characterized by their short dura-
tion and a rapid drift from high (™ 600 MHzZ) to low
(~20 KHz) frequencies. It is generally accepted that
these bursts are excited by fast streams of particles

ejected into the solar corona.

Type III bursts were initially found to be unpolariz-
ed (Payne-Scott and Little 1952). Subsequent work showed
that type ITI bursts are partially elliptically polarized.
The mgasurements of polarization characteristics of type TII
solar radio bursts at meter and decameter wavelengths are
important in the understanding of the coronal magnetic fields
associated with the genérating mechanism and also for the

study of the intervening magneto-ionic medium.

An experiment to study the polafization characters-
tics of solar radio bursts of spectral type IIT at decémeter
wavelengths has been conducted by the author at the Physical
Research Léboratoryy Ahmedabad. The apparatus consists of-
a time-sharing radio polarimeter which measures the four

Stokes parameters that completely define the state of

polarization of the incoming radiation.



- i1 -

The polarization observations, relating to tYﬁe IIT
" radio bursts, taken duriﬁg the period from 1969 to 1973 can
be divided into three distinct parts. The first part of
the work, reported in this thesis, deals with the measure-
ments of polarization characteristics of type ITT burst
radiation at 25 MHz with 20 KHz bandwidth. The second
part refers to the polarization measurements made simulta-
neously at two closely-spaced frequencieé,-namely, 34,993
and 34.997 MHz. At both these frequencies, the bandwidth
‘used was 800 Hz, The last part includes measurements of
the polarization parameters of type II1 burst_radiation at
35 MHz simultaneOusly in two bandwidths, namely, 7.5 and
12.5 KHz, in order to compute the total Faraday rotation
suffered by the radiation in passing through the interven-

ing magneto-~ionic medium.

Theoretical considerations suggest that the total
Faraday rotation suffsred by the type III burst radiation
at 35 MHz should at leaét be of the order of 10° radians
after paésing through the solar corona and the earth's
ionosphere. If such a large value of Faraday rotation at
35 MHz can really turn out, then it would be impossible to
explain @he occurrence of linearly or highly elliptically
polarized solar radio bursts in the presence of coronal
scattering and finite source thickness. Thus iﬁ is

important to make an experimental determination of the
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total amount of Faraday rotation suffered by the type III

burst radiation.

our observations indicate that the total_FaradaY
rotation at 35 MHz is of the order of 103 radians which is
two orders of magnitude less than the theoretical value.
An attempt has been made by the author to find out if the
magneto-ionic mode coupling can explain this discrepancy.
It has been found that the mode coupling alone is not
sufficient to explain the difference between the experi-
mentally observed and the theoretical values of the Faraday
rotation. An alternétive explanation based on the idea
that the type IIT radiatioh is generated at the sécond
harmonic of the local plasma frequency, rather than the
fundamental appears to resolve this difference. Our expla-
nation is consistent with the theory of generation of
type IIT solar radié bursts developed by the Russian

workers.,

It has bea suggested in literature that a
partially elliptically polarized radiation can be
represented in terms of superposition of two fully polarized
but mutually incoherent signals, one circularly polarized
and the other linearly polarized signal. We made an attempt
to test for the validity of this representation for type
III burst emission and the results are incorporated in

this thesis,
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The data processing was carried out by the author
on the IBM 1620 and 360-44 computers at the Physical Research

Laboratory, Ahmedabad.
The thesis is divided into six chapters as follows:

In the first chapter we have reviewed our present
state of knowledge of solar type III bursts., Since this
thésis is mainly reiated to the polarization characteristics

of type III solar radio bursts, it may appear that the first
.chapter does not have direct relevance, to the main subject
matter of the thesis. Still, we felt that a review of the
current knowledge about type IITI solar radio bursts may
serve as a uéeful introduction to the type III burst
radiation in general, |

The second chapter contains a brief review of the
present knowledge of the polarization characteristics of
type ITII solar radio bursts. The effect’of tﬁe Faraday
rotation on polarization measurements and its significance
in relation to the source region and the intervening magneto-

ionic medium are discussed.

The third chépter gives the experimental details
of a two-bandwidth (7.5 and 12.5 KHz) time-sharing radio
polarimeter at 35 MHz. Various electronic circuits are
discussed in detail. The operational‘pfocedure and the
effects of ground reflections on the measurement of the

Stokes parameters are also dealt with,



The fourth chapter gives the single bandwidth
polérization measurements at 25 and 35 MHz. For the sake
of comparison, the polarization data obtained at the
National Research Colncil, Canada at 74 MHz in 1963 are
also incorporated. The main results reported here are the
gomparison of various polarization parameters obtained at
25 and 35 MHz with that obtained at other.frequencies by
different workers. A type III event which occurred on
July 14, 1969 has been discussed in detail. Also included
in this chapter is the comparison of polarization parameters
obtained at two closely spaced frequencies, namely, 34.993

and 34.997 MH=z.

The measurements of the Faraday rotation suffered
by type ITII burst radiation at 35 MHz have been described
in the fifth-chapter. The interpretation of the results of
the Paraday rotation is also included in,this chapter.
Finally, the problems, of the occurrence of linearly
polarized type III bursts in terms of two mutually incoherent
signals (100 per cent circularly and linearly polarized

radiation) are also discussed.

The sixth chapter summarizes the conclusions
drawn from the present investigation, and some suggestions

for future work.

In this thesis we have presented new results on

the Faraday rotation measurements of type III burst
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radiation and the palarizatiOn.parameters at tWo closely-—
spaced frequencies. This has proved quite ugeful for
understanding the nature of the source of type IIT bursts
and the propagation characteristics of the intervening
magneto~ionic medium. This work has also been accepted

for publication (Bhonsle and Mattoo, 1973).

In addition, the author has also worked on radio
star scintillations during his tenure as a Ph. D. student.
We have not included this work in this thesis. This work

is published and can be found in the following references:

1. Bhonsle, R.V., Alurkar, S.K., Narayanan, K., and

Mattoo, S.K. 1970, J. Tel. Comm. Engrs., 17, 217.

2. Mattoo, S.K., and Bhonsle, R.V. 1971, Indian

Journal of Pure and Applied Physics, 9, 60l.
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