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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.
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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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CHAPTER - I

A REVIEW OF SEECTRAL TYPE ITIT SOLAR RADIO BURSTS

1.1 INTRODUCT ION

Wilda (1950) was the first to recognize the existence
of fast-drift bursts on the dynamic spectrum records at meter
and decameter wavelengths. Since then these bursts are ref-
erred to as spectral type IIT bursts and have been exten-
sively studied by both ground-based and satellite-borne

recelivers.

Type III bursts are characterized by their short
duration and rapid drift from high to low frequencies, cover-
ing all or palt of the range from about 600 MHz to 20 KHz
(Malville 1962b, Slysh 1967a, Hartz 1969, Dunckel et al.

1972, Alexander et al. 1969, Fainberg and Stone 1970a, b;
Haddock and Alvarez 1973). They can be cbserved either in
isolation or, in groups of 10 -~ 100 bursts or they can occur
in'persistent storms (Fainberg and Stone 1970a, Dunckel et

al. 1972).

Wild et al. (1950) originally suggested that the
Fast-drift bursts originate due to the excitétibn of plasma
waves at the respective plasma levels of the solar corona
as a result’of the exciter moving outward through it at
high velocities of about .2 to .8c. The particle streams
(electrons or protons), believed to be an exciting agency,
are generated during solar flares, although not all type

TIT bursts are associated with flares.
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A review of observations, their interpretations,
origin, and associations of the type III solar radio emis~
sions with Hg\ flares, X-ray bursts, etc. is found in papers
by Wild et al. (1963), Maxwell (1965), Kundu (1965, 70),
smith (1970b), Boischot (1970), Newkirk (1971), and Wild and

Smerd (1972).

In this chapter, we present a brief descrlptlon of
the observed characteristics of type TII bursts, their inter-

pretations and generating mechanisms.,

1.2 CHARACTERISTTICS OF TYPE III BURSTS
1,21 DYNAMIC SPECTRA

Figure 1,1 shows a group of type ITI bursts recorded
by means of the‘dynamic spectrum analyzer at the Physical |
Research Laboratory, Ahmedabad operating over a frequency
range of 40-240 MHz (Bhonsle and Alurkar 1968), Frequency
profiles of type IIT bursts .are smooth curves with no sudden
variations within frequency interval of a few MHz. The band-
width is uéually greéter than 10 to 15 MHz, in many cases 
extpnﬂ1ng over more than 100 MHz. The frequency of max imum
intensity drifts rapidly Wlth time in the dlrectlon of
decreasing .frequency at an average rate of 30 MHz S~ -3 around

100 MHz and 0,01 MHz s"l around 1 MHz (Maxwell 1965, Hartz

1969).

The time profiles show a rapid rise to maximum
intensity and an exponential decay toO pre-burst level. The

bursts are of short duration, of the order of .18 to .25 S
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between ZOC to 400 MHz (de Groot 1959, Elgaroy 1961), which
increases with decreasing frequency. The duration increases
to about 30 S at 3 MHz and to 150 5 at .45 MHz (81ysh 1967b,
Alexander et al. 1969). Hughes aﬁd Harkness (1963) found in
a sample of 16 type ITI bursts the durations of the funda-
mentals and‘the Second-hafmonics were same, but on the
average the fundamental was of longer duration. Main source
of error in determining the duration can be due tb the con-
~fusion with possible type V continuum emission ﬁhich is some-—~
times so short that it is not easily recognized on ordinary
spectrum records (Elgaroy 1961, wild et al. 1963, Wild 1969a,

Kundu 1965).

The time profile of the burst results f£rom two effects:
the excitation of plasma waves and their damping. The excita-
tion is determined by the finite length of the stream of»paft—v
icles and/or by the finite bandwidth of the emission at each
level in the corona. The exponeﬁtial decay of the burst is
generally due to the collision damping at meter-waves and
Landau damping at longer wavelengths (Aubier and Béischot-

1972, Zaitsev et al. 1972). The propagation effects like
séattering due to inhomogeneities, can lead to a retardation
and quasi—exponential decay for an impulsive emission

(Fokker 1965b, Steinberg et al. 1971).

The time profile of type ITL bursts can be used
for the determination of coronal temperature if it is
sssumed that the decay of emission is due to the damping

of plasma waves. The temperatures derived in the metric



wavelengths are larger than fhose generally derived from the
emission of the quie£ sun and slowly varying component. It
is about 2 x 106 °k (Boischot et.al. 1960, Malville 1961,
Elgaroy 1961). The temperatures at decametric wavelengths
(Aubier and Boischot 1972) are on the average similar or
slightly larger than those derived within a streamer from
optical observations (Newkirk et al., 1970, forﬁ ét al. 1972,
Koutchmy 1971). The temperature determined at hectometer
wavelengths are systematically tbo small for the curve to be
smoothly related to the temperature observed in situ at

1 A.U. The values range from more than 5 x lO4 °k

(Hartz 1969) to 1.7 x 10° % (slysh 1967b) which are smaller
than the value at the orbit of the earth of the order of

10° % (Noble and Scarf 1963, Neugebaurer and Snyder 1966) .
It seems that the temperatures are probably underestimated
when we use lower freQUencies. This can possibly be due to

the existence of Landau damping of plasma waves at lower

frequencies, which is more efficient than collisional damping.

Wild (1963b) pointed out that the time distribution
of individual bursts within a type IIT group is not always
random, sbmetimes they show a quasi-periodicity. Similar
type of pefiodicities has been observed as the "pinch

effect" in the laboratory plasma experiments.

The average time-integrated spectrum of type ITT

-
bursts can be approximated by the power function ) ;
where ¢ has a value between 2.8 and 3.6 and )/} is the

frequency (Wild 1950).



1.22 FREQUENCY RANGE

- The distribution of starting frequencies of type III
burst groups appears to have a bimodal character (Malville
1962a). The low frequency peak occurs during high solar
activity period. During such.periods, the number of type III
bursts increases, their starting frequency decreases, and the
noise storm activity, usually restricted to frequencies above
100 MHz, appears below 100 MHz. Malville (1962a) and
Elgaroy (1961) pointed out similarity of behaviour of type
TTIT and noise storm bursts. The burst component of noise
storms occasionally has the appearance and drift rate typical
of type III bursts of restricted bandwidth (30 to 50 MH=z).
The noise storm activity appears,in general, to occur at the
upper frequency limit of type ITI activity. The noise storm
bursts seem to be narrow bandwidth extension of type IIT

bursts.
1.23 g@gﬁQNICS

The dynamic spectra of type IIT bursts sometimes
show two similar formations in which the features of one
are duplicated at about double the frequency as shown in
Figure 1.2. The harmonics occur in about 60 per cent of the
bursts observed in the 40 - 240 MHz randge (Wild et al. 1954b).
However, the findings of Smerd et al. (1962) revealed that
from a large number of type III bursts recorded during 2.5
years of observations, only 6 events had a well-defined

harmonic structure. It should be recognized that a reliable
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Figure 1.2 A type III burst, showing fundamental and
second harmonic structure., It is followed
by brief type V continuum, Recorded at
Culgoora Observatory on July 26, 1970

o'od™. 5 (aAfter Wild and Smerd 1972).
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identification of the fundamental and second harmonic in
type III radiation is hindered by the fact that type III
bursts very often occur in groups. The average ratio of
the second harmonic frequency to the fundamental frequency -
decreases from 2 at the centre of the disk to 1.6 at the
1imb and the second harmonic arrives 1.5 to 2 5 before the
fundamental (Sﬁewart 1962). The number of events showing
both fundamental and second harmonic increases from centré
o limb and possibly declines suddenly beyond the limb
(Wild et al. 1959a). The "swamping effect" is invoked to
explain this observation (Smith 1970b), The observed ratio
of fundamental to second harmonic brightness temperature
decreases from the centre of the solar disk to the 1limb
(Wild et al. 195%a). The fundamental band shows a sharp
low frequency cut-off. These cbservations can be inter—
preted as due to the increase in the differential optical
depth between the second harmonic and the fundamental as
the source approaches the limb. At the limb the fundamental
is largely absorbed and cannot eScape in a perfectly homo-
geneous corona. Roberts (1959) pointed out that the funda-
mental at the limb can escape only if the scattering due to
small—scale‘irregularities ig effective. The fact that type
TIIT bursts appear to occur in locally dense regions of the
corona also makes the escape of radiation possible (Shain

and Higgins 1959).
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From the observatioms of the Culgoora raaio helio~-
graph at 80 MHz, Stewart (1972) found that the radial dis-
tance of fundamental and harmonic sources is almost equal
but displaced in the transverse direction. This transverse
displacement was treated as an evidence for that the source
emitted @redominantly in the backward directionlat second
harmonic so that it is seen in reflection. However, Riddle
(1972) showed that the comhine@ effects of spherical re-
fraction and random scattering on radiation emitted isotropi-

cally from a source can produce this transverse shift.

1.24 FINE~-STRUCTURE

According to Elgaroy (1961) type IIT bursts show a
fine structure that may take the form of blobs or irregular
features such as small elements of reverse fréquency drift
and " U " bursts. Type III bursts sometimes occur intermit-
tently, that is, the radiation stops at some fréquency and
starts later as a direct continuation of its initial trace.
Less frequgntly, the radiation stops abruptly without re—
starting. Tn the decameter range, a great variety of solar
bursts is observed, which does not appear on higher fre~‘
'quéncies (Ellis 1969). The narrow-band bursts appear on
the spectrograph as sharp lines of almost constant fre-
cquency and lasts for 1 to 2 8 (E1lis and McCulloch 1966,
1967). High resolution spectrographs show that individual
bursts are generally made up of two components separated

slightly in frequency. They are known as 'split pairs".

/
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The split pair bursts are often observed in chains which
drift from high to low frequencies, in a manner similar to
the type III bursts‘T The lower frequency element arrives
about 0.1 § before the other (Ellis and McCulloch 1967).
Single bursts, identical to one isolated elemenf of a split
pair and triple bursts have been observed (Ellis and
MeCulloch 1966, 1967; de la No& and Boischot 1972). The
single elements are known as "stria bursts" as shown in
Figure 1.3.‘ The gtria bursts have a narrow bandwidth of
about 15 to 100 KHz and appear generally much more polarized
than the type IIT bursts (sometimes ~100% circularly pola-
rized). In split pairs or doubtlets the low frequehcy ele-
ment has a bandwidth of the order of 50 KHz in the frequency
range of 24-28 MHz. In the upper frequency element, on the
pther hand, the bandwidth varies between 40 to 300 KHz
(E11is and McCulloch 1967). .In a given chain of nafrow~
band ﬁursts (Type IITb), the degree of polarization differs
from one stria burst to another and are always polarized in
the same éenSe (E11is and McCulloch 1967, de la Noe and

Boischot 1972, Sastry 1972).

Ellis and McCulloch (1967) noted harmonic relation
between a type IIIb and type IIT or between two type IIIb
bursts. However de la Noe and Poischot (1972) pointed out
that type IIIb burst appears as a precursor of type ITT
burst, and not its fundamental emission becéuse there is

generally no time gap between a type ITIb and type I1T
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Figure 1,3 A group of type III bursts and stria-bursts
occurring on August 13, 1970, Some stria-
bursts are isolated but the majority is
grouped to form type IIIb bursts
(After de la Noé and Boischot 1972).
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as would be expected if they were harmonically related. An
important thing to note is that type IIIbh and stria bursts
are observed at only decameter wavelengths and only when

there is a noise storm in progress at meter (type I bursts)

and decameter (type IIT burst stomms) wavelengths.

m11is and McCulloch (1967) concluded that type IITh
bursts are excited by streams of electrons moving at
0.3 — 0.5 ¢, similar to those which excite the usual type.III
bursts. In type IITb, the stream of electrons excites only
sporadic and short lived emission (stria-bursts) in groups
which can be reduced to a single unit. It is then very
likely that some similar streams can exist which move out
through the corona without giving rise to any electromag-~

netic emission.

Fllis and McCulloch (1967) favour the idea that en
exciter éxcites electrostatic resonances such that the two
elements of split p;irs of bursts may be identified with
radiation near the plasma frequency and the upper hybrid
frequency. They identified triplets with the resonance and
combination frecuencies of plasma frequency and gyro-fre-
cuency of electrons and‘i5ns. Smith (1972) takes precursor

to a type III burst as an indication of a large amplitude

oscillation at the head of the exciting stream.

1.25 TNTENSITY OF TYPE IIT BURSTS

The maximum Flux density (Wild 1950, Wild and

-2 - L,
Smerd 1972) islég‘BZ % 10 20w ™% Hz " which is mostly
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due to emission near the fundaﬁental. The flux density
corresponds to a brightness temperature,m.}lo11 °K for funda-
" mental radiation, which appears té be emitted into a solid
anjle of\?T\ radians, and a brightness temperature of 109‘4 K
for second harmonic radiation, which appears to be emitted

into a solid angle of 2 ¥§ racdians.

Since the angular size of type ILI sources depends
on coronal scattering (Riddle 1972; Fokker 1965b), the true
brightness temperature of type IIT bursts at meter wave-
lengths mayvbe considerably greater than the measured values

11 ..

( ~>10 K, Wild and Smerd 1972).

1,26 POLARIZATION

Type IIT bursts were initially found to be pre-
dominantly unpolarized at 97 MHz (Payne—Scotf and Little,
1952) but linear polarization was detected in some cases.,
Subsequently, different workers measured polarizafion
characteristics of type III bursts at different frequencies
(Phonsle and McNarry 1964b, Cohen 1959, Cohen and Fokker
1959, Akabane and Cohen 1961, Bhonsle et al. 1967, Chin
ot al. 1971 and Dodge 1973). Briefly, the values of axial
ratio have been found to vary from O to * 0,7. Occasion-
ally circular polarization with both senses of rotation
has becn repofted. In majority of type IIT bursts, the
degree of polarization has heen found to be partially

elliptical. These polarizations and the effect of Faraday
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rotation due to intervening magnetouionié medium will be
discussed in greater detail in Chapter iz, .

1.3 ASSOCIATION OF TYPE TIT BURSTS WITH Hg SOLAR
ACTIVITY ~

The %ﬁL solar activity manifests itself both in emis-—
sion as well as abéorption. Solar flares are observed in %ﬂ;
line as sudden brightening of a small region in the chromo-
sphere while surges, filaments and other small features asso-
ciated with active centers are observed in absorption against
the bright solar disk (Martres et al., 1972, Tlamicha and
Takakura 1963, Kuiper 1973). Many type 111 bursts héve been
found to be associated with solar flares but they have been
observed with flares of all importances; when associated with
large flares they coincide with the explosive phase which
marks the time of sudden expansion of the flare area (Wild
ot 21. 1954a, Tandenberg-Hansen 1967). It is quite likely
that some type IIT bursts have no optical activity associated
with them (Swarup et al. 1960, Malville 1961, 1962a, Kuiper
1973). The occurrence of a surge with a flare increcases the
likelihood of an associated type IIT event, Loughead et al.
(1957) and CGraedel (1970) noted that the association of
flares with type IIT bursts depends in some way on the
development of the active region in which flares occur,
Maiville (1961) and Simon (1962) found that the association
of flares with type IIT bursts rises significantly when a |
noise storm overlies the active region producing flares or

when a type IV burst is associated with the region. Recent
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careful analysis of high resolution %ij pilctures of solar
activity by Axisa et al. (1973) and Kuiper (1973) have shown
that almoét all type III bursts have some %j(‘activity as 80—
ciated with them. Dulk (Kuiper 1973) has found from radio-
heliograph studies at 80 MHz, that type III bursts occul in
régions of open field, with or without a coronal streamer
nearby. Kuiper (1973), from his studiles of one~dimensional
positions of type III bursts in the frequency range of 20 to
60 MHz found that these bursts ocourred over active regions
whose calculated coronal fields were characteristically diverg~
ing and genérally open. This diverging magnetic~field is
not characteristic of streamers. Xuiper, therefore, concluded

that type TII bursts need not occur preferentially in stream-

ers as was first suggested by Wild et al. (1959a) .

1.31  ASSOCIATION OF TYPE III WITH TYPE V AND TYPE U
BURSTS

Type III bursts are generally interpreted as radio
emissions due to plasma oscillations excited by fast elec—
trons suddenly ejected with an average velocity of 0,37 c
at the time of the flare explosion, sometimes in repeated
bursts of f&ﬁl-s duration. They travel out along open-
field lines- through the corona into the interplanetary
medium. Some electrons are trapped in closed~loop struc-
tures, giving rise to type V and type U bursts. Wwild (1970)
has proposed a model for the magnetic f£ield configuration,

shown in Figure 1.4, on the basis of radioheliograph studies
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of the relative positions of type IIIL, U and V bursts.

The percentage of definitgly identified type III
withiassociated type V events at 4-2 Mz is 1.8 (Haddock
and Graedel 1970), in close agreement with the corresponding
value of 2 per cent, given by Thompson and Maxwell (1962) for
higher frequency observations. The type iII events associat-
ed with type V are characteristically observed near the Limb

(Wild et al. 1959b).

Type U bursts were first reported by Maxwell and
Swarup (1958) and Haddock (1958). Their occurrence at longer
wavelengths does seem to be rare, although one with a revers-
ing frequency of 35 MHz (Sheridan et al. 1959) and the other
with a reversing frequency of 0,7 MHz corresponding to a

height of about 35 R, from the sun (Stone and Fainberg 1971)
J a

¢
have been reported. Observation of Faraday rotation by
Schatten (1970) of microwave telemetry signals from rioneer
VI satellite, when it was occulted by the sun, also showed
an evidence that-the line of sight was intruded by the
"magnetic bottle" following a solar flare . These rare
inétances might be taken as an indication that apparently
closed magnetic loops do not, in general, occur gsufficiently

high in the corona where type U-bursts at low frequencies

originate (Fokker 1970).

1.32 ASSOCTIATTION OF TYPE III WITH MICROWAVE AND
X-RAY BURSTS

It is now generally accepted that flare~time electron
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acceleration and ifs interaction with the ambient solar
atmosphere can explain the occurrence of type III bursts at
meter wavelengths as well as that of bursts at centimeter
wavelengths and X-rays. It has been suggested by de Jager
and Kundu (1963) that for simultaneous occurrence of all
these three types of bursts would require expulsion of elec-
trons both in the upward and downward direction from the
seat of the flare. The electrons ejected in the upward
direction travel through the corona without being "braked"
thus producing type TIT bursts at meter wavelengths, while
those electrons accelerated in the downward direction would
enter the denser regions and produce centimeter wa&elength
bursts by synchrotron process and later the same eléctrons
might produce hard X-rays. This idea is supported from the
evidence that the time-structures of centimeter bursts and

hard X-rays often agree in detail.

The association of type III bursts with microwave
bursts is only about 15% and increases to 40% when type TILI
burset is associated with type V (Kundu 1962). Like type III
burst, the microwa&e burst occurs near the start of the
optical flare (Covington anlearVey 1961). The majority of
type III bursts occur earlier than, but very close to, the'

maximum of microwave bursts (Kundu 1965).
High energy X-ray bursts are associated with micro-

wave bursts in 100% cases, whereas the association with

type ITT bursts is only about 20% (Kundu 1965).
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1.33 ASSOCTATION OF TYPE ITI BURSTS WiTH STREAMS
¥ PARTICLES TN THE INTERPLANETARYVMEDIUM

The electron events observed in interplanetary space
have been shown to be closely correlated with solar optical

flares (Van Allen and Krimigis 1965, Anderson and Lin 1966,

Lin and Anderson 1967). The prompt events begin approximately

30 min, to 60 min, after the maximum development phase of
the solar flare, The associated flare may be of importance
as small_as 1~,A For delayed solar electron events; the
electrons appear at the earth 20 to 40 hours following a
large (importance » 2) solar flare, Low energy proton
fluxes also appear in association with these electron
fluxes, The emission of 40 KeV electrons by small solar
flares seems to be a distinct phencmenon from the emission

of energetic protons and relativistic electrons (Lin 1970a).

Pure electron events, produced primarily by sub-
flares and importance 1 flares, are closely related to
energetic (s 20 KeV) X-ray bursts, impulsive microwave
bursts and type III radio bursts, while proton events
characterized by large flares are related to type IT and
type IV radio bursts, intense X-ray bursts, and sometimes
relativistic energy electrons, Lin (1970&) found lower
limits on the pefcentage association of type III bursts
with proton and electron events as 77% and 82% respectively.
The small flares associated with low energy eleatron events

make this correlation very significant,
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smith (1970a) has examined the possibilities of a
proton stream as an exciter for type III bursts. He has sug-
gested that modest proton streams could be accelerated by
much less significant f£lares and would miss detection at the
carth because of high transverse diffusion in the interplanct-
ary space. So very high correlation of subflares (producing
low enerqgy electrons only) cannot be treated as an evidence
against the proton stream exciters. However, the abandonment
of the electron stream hypothesis may seem pre-mature in the
absence of new evidence to the contrary. Observations at
very low frecquencies can provide useful information to

decide in favour of either electron or proton stream.

Lin (1970a) observed that some small flares were not
accompanied'by energetic phenomenon in particles, X-ray Or
radio emission., Giovanelli (1953) noted that the explosive
phase ( a sudden rapid and bright expansion) initilated many
solar phenomena such as type III radio bursts, X-ray bursts
and microwave bursts. It is likely that the acceleration of
16 —~ 100 KeV electrons is the bhasic mechanism of the explo-
sive phase as suggested by Wild (1963a). The energy rangc
of electron stream is in agreement with that deduced from

the speed of type III exciters and energies of X-ray burste.

Lin and Anderson (1967) and Lin (1970a, b) found

that electron fluxes for a typical type ITI storm range

from 10 - 10° electrons cm“2 S l. Van Allen (1971) indi-

cates that for a large burst, fluxes upto 105 electrons

cm~2 8"1 have been recorded.



- 21 -

1.4 POSTTION MEASUREMENTS OF TYPE TIII BURSTS
AND BEFFECTS OF SCATTERING

Using sweep-frequency iﬁterferométer measurehents
over a freqguency range 40 ~ 70 MHz, Wild et al.'(1959a) deter-
mined one dimensional positions of type III bursts asso-
ciated unambiguously with flares near the limb. These obsar—
vations strongly support the hypothesis . that radiation at
different frequencies originate at the local plasma fre-
quencies from different levels as their exciting agencies
travel outward through the solar corona. Morimofto and
Kai (1961) found that the heights of type III bursts at
200 MHz varied from 0.2 to 0.3 solar radius which was
considerably higher than the height of 200 MHz plasma level
for the normal corona. These results were consistent with
the interpretation that the tYpe III bursts originate in
coronal streamers. Kuiper (1973) determined the radial
distance of type III sources at 60 MHz to be about 1.6 R§>,
which agrees with the height determination by Wild et al.
1959a) to within an experimental error. In the absence
of definite evidence as to whether type IIT burst is due to
fundamental or second harmonic radiation, iﬁ was not possi-
ble to confirm from Kuiper's observations whether type III

burst occurred in coronal streamers or in the quiet corona.

Smerd et al, (1262) found that the position of
harmonic radiation was inside that of the fundamental. The
observations of Labrum (1971) indicate that the harmonic

may be received either along a direct path or after
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reflection from the corona. This means that the harmonic
source can be double. Heliograph observations at 80 MHz,
however, indicate that the fundamental and harmonic arrive

from very nearly the same direction (Stewart 1972).

McLean (1971) and Stewart (1972) obscrved a transverse
shift of the harmonic source relative to that of the funda-
mental. This was thought to be an evidence that the second
harmonic source emits predominantly in the backward direct-~
ion and received by the observer after reflection from the
lower level in the corona. This idea has been given thecore-
tical support by Zheleznyakov and Zaitsev (1970b), especially
for events with electron stream velocity greater than .5 c.
However, the work of Riddle (1972) shows that the combined
effects of sphericai refraction and scattering on radiation

emitted- isotropically from a point source can produce extcnd-

ed harmonic and fundamental sources in nearly the same posit-
ion. When the stream velocity is™: 0.3 ¢, the size of the
forward lobes for harmonic radiation remains greater than

the size of back lobes (Zheleznyakov and Zailtsev 1970b) .

The scattering analysis of Riddle (1972) shows that the

polar diagrams of radiation for a source velocity ™v0.,3 cC

are similar to the source emitting isotropically.

Tt was found that the length and lateral dimensions
of the burst source increase with decreasing frequency.

The increase in the lateral size may be due to both a
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"Fanning out" of the electron stream and to the scattering
and reffaction of radio waves in the corona (Hughesg and
Harkness, 1963). The first systematic studies of scattering
due to small-scale irreqularities in the corona were made by
Fokker (1965b), who showed that scattering could cause an
increase in the angular size of the source and a shift in

its apparent position. In the scattering theory the effects
of refraction due to large-scale features of the solar corona
and absorption have been included by Steinberg et al. (1971),
Steinberg (1972) and Riddle (1972). Angular size of type TIL
bursts measured by Wild and Sheridan (1958) at 45 and 60 MHz
were 10' arc and 6' arc respectively. Goldsteiﬁ (1959) found
the dimension of type IIT bursts in the 105 to 140 MHz range
to be about 3,2' arc or greater. Weiss and Sheridan (1962)
found that the brightness distribution’of type III source
could be represented by a "core-halo" model. At 26.3 MHz
Erickson (1962) obtained an average brightness distribution
of a type III burst sourcec showing a core ( < 10" arc) and

a halé (38" arc). The power in the core at 26.3 Mz was

only about 8.per cent of the total power, as compared to

58 per cent at 60 MHz. This is to be expected since scat-

tering should be greater at low frequencies.

1.5 THE SOURCE SPEED AND INTERPLANETARY OBSERVATIONS
OF HECTOMBETER AND KILOMETER WAVELENGTH TYPE ITT
BURSTS

The derived velocities of type III sources rangc

from 0.2 ¢ to greater than 0.6 ¢ corresponding to clectron
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‘energies bf 20 ~ 100 KeV (Wild.et al. 19é9a). It is some-
times suggested that ﬁhe sourcé particles may be protons
rather than electrons (Smith and Fung 1971), in which case
the particle energy would be 40 - 200 MeV rather than

20 - 100 KeV, Sturrock (1963) attributed the cause for the
source velocity, being so well defined, to the transmission
properties of the chromosphere and energy distribﬁtion of
electrons. The source speed is calculated from the 'dynamic
spectra and depends critically on what electron density
model is assumed for the lower corona aﬁd the interplanetary
medium. Stewart (1965) showed that outward velocity remained
constant from the lower solar atmosphere out to 2 solar
radii. Using an extrapolated model of a coronal streamer
Hartz's (1964) analysis suggested a trend of deceleration
for the exciter at greater heights. The average drift
velocities were found to be .35 ¢ only if modified streamer
electron density, derived frbm pressure equilibrium across
the streamer boundary, is used (Hartz 1969, Alexander et al.
1969). Haddock and Alvarez (1973) determined a mean velo-
city of™w0.32 ¢ for the exciter. These veloclties were
derived by using a model of coronal electfon density distri-

bution within the solar wind values..

There was an obvious need to determine the source
velocity independent of the assﬁmed model for electron
density. Slysh (1967a) found that type ITT burst radia-

tion at 0,2 MHz, detected by a satellite orbiting the moon,
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appeared to be arriving from a distance of 1 A.U., instead of
35 solar radii as expected. This indicated that the streamer
density decreases less slowly than the modified electron

density model used by Hartz (1964).

The earth satellite observations at very low fre-
quencies revealed that several hundred thousand (/4 10°)
bursts can be emitted from an active region dur%ng one
complete solar rotation. They are distinct from indi&idual
or groups of type III bursts because of their long duration,
They are known as " Type IIT storms " (Fainberg and Stone
1970a). The rate of occurrence of individual drifting bursts
in a storm shows a strong dependence on the heliographic
longitude, 1 burst per 10 S near the central meridian
passage (CMP). Mear the CMP the apparent drift rate is
maximﬁm and as an active region approaches the limb, the
average drift rate decreases. The apparent drift rate
dependence on the heliographic longitude is caused by the
modification introduced by the "light-time" correction for
propagatioﬁ between the source and the observer. The drift’
tiﬁe from one freguency to another is a function of the
velocity of the stream, the altitudinal difference in posi-
tions of the sources where the radiation originates, and
the "light~time" correction which is depehdent upon the
heliographic longitude. Assuming that at large distances
from the sun the path of the outward moving agency is

essentially constant, Fainberg and Stone (1970b) derived



for the outward moving source a velocity of the order of

.37 ¢ in the height range of 10 to 40 solar radii by apply-
ing the method of least-squares to a large number of bursts.
Tn conclusion, one is inclined to think that type IIT
exciters travel out to large distanées without any decelerat-
ion. An important thing to note is that Fainberg.and Stone's
(1970b) method of calculating the speed of the exciter is

independent of the streamer electron density models.

Warwick (1965) distinguished between decaﬁetric
type IV emission and decametric continuum. The decametric
continuum is characterized by a continuum background upon
which are superimposed a massive number of type III‘bursts.
The observations have shown that the decametric continuum
is related to the type IIT storms at very low fre@uencies.
Warwick (1965), therefore, proposed that it is the decametric
continuum which degenerates into the massive number of type
TIT storm bursts. Further, he has suggested that the pres-
ence of degametric continuum indicates the existence of
conditions suitable for the production and escape of super-
thermal electrons into the interplanetary medium. Boischot
et al, (1970) have pointed out that the noise storm at meter
wavelengths, which consists of very fast and narrow banded
type I bursts superimposed upon an intense continuum de-
generates into a series of type III bursts at decameter
wavelengths, even if it lasts for hours or days. Fainberg

and Stone (1970a) proposed that meter, decameter, and
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hectometer storms are all produced by the same outward
streamihg electrons, and that under suitable conditions are
measured by space probes beyond the magnetosphere. However,
meter and decameter storms consist of boﬁh bursts and back-
ground continuum. The detection of background continuum by
Fainberg and Stone (1971a) at hectometer and kilometer wave-
lengths strengthens Warwick's idea. One implication of the
continuum is that it may représent the constant streaming of

superthermal electrons (740 KeV) for an extended period of
I I

time along channelled paths through the interplanetary medium.

Fainberg and Stone (1971b) arrived at a streamer

electron density model by assuming that 2.8 Mz plasma level

occurs at 11,6 solar radii. They obtained a streamer density -

enhancement of 16 times the quiet corona at sunspot minimum.
It should be noted that the most favourable conditions for
the generation and escape of type III bursts are found in
the densést region of the streamers. Making use of this
fact, Graedel (1970) has used the study of hectometer
bursts as a means to derive the properties of the coronal
streamer structures which show definite extension and
shape upto 5 solar radii above the photosphere. However,
Newk irk (Graédel 1970) has pointed out that the use of

- radio bursts (to explore coronal streamers) may be pre-
mature becausé of limited number of observations made
which support the assumption that type IIT radio bursts

originate in streamers. Zaitsev et al. (1972) have proposed
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that bursts are generated at the second harmonic of the
plasma'frequency. This is supported by the Sateliite
observations of Haddock and Alvarez (1973). This should
reduce the enhancement of electron density calculated by
Féinberg and Stone (1971b) by a factor of 4, and perhaps
still‘further if effects of scattering are taken into

account (3teinberg et al. 1972).

Fainberg and Stone (1971b) found that the time of
CMP as determined by the maximum drift rate is a function
of frequency; it occurs later in time at the lower fre-
quencies. They associlated this progressive delay with the
curvature of the path (garden-hose curvature) and calculated
the average bulk velocity (solar wind snmeed) at distances
between 14 and 36 solar radii. The inferred solar wind

speed is of the order of 380 km S—1 in this region,

1.6 GENERATING MECHANISM

In the élementary theory of type III solar radio
bursts developed by Ginzburg and Zheleznyakov (1958, 1961J,
the sourcé of radio emission consists of plasma waves
wﬁich are excited by the passage through the corona of a
bunch of fast eleqtrons ejected during the explosive phasec
of a solar flare or a flare-like event. Evidenées in
favour of bunches of electrons acting as the exciter
relate to the onset of type III bursts and X-ray burst

emission occurring within a second or so of the flash
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‘phase of tbe flare and the interplanetary obser&ations of
electron events‘associated with type IIL bursts. The elec~
trons are thought to be accélerated during the development

of the instability associated with a flare (Parker 1963,

" Carmichael 1964, Sturrock and Copii 1966, de Jager 1967,
Sweet 1969, Stﬁrrock 1972), While protons are also often
present at the time of type TIT bursts (McDonald 1973), their
flux is too low to excite plasma waves to explain the observ-

ed bursts (Lin 1973).

9

1,61 TWO-STREAM INSTABILITY

Cerenkov plasma waves are set up by the passage
thréugh a medium of a charged particle at aISpeed gfeater
than the phase velocity of the medium. Howéver, Ginzburg
and Zheleznyakov (1961) pointed out that collective effects
of electrons in the stream must be considered. These éoherent
waves tend to "trap" the stream eclectrons in the potential
"wells" of the waves by electrostatic forces. This gives
rise to the two-stream instability or Landau damping depend-
ing upon whether the particle velocity is respectively
greater or léss than thg phase velocity in the medium. The
plasma waves can grow (by the two~stream-instébil;ty) only
whenvthe velocity distribution has a positive gradient at
the phase velocity of the medium (Bohm énd Gross 1949a, b).
The encrgy of the plasma waves is mainly concentrated near

the plasma fregquency. Sturrock (1963) pointed out that
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the two-stream instability would cause plasma waves to grow
at a rate that far eﬁéeeds the decay rate due to collisgional
damping. He showed that this gréwth rate would produce
tremendousg beam deceleration in only a few meters. This
would cause flattening of the peak of the velocity distri-
bution function of the stream before the collisﬁionél-damp—
ing would become strong enough to inhibit the instability.
Because type III bursts are detectéd at hectometer and kilo”
meter wavelengths, the bunchés of electrons must rise to
-very high coronal levels (Fainberg and Stone 1970a, b).
Further, as indicated earlier that the stream travels out

in the corona without any deceleration, it would appear

that the electron beam must be stabilizéd, that is, the

two stream instability may not occur in a gross way.

1.62 - NON-LINEAR INTERACTIONS FOR SUPRESSION
OF TWO-_STREAM INSTABILITY

A number of processes based upon induced scattering
of plasma waves (Tsytovich 1966, Kaplan and Tsytovich 1967,
Tsytovich 1970, Smith and Fung 1971, Smith 1970b), wave—
wavé interaction (Sturrock 1965), and geometrical factors
(smith 1970b) have been invoked to suppress the instabi-
‘Vlity. The wave-wave interaction requirés the nonthermal
level of ion-acoustic waves. Radar back-scatter experi-
ments of the sun can be interpreted as evidence for non-
thermal level of ion-acoustic waves (Gordon 1968) above

active regions. These acoustic waves can be set up as a
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consequence of reverse current of thermal electrbn streams
at a velocity exceeding the sound speed (Melrose 1970b) or
in the current sheets in the active region streamers and by
the mode coupling of large amplitude Alfven waves (Smith
1972). The basic purpose of theAsuppression progesées
mentioned above is to withdraw the plasma wavés from the
resonance of the beam and therefore cut-off the formation
of a plateau. Maintaining that no process has been found
effective enough. to stabilize the electron stream, Smith
and Fung'(197l) favour the proton streamer as an exclting
agency. However, as pointed out already, a definite new
evidence is required before electron hypothesis can be

abandoned.

Baldwin (1964), Zheleznyakov and Zaitsev (1970a) and
Zaitsev et al. (1972) have shown that conditions for the
rgrowﬁh of plasma waves exist and are continually maintained
near the leading edge of the stream- where faster particles
outnumberlthe slower ones, LIt was poinﬁed out that the
'pfocess of fast electron beam formation within a short
time of flare explosion, résults in a spatially bounded
stream of electrons and inhomogeneities in density in its
front and back. The faster particles tend to move towards

the head of the train and the slower ones to the rear; but
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because faster particles tend:to become decelerated by the
plasma;wave and ﬁhe siower ones accelerated, a process of
dynamic recycling can occur. ItAis important to note that,-
according to this theéry, stabilization of the stream is
found unnecessary and, therefore, quasi-linear relaxation
should occur. Further, Zaitsev et al. (1572) have pointed
out that the necessity of stream stabilization, a conclusion
derived from the obserVatioﬁ that é particle stream travels
out in the corona undecelerated, is an i1llusion. They have
shown that it is the enefgy density maximum in the plasma
wave packets which ﬁravels in the corona with a constant
velocity as determined from the dynamic spectrum and
position measurements of type III bursts and not the elec—
tron stream. This velocity is determined by the mean fast
electron energy at the moment of their formation in the
flare region. The time evolution of the plasma instability
in the theory worked out by Zheleznyakov (1970a, b) and’
exténded by Zaitsev»(l972) becomes a function of the stream
parameters (Léndau damping) and.collisional frequency. In
the meterwave range, the collisional damping is more
important whereas in the longer wavelengths and decameter
wavelengths Landau damping becomes important. This theory
has an encouraging support from the controlled experiments
of Hendrickson et al. (1971). They found that radio emis—
sion occurs from the leading edge of the pulses ofl35~45 ReV

electrons that were injected into the ionosphere plasma.
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Also Lin (1973) has shown evidence which supports the inter-
pretation in terms of the leading edge of pulses.' He found
that when a beam of electrons reached the satellite, the
energy spectrum was unstable. However, aslthe beam density
increased, the velociﬁy distribution became more and more
stable.» Tt would appear, therefore, that the unstable con-
figuration needed to generate coherent plasma waves occurs
only at the leading edge of the beam and, consequently, that
only this part of the beam is responsible for type IIXI

bursts.

The satellite observations both of radio waves and
particle fluxes have provided a means of comparingvdifferent
theories. Evans et al. (1971) find a close agreement between
the Smith's (1970a, b) theory for electron streams and the
observations of electron fluxes of Lin and Anderson (1967)
and Lin (1970Ca, b). They also find that Zheleznyakov and
Zaitsev's (1970a, b) quasi-linear theory is a close second
in showing a reaéonable agreement. It seems then that the
Zheleznyakov énd Zaitsev's theory shows much promise and

is amply supported by observations,

1.63 CONVERSION OF PLASMA WAVES

It has generally been accepted, according to the
theory of Ginzburg and Zheleznyakov (1958), that plasma
waves become partially transformed into electromagnetic

waves through scattering on thermal f£luctuations in the
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plasma; The Rayleigﬁ scattering, which does not involve
any substantial freguency change; yvields emission in the
fundamental mode of type IIT bursts, while combination
scattering leads to the appearance of second harmonic,

In case of combination scattering, the nohlinear couﬁling
Ahas been accepted as a better alternative (Sturrdck 1961,
Melrose 1970a). The combination scattering appears to
radiate the second harmonic in the baékwérd direction, so
that'raaiation is observed only after reflection near plasma
level. In some.instances, however, harmonic radiatibn

does propagate directly to the earth (Labrum 1971), ?hese
observations and Riddle's (1972) analysis on scattering
indicate that some rethinking about the generation of
second harmonic is needed. It is worth emphasizing that
according to Zheleznyakov and Zaitsev (197Cb) a simultaneous
observation of the first and second harmonic will be quite a
rare evént,and, therefore, type IILI bursts would be
recorded primarily in the second harmonic of the local
plasma frecuency. This is because the regular refraction
will cause the fundamental harmonic radiation to emerge
from the corona within a small solid angle compared to

the second harmonic radiation. These ideas appear to

agree with the experimental findings of Smerd et al.

(1962) who, from a large number of type IITI bursts

recorded during 2.5 years of cbservation, could identify



on1y six events having a well-defined harmonic structure.
Zaitsev et al. (1972) f£ind a good agreement between this
theory and observations at hectometer wavelengths., In
addition, recent satellite observations of type III bursts
by Haddock and Alvarez (1973) at hectometer and kilometer
wavelengths show that although fundamental and Second
harmonic radiatibns may occur at the same time, the latter

lasts for much longer time as compared to the former.

The synchrotron theory proposed by Kuckes and
Sudan (1969, 1971) requires very much stronger magnetic

field, a point that counts against this theory.

1.64 THEORTES OF POLARIZED TYPE ITI BURST
EMISSTON FROM SOLAR CORONA

The polarization of type IIT bursts can be the
result of the emission process and/or due to +he conditions
for escape and propagation of radio emission from the mag-
netc-active solar coronal regions. Fomichev and Chertok
(1968a) have argued in favour of the latter processes.
TheSe two 1nflu@nc1ng factors, giving rise to the observed
polarization characteristics of type IL1I bursts, are

discussed separately.

1.641 THEORY OF FOMICHEV AND CHERTOK

In the magneto-active coronal plasma, the levels
of escape of ordinary and extraordinary waves, where the

corresponding refractive indices become equal to zero:
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occur at different heights. The level of escape for extra-
ordinary waves is situated above that for ordinary waves.
The radio emiSsion generated between these levels is completely
polarized because only an ordinary wave can escape from this
fegion. Also during the proﬁagation in the corona, extra~.
ordinary waves experience greater absorption than(ordinary
waves., The mode coupling, which also affects £he polariza-
ticn chafacteristics, is not taken into consideration by
Fomichev and Chertok (1968a). A specific analysis of the
influence of conditions of escape and propagation of radio
emission recuires a knowledge of the altitudinal extent of
the emission region and its position relative to the levels
of reflection for ordinary and extraordinary waves., For
type III bursts, Fomichev and Chértok (1968a) have put the
level of reflection for extraordinary waves Within the
emission region (Figure 1.5a). Knowing the altitudinal
extent of the emission region and of corpuscular stream,
exciting a type IIT burst, one can trace the time history
of ﬁolarization characteristics of type III bursts. Taking
escape conditions only into aécdunt, it has been shown that
a type IIT burst is initially fully polafized and decreases
to a constaht value for some part of the duration of the
burst before becoming finally completely unpolarized
(Figure 1.6). The duration during which the/radiation

- remains fully polarized ié of the order of ,04 S at 60 MHz

and requires a polarimeter which should have a time
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Figure 1,6

The time dependence of the degree of polariza-
tion ( §:) taking into account escape conditions
only (solid curve) and even when conditions
for propagation of ordinary and extraordinary
waves are also included (dashed curve). At
60 MHz, +t, = 0.04 S8, t_ =.38, t, = .7 S,

§o = 6% énd.‘?’: 13%.° (After Fofiichev and

Q D@
Chertok 1968a).
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resolution of 0.01 S to detect such quick changes in
polarization. The time dependence of polarization character-
istics does not change much even when taking into account
simultaneously both the escape conditions and the differential
" absorption for propagation of ordinary and extraordinary

waves. The polarization appears in the ordinary mode.

The polarization of second harmonic can be explained
by taking into account that we observe emission of the
harmonic for the most part after reflection from a lower
level in the corona, whereas the emission of the fundamental
arrives at the earth directly from the generation region
(Smerd et al. 1962, Stewarr 1972). Because of the displace»
ment of reflection levels for the ordinary and extraordinary
waves at the second harmonic and the relative position of
the emission region ahove the level of reflection correspond-
ing to extraordinary wave, the differential absorption for
the reflected emission can be appreciable and thus giving
rise to polarized second harmonic (FiQUre 1.5h). The radio
emission after reflection may have guite high polarization
corresponding to waves of both ordinary and extraordinary
type. The sign of polarization depends upon the heliographic

O

longitude and reverses around 40° -~ 60° (Fomichev and

Chertok 1970).

The degree of polarization is a function of the

source extent h ( 8 ) and the altitudinal displacement
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SN h (8 ) of the level of eséape for the extraordinary
wave relative to the érdinary wave (.86 ‘is the heliographic
longitude) (Figure 1.7). The latﬁer.has strong dependence
on the magnetic'fieid. It follows then that an appreciable
polarization occurs only when the corona contains sufficiently
strong magnetic fields and for such bursts the radio emission
of the harmonic must also reveal a high degree oflpolariza—
tion (Fomichev & Chertok 19685). However, as already
menticned earlier, the work of Riddle (1972) shows that the
combined éffects of sphericalArefraction and random scatter-
ing on radiation emitted isotropically from a point source
can produce an extended harmonic and fundamental sources
giving the impression as if the source emitted second
harmonic predominantly in the backward direction. This
analysis, which explains the transverse shift in the relative
position of the second harmonic of type III burst, challenges
the validity of the assumption of Fomichev and Chertok,
namely, that the second harmonic radiation is predominantly
emitted in- the backward direction. Another difficulty is
that thig explanation by Fomichev and Chertok requires
fractional emission bandwidth CSAY ) ~/ 0,15, which

seems to be rather large.{(Smith 1970b).

The predicted characteristic temporal change in
the degree of polarization at a fixed frequency is in
qualitative agreement with the investigations of polari-

zation measurements at 40 and 60 MHz (Gopala Rao 1965);
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it appears that type IITI bursts possess a double structure:
the sharp, intense, drifting feature with relatively st:ong
polarization, and a diffuse background of longer duration -
with relatively weak or zero polarization. Gopala Rao
(1965) also noted an inverse relationship betweeﬁ the

degree of polarization and the duration of type III bursts.

As the angular distance from the central meridian
increases, the levels of emergence of the ordinary and
extraordinary waves riselélightly aﬁove the corresponding
levels at the centre of the sun's disk. It is because of
refraétion effect., This results in the reduction in the
source extent h (@8 ) ﬁecause the radiation will not reach
the earth from below the level bounded by the level of
emergencé for ordinary wave which rises with longitude.
Also the altitudinal displacement /2 h ( © ), as shown in
Figure 1.7, decreases as the heliographic longitude increases
(Fomichev and Chertok 1968b). The degree of polarization is
determined by /MNh (6 )/ h (6 ) (Fomichev and Chertock
1968a). This function is double-humped for intermediate

heliographic longitudes (Figure 1.8).

The'results of the polarization observations
carried out at the Potsdam Astrophysical dbservatdry at
23,5 Mz (Bandwidth 1.5 KHz, years 1961-63) showed that
the increase in the mean degres of polarization at inter-

mediate heliographic longitudes in the western and eastern
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Figure 1.8 illustrates qualitative dependence of
h (2) ana™>h (8) on heliographic longitude.
The dashed curve shows the longitude dependence
of Ah (8) /h (). The lower portion of the
figure shows the longitude dependence of the
measured mean degree of polarization ( @ ) of
type III bursts at 23.5 Miz (rAfter Fomichev and
Chertok 1968b). '
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part of the disk is due mainly to the enhanced proportion of
strongly polarized bursts as shown in Figure 1.8 (Fomichev
and Chertok 1968h). This is in agreement with the inter-
pretation of polarized type III bursts by Fomichev and
Chertok (1968a)? However, Chin et al. (1969) did not find
double hump in the distribution of mean degree of polariza-
£ion at 25.3 MHz with respect to heliographic longitude.
Tnstead, they found a behaviour of axial ratio of polariza-
tion ellipse similar to the behaviour Qf mean degree of
polarization estimated by Fomichev and Chertok (1968b). It
seems some more observationé need to be made to resolve this

difference.

1.642 YIP'S THEORY OF POLARIZATION

Yip (1970) considered the effect of the sunspot
magnetic f£ield on the following: (1) process of generation
of weakly damped plasma waves with frequencies near the
plasma resonance frequencies through Cerenkov and cyclotron
processeSKZ) transformation of plasma waves into electro-
magnetic waves by the thermal fluctuations in the ambient
solar coronal plasma; and (3) propagation of electro-
magnetic anes in the solar coronal active regions. He
has shown that the excited Cerenkov plasma waves can only
be transformed into an ordinary wave at the fundamental
frequency and into both ordinary and extraordinary waves

at the sccond harmonic. The transformed electromagnetic
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radiation at the secohd harmonic maximizes in different
-directions for the ordinary and éxtraordinary waves. This
results in'ﬁolarizatiom characteristics at second harmonic
to become a function of the wave normal angle with respect
to the magnctic field. Because the main nower of second
harmonic components is emitted at larger wave normal angles,
it is possible that some of the second harmonic components
pass through the polarization limiting region where the
bipolar sunspct magnetic field direction is opposite to
that in the source region. Then, referring to the leading
spot hypothesis, the sense of polarization of thé second
harmonic component reverses on paséing through the polariza-
tion limiting region and a fraction of the type IIT bursts
will be right-handed polarized. Thié is in agreement with
the observations of Komesaroff (1958) and Bhonsle and
McNarry (1964b). Yip has explained many other features of
polarization characteristics of type III bursts. The
combined effects of spherical refraction and random scatter-
ing should exercise some influence on the conclusions reached

by Yip (1970).

1.7 CONCLUS ION

Tn conclusion, it is worth emphasizing that the
observations and interpretations of type LII bursts,
reviewed in this chapter, have been more often than not

used as a means for determining the conditions in the
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solar corona and some aspects of the solar activity. TFor
instance, type IIT bursts have been used to evaluate the
temperature of the inner and outer corona (Boischot et al.
1960, Malville 1961, Elgaroy 1961, Hartz 1969, Aubier and
Boischot 1972) and the electron density for the corona and
the interplanetary medium (Wild et al. 1959a, Shain and
Higgins 1959, Weiss 1963, Newkirk 1959, 1967; Zaitsev et al.
1972, Kuiper 1973, Haddock and Alvarez 1973). The hecto-
meter and kilometer wavelength observations of type IIT
bursts have been used to determine the solar wind velocity
(Fainberg and Stone 1971b). Further, the very occufrence
of type ITI bursts and their association with X-ray and
microwave bursts have been treated as an evidence for
acceleration of energetic particles, their escape from
active regions along open field lines, and thelir confine-
ment in closed magnetic loops. Finally, type IIT bursts
positions have been used to identify the flares or the Hj,
active regions (Kuiper 1973, Axisa et al. 1973) and their
relative positions with respect to other types of solar
radio bursts in delineating the topology of the coronal

magnetic fields (reviewed by Wild and Smerd 1972).



CHAPTER-TIT

A REVIEW OF POLARIZATION CHARACTERISTICS
OF TYPE III BURSTS

2.1 INTRODUCTION

Measurement of the Stokes parameters with narrow-
band receivers constitutes a powerful method to study the
polarization properties of solar radio bursts, 1if one is
careful about therproblems like ground reflection, antenna
cross—talk, etc. The polarization characteristics of type
TIT bursts have been studied by analogue as well as digital
technigques by many workers using polarimeters with bandwidths
ranging from few hundred kilohertz to as low as five Hertz.
For complete specification of polarization, the quantities
of interest are the total intensity, degree of polarization
axial ratio and orientation of the major axis of the polar-
ization ellipse. Since the solar radio waves must propagate
through the magneto-ionic medium between the source and the
receiver, it is impossible to observe the original state of
polarization of bursts. However, the propagation effects
on the state of polarization due to Faraday rotation, mode-
coupling, scattering due to small-scale irregularities,
etc. can be investigated with multi-frequency polarization

observations of type III radio bursts.

2.2 SUMMARY OF POLARIZATION OBSERVATIONS

Type IIT bursts, as a result of earlier work, were

thought to be unpolarized (Payne - Scott 1949, Wild and
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McCready 1950, Payne = Scott and Little 1951, Little and
Payne - Scott 1952). Komesaroff (1958) made polarization
measurements of type IIT bursts by using a suitably modi-
fied solar radio spectrometer in the frequency range of

40 - 240 MHz. It was clear from his investigations that
many type IIT bursts were circularly polarized. A large
number of type III bursts showed no evidence of polarization.
The polarization of type III bursts occurring on the same
day showed the same sense of rotation;'furthefmore, this was
the same as that of any type I radiation occurring within a
period of one or two days. Several typebIII bursts were
observed at harmonic frequencies; and of these some were
polarized, though not all. In each case it was found that
the‘fundamental was more polarized than‘the harmonic.
Subsequent observations by Cohen (1959), Cohen and Fokker
(1959), aAkabane and Cohen (1961), Bhonsle and McNarry
(1964b), Bhonsle et al. (1967), Chin et al. (1971) and
Dodge (1972) indicated that some type III bursts were
partially élliptically polarized. Measurements of the
degree of polarization of type III bursts at 40 and 60 MHz
by Gopél Rao_(l965) showed that the Sourde might consist

of two components; a narrow, intense and polarized burst

- component superimposed on a diffuse background of longer
duraticn with felatively weak or no polarization. Recent

, narrow-band (4.8 Hz) measurements of polarizétion within

an overall bandwidth of 3 KHz at 34 MHz by Dodge (1972)
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indicated that there was a scatter of circular and elliptical
bolarizations within ﬁhe total bandwidth of 3 KHz near the
commencement of the burst. This changed to a uniform spec-
tral distribution of near-linear polarization during the
more intense portions of the burst. The degree of polariza—'
tion also increased with the total intensity of the burst,
Clustering of orientation angles of polarization ellipses
within + 10° around the mean orientation has been reported
by several workers. Observational evidence has been accu-
mulating over many years, obtained by means of narrow-band
receilvers at different frequencies, in support of the occur-—
rence of linearly polarizéd type IIT bursts, at least, occa-
sionally. Fokker (1971) considers this naradoxical in the
presence of scattering effects. Grognard and McLean (1973)
attempted a search for the existence of linear polarization
in type IIT bursts at 80 MHz but without success. Their
failure to detect linear polarization might be due to the
limitation of their equipment which could not have measured
the Smail amount of. differential Faraday group delay, if
the Faraday rotation were as low as 103 radians. Such low
values of Faraday rotation have been measured by Bhonsle
and Mattoo (1973) at 35 MHz by means of a two-bandwidth
polarimeter, described in Chapter IIT of this thesis. An
upper limit to the Faraday rotation at 34 MHz has been
determined by Dodge (1972) to be of the order of 1.75 x 10°

radians, which is in good agreement with our values.
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2.3 CAUSES OF DEPOLARIZATION OF TYPE IIT RADIO BURSTS

The amount of depolarization that radiation suffers
depends on the bandwidth of the polarimeter; a narrow band-
width polarimeter is more suited to detect weakly polarized
bursts. Typically, at meter wavelengths, bandwidths of the
order of a few kilohertz or more have been used in the past.
Only recently digital technigues (Bhonsle et al. 1967; Chin
et al., 1971) are being adopted for polarization work that
permit substantial reduction in the effective receiver
Pbandwidth using fast Fourier transform methods (Dodge 1972).
Use of a finite recelver bandwidth has immediate repercus-
sions on the observed polarization properties of bursts,
which can ultimately affect polarization measurements
through dispersion of orientation angles of polarization
ellipses. Further, the source thickness and multiple
propagation paths from source to the receiver in the
presence of scattering on irregularities in the intervening
medium, can affect the polarization measurements because
the total Faraday rotation is also an integral function of
the propagation path. Of the three processes, the first
two can pfoduce comparable effects so far as depolariza-
tion due to the finite receiver bandwidth is concerned.

The effect of propagation along multiplé paths due to
scattering, though relatively small, can be unfavourable

for the observation of linear polarization.
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2.31 - FARADAY DISPERSION AS A CAUSE OF DEPOLARIZATION

Using the time-sharing polarimeter at 200 MHz
(suzuki and Tsuchiya 1958) at the Tokyo Astronomical Observ-
atory, Hatanaka et al. (1955) found that the radiation is,
in general, a mixture of a randomly polarized and an ellipfi—
cally polarized component. Further, the ocbservations made
with the Cornell polarimeter (Cohen 1958a), with a 10 KHz
bandwidth at 200 MHZ,.revealed that some type III bursts
were weakly linearly or highly elliptically polarized (Cohen
1959, Cohen and Fokker 1959), It was suggested that large
amount. of Faraday rotation,f%j105>radians, could occur in
the corona. As a consequence, position angles of polariza—‘
tion ellipses would be uniformly spread at different fre-
quencies within the receiver bandwidth, and any elliptically
polarized radiation would tend to be reduced to circular
plus fandom polarization. It Séemeﬁ then, that the Cornell
polarimeter detected linear polarization because of the

narrow bandwidth of the recelving system,

Hatanaka (1956) found that ellipticity was correlated
with the position of the source on the sun's disk, but the
degree of polarization was less correlated, and the orient-
ation angle of the polarization ellipse showed no correla-
tion at all. It was further suggested that due to a very

large Faraday rotation suffered by the radiation in passing

through the solar corona and the earth's ionosphere, the
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axis of the polarization ellipse might have been rotated by
some amount and that unless the electron density and the
magnetic field along the path of the radiaﬁion were knowh,
the original orientation angle of this axis could not be

obtained.

Hatanaka (1956) discussed Faraday rotation suffered
by the radiation in passing through the corona and the
earth's ionosphere. When a polarized electromagnetic wave
enters a homogeneous magnetized medium, it splits into two
characteristic modes (ordinary-and extraordinary), which
have different phase velocities; and, when the freguency is
sufficiently high, the two modes are circularly polarized
with opposite sense of rotation (except for the case where
the magnetic field is almost exactly transverse). The axial
ratio and the sense of rotation of the emergent wave do not

change, but the plane of polarization does.

In calculating the effect of Faraday rotation
(Akabane ‘and Cohen 1961) the basic assumption is that at
some point in the solar atmosphere (the source) the polar-
ization of the radio wave is independent of frequency, at
least, ovef the redeiver bandwidth. At the source the
position angle of the polarization is i}id. The ray
propagates to the earth, where its position angle CX; is

different because of the Faraday rotation, so that
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where q> = the-Taraday rotation in radians, )) is the fre-
gquency in Hz and b is constant. The Faraday rotation
for the quasi-longitudinal regime of the magneto-ionic

theory (Ratcliffe 1959) is given approximately by
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where(j} is in radians;: ‘)) is in Hz; N(z) is the number
]
of electrons in cm"3; HI' is the loncitudinal component of

magnetic field in Gauss; 2z is in cm:

Hatanaka (1956) estimated that at 200 MHz, the Faraday
rotation might be of the order of 104 to 106 radians,

because of a general dipole~type magnetic field of the sun.

i
Since CD is a function of frequency, an elliptically polarized
i

signal containing a spectrum of fregquencies is dispersed into
a continuum of ellipses with a spread of orientations. The
-angular dispersion rate is, from (2)
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where(<5 is the dispersion angle corresponding to the
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frequency band B limited by j%Land \Lé and ‘L%)is the center

frequency in Hz,

Because of the dispersion in position angles, the
measured polarization would differ from that ét the source.
This situation was first discussed by Hatanaka (1956), who
analyzed the response for a polarimeter with a sguare pass
band. Figure 2.1 depicts the results of analysis by Akabane
and Cohen (1961) of dispersion effects on polarization para-
meters within a Gaussion pass band of the receiver. It can
be seen that the dispersion partially depolarizes the wave,
and the simplest way to express this, would be, following
Akabane and Cohen (1961), in terms of the cross-correlation

function of the two circular modes given by:

FLRL = gLo exp ( - 0°/4)

I3

where #Lo is the initial value of LLRL‘ The other effect
of the dispersion is the change in the shape of the polar-
ization ellipse, with the result, that an elliptical polar-
ization would tend to be random plus circular polarization

(Cohen 1960, Akabane and Cohen 1961).

2.32 DEPOLARIZATION DUE TO SOURCE THICKNESS

The type IIT radiation at a fixed frequency does not
originate within an infinitesimal layer in the solar corona.
It is because a range of frequencies is emitted at any one

level in the golar corona. This is known as the emission



8=0"  H/Mo=

3 120

m/m
(]
w»
e
!”;
&
5

0.4 2200 A~ ——f 2004
* : /
) —— )
032728 : 2 B3
oo’ \
“ ey | e
02 =145 . —n 9o g
\\\flgii:ff/’ )
Y L T r=0s o)
00 i o ! | | 1 i ] J 5 03
o4 02 03 04 05 06 O7 08B 0% 1O
Eﬁ mmnw

Figure 2,1 1llustrates the depolarization in a Gaussian
band. The normalized degree of polarization m/m_ 1s the
ordinate and axial ratlo r of the polarization e?lip«@
abscisga. The curves are the families r = constant and
}l;u/ ﬁho = constant., The constant }b/',,- clrves are also
curves of constant @, the Faraday dispersion angle, At
the source or for"an infiniteseimal bandwidth, the wave is
represented by some polnt on the top line m/m_ = M / lopw
unity. As the wave traverses the medium or a8 the band-
wildth 1is increased, the point moves down the line rp, =
constant, until it reaches the appropriate value of &
(After Akabane and Cohen 1961)., 4



- 56 -

bandwidth. ' An emission banawidth of as small as 10 KHz.
corresponds to 300.km of the source thickness at 35 MH=z
nlasma level in the solar coroﬁa. Typically, for a normal
type ITIT burst, the emission bandwidth at 35 MHz is of the
order of 1 MHgz, This corresponds to the source thickness
of 3000 km at 35 MHz source region. If it is assumed that
type III bursts at 35 MHz are primarily generatéd at the
fundameﬁtal plasma frequency, then the Faraday rotation
suffered by the radiation at 35 MHz due to the source 1
thickness alone can be of the order of 1O4 - 105 radians Q
corresponding to the source thickness of 3000 km and a ‘ i

magnetic field of .1 to 1 Gauss. Because the radiation at

a fixed frequency is emitted at a range of heights in the

solar corona and that the Faraday rotation which is a

function of propagation path is large near the plasma level,
the observable polarization, at a given frequency even with
a monochromatic receiver, will appear to be depolarized !
relative to the original polarization imposed by the

emission mechanism.

2.33 DEPOLARIZATION DUE TO SCATTERING EFFECTS

Under quasi-longitudinal approximation, the total
FParaday rotation suffered by the radiation in addition to
its frequency dependence, is also dependent on the integrated i
product of the electron density and the longitudinal compo-

nent of the magnetic field along the propagation path.
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Theréfore, if the radiation is scattered by irregularities
in the propagation medium, it will reach the observer along
many paths of different lengths. The effect of scattering
was dealt with in detail first by Fokker (1965b) and sub-
sequently by Steinberg et al. (1971) and Riddle (1972),

The scattering analysis by Steinberg et al. (1971) indicated
that scattered rays reach the observer with a wide spread
of differential time delays, between the direct and scat-
tered rays, of the order of 0.05 S. Thus, the total Faraday
rotation along different paths would obviously be widely
different. Fokker (1971) argued that a relatively small
scatter, of the order of 10”% of the mean value in the
Faraday rotation along individual rays, would suffice to
obliterate the position angle of any linear polarization
originally present. If the mean value of Faraday rotation
is indeed 10° radians, as was assumed by Fokker (1971),
then the Faraday dispersion angle turns out to be of thg
order of 10 radians, which should wipe out any linear
polarization originally presentp But the fact remains

that the occurrence of linear polarization has been
reported from time to time by many authors (Akabane and
Cohen 1961, Bhonsle and McNarry 1964b, Chin et al. 1971,
Dodge 1972). Our own observations of polarization of

type IIT bursts carried out at 25 and 35 MHz, presented

in detail in Chapters IV and V, confirm the occurrence of

linear polarization. We have recently measured the total
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Faraday rotation at 35 MHé, which is of the order of 103
'radians only. Suéh a low value of Faraday rotation would
reduce the Faraday dispersioﬁ angle due to scattering to
something of the order of 0.1 radian. This indicates that
the conditions for the occurrence of linear polarization
are not all that unfavourable. Grognard and McLean (1973)
attempted to detect the existence of linear polarization
at the source at 80 MHz. Their failure to detect linear
polarization is due to the ihstrumental limitation in
measuring the small values of the differential Faraday
group delays corresponding to Faraday rotation of the order

of 1O3 radians,

2.4 MEASUREMENT OF FARADAY ROTATION

It has been recognized that proper estimates of
Faraday rotation provides a valuable information on the
joint influence of electron density and the longitudinal
component of the magnetic field along the path of propaga-
tion. The Faraday rotation measurements relate to the
entire'propagation path from the source to the ocbserver,
if the quasi~longitudinal condition holds for the mode of
propagation in the magneto-ionic medium. If it so happens
that somewhere along the propagation path the quasi-
transverse approximation holds, then ordinary and extra-
ordinary modes do not travel independently which leads

to mode-coupling. The region of mode-coupling produces
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" limiting polarization " (Budden 1952) and thus, the

observer will measure only the Faraday rotation occurring

betwecn the polarization limiting region and the receiver.

It is possible to make an order of magnitude estimate of
the contributions to the total Faraday rotation by the

earth's ionosphere, magnetosphere and the interplanetary
medium, under the assumption that the QL—apprOXimation is

valid.

2.41 EXPERIMENTAL DETERMINATION OF FARADAY ROTATTION
OF TYPE ITIT BURSTS

Under the assumptions that the source produces a
fully polarized radiation and the propagation is guasi-
longitudinal, a measurement of polarization gives én upper
limit to Faraday rotation. From measured values of ‘LRL'

the complex cross-correlation factor, for type III bursts

at 200 MHz within. a bandwidth of 10 KHz, Cohen (1959)

found that the Faraday dispersion angle 0 £ 2 radians,

wiﬁh the corresponding values of the Faraday rotétion
A<§Bj;2 x lO4 radians. . In order to test for the existence
of the TMaraday rotation in the solar corona, Akabane and
Cohen (1961) made polarization measurcments of type ITT
bursts at 200 Miz simultancously within two bandwidths

(10 and 22 KHz) and computed the Faradéy rotation un-
ambiguously. They observed that many type IIT bursts

had a Faraday rotation of the order of 1O4 radians. The

complex correlation factor ;J decreased with increasing

YRL
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bandwidth'and at 3OQ KHZ bandwidth the bursts were either
un?olarized or weakly circularly polarized. The number of
bursts decreased rapidly as‘iiJo increased. The maximum
value of’%ko was about 0.3 with a bandwidth of 10 KHz,

Our measurements of the Faraday rotation, at 35 MHz made
with bandwidths of 7.5 and 12.5 KHz, which form the subject
matter of this thesis, indicate that it is of the order of
1.8 x 10° radians. This. is in excellent agreement with

the upper limit of 1.75 x 10° radians found by Dodge (1972)

at 34 MHz in an overall bandwidth of 3 KHz.

2.5 THE CONSTANCY OF ORIENTATION ANGLES OF POLARIZATION
ELLIPSES OF TYPE IIT BURSTS v

Cohen and Fokker (1959), Cohen (1959a), Bhonsle et
al. (1967), and Dodge (1972) noted that in case of some
type IIT groups of bursts the orientations were within few
degrees (clustering) for all the bursts in a group. Since
the source has a finite depth near the plasma level, the
Faraday rotation of the radiation generated within the
source at different depths makes it difficult to attribute .
the constancy of the orientation angles to the source
region. Dodge (1972) also has put forth a similar argument
to explain'his observations at 34 MHz. Our observations at
25 and 35 MHz presented in Chapter IV of this thesis; also
indicate that in certain groups of type III bursts the
orientation angles had a spread within + 10°, cCohen (1959)

explained the constancy in the orientation angles of
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type III bursts at 200 MHz by invoking the existence of a
gquasi~transverse regioﬁ, high in the corona, that was
responsible for " limiting polarization ". The constancy
of orientation angles can be explained in terms of the
constancy of the integrated product of the electron density
and the longitudinal component of the magnetic field at

least over a time interval (" \/a few minutes) for which the

group of type III bursts lasts.

2.6 LINEAR POLARIZATION

As already mentioned in section 2.1, many authors
(Cohen 1959, Akabane and Cohen 1961, Bhonsle and McNarry
1964b, Chin et al. 1971, and Dodge 1972), in addition to

our cbservations at 25 and 35 MHz reported in this thesis,

have confirmed the occurrence of linearly polarized type III

bursts. The linear polarization cannot be attributed to
the source because the large Faraday rotation, within the
source of finite depth would " wash out " any linear polar-

ization originally present.

Cohen (1960) showed that a circularly polarized
wave at a frequency greater than a " transitional " fre-
quency maiﬁtains its sense of rotatioh across the QT region,
but at frequencies less than the " transitional " frequency,
it is reversed. This process must be continuous with fre-
quency, and therefore linear polarization must emerge at

an appropriate frequency. The linear polarization is




obtained by allowing a single magneto-ionic mode to proceed
froﬁ a regibn of weak coupling to one of strong coupling,
and then again to a region of weak coupling. As the wave
proceeds from a region of weak coupling, the axial ratio

of the polarization ellipse gets smaller and stops changing
in the region of strong coupling. The wave persists in
this partiéularvellipse until the second region of weak
‘coupling is encountered. From there onwards, the ellipse
tightens up again, and it ultimately just becomes linear.

A QT transitional frequency of 200 MHz can, in fact, be
obtained with feasonable values of electron density and
magﬁetic field, at a height of 0.5 solar radius abové the
photosphere. With this model, however, the polarization

is frecuency-sensitive and thus exceptional geometric
circumstances would be required to explain the occurrence
of linear polarization. However, the occurrence of bursts
with linear polarization is not exceptional, Cochen (1959)
and Akabane and Cohen (1961) found that strong circular
polarization was rare; on the contrary they found that many
of the type IIT bursts were weakly elliptically and linearly
polarized. Similar results were obtained by Bhonsle and
McNarry (1964b), Harvey and McNarry (1970), Chin et al.
(1971), and Dodge (1972). It was found that axial ratios
of the polarization ellipses were mostly less than 0.2,

but occasionally values as great as 0.7 were observed.

Fomichev and Chertok (1969a) have reported that the
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degree of linear polarization at 23.5 MHz at all helio-

graphic longitudes exceeds the degree of circular polariza-

tion. This implies extremely limited manifestation of
FParaday rotation and hence absence of Faraday effect over
the greater part of the wave path in the corona. If the
component of linear polarization of type III bursts is
explained on.the basis of mode coupling (Cohen 1960,
Zheleznyakov and Zlotnik 1964), then it admits the possi-
bility of the emission emanating from the source correspond-
ing to a wave of single mode (ordinary/éxtraordinary) andl
that the QT region for mode coupling is situated high in

the corona,

2,7 SYSTEMATIC VARIATION OF POLARIZATION CHARACTERISTICS

Chin et al. (1971) have reported a striking differ—
ence in the distribution of degree of polarization and the
axial ratio of the polarization ellipse at 25.3 Miz (band—
width 100 Hz) between the year 1966 on the one hand and
each of the years 1968 and 1969 on the other hand. TIn 1966
the range'of axial ratio was considerably larger than in
1968 and 1969, But the degree of polarization was systemat-
ically smaller in 1966 than in the other two vears., Fokker
(1971) explained this year to year difference in terms of
the effects of Faraday rotation on 100 per cent polarized
emission. His explanation requires radiation to suffer

the total Faraday rotation of the order of 105 radians.



Since our value of the total Faraday rotation at 35 MHz is
only of the order of 103 radiané, it is doubtful whether
Fokker's assumption of 100 per cent volarization at the

source is justified,

2.8 PROBLEM WITH THE OBSERVATION OF ELLIPTICAL
POLARIZATION '

Fokker (1971) has pointed out that the existence of
partially elliptically polarized radiation at the source does
not necessarily mean that there should exist a single radia-
tion mechanism that produaes'elliptically polarized radiation.
A superposition of two fully polarized but mutually incohercnt
signals, one circularly polarized and the other linearly pola-
rized, results in a partially elliptically polarized signal.
The degree of polarization and the axial ratio of resulting
ellipse depend upon the relative proportion of two incoherent
components. Also such a superposition results in a polariza-
tion ellipse with the axial ratio that is related to the
degree of polarization. However, it is necessary to correct
for the depolarization due to Faraday dispersion within the
receiver bandwidth before one can really test Fokker's
Suggestion regarding the representation of elliptically
polarized radiation as a mixture of linear and circular
polarization. Our ahalysis of 35 MHz polarization data
does not favour Fokker's representationAof elliptically

polarized radiation.
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2.9  STATEMENT OF THE PROBLEM

We have reviewed the présent state of knowledge of
type III bursts in Chapters I and II. We now prépose to
define the problems of current interest in polarization -
studies of type IIT solar radio bursts at decameter wave-
lengths. In particular, as mentioned in Section 1.5, there
are good reasons to believe that the physics of the solar
corona changes beyond 2 solar radii from the center of the
sun. They are: (1) the decametric continuum radiation
degenerates into 2 massive number of‘bursts. That means
couéitions are favourable for the production and escape of
super-thermal electrons (/40 KeV) into the interplanetary
medium (Warwick 1965), and (2) a great variety of solar
bursts, like stria bursts, are observed at decameter wave-
lengths (Ellis and McCulloch 1966, 1967; Ellis 1969,
de la Noe and Boischot 1972). Very little was known about
'the polarization behaviour of decametric type III bursts
when we initiated a systcmatic study of polarization
characteristics of these bursts. In the first phase of
this work, we made a series of observations at 25 MHz with
é bandwidth of 20 KHz., Later we carried out measurements
of polarization at two closely spaced frequencies, separated
by 4 KHz near 35 MHz, each with a bandwidth of the order of

800 Hz.
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Since it was rather difficult to understand the
occurrence of linear polarization in the presence of large
amounta%araday rotation suffered by type IiI burst radia-
tion (~U10° - 107 radians), we felt that this problem
could be resolved by a diréct determination of the total
Faraday rotation along the entire propagation path. There
are some direct measurements (Akabane and Cohen 1961,

Kai 1963), but, to our knowledge none at decameter wave-
lengths. We hdve measured the total Faraday rotation
suffered by type III burst radiation at 35 MHz by means

of a two-bandwidth (7.5 and 12.5 KHz) time-sharing polari-

meter. It is f&flOB radians.

Our observations indicate that the conditions for
the occurrence of linearly polarized type III bursts are
not all that unfavourable. But it is desirable to explain
such a low value of the observed Faraday rotation/\Jlo3
radians at 35 MHz because even if we disregard the sunspot
magnetic field and take into account only the dipole field
of 1 Gauss at the poles of the sun, we should have obtained
a value of mwloS radians. An analytical attempt has been
made to see whether the mode coupling at regions of trans-
verse magnetic fields can explain such a low value of the
observed'Faraday rotation., Further, we have suggested thec
possibility that type III burst radlation might be generat-

ed predominantly, in the second harmonic of the local
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plasma frequency at the decameter wavelengths, which
could qualitatively explain such a low observed value

of the Faraday rotation (™/10° radians).



CHAPTER - IIT

EXPERIMENTAL SET UP; A TIME_SHARING TWOQ-BANDWIDTH
RADIO POLARIMETER AT 35 MHz

3.1 INTRODUCTION

3.11 SPECIFICATION OF POLARIZATION IN TERMS OF
STOKES PARAMETERS

The subject of Stokes polarization parameters and
the instrumental techniques for theilr measurement has been
reviewed by Cohen (1958a). Here, we propose to recapitulate
briefly some aspects of polarization measurements. The
four parameters that specify the state of polarization of a
partially polarized radiation are the total intensity T,
degree of polarization m,'axial ratio r, and orientation
angle of the polarization ellipse jx;; r 2 O/means left-
handed sense of polarization and r < O means right-handed :
(Figure 3.1). 1In general, partially polarized radiation
can be uniquely resolved into unpolarized‘part'lu and
completely polarized part Ie (Chandrasekhér 1955). The
Stokes Parameters are a set of four numbers i, Q, U and V;
I refers to thé total intensity, and Q, U and V specify
the polarized part of the radiation. They all have dimen-
sions of iﬁtensity and, therefore, have an advantage of
being cldsely related to the antenna measurements. They

are defined by the following relationships:
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I I + I » . .o (1)
e u
B . .y ‘
Q =1 Cos 2p Cos 2 X , .. (2)
U =TI Cos 2B -8in 2 Vv , ... (3)
e /‘.,a
and V = I_ Sin 2B. vo. ()
where
n -1
P = tan "r. _ : . (5)

The quantities m, r, and "\ are given by
I

1
m o= - = (Q2 + U+ VZ)Z/I, ...(6)
I
Sin 2f = V/Ie L L (7)
and tan 2 Y, = U/Q. ' ... (8)

The values of ;(Jdepend upon the sign of U and Q.
Figure 3.2 shows how ?{,can be measured from -~ 90° to

+ 90°,

Some of the known technidques involve measurement of
Stokes parameters in terms of quantities of different nhature
like intensity, cross-correlation product and phaée angle
between the two orthogonal componenté of radiation. With
the progréss in digital data processing techniques by
cbmputers, digital radio polarimetersbhave been developed
first at Stanford (Bhonsle et al. 1967 and Chin et al. 1971),
and later at Boulder (Dodge 1972). Such polarimeters have
been used to study the high time and frequency resolution
polarization characteristics of type IIT éolar radio

bursts. There would be a distinct advantage if all the

Stokes parameters would be measured only in terms of



Y
g

[y

O
RN
\\\ o 8 W
-
\x\
*,
\\\
\\‘ .
\\' S
\\ ot
\"\.
X‘*\ m"""
&‘g " “} g;é‘, - s\\ J}g_,;f’
& AT 2,
Py o
/ 45457
N
[ /o~
5\ /
/RW"M’
/o
J/
rs

I ndenee of the o
op the gign of U and Q.
tjm R Qﬁ mean U, 0 = Q
U, Q) mean U, 40
Loe0, mean U, Q70

poold



- 72 -

intensities so that the same receiver can be shared for

their measurements.

3.12 POLARIZATION WORK AT AHMEDAEAD

The radio polarimeter set up at Ahmedabad has been
designed to operate on the so;called "time-sharing principlé”.
The principle of operation of this polarimeter will be
described in detail in section 3.2 of this chapter.
Important specifications of this polarimeter are given in
Table 3.1. The polarimeter has undergone a development in

three distinct stages as mentioned below:

Operation of the polarimeter (i) at 25 MHz with a

bandwidth of + 10 KHz from July, 1969 to June, 1970;

(ii) near 35 MHz at two frequencies separated by 4 KHz
with bandwidth of 800 Hz at each frequency, £rom

January to March, 1972, and

(iii)  two bandwidth (7.5 and 12.5 KHz) polarimetef at

35 MHz from July, 1972 to this date.

3.2 PRINCIPLE OF OPERATION OF A TIME-SHARING
POLARIMETER '

In ﬁhis section, we éxplain the principle of
operation of a particular combination‘of a pair of cross-
polarized linear antennasland the fast electronic-switch-
ing of the appropriate relative phase delays between them

to simulate different polarizations. This fast-switching
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TABLE 3.1

OF THE TWO-PANDWIDTH TIME—

SHARTING 35 MHgz

RADIO POLARIMETER

Antenna:

Cross—polarized
Cross talk

Gain

Yagl
i - 32 db
: 6 + 1 db (expected)

: 40° x 40°

Beam width

pre amplifiers:

Centre frequency
Gain (Maximum)
Bandwidth

Gain control (Manual)

Noise figure

Receliver:

Local oscillator frequency

Mixer

Conversion gain

L.,

I.F. gain

I.7. bandwidth

I.F. band pass filter
bandwidths

Detector type

Channel A

Channel B

35 MHz 35 MHz

40 db 40 ab
1 MH=z 1 MHz
12 db 12 ab

2.7 db 2.5 db

45,7 MHgz

balanced

12 db

10,7 MHz

80 db

50 KHz

7.5 and 12.5 KHz

Scuare-law
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Loss in Square‘law,detector
Pen recorder time constant
D.C. amplifier gain
Integration loss
Operational amplifiers

gain
Audio amplifier gain
Audio amplifier bandwidth

Power combiner ‘isolation

e

»e

Two-way power divider isolation:

ON/OFF Ratio of modulator

OM /OFF ratio of time dequulator:

3 db

1 sec.
17 db

20 dbl

Unity
40 db
50 KHgz
35 db
30 db
43 Ao’

30 db
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of antennas becomes absolutely necessary because sdlar
burst durations can be véry small. All the Stokes para-
meters which specify the burst radiation must be sampled

in a time short compared to the growth-time of the burst.

In order to measure the Stokes parameters,I, Q, U
and V, we use the following relationship (Chandrasekhar

1955),

(W, €)= %!:I+Q cos2W+ (U cosé -V sin¢ ) sin2\4j] ... (9)

where \P 1is the angle between the plane of vibration and the
V direction (Figure 3.1) and & is the relative phase delay
introduced between the cross-polarized antennas. If

. %’= + 45° then equation (9) simplifies to

I(€) =1+ Ucosg-V sing ...(10)
and Q = IA - IB and I = ;h + IB : . ... (11)

where IK and IB are the orthogorial intensities of radia— .

tion.

We can obtain two linear polarizations ih vertical
and horizontal directions, and two circular polarizations
with right énd left handed sense, by pﬁtting relative phase
delays; between signals induced in the antenﬁa A énd B, of
o, m , + /2 and -7/2, reSpectiveiy. If we denote
the powers received with these connections by IV, IH’ IR'

and L., we can write by (10),
-4 .



T, =T (o) - T + U ... (12)
I, =I (™ ) '_= I - U o ... (13)
I, =1 (mn/2 ) =T -V .(14)
I, =1 (~T/2 ) =TI+ V ... (15)

on combining equations (12) and (13) and (14) and (15) we

get

U= (1 - L )/2 | ...(16)

v
Vo= (I - I, )/2 | el (17)
Thus, the Stokes parameters are obtained by adopting the
above~mehtioned procedure and the polarization degree, the
axial ratio, and the direction of polarization ellipse can

be calculated by making use of equations (5) to (8).

3.3 DESCRIPTION OF 7 TWO-DANDWIDTH POLARIMETER

A functional diagram of a time-sharing two-bandwidth
polarimeter at 35 MHz is given in Figure 3.3. A pair of
equatorially mounted cross-polarized Yagi antennas is
oriented at + 45° angle with the North-South meridian at
the local noon in the celestial sphere, The two antenna
outputs at 35 MHz, after suitable amplification, are combined
in sequence.introducing appropriate relative phase delays
to generate different polarizatiéns as diSCuSSed in
Section 3.,2. The orthogonal intensities, L, and T of
radiation are also measured separately. /After the amplifi-

- cation of the signal in the I.F. amplifier the signal is



- 77 =

- o

7
CROSS=POLARIZED

v

1,
Figure 3,

polarimeter at 35 MHz,

VOGI  ANTENDA
i B
RGB-AJU RGB-A/U
35 MHZ  PRE-AMP o——— 180 =T |———o%No—) 35 MMz PRE-AMP
! 1 b
3~ WAY POWER NOTS ER 3= WAY POWER
BIVIDEN NOISE GEMERATOR DIVIDER
7
INZ) N2
PHASE PHASE'
LBELAY | BELAY
i~ *_#“_—'__*_—~"-___—‘“_‘_“_;_—V_“_'—__ “7
|
| Ag Ao Ay | =——ELECTRONIC SWITCHES —— | B, Bp By | |
L_—T1—=_— - e __ T M A S
_
POWER  COMBINER
35 MHz
LOCAL
osciLLAToR ———] MIXER | =
45°7 Ml o 5
guig
I.F. AMPLW"IER sie
10-7 & 354
€ 1
&
7 -
SQUARE BAND PASS Two way | | @anD pass SOUARE
LAY DET. FILTER POWER DIVIDE FILTER LAY DET.
i AHT= 750Nz A¥si2.50H *
AMPLIFIER - AMPLIFIER
=| COMBINER COMBINER
pr—— e i e e 7
v ] R L A B |A4B A+B| B A L R H v -
__ !__ _ _DEMODULATORS _ J _
il (. i RTAY
ez : o« P I .
2 &= 2 | 2 2 &
5 gl & = Gl|l2
5 = g S g
= <t <« < d
@ © o o) 3]
=) o o | P ?F'
o) = L2
) ¢ - 5 i
Vel = R=tp, = A0 = AFR = AGD = V=10 =
u v Q T T u
0 CHANNEL CHART RECORDER
Q,U,V —s STONES POLARIZATION PARAMETERS

3 Block diagram of Two bandwidth (7.5 and 12.5 KHz)




_'78...

divided into two channels byla power divider. The two I.F.
signalé are filtered‘separately‘by means of band-pass
filters of 7.5 and 12.5 KHz, This enables us to make
simultaneous measurement of the Stokes parameters in the
ﬁwo bandwidths. Thus, we have, after the square law detect-
ion, a sequence of six outputs namely, L, Ly IR, L Iy
and IB for each bandwidth for every switching cycle. These
intensities are time-demodulated into six Séparate channels
by time-demodulators which are operated synchronously with
the modulators. Finally, using operational amplifiers to
perform additions and subtractions of various channels we
record the Stokes parameters'l, Q, U and V in each bandwidth
on two 4-channel chart recorders, .as shown in Figure 3.4.

We present more details of the various sub-systems of the

polarimeter in the following subsections.

3.31  ANTENNAS

A pailr of cross-polarized Yagi antennas, each with
"a folded dipole, two directors and a reflector are eQuator—
ially mouﬁted and mechanically driven to track the Sun.
Eaéh antenna has been adjusted for the feed point impedance
of 50 ohms resistive. The receiver is connected to the
antennas through tWo,pieces of RG8/U cables Qf equal length.
The antenna péraméters are listed in Table 3.1. The measured

cross-talk was - 32 db. The calculated half power beam width

of each antenna was about 40° x 40° and a front to back
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ratio of at least 22 db., The first side lobe was at an
“angle of 80° and at least 16 db down with respect to the

main beam.

3.32 RECEIVER

3,321 35 MHz PREAMPLIFTIERS

The two antenna outputs at 35 MHz are amplified by

a preamplifier in each channel. The circui£ fof a pre-—
amplifier shown in Figure 3.5 is a 5-stage amplifier,
consisting of one stage of a low noise figure transistor
(2N3571) followed by four>stages of CIL 911, A noise
figure of 2.5 db.and a. gain of 40 db have been achieved.
The pafameters for both the preamplifiers are listed in
Table 3.1. The 3-db bandwidth of each preamplifier is
about 1 MHz. The bandwidths of the preamplifiers are
purposely kept little more than what ié necessary S0 as
to minimize the relative phase difference suffered by tﬁe
signals after amplification. Further, phase shifters have
been provided in each preamplifier to balance out any
residual phase difference before the signal passes on

to the modulators.

3.322  3-WAY POWER DIVIDER, SWITCHING SCHEME AND
MODULATOR ,

The outnuts of each 35 MHz preamplifier are
divided equally in four parts by means of two four way

power dividers. ' Since we need only three outputs per
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channel, one output port of each power divider is terminat-
ed with a 50 ohm resistor. Power dividers with isolation
between any‘two output ports of better than - 30 db and
phase equality of + 1° were commercially available. The
iéolatiom among thg output ports of the power dividers is
important from the point of view of reducing the inter-
actioqkmonq different electronic switches which introduce
various phase delays by using appropriate lengths of co-

xial cables.

An electronic switching system is incorporated to
measure polarization parameters of rapidly varying phenom-
enon, such as bursts. . It is assumed that polarizationv
characteristics of the short duration bursts do not vary

appreciably within the sampiing period.

Figure 3.6 represents the time relationship bet—
ween the modulators and demodulators in a given switching
sequence that yields‘six pieces of information. They are
controlled by common gate puises each with duration of
4 milliseconds, In the first 4 milliseconds the modula-
tors 4, and B; and the demodulator V are "on ". The
voltages at 35 MHz obtained from two antennas are combined
to give V component of the polarization at the output of
the demodulator V. In the next 4 millisecond interval Al,
B3 and H are " on ", and the H componenﬁ is measured,

and so on. Thusg a set of six pileces of information is
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picked up in about 24 milliseconds and the cycle repeats.

The circuit of the r.f. modulator used for introduc-
ing phase delays is shown in thé Figure 3.7. It uses 1N34
_ diédes and serves as a solid state SPDT-type switch. This
arrangement gives ON-OFF ratio of 46 db. The swiﬁches are
followed by an amplifier stage to compensate for the insert-
ion loss due to the modulatqrs. The voltage gains of 52 and
B, are adjusted to ( V2 - 1 ) times that of the other four
50 as to equalize overall gains of all the six channels.
,Thus,.ﬁhe»outputs of the six components are all equal when
the incident radiation is randoﬁly polarized. After the
signal 1is detected by a square-law detector, the equations
(12) to (17), representing relationships between the four

Stokes parameters and six intensity measurements, become

I =1 +'I S , ...(18)
Q =1I, - I ... (19)
U=TI,- I, o | ..-.(éo)
Vo= I - I, | ... (21)

The modulator outputs are combined by a power combiner and

fed to a mixer as a sequence of pulses at 35 MHz.

3.323 MIXER, LOCAL OSCILLATOR AND I.F. AMPLIFIER

Figure 3.8 shows how the 35 MHz ocutput from the
li
combiner is converted to 10.7 MHz intermediate frequency

by means of a mixer. A Clapp-type local oscillator at
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45,7 MHz has been used to geherate 10,7 MHz I.F. signal,
For the sake of frequency stability, a buffer stage has

been incorporated between the local oscillator and mixer.

3.324 HYBRID POWER DIVIDER AND BANDPASS TILTERS

 Measurement of Stokes parameters in two bandwidths
can be done by incorporating two band-pass filters of the
desired bandwidths (7.5 and 12.5 KHz) at the two outputs of
the two-way power divider which is fed by the signal coming
from the I.F. amplifier. A lumped-circuit hybrid (Kurzok
1962) used as a two-way power divider is shown in
Figure 3.8b. The lumped-circuit hybrid used in 35 MHz
radio polarimeter was preferred to its distributed-circuit
equivalent because of thz intolerable lengths of transmis-
sion lines needed at 35 MHz, and also because the achieved
isolation between the two outputs is greater. The isolatibn
of the lumped-circuit hybrid used is freguency sensitive
and is about -~ 30 db at 35 MHz., Since both the bandwidths
used are very narrow the frequency sensitivity of the
isolation did not pose a problem. Each coil was adjusted
_to resonate at 35 MHz and were laid out physically at right
angles to prevent undesirable electro-magnetic coupling.
The outputs are tapped from the output coils and fed to two
crystal band-pass filters. Merimac PD-30-55 (Type 6347, MA)
and PD-80-55 (Type 6347, MB) crystal band-pass filters and

follow-up amplifiers yielded 3 db-bandwidths of 7.5 and
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12.5 KHz respectively at 10.7 MHz central frequency. The
frequency response as seen at the output of the square-law

detectors for each channel is shown in Figure 3.9.

3.325 SQUARE-LAW DETECTORS

Since the Stokes parameters are measﬁred in terms
of intensity of the radio waves iﬁcident upon the antenna
system, a detector with Square—lawlcharacteristics‘is
desirable in order to maintain a linear input/output relation-
ship of the polarimetér; A solid-state 1ow—output level
-équare~law detector (Ohm and Snell 1963) shown in Figure 3.8b
is a network of series and parallel 1N34A diodes. The over-
all scguare-law chéracteristics of the 35 MHz polarimeter
(I-channel) is shown in Figure 3.10. It'is seen that the
output voltage is linearly proportional -to the input power
until the output at the square-law detector exceeds 8 m.v.
So the quantum of post-detector gain required for satis-
factory recording oﬁ chart is decided by the sguare-law
characteristics of the detector. We operate the radio
polarimeﬁer at about 3 m.v. noise level at the output of

the square-law detector.

3.326 TIME~-DEMODULATORS

The outputs of the square-law detector are first
amplified before they are time-demodulated. Two sets of
time demodulators are used, one for 7.5 KHz bandwidth

channel and the other 12.5 KHz channel. Two 2N995-
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transistors in an arrangement shown in Figure 3.11 are used
£o time-demodulate the signal. The synchronous pulses from
the control pulse generator are fed inductively at the base

of the transistors to operate the demodulators.

3.327 OPERATIONAL AMPLIFIERS

A direct—coupled amplifier, with a large open loop
gain and bandwidth, used as an operational amplifier is
shown in Figure 3.12. This consists of an emitter follower,
two cascaded difference amplifiers which include a constant
current generator and common feed back arrangement. The,
open loop gain was calculated to be about 2400, The fre-
quency response with a resistive feed back was found to be
reasonably flat upto 50 KHz. The measured drift per degree
centigrade over a 15-minute period was about ZO%AJv‘referred
to the input. This is guite good for a direct-coupled
amplifier without a chopper. The gain can be adjusted by
the ratio of the value of the feed back resistor Rzlto |
that of the input resistor Rq. The same circuit can be
used as an integrator by using a resistor and a capacitor
in parallel in the feed back loop. Analogue operations,
involving additions and subtractions, to get A - B, R - L,
and V - H intensities are carried out by the operational

amplifiers.

A d.c. amplifier, in which the gain is unity and

negative, has been used as an inverter. This is achieved
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by making R1 = R2, where Ry and.R2 afe input and feedback
resistors respectively. An arrangement, in which two inputs
to a d.c. amplifier are fed through two resistors each equal
to Ry such that the resistance in the feed back loop

R, =R, +R is used to obtain an output which is a linear

2 1 1’
combination of the two inputs. All these operations can be
carried out with better than 1 per cent accuracy and are

operated at unity gain,

The desired outputs, I, Q, U and V (see Figure 3.4)
obtained from various time-demodulated signals, after going
through the process of electronic analogue operationé, are
integrated with a time constant of 0.5 S before théy are
finally recorded on two 4-channel chart recorders, as shown

in Figure 3.3.

3.328 CHART RECORDERS

Two 4-channel recorders mechanically coupled are
used to record the four Stokes parameters in each bandwildth.
On one chart recorder time marks at every minute are also
recorded. The chart recorder speed is maintained at 60 cms

an hour but can be increased when recuired,

3.33 CONTROL CIRCUITS

The modulators and demodulators in the polarimeter
are controlled by a square wave generator which feeds them

the same enabling pulse simultaneougly soO as to simulate
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various polarizations and separate them into six channels as
shown in Figure 3.6. Pulse generator, ring counter and OR
gates involved in these operations are described in the

following subsections.

3.331 PULSE GENERATOR

A free-running emitter-coupled multivibrator has
been used as a pulse generator, whose circuit diagram is
given in the Figure 3.13. The frequency of the multi-
vibrator is adjusted to 250 Hz. The output is taken from
the collector of the second transistor. After differentia-
tion and suitable amplification, the output of the multi-
vibrator is fed to a Darlington pair before being élamped
by a P-N-P transistor (AC 128) for cetting a negative going
pulse of -12 volts pulse height. A Darlington pair is used
so that the clamping circuit does not load the free running
multivibrator. The output from the pulse generator is taken

through an emitter follower.

3.332 RING COUNTER

A chain of binaries in which the output of the first
binary is coupled to the second and that of the second to
the third, and so on, with the output of the last binary
coupled back to the input of the first binary, is called
a Ring Counter. In such a counter, each binary device
receives its triggering signal directly from the source.

This is done so that only one binary résponds to the
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triggering signal. With each successive triggering the
response of the binary system shifts from one to the other.
This way sequential gating waveforms are obtained. In the
system adopted by us, six binaries are used as éhown in
Figure 3.13 to generate a sequence of six gating waveforms
in a period of 25 milliseconds. The last gating waveforh
obtained from the last binary device also resets the first
binary device to make the system ready for the next cycle.
The six outputs shown in Figure 3.13 are followed Dby
emitter-coupled monostable multivibfators, shown in

Figure 3.14, in‘which the feed back has been provided
through a common resistor. The d.c. voltage derived from
a potentiometer controls the collector current which, in
turn, controls the gate width of the wave forms, We have
adjusted a pulse width of 2 milliseconds and a gap of

2 milliseconds is provided to avoid the cross-talk between

different channels.

3.333 " OR_" GATES

" OR " gates using 1N66 diodes are incorporated in
the control pulse generator to genherate sequential gate
waveforms for the modulators and time-demodulators.
Arrangement of OR gates to work out appropriate relationship
between the modulators and time-demodulators is shown in
Figure 3.14. The sequence of the gate waveforms in a Q

period of 25 milliseconds, available for different
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médulators, ig also shown in Figure 3.14. The interaction
between the different channels is low because of high:

reverse-to-forward resistance ratio of 1N66 diodes.

3.4 CALIBRATION PRCCEDURE

3.41 PHASE AND GAIN ADJUSTMENTS

The relative phase differénce between the two ortho-
gonal components of the incident radiation must remain un-
Changed at the outputs of the preamplifiers. The phase
controls provided in the two preamplifiers were adjusted to
equalize the intensities onAthe R and L channels when the
two inputs of the polarimeter are fed from the two outputs
of an ISOT connected to a diode noise generator. This
arrangement simulates linear polarization in the vertical
direction. The same test was repcated after feeding the
noise through two equal lengths of co-axial cables which
" are used to connect the antenna feed points to the inputs
of the polarimeter. Fﬁrther, linear polarization was tesfed
by radiating a c.w. signal at 35 MHz from a ?\/8 test
dipole and orienting the Yagi antennas such that the
antenna elements are oriented at an angle of + 45? to the
test dipole.(Bhonsle and McNarry 1964a). This test was
repeated by radiating a linear polarization from about
300 ft overhead the antenna with the help of a tethered
balloon. Any phase inequality between the two channels

can be measured by a R.F. vector voltmeter and adjusted
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to + 1° by the phase shifters. Also the bandwidth of both
the preamplifiers is sufficiently wide so tﬁat the phase
inecuality between the two channels does not become a
sensitive function of the frequency. The phase adjustment
was done first and then the gains of the two preamplifiers
were equalized. Two siﬁilar noise diode generators are
available at the inputs of the two preamplifiers for gain
calibration. To match the gains of the two preamplifiers,
equal amounts of noise powers are fed to the inputs of the
preamplifiers and the gain controls provided in each pre-
amplifier are adjusted to produce equal outputs. The ?ost
detector gain of the 7.5 KHz bandwidth channel is greater
than that of the 12,5 KHz channel by a factor of 1.6

( 12,5 / 7.5 ) so as to obtain equal deflections on both

the channel.

3.42 DAILY CALIBRATIONS

The polarimeter recordings are calibrated daily
agalnst the output of two similar temperature-limited diode
noise generators. Since we are directly measuring the
Stokes parameters we simulate some typical polarizations to
calibrate the four channels, that is, I, Q, U and V in the
two bandwidths. By introducing different.phase delays bet-
ween the nolse generators and the inputs of the radio
polarimeter we simulate the conditions of completely un-

polarized and 100 per cent linearly and circularly polarized
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radiation. The phase adjustments are carried out once in

a week.

3.5 POTENTIAL SOURCES OF ERROR

The five main sources of errors are: (1) the phase
inequality impressed by the instrument between the two
orthogonal components of the radiation, (2) the éntenna
nonzero cross-tallk, (3) the nonzero cross-talk as a result
of the interaction between the various subsystems of the
receiver, (4) the reflections from the local objects and
the ground, and (5) the statistical nature. These sources

of errors are discussed separately.

3.51 ERROR DUE TO RELATIVE PHASE DIFFERENCE
BETWEEN THE TWO ORTHOGONAL COMPONENTS

Errors resulting in the relative phase difference
between the two channels can arise mainly because of possible
non-resistive impedance of antennas and unequal phase shifts
introduced by the two preamplifiers and the coaxial cables
connecting the antenna feed points to the inputs of the
polarimeter. We consider this error under the assumptions
of complete isolation between the two antenna outputs and

between the various subsystems of the receiver.

Let KX be the error in the relative phase difference
between the two orthogonal components. Using relation (10)

we obtain the expressions for lv, IH, IR and IL as
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I, = T + U Cos /> %V Sin/\ ... (22)
Iy = I -UCos /A 4V Sin /\ ... (23)
Th ='11U8in4f5 - V Cos /\ Ven(24)
I =1+ Usin/\ +V Cos/\ ..o (25)

Let the apparent Stokes parameters and other
\ , . . e
polarization parametérs in the presence of [}(f~0) be
represented by primes. From the equations (22) to (25) we

obtain

!

U

1

A%

U cos/ly FV sin/y ' ...(26)

it

V Ccos/N + U Sin/% ... (27)

Il

The apparent values of I and Q are not in error
because any error introduced in the relative phase differ-
ence between the two orthogonal components does not change

the intensity of two orthogonal components thus

Q =20 : ...(28)

I =1 . ...(29)

Equations (26) to (28) are used to compute apparent

polarized component of the intensity Ie’ as

! 1 1 1 1
I = (02 +U024+vaHIax ...(30)
e - e
]
som =m »en(31)
1 ' )
where in m = degree of polarization when /> % O

As long as the antennas arc opnositely polarized,
the polarization degree is correctly found and this

conclusion does not depend upon the magnitude of FANEES
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. . o
The apparent value of the axial ratio r is

calculated from the expressions (27) and (30). For/\ << 1

]
sin2 B

it

1
v /T
/ e
V Cos/N + U Sin N\

I
e

= 5in2B (1 -~ &%/2) T cos2P sin2 X ... (32)

[l

when the wave is not circular, that is r % 1, we have
Srwi/e (1+r?) sin2 . ... (33)
and when the wave is circular (r=1)
6rwv A | ' ... (34)

For noncircular wave 6r‘=FO for certain orienta-
tions. If O&r has to be less than .01 theniﬁﬁ should in
no éése exceed .02 radians., The phase controls provided
in the preamplifiérs are adjusted to equalize the phase in

the two channels so that this error is negligible.

3.52 NONZERO CROSSTALK

The qrosstalk between the different subsystems éf
the receiver can be a major source of error. The cross-
talk between the two preamplifiers, mainly through the
power combiner, is better than -30 db. The crosstalk
caused by fhe leakage at the modulators and demodulators
is better than -46 db. The interaction between the two
bandwidth channels through a two—way power divider is

better than'—BO db. Most of the antenna crosstalk is
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because of the incidental nonorthogonality of the two

crossed dipoles,

Let the crosstalk be a factor of k; that is, when
one vblt is applied to terminal A of Figure 3.1, k volts
appeaf at terminal B. The voltages induced on the two
antennas can be written in terms of instantaneous voltages

in the presence of the crosstalk as

E sin(Lot =8)

El Sin(wit) + ¥ E

It

1
1 2 ...(35)
EZ =% B 5in(L28 + ' E, sin(lJt -8)

Introducing a phase delay ¢ in the second component

-of the equation (35) we get

E, = a sin(wt- 8) | ... (36)
1 .

E, (&) = b sin(wt~ 0, - ¢ ) ... (37)

where

a Cosfy . = Btk E2 Cosd

a.Shn 91 =k E2 Sind

b Cos 92 =k E; +E, Cos b

and b 8in 92 = I, Sind

On combining the two voltages of equations (36)
l .
and (37) we get the apparent intensity I (& ) after taking
the mean of the expression obtained for the intensity of

radiation for a period longer than the time period of the
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wave. Thus

P, '
T (&) a® + b® + 2ab cos (0

Il

- 0,+&)

Il

/™ N

. 2 bt
(1 +%k%) IT+2%kU+ {2k T+ {1+K) U]

Ccos¢ - (l—kz) vV Sin¢ . ... (39)

After going through the procedure of introducing
different phase delays we obtain the apparent values of

the Stokes parameter denoted by primes as

Il = T ...(40)

U = 2kI + (l+k2) U . L. an)

Vo= (1x%) v | | ... (42)
i 2 '

Q = (1-x") 0 ... (43)

These give

| _
Ie2= 4k212 + 4k2U2 + 4k (1+k2) IU + (1—]<;2)2 I, ... (44)

or in terms of polarization degree
1

m 2= 4x? 4 4]<2U2/12 +oak (1D U/T + (1K

2y ... (45)

or
1

2 2.2 2 2 2
m 2= 4x° + ax’mcos” 2f sin“2 N+ 4mk (14k”) Cos2P

Sin2 g + (1~k2)2m2 ...(46)
These equations can be interpreted by treating

some special cases:

(a) For completely unpolarized wave m = O, eguation

1
(46) reduces to m = 2k ... (a7)
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In case of the antennas used in the radio polari-
‘meter the measured value of crosstalk hetween the antennas

was better than -30 db (k=,03) and this gives

m = 06 v ... (48)

Thus 6 per cent polarization will be read for an

unpolarized wave, when the crosstalk is -30 db.

(b) = For a completely polarized wave, that is, m = 1,

assuming k << 1, equation (46) reduces to

' . i
f =m =/\m = 2% (1-r2) SiHZTK“ _ ... (49)
(1+r
1]
where /\m = m -m.

For a circular wave and certain orientations

[Am = 0,

For r << 1, that is, a highly elliptically
polarized radiation excluding certain orientations,
/l‘m << .06, Thus, the maximum error introduced in the
measurement of the polarization degree and crosstalk is
less than 6 per cent for a polarized radiation and 6 per

cent for an unpolarized radiation.

From equations (42) and (44) we obtain the expres-
. | '
sion for the apparent value of the axial ratilo, r as

i - - 2
sin2 = [m(1?) sin2p ]/ 4x” + ax’cos’2p sin"2 ) +

| ... (50)

4k (14<%) cos2 B sin2 X +(1%%)m?
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Again, some special cases are treated.

a) For m = O, that is, for a completely unpolarized
1
wave, equation (50) reduces to r = O.

Therefore a completely unpolarized wave is read as
"6 per cent linearly polarized radiation ﬁInstrumental
polarization). The apparent orientation angle depend-
ent on the intensity of the incident radiation is

(tan2 "X = 2kI).

I

b) For m v 1, that is, a a completely polarized

radiation, assuming k << 1, equation (50) reduces to

Sin2 B = Sin2 p / ["1+4x cos2 g Sinz‘x'“f/z
or

8r = |2 krsin} | | ... (51)
where Sr = rl«r.

The error introduced in the measurement of the
axlal ratio depends upon orientations. For a nearly cir-
cular wave br o~y .06, and a for highly elliptical
polarization, 6 r m~s .001, and 6 r becomes zero for a
linearly polarized radiation. So the antenna errors,
either due to nonzero crosstalk or due to the relative
phase difference between the two orthogonal components,
may not excced 6 per cent in the measurement of polariza-

tion degree and .06 in the axial ratio.
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3.53 REFPLECTIONS FROM LOCAL OBJECTS, ESPECIALLY
THE GROUND

Errors due to reflectiéns from local objects,
especially the ground, cdn be quite serious with the antenna
Systéms having a broad beam~width; Thus, this needs proper
assessment in order to understand and correct, if necéssary,

for an undesirable effect due to ground reflection.

The ground can be treated as a semiconductor having
a dielecﬁric constant as well as conductivity. The electric
properties of the ground depend upon the nature of thev
terrain and particuiarly its humidity and slightly‘on the
frequency. The moisture content in the soll drastically
changes the electrical properties of the ground. For
instance, for wavelengths > 3 m, the dielectric constant
changes from a value of 30 (with respect to vacuum) for a
humid soil to a value of 4 when the soil is very dry;
Similarly, the soil.conductivity_may'change by a factor of
10. When the soil is very humid, it becomes a very good
conductor electrically (/.01 mho/m, David and Voge 1969).
This dimplies that the error due to ground reflections has
a seasonal dependence. For longer wavelengths, the con-—
duction cﬁrrent is predominant i,e, the ground can be

treated as a good conductor.

For a perfectly plane concucting reflecting

surface, the boundary conditions which decide the
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characteristics of the refleeted wave are simple, that is,
the_verticel polarizetion'is reflected without any phase
change, while the horizontal poleriZation is totally reflect-
ed but with a 180° phase change. In general, the phase
change is dependent upon the dielectric constant and elec-
trical conductivity. Thus the effective field with its
characteristic polarization as seen by the antenﬁas is the
sum of the incident field and the reflected field. For
specular reflection from the ground, there is always a
phase path difference betweenthe directly feceived incident
radiation and the reflected radiation. This phase path
difference is a Ffunction of the effecti&e antenna height
from the ground and the.elevation'angle of the source.
The phenomenon becomes much more complicated if the re-
flecting surface exhibits irregularities. The specular
reflection will disappear if the dimensions of the irregula-
rities are large compared with the wavelength, glving rise
to a series of elementary reflections, more or less random
in all directions; in other words, to scattering. In
addition, obstacles can prove to be nuisance as they may
produce undesirable effects like phase changes, attenuation
and diffraction.

From the above description it is amply clear that

it is very difficult to calculate the exact contribution

from the ground. One can do some theoretical iterntive
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computations and thus male séme estimate of the errors
(Dodgé 1972). But then such estimates very rarely correspond
to the real situation, What oné can do is to minimize such
errors by being very choosy abouﬁ the site where antennas
are to be installed and keep the back and side lobe respons-
es facing the ground at the minimum possible level. We have
taken due care in the selection of the site. Fufther, we
restricted our observation period to 2-3 hours befbre and
after the local noon so that the undesirable effects, due

to nearby objects and large beam=width of the antennas, are
minimized. Also the elevation angle of the sun ¢an reach

a minimum of 54° at the meridian trénsit at our station.
This minimizes the errors due to a low elevation angle of
the source. The measured front-to~back ratio of the

antenna gain is N/20 db. This implies that the reflected
wave will be attenuated by mAwv20 db when the antenna is

looking at the zenith.

We estimated a limit on the error due to ground
reflections by observing the flux from galactic background.
Since the antenna beam-width is about 40° x 40°, the flux
coming from the galactic background, which is an extended
source, caﬁ be assumed to be randomly polarized. This
extended source due to the galactic background encounters

varying reflecting conditions at the ground. For recording

the galactic background the system is to be operated at a
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higher gain. It is .seen that the error in the polarization
degreé and the axial ratio does. not exceed 1%, The X -
values were found to be randomly distributed. But it should
be noted that the“}L~ values of the radiation coming from
a narrow source on the sun may not be randomly distributed
by the ground reflection because the SOlaf radiation from
sources of angular dimension 10' arc (core) at 35 MHz
effectively reduces the antenna beam-width to the dimension
of the radio sources as viewed from the earth (Dodge 1972).
This implies that an antenna will receive the reflected
radiation from a smaller reflection area and thereby
expérience a more uniform ground reflection. Thus, thig
may sometimes give rise to a clustering of the orientation
angles (Chapters IV and V), Howéver, we do not feel that
this effect is operative because our two-frequency observa-
tions reveal that there is at least one large group of
type III bursts which showed far lesser fluctuations in
the orientation angles at one frequency than in the other
and the ground effects, if operative, are essentially
broad-band and thus would not selectively fluctuate position

angles only at one freguency.

Further, we made an estimate of the errors due to
ground reflection by radiating a linearly polarized radia-
tion at a height of ~~ 300 ft, (by floating a tethered

bhalloon) above the boom of the antenna system when the
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antenna system was looking at the zenith. We could measure
the error in the degree of polarization and axial ratio
caused by the coupling'due tb reflection from the surround-
ing objeéts and the ground. It did not exceed the 10 per
cent limit fixed by calculating the error in’measurements
using galactic background. Thus, we feel that the errors
due to ground reflection can be serious but in our case it
turns out that the totd error is less than 10 per centrand,
therefore, should not affect the conclusions reached in

Chapters IV and V,

3.54 STATISTTICAL ERRORS

Because of the depolarization considerations the
I.F. bandwidth B is kept small. The integration time ﬂ“
‘does not exceed 1 S, The receivef output fluctuates because
both the burst radiation and the receiver noise have
statistical nature. The relative fluctuations in power are
N (R, wikn {2 = 7.5 KHz and "T"= 1 8, the relative
fluctuations in power does not exceed 1 per cent. The
error of this kind increases only if any attempt is made
to measure the polarization parameters of the radio bursts
with intensity smaller than receiver noise (Cohen 1958b).
We did not make any attempt to analyze the bursts .which
have a low flux. So we consider these errors to be very

small.
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While Scéling the data the errors can creep in,
particularly in case of"those bursts which have produced
amplitudes less than 5 mm on the intensity channel., We
have scaled our data at the peaks of the bursté and we
have not analyzed those bursts whicb had éaused'amplitudes

less than 5 mm.



cHAP T E R - IV

POLARIZATION MEASUREMENTS OF TYPE ITI BURSTS AT
' 25 AND 35 MHz AT AHMEDABAD

4.1 INTRODUCTION

The present chapter describes polarization measure-
ments of type III bursts observed at 25 and 35 MHz. The
measurements of Faraday rotation at 35 MHz with the two-
bandwidth (7.5 and 12,5 KHz) polarimeter (described in
Chapter V) enabled us to correct the polarization para-
meters (m and r) of type III bursts at 25 and 74 MHz which
were recorded with bandwidths of 20 and 10 KHz respectively
by the method suggested by Akabane and Cohen (1961). Polar-
ization data at 74 MHz were those obtained by Bhonsle and
McNarry (1964b) in Canada. Initially polarization measure-
ments at‘35 MHz were méde in a bandwidth. of 800 Hz only,
and since it was found that the measured Faraday rotation
was of the order of 103 radians only, we did not correct
the narrow bandwidth (800 Hz) measurements of polarization
parameters at 35 MHz for the Faraday rotation. To identify
type III évents recorded by the 25 MHz poiarimeter, we
made use of the film recordings of the radio spectroscope
operating in the frequency range of 40 - 240 MHz at the
Physical Research Laboratory, Ahmedabad. Further, some
type ITI events, confirmed by the spectroscopes operating
at the WeiSSenaﬁ Radio Astronomy Station, Astronomical

Institute of Tubingen University, (West Germany) in the
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frequency range of 30 -~ 1000 MHz and at the Culgoora Solar
Observatory, Australia in the frequency range of 10 - 220
MHz, were recorded by our polarimeter. The actual number

of type III groups of bursts recorded in the period from

July, 1969 through June, 1970 was 35.

4.2 . TYPICAL POLARIMETER RECORDINGS OF TYPE IIT BURSTS

Direct récording of the Stokes parameters I, Q, U
and V makes it possible to recognize, at least gqualitatively.
the type of polarization by inspection of the polarimeter
recordings.i Some typical radio polarimeter recordings
made at 25 and 35 MHz with a post~detection time constant

of 1S are shown in Figures 4.la and 4.1b.

Figure 4.la shows a complex group of type III
bursts at 35 MHz which lasted for about 3 minutes. The
degree of polarization varied from 10 to 30 per cent. The.
axial ratio was wvariable, that is, the ellipticity was
varying frbm one burst to another. The sense of rotation’
was left-handed and is indicated by the sign of V, which,

in this dase, 1s positive.

Figure 4.1b shows a group of type IIT bursts
having a duration of 2 minutes. In this case both the
polarization degree and the axial ratio were variable;
The axial ratio changed in sign as well as in magnitude.

It may be noted that the axial ratio changed sign twice
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during the period of the burst activity, once at the begin-
ning when the burst amplitude suddenly increased later when
the burst activity subsided, We shall discuss this event

later in more details.

4.3 POLARTIZATION MEASUREMENTS WITH SINGLE BANDWIDTH

We describe single bandwidth polarization measure-
ments of type ITI bursts at 25 and 35 MHz in three parts

as follows:

(1) The polarization parameters of type III bursts and

theilr statistical distribution observed at 25 and 35 MHz are

presented and compared with the polarization parameters of
type ITI bursts measured at 200 MHz by Akabane and Cohen
(1961) and at 25 !Hz reported by Chin et al. (1971), For
statistical comparison we have also included polariéation
data at 74 MHz which was recorded at the National Research

Council (F.R.C.) of Canada in 1963 by Bhonsle and McNarry.

(2) Polarization characteristics of a group of spectral
type IIT bursts at 25 MHz associated with the solar event
recorded on July 14, 1969 at 0813 U,T. are discussed in

detail, and possible interpretation given.

(3) From January through April, 1972 a radio polari-
meter was operated to measure the Stokes parameters
simultaneously at two frequenciés, 4 KHz apart near

35 MHz. The polarization parameters and the intensity
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of type III bursts at the two closely spaced frequencies

(34,993 and 34.997 MHz) are compared and discussed.

4,31 POLARIZATION PERCENTAGE m

out of thé observed 35 groups of type III bursts
at 25 MHz which appeared in the period from July, 1969
through June, 1970, we have selected only 18 groups of
bursts for analysis. The remaining 17 groups were quite
weak in intensity. Similarly only 126 bursts were selected
out of the observed 341 type III bursts at 74 MHz which
occurred either singly or in groups during the obsefving

period May to June, 1963.

Figures 4.2a and 4.3a reﬁreéent the distribution
of the percentage of polarization m at 25 MHz with a band-
width of 20 KHz and at 74 MHz with a bandwidth of 10 KHz.
Although the receiving bandwidth at 25 MHz was wider than
the redeiving bandwidth at 74 MHz, it can be seen from
Figures 4.2a and 4.3a that there were ohly 5 bursts at
25 MHz which showed a polarization degree less than 10 per
cent whereas at 74 MHz there were as many as 20 bursts,
excluding completely unpolarized bursts, which showed
polarization less than 10 per cent, The fact that at
25 MHz, there were very few bursts having a polarization
degree lessvthan 10 per ceht, seems to be in good agree-
ment with the observations of Chin et al. (1971) at

25 MHz with a bandwidth of 100Hz only. The latter
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observations made in 1966 and 1969, did~not contain a
single burst observed with polarization degree less than
10 and 20 per cent respectively and in 1968 there was only
one bhurst which had polarization degree less than 30 per

cent,

There weré as many as 82 bursts out of 159 bursts
at 25 MHz and 64 bursts out of 126 bursts at 74 MHz which
had polarization degree less than 30 per cent. In Table 4.1
the summary of polarization percentace observed at 25 and
35 MHz at Ahmedabad, at 74 MHz at N.R.C. Canada and at
25 MHz at the Stanford University, U.S.A. is given. The
highest degree of polarization observed at 25 MHz (Ahmedabad)
did not exceed 60 per‘cent whereas at 74 MHz it was as high
as 85 per cent. It should be noted that at 25 MHz we have
not recorded any unpolarized burst whereas at 74 MHz at
N.R.C., there were as many as 44 completely unpolarized
bursts of intensity greater than 5 times that of the
galactic background and 10 of intensity greater than 20
times that of the“galactic background. The average degree
oF poiarization both at 25 and 74 MHz was 36 per cent. At
35 MHz with a bandwidth of 800 Hz only, the average degfee
of polarization was 54 per cent aﬁd the highest was 90 per

cent.

From the analysis of the type III bursts observed

at 35 MHz (reported in the Chapter V of this thesis) the
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compufed Faraday rofation is of the order of 1O3 radians,
We assumed the same vélue of Faraday rotation at 25 MHz to
correct for its effects on the polarization parameters,
namely, the polarization percentage m and the axiai.ratio r
of polariiation ellipse of type ITII bursts reco:ded by our
radio polarimeter at 25 MHz with a bandwidth of 20 KHz.

For 74 MHz polarization data we computed an upper limit on

the Faraday rotation by adopting the following procedure:

The correlation factor (between the right and left
circularly polarized components of the radiation) and the
polarization degree m (Akabane and Cohen 1961) are related

by the following equation

[}\)\/:mCOS 2‘3 . . ‘..(1)'
L
(1-m? SinZZB )z

. , . . \ - -1
Knowing the value of m and the axial ratio r = tan 5]

for each burst we have computed the corresponding value of
the correlation factor PV . Figure 4,4 shows the distri-
bution of the correlation factor at 74 Miz. The number of
bursts decreases as the correlation factor ihcreases. |
There were as many as 72 bursts out of 126 bursts which
had a correlation factor less than 0.3. It should be
noted that there were only 13 bursts which had a correla-
tion factor less than 0,1, The correlation factor did not

exceed 0,8,



o 7% MHz » Af=+5KH2
NO.OF BURSTS =126

JR—

Bhdertemms &6 Cognentbadd oo . : .
Wigiage: 4.4 Computed correlstion factor at 74 Hids



-~ 126 ~

We assume that the solar corona is a magnetized
plasma and that the.radio wavé propagates in the quasi-
longitudinal mode of the magneto-ionic theory. The dispers-
ion in polarization angles 6 ; produced as a result of
the Spread in the orientation angle ;Xuﬂ which in turn is
due to the Faraday rotation (1) suffered by radiation

coming from the solar corona, is given as

4
6 = 2B (D /y! radians o (2)
i ,

where ‘)) = frequency in Hz; B = bandwidth in Hz.

The dispersion in position angles depolarizes the wave and
the simplest way to express this is in terms of the cross-

correlation function between the two circular modeg:

o €XD (- 92/4> e (3)

.

where }Lb is the correlation factor between the two circular

modes at the source.

Under the assumptions mentioned above and the one
’
that at the source ﬂbo is unity, that is, the radiation

emitted by the source region is hundred per cent polarized,
we computed the upper limit on Faraday rotation at 74 MHz

by using the equations (2) and (3).

°

It was found that 72 bursts at 74 MHz had the
, , ,
cross-correlation factor j{,less than 0.3 and that the

highest value was 2 0,8. Using relation (3), we thus get
{ ' v
6 £ 2.2 radians for /le 0.3 and ® £ 1.2 radians for

M = 0.7.
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Making use of relation (2) énd the computed value of § ,
we geﬁ an upper limit on Fafaday rotation Ci)at 74 MHz as
7.4 x 10° radians for EAV: 0.3 énd 103 radi;ns for}ld: 0.7.
This shows that the value of FParaday rotation may vary bet-
ween 107 and 7.4 x 1O3 radians. Thus, we find an excellent
agreement between the upper limit on the total Faraday rota-
tion at 74 MHz and the gxperimentally measured value of
Faraday rotation at 35 MHz, which is of the order of 103
radians. Thus we have used a value of 5 x.lO3 radians to
correct the polarization parameters at 74 MHz. The upper .
limit on the Faraday rotation at 74 MHz is calculated only
to justify the value (5 x 1O3 radians) of the Faraday rota-

tion used for correcting the polarization parameters at

74 MHz,

Figures 4.2b and 4.3b represent the distribution
of polarization percentage at 25 and 74 MHz respectively
corrected for the effect of Faraday rotation. Assuming
that the depolarization is caused due to the Faraday rota-
tion suffered by the radiafion while passing thrOUgh‘the
intervening magneto-ionic medium, that is, the solar
corona and the earth's ionosphere, it is shown in Table 4.1
that the highest degree of polarization increases from 57
to 95 per cent at 25 MHz and 85 to 97 per cent at 74 MHz,
This corrected average degree of polarization increases
from 30 to 52 per cent at 25 MHz and at 74 MHz it increases

from 30 to 45 per cent,.
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4.32 AXTAL RATIO r

The histograms shown in Figqgures 4.5a and 4.6a
relate to the distributions of axial ratio r at 25 and
74 MHz respectively. At 25 MHz the number of bursts
decreases as the axial ratio increases. .This does not
Secem to be the case with type III bursts observed at
74 MHz, At both the frequencies the range of axial ratio
is guite large but in the case of 74 MHz the distribution
Seems to be more or less uniform between r = 0 and
r = 0.45. The spread in the distribution of axial ratio
observed by Chin et al. (1971 ) at 25 MHz is explained by
Fokker (1971) as a result of possible systematic difference
in the amount of Faraday rotation from year to year within
the receiver bandwidth. Considering the fact that the two
histogramé relate to two different periods, namely, 1963
(74 MHz) and 1969 - 1970 (25 MHz) and that Fokker's expla— |
nation needs Faraday rotation of the order of lO5 radians,
Which may not be the case, we feel that the spread in ' !
axlal ratio should be explained on different lines. 1If
an assumption is made that the observed polarization
properties of type III bursts are not associated with the
mechanism of generation of the bursts bﬁt are imposed
entirely due to the effects of propagation through the
solar corona, then the axial ratio is dependent upon the \

angle that the magnetic field makes with the direction of i
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propagation (Cohen 1959), The large variation in the axial
ratio of different bursts within a group could be explained
as a result of different directions of prOpagetion for dif-

ferent bursts within a group.

At 25 MHz there are 33 groups of bursts which showed
right handed sense of rotation for all the bursts within a
group and 2 groups wiﬁh left handed sense of retation.
Similarly, at 74 MHz 28 groups of bursts showed left handed
and 8 right handed derise of rotation; There were two groups
of bursts at 25 MHz and 8 at 74 MHz which changed the sense
of rotation during the period of burst activity. Assuming
that the sense of rotation to be dependent upon the polarity
of the magnetic field associated with the source of radiat-
ion, the bursts having right handed sense of rotation should
be associated with the south polarity of the magnetic field
~and vice versa. The change in the sense of rotation within
a group of bursts could then be explained to be due either
to more than one source emitting the radiation within a
group, but.situated in regions with opposite magnetic
fields or, according to Suzuki (1961), the source is of
sufficientlyilarge size so as to occupy regions of opposite
polarities above a centre of activity. Yip (1970) has
- pointed out that it could be due to the Sitﬁation that in
such cases the second harmonic componenté pass through the

polarization limiting region where the magnetic field is
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in the direction opposite to that in the source region.

At 25 MHz we have not observed any completely
circularly polarized isolated burst or a burst within a
group. However, at 74 MHz, there were 6 bursts, which had
intensity greater than 20 times the galactic background
intensity, with axial ratio unity and right handed éense
of rotation. The polarization degree did not exceed 16
per cent for any of the completely circularly polarized

bursts.

Table 4.1 summarizes the results of the axial ratio
of polarization ellipse of type III bursts observed at 25
and 74 MHz. The largest value of the axial ratio did not
excéed 0.7 at 25 MHz and 0.8 at 74 MHz. The lowest value
of the axial ratio remained quite close to zero, that is,
highly elliptically polarized bursts were observed both at
25 and 74 MHz. The mean value of the axial ratio at 25 MHz
was 0.2 which is less tﬁan the mean value of 0,28 at 74 MHz.
It should be noted that the receiving bandwidth of the
25‘MHZ radio polarimeter was twice that of the 74 MHz radio
polarimeter at N.R.C. The lower value of the mean axial
ratio observed at 25 MHz seems to be consistent with the
fact that the Faraday rotation decreases as the frequency
of radiation decreases (Akabane and Cohen 1961, Bhonsle and
Mattoo 1973), 15 per cent of the type ITI bursts at 25 Mgz

and 12 per cent at 74 MHz had axial ratios less than 0.05,
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(highly elliptical or linearly polarized bursts),

jures 4.,5b and 4.6b represent the distribution of the
axial ratio corrected for the effect of Faraday rotation

at 25 and 74 Mz respectively. After the correction it is
found that the range of the axial ratio decreases consider—.
ably. This decrease in the range of the axial ratio may
not be true at the source region; and could be verified
either with very narrow band radio polarimeters (smali
thickness of the source region and a negligible spread in
the Faraday rotation angles) or by correcting the polarQ

ization parameters of each burst with the corresponding

experimentally measured value of the Faraday rétation. In
Table 4.1 we have indicated the values of the highesﬁ,
lowest and mean axial ratio corrected for the Faraday rota-
tion both at 25 and 74 MHz, It is seen that the corrected
mean value of the axial ratio at 25 MHgz coﬁes on the order
of the mean value obtained for the observations at 25 MHz

reported by Chin et al,; (1971),

In Table 4;2 we have compared the fraction of type
LTI bursts having axial ratio less than 0.2 (highly ellipti-
cal) with and without correction fof the Faraday rotation
effects. Tt is sem that the uncorrected»fraction of
type ITT bursts increases from 0.3 at 200 (Akabane and
Cohen 1961) and 74 MHz to 0,54 at 25 MHz (PRL, Ahmedabad) .

The corrected fraction of type III bursts increases from
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0.5 at 74 MHz to 0.8 at 25 MHz. The latter value compares
well with the observations at the same frequency with a

very narrow.bandwidth (100 Hz) radio polarimeter (Chin et
al., 1971). 1In the same table we have indicated values of

Y, which is cqual to the ratio of the gyro—frequencyihé to

~

the radiation frequency‘{A), at the coronal emission levels
of different ffequencies assuming the magnetic field wvalues
of 1, 0,5 and 0,1 Gauss at the coronal le&els of emission
of 200, 74 ahd 25 MHz respectively. The value of Y is
required to calculate the expected.probability of observing
linear polarization under the assumption of randomly orient-

ed magnctic fields. The expected nrokakhility can be found

out as follows:

In the case of a magneto-ionic medium which has
magneto-ionic parameters X, Y (X =LJ§/£¥?,(A%.being the
plasma frequency, Ratcliffe 1959) both much less than 1 and
also negligible collisions, the axial ratio r of the magneto-

ionic modes is given as (Cohen 1959)
r=oa/% o (4)

where ¢« 1is the angle that the magnetic field makes with
the perpendicular to the propagation direction. TFor a
fixed direction of propagation and randomly oriented
magnetic fields, the probability P(r ) that the axial

ratio is less than the specified value r, is given by

finding the probability P( ao) of @, obtained from the
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relation (4) under the assumption of randomly oriented
magnetic fields. The following relation can be used to

find out the plObablllty P(ro) at differént fréquencies:

|2 (x )I o 2(a) |

o e

21T 90+

_ o . ’
= ]5 jéO—ao sing de do /4n

= Slna ..-(5>

_Sihao D g for small values of a o Whereg dmd.CL

have usual meanlngs as referred to the coordinate system
used. ‘Table 4.2 shows the probability of observing the
axial ratio r of less than 0.2 at various frequencies. It
Should be noted that the indicated values of the probability
.P(ro)'at various frequencies are the Séme'as thatlof a ray:
Starting from the Source—region meets the transverse field
configﬁration on its outward passage throuqh the solar

corona. It follows from Table 4, 2 that:

(1) the pProbability of finding the axial ratio of less
than 0.2 under the assumptions of randomly oriented mag—

netic fields is. on the Same order at. all the frequencies.

(2) the observed fraction of bursts having the. axial

ratio of less than 0.2 at all the frequencies is much greater

than the expected probability under the ass umpLJon of
randomly oriented magnetic field conditions. This shows

that the magnetic field is ordered at all these coronal
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levels so as to cause the high occurrence of highly

elliptical polarization.

(3) the experimentally obscrved probability of finding
linear polarizétion Seems to increase as the frequency
decreases. As mentioned in section 2.33, Pokk<r (1971)
pointed out that 1t is difficult to explain the exlstence

of linearly polarized bursts if the Faraday rotatwon suffered
by type TII bursts is as large as 105 radians. Grognard
‘angd McLean (1973) attempted to detect the linear polarlzé—
tion at 80 MHz by making use of a technique which completély
eliminates the effect of ground reflections. They. claimed
non-existence of linearly polarizéd type IIT bursts,
However, their.method of detection of linearly polarized
bursts has a limitationvif the Faraday rotation is of the
order of 10° radtans (Bhonsle and Mattoo 1973). Thus, the
possibility of the existence of linear polarization for

type IIT bursts cannot be entirelv ruled out.

(4) the observed fraction of hursts having uncorrected
axial ratioc of less than 0.2 at ZSVMHZ is greater than

the same a£_74 MHz despite the fact that the receilving
bandwidth at 25 MHz ig twice as large as that at 74 MHz,
This seecms to be consistent with the trend that measured

| Faraday rotation decreases as the frequency decreases

(Akabane and Cohen 1961, Bhonsle and Mattoo 1973).
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The last two conclusions are not completely
unambiguous because the observations refer to two different
periods. Again, the observations of Chin et al. (1971) at
25 MHz show that the fraction of type TIT bursts having
axial ratio less than 0.2 at 25 MHz varies from 0.4 in
1966 (though nuﬁber of bursts analyzed is small) to 0,97
in 1968. It would be interesting to observe polarization
properties of type III bursts simultaneously at different

frequencies,

4.33  ORIENTATION ANGLE X _

Figure 4.7a and 4.7b show the distribution of the
orientation angle;KJof type III bursts observed at 25 ang
74 MHz, respectively. It is seen that the orientation
angles of the major axis of the polarization ellipses of
the type ITI bursts, both at 25 and 74 MHZ, are not evenly
distributed with respect to the given antenna reference
system as would be expected, because the orientation data
cannot be extended to the source in the presence of large
- amount of Faraday rotaéion Suffered by the‘rédiation while
passing through the solar corona and the earth's ionosphere.
At 25 MHgz, the:x;-values are grouped in the range -10° to
200._ Similarly at 74 MHz the }L values are grouped between
- 50° ang -30°.  This is quite interesting particularly
because the observations at 25 and 74 MHz refer to two

different periods and also that the observations sites
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are different. In a. group of bﬁusts the orilentation angles
of different bursts were within~i lOO about the mean value,
Similar tendency for clustering of orientation angles was
reported by Cohen (1959) at 200 MHgz and recently by Dodge

(1972) at 34 Miz.

In view of the clustering of orientation angles
presented in Figure 4,7, the following conclusions can be

drawn:

(1) The magnitude of the total electron content and
magnetic field in the path of radiation must remain essen-
tially constant for the duration of the agroup of bursts.
This also implies that the scattering effects, so far as
their effect on orientation is concerned, are not that

excessive so as to randomize the orientation angles,

(2) For linear polarizations to be intrinsic to the
source, the occurrence of constant position angle requires
an extreme stability of the source position, if the Faraday

rotation is large near the source (Cohen 1959).

4.4 POLARTIZATION CHARACTERISTICS OF THE SOLAR
EVENT ON JULY 14, 1969 ‘

Figﬁre 4.1b shows the four-channel polarimeter
recording of a gréup of solar radio bursts of spectral
type III observed between 0813 and 0815 U.T. One can
distinguish 10 different peaks on the I-channel. It may

be noted that the intensity of radiation does not drop to
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zero between the two-sucgessive peaks. This could either

be due to a possibility that the bursts occurred in quick
succession or that there might be a simultaneous emission

of a background component with a longer duration.. The
average duration of individual type'III bursts at 25 MHz

hés been estimated to be about 10 seconds and since the
polarimeter output time constant is about 1 second the
time-profile of}the intensity of type ITII bursts will not

be affected; We favour the latter possibility, that is,

the simultaneous emission of background and burst components,
in view of the fact that the dynamic spectrum of the same
group of bursts shown in Figure 4.8 shows the presence of
individual bursts superimposed upon a diffuse background
radlation. Further, it may be noted that all the individual

bursts in this group do not have the same drift speed.

4,41 INTENSITY

Figures 4.9a - d show the variation in intensity,
degree of polarization, axial ratio, and the orientation
angle of the major axis of the polarization ellipse as'a
function of time, The values of I, Q, U and V have been
scaled manuélly from the polarimetcr recording at the
peaks and troughs of the intensity of radiation, For
comparison the total radiation I and the computed polarized
component of radiation IO are plotted on the same scale,

It can bc seen that Ie is lesg than I throughout the
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duration of the event except at one or two points where I
is comparable to I. Thus it can be concluded that the

radiation was partially polarized,.

4,42 DEGREE OF POLARIZATION

The variation of the degree of polarization m
during this event may be seen from the plot in Figure 4,9b.
It can be noticed that m varied between about 30 per cent
to 85 per cent during the event. Making point to point
comparison, the general trend in the time variation of m
is to increase when the total intensity I decreases and
vice versa. This means that the radiation is relatively
weakly polarized in the presence of bursts. This can be
explained if the burst component of radiation is either
unpoiarized or weakly polarized as compared to the polar-
ization ofithe background component of radiation of, if
polarized, it must be incohcerent with the background
component., Since the polarization percentage dréps down
during theAlife time of the burst, it is logical to conclude
that the burst component of radiation is to a large extent
unpolarized (or weakly polarized). In other words, it can
be concluded that this solar event consisted of two compo-
nents of emission occurring simultaneously,‘the burst
component that is unpolarized or weakly polarized and
the background component that is strongly polarized.

The dissimilarity in the degree of polarization of the



~ 145 —

burst and that of the background component of the radiation
suggests (a) that they must originate in the coronal regions
pervaded by weak and Sﬁrong magnetic fields, respectively
and (b) that théir mechanisms of generation may also be
different. One can visualize this as a situation in which
bunches of energetic electrons are ejected in different
directions from the source. The burst component may be
resulting from the plasma oscillations excited by those
electrons, which escape more or less along tﬁe neutral
plane in the magnetic field configuration of a coronal
streamer, whereas the background component may be caused
by those electrons which are injected in the strong field
regions. Further evidence that the type III bursts are
generated in weak field regions comes from the absence or
low degree of circular polarization of bursts. The inter-
pretation suggested above is consistent with the model of
burst source given by Wild and Smerd (1972) for type IITI,

V and U from their radioheliograph bbéervations at 80 MHz,
This model has already been described in detail in section

1.31 (see also Figure 1.4).

4.43 AXTAL RATIO AND ORIENTATION ANGLE

Figure 4.9c shows the variation of the axial ratio

with time. It can be noticed that the axial ratio varied
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between - 0.18 to 0.13. The sequence of variation of the
axial ratio_was as follows: Initially the axial ratio
remained positivé, when the burst activity became intense
the axial ratio chahged its sign from positive to negative
and when the burst activity.subsided the axial ratio again
returned to its positive value. Thus we conclude that the
:change of sign is due to the appearance of burst component.
This argument seems to give us evidence for that there were
two generating mechanisms simultaneously operative, one
giving rise to fast drifting type III bursts and the other
background and/or that the two components originated in
two diSimilarAmagnetic field regions. The suggestion that
-these two components came from different regions can be
appreciated by referring to Figure 4,9d in which the orien-—
tation angle of the major axis of the polarization ellipse
with respect to the antenna system is plotted as a fUnctioh
of time. Although the orientation data cannot be diréctly
related to the source owing to the large amount of Faraday
rotation suffered by the radiation in the intervening
mégneto—ionic medium, it seems that the observed relative
changes in the instantaneous values of the érientation
angles can bé attributed to the source in this case. It
is seen that when the axial ratib changed from left-handed
to right-handed the value of';KJchanged by 17° and remained
more or less steady around this value until the burst acti~

vity subsided after which the orientation angle returned
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to the initial value. It should be pointed out here that
after the burst activity subsided the original sense of
rotation was restored simultaneously with the return of

the orientation angle to its original wvalue.

The variation in the magnitude of the axial ratio
can be appfeciated from the plot shown in Figure 4.10 in
which the‘unpolariZed radiation, Iu =TI - Ie' is plotted
against the axial ratio r., It is seen that for a large
unpolarized radiation the axial ratio has reﬁained negative
and it is during this time that the burst component contri-
buted largely to the total radiation. When the burst actif
vity seemed to be subsided, the background and the burst
component either contributed equally to the total radiat-
ion or else it is the background component which contri-
buted largely to the total rédiation. The axial ratio
changed sign when the burst activity subsided and remained
positive till the end of the event. This point of view can
be appreciated from the point 'A' in the plot in Figure 4,10,
At this poiﬁt there was a burst which thus raised the level

of the unpolarized radiation apg r tends to be negative,

The changes in the sense of rotation of the polar-
ization ellipse is expected to occur if the radiation en—i
counters a quasi-transverse magnetic fielg configuration
on its passage out from the Source region to the observa-

tion point. The QT conditions could exist either in the
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corona or in the earth's 1on05hherc when the angle between
the dllectlon of the raV prOpaothon and the magnetic field
is close to 90 degrees. As will be discussed later
(Chapter v) for the solar event observed around local noon
the mode of radio propagation in the earth's ionosphere
should be quasi-longitudinal. Under these circumstances
we expect that the effectvof the earth's magnetic'field
and electrons in the ionosphere is to cause the Faraday
rotation of the plane of polarization unaccompanied by any
changes in the axial ratio. The observed chéngés in the
axial ratio must, therefore, be attributed to the region

close to the source of radiation in the solar corona,

Since the sense of rotation for the background
radiation and for the polarized part of the burst component
of the radiation were opposite, the two components cannot
originate in the same source region with the similar
polarity of the magnetic field. Assuming that the state
of polarization was entirely due to the effects of propa-
gation of the radiation through the corona, the mixed
polarizations R and L may result either from the burst
component and the background component coming from two
different cénters of activity, or from one and the same
center of activity (Fokker 1965). In both the cases,
however, it is necessary that the rays coming either.

from the sources of burst component or from the background
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component, do not meet QT regions in their path of propa-
gation. Transverse propagation of the observed radiation
in the solar corona 1s more likely to occur when the source
is near the limb (Fokker 1965) than when it is in the
central part of the disk. A solar flaré on July 14, 1969
has been reported to have occurred at a position S13, w 21
between 0813 and 0832 hours U.T. Thus, it is unlikely that
the QT regions in the solar corona_could have changed the
sense of rotation. We, therefore, conclude that the flére—
produced background and. type IIT burst radiation originated
in two aifferent regions of the centre of activity. An
observational evidence for such multiple sources has now
bhecome available from two-dimensional position determina-
tions of bursts and storms made with the Culgoora radio~

heliograph (Wild and Smerd 1972) . .

4,5 . POLARIZATION CHARACTERISTICS OF TYPE IIT BURSTS
AT 34,993 AND 34.997 MHz

Having completed the series of obgservations at
25 MHz with a single bandwidth, we planned another series
of observations at two closely spaced (4 KHz apart) fre-
rquencies near 35 MHz. The exact frequencies at which the
the polarimeter was operated during January - March, 1972
were 34.993 and 34.997 MHz. The overall bandwldth for
these two channels was 800 Hz each. During this period

we have recorded 50 type III bursts which occurred either



- 151 -

singly or in groups.  All these 50 events were confirméd
by the solar radio spectrOSCOpes-pperatingvat Ahﬁedabad
(India), Weissenau (West Germany) and Culgoora (Australia),
Of these 50 events, only 37 high intensity bursts were

used for detailed analysis to minimize scaling errors.

In addition, we recorded 3 intense type IIT bursts
by our radio spectroscope ( frequency range: 40 ~' 240 MHz)
but did not record them on the polarimeter on either
channel, although the polarimeter was in normal operating
condition. This may be explained if the type III burst
did not extend very much below 40 MHz and had a cut-off in
emission between 35 and 40 MHz, Such abrupt cut-offs in
emission at decameter wavelengths have been reported in the
case of type IIIb bursts (Ellis and McCulloch 1966, 1967
and de la Noe and Boischot 1972), It should also be
mentioned that there were 3 events which were recorded as
type IIT bursts on our radio spectroscope buE they were |
evident on the polarimeter recordings on only one channel
but not on the other. This suggests that there may be a
considerable fine structure in frecuency on the scale of a
few kilohertz. Thus, it is possible that we may have
recorded type IIIb bursts instead of the conventional type

ITT bursts in the case of these 3 events,.

We shall now describe the polarization properties

of the 37 type TIII bursts at their peak intensities at
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34,993 ana 34,997 MHz, The quéntities I, m, r andfjxﬁhave
thelr usﬁal meaning at-34.997 MHZ while the same are primed
for 34.993 MHz channel. The numbér of bufsts included in
the histograms shown in Figures 4.11 to 4,14 is not the
same since it was sometimes difficult to obtain all the

information simultaneously on both the channels.

4.51 INTENSITY

Figure 4.lla represents the distribution of Il/i,
which indicates that not all bursts have the expected ratio
of unity. The ratio II/I should have been near unity if
all the bursts were much broader than the frequency separa-
tion (4 KHz) between the two channels. Many bursts have
intensity ratios as high as 1.8 or 1.9 and only 2 bursﬁs
have intensity ratio less than 0.7. 1t was observed that
the intensity ratio I[/I of different bursts in a given
group does not always remain constant, This analyéis thus
shows that normally the intensity of a burst may vary by

a factor of 2 in a freguency band of 4 KHz near 35 MHz,

4.52 POLARIZATION DEGREE

FPigures 4.12a - b represent the distribution of
polarization degree at 34,997 and 34.993 MHz, respectivély,
The degree of polarization varies between 1Q and 90 per
cent in both the chamnels and the distribution at 34.997 MHgz
seems to be more uniform than that at 34,993 MHz., This

indicates that the polarizatioqﬂegree at 34,997 MHz, is
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in- general greater than that at 34.993 MHz. This is
cleérly borne out by Figure 4.,11b which represents the
distribution of the ratios of polarization degree m, at
34.993 MHz to the polarizétion degree m at 34,997 MHz for
each burst. It is seen thaf there are as many as 18
bursts which had ml/h ratio less than unity. It should

1
be noted that the lowest value of m /m is 0.25 and the

highest 1.4.

4,53 AXTAL RATIO

Figures 4.13a - b represent distribution of axial
ratios r and ri, respectively. The occurrence of right
handed polarity is more frequent than left handed one at
both the frequencieslduring the period January - March;
1972, ©Not a single burst was observed which had Oppos ite
sense of rotation at two frequencies. The range of the
axlal ratio is quite large at both the frequencies. 1In
Figure 4.1llc we have plotted the distribution of the ratio
of axial ratios r‘ to r for each burst. As many as 12

1 1
bursts had r /r less than 1 and 16 bursts had r /r greater

than 1.

4,54 ORIENTATION ANGLE

Figures 4.14a - b correspond to the distributions
of the orientation angle of the polarization ellipse of
type IIT bursts observed at 34.997 and 34,993 MHz,

respectively. At both the frequencies there seéms to bhe
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 some preference for orientation angles within + ZOO, thaﬁ
is, clustering of orientation angles. Similar clustering
tendency.of orientation angles has been reported earlier
by many workers (Cohen and Fokker 1959, Cohen 1959a,
Bhonsle and McNarry 1964b, Bhonsle et al. 1967, Dodge
1972). TFigure 4.11d represents the distribution of the
difference of orientation angles(jxx—jX£> at the two
frequencies. For 15 bursts the position angles of polar-
ization ellipses do not differ by more than iHZOO. For
the other 18 bursts the difference in the position angles
is inAthe range 80O to 1600. The observed small difference
in the orientation angles at the two frequencies caﬁ be
explained from the following simple calculation of the

Faraday rotation at 35 MHz:

’ !
The amount of Faraday rotation (}) may be expressed
s

as
2.36 x 107 (
= 2222 N.H, dz ... (5)

Y, v, !
where N is the electron density,.
Hii in Gauss is the component of the magnetic field
parallel to the propagation direction and Y = frequency
in Hz.
If Qi/l and C}g refer to the Faraday rotations at two

I ¥

closely spaced frequencies-)jl and )é, respectively, theﬁ

from relation (5) we have



: (f) (f> Aju _2~’ 3);"2
—-——-——m—-—"—_——-—-z = 2 ! ’ ...(6)

~2
o V

Cif —j]l . {jz ::g'fL), then, to a first approximation

@1 - @ ;‘1(:_—3)2 - ) - (7)
] DY

For our observations 'TVZ,F ﬁLH ~/ 4 x 10° Hy

and ‘iﬂ = 35 x lO6Hz 3 ¢

Substituting the values forr(jbz ~3)1) and ) gives

L2 i M 5 g0t , ... (8)

Ifcgie Faraday rotation suffered by the radiation
while passing through the solar corona and the earth's
ionosphere were as high as 10° radians, then

¢ .

(ga - Q;%':i 20 radians., This should 5?ve bee@ sufficient
to randomize the distribution of (?ﬁ— )i,), partietlarly
when scattering effects cannot be ignored. Although the
Faraday rotation dt 35 MHz may be as 1o& as 103 radians, -
still it is not possible terxtend the orientation data
to. the source but it seems reasonable that the séatter—
ing effects should be rathef less severe in randomizing
the ()(rjki)'distribution. These results are in good
agrecment with those of Dodge (1972) who measured the
spread in orieﬁtation angles at 34 MHz within an overall
bandwidth of 3 KHz. He derived an upper limit on the

Faraday rotation to be of the order of 1.75 x 10° radians
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in order to explain the lack of Measurable effect of
Faraday rotation on the orientation-angles at different

frequericies within the 3 KHz bandwidth.

4,55 POLARIZATION OF TYPE LIIb BURSTS RECORDED
ON ONE CHANVEL ONLY '

In course of thig analysis, we came across 3
interesting bursts, mentioned earlier in the Section 4.5,
which were recorded only on the 34, 993 MHz polarlmeter
channel. Two of these events did not have their counter-
part on the 34,997 MHz channel, while the third one hadg a
few very sméll spikes during the event, This lack of
correspondence between the two channels could be attri-
buted to a fine-structure in frequency, as is obtainéd

in the case of type IITb bursts,

Two bursts were strongly ( 95 per cent ) linearly
polarized and remaihed constant at all the peaks of the
bursts in the group. The third burst.showed polarization
degree varylng from 30 to 50 per cent and the axial ratio
varied from O, 05 to 0.62 and had left-handed sense of -
rotation throughout the duration of Lhe burst. 1In all
the three cases the orientation angle of the major axis of
the polarization ellipse remained constant throughout the

period of the burst activity.



~ 161 -

5.6 CONCLUSTIONS

The main conclusions of this chapter are summarized

below:

1) - Average degree of polarization of type III bursts
at 25 and 74 MHz was of the order of 30 per cent with band-
widths of 20 and 10 KHz respectively and 54 per cent at

35 MHz with a bandwidth of 800 Hyz.

2) More than 30 per cent of the total number of

- type III bursts were highly elliptically polarized (axial
ratios 0.,2) at all the frequencies. Axial ratios‘:O.CS_
(almost linear polarizat%on) have been cbserved in about

15 per cent of the total number of bursts.

3) Clustering of orientation angles within inOo'have
. been observed in certain groups of type IIT bursts at all

the frecquencies.

4) Changes in the polarization behaviour of the. solar
event of Jﬁly 14, 1969, suggested the existence of more
than one radio éource with differenﬁ polarization
characteristiCS; a highly polarized background radiation

and relatively weakly polarized burst component.

'5) Polarization characteristics on two closely spaced
(4 KHz apart) frequencies near 35 MHz show appreciable

differences between them.
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6) . Difference in orientation angles at 34.993 ang
34.997 Mdz was about 20° for the same bursts. This implies
that the total Faraday rotation may not have been more than

about lO radians,

7) The existence of a fine—freqUency Structure similar
to that observed in the case of type IITh bursts was indi-
-cated by the absencc of three bursts on one of the two

closely spaced frequencies.



CHAPTER -V

MEASUREMENTS OF FARADAY ROTATION
OF TYPE . -ITT BURSTS AT 35 MHgz

5.1 INTRODUCTION

The measurement of Faraday rotation at decameter
wavelengths assumes great importance in explaining many
experimental results such as (1) the existence of linear
polarization or otherWise in some type III bursts
(2) clustering of orientation angles of bhursts within a
group and (3) small difference in the orientation angles
of a given burst when observed at two closely spaced
frequencies. The items (1) and (2) have already been
discussed in Chapters II and IV, while item (3) has been
dealt with in Chapter IV, Moreover, Faraday rotation
measurements of type III bursts are not available at any
frequency except at 200 MHz (Akabane and Cchen 1961),
Even the most recent work (Dodge 1972) reports only an
upper limit on the Faraday rotation at 34 MHz., Hence,
the necessity for an experimental detérminati@n of the
Faraday rotation of type III bursts at decameter wgve_

lengths cannot be overemphasized,

In this chapter we discuss the Faraday rotation
measurements of type IIT bursts carried out by means of
a two bandwidth time-sharing polarimeter at 35 MHz. The
two bandwidths used are 7.5 and 12,5 KHz. The Faraday
rotations were calculated by following the method used

by Akabane and Cohen (1961).
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5.2 PRINCIPLE OF TWO~BANDWIDTH MEASUREMENT
OF THE FARADAY ROTATION

Akabane and Cohen (1961) showed that the Faraday
rotation could be calculated unambiguously-by measuring
the polarization at 200 MHZ simultaneously in two band-
widths, 10 and 22 KHz, under the assumption that the
observed depolarization was due to Faraday diSpefsion
within the finite receiver bandwidth., It was shown that,
1f the effective bandwidth is B,.then the dispersion éngle

e , ih radians is related to the Faraday rotation as
R JoR Vi e (1)
where @; = 2.36 x 104‘)/10"2f N(z) G (z) dz Lo (2)
4
= the Faraday rotation, radians,
\%é = the receiver center freguency, Hz,

B = effective bandwidth, Hz,

N(z) = electron density, a3
H}l (z) = the longitudinal component of the magnetic
field, Gauss;
and =z = the path length, cm.

Because of the dispersion in position angles, the
measured polarization will differ from that at the source.
The result would be that a wide bandwidth receiver would
observe less linear polarization than a narrow - band

receiver. For a Gaussian band, it can be shown that
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/\}\_ - /“'}“i‘o o-07/4 | ... (3)

where [L»s the observed degree of coherence between
the right and left circular components, and Kib = the
degree of coherence between the two circular components

at the source.

The complex correlation factor between the right
and left circularly polarized components (R and L) of the
radiation is related to the measured degree of polarizat-

ion and the axial ratio by

{ Y,

3 - A l‘
fAJ: m cos?2 B /(14n2sin225 )72 c..(4)
where m = polarization fraction,
tanf = r = the axial ratio of the polarization ellipse,
N o '
'¥ = phase angle between the R and L components of the
radiation = Zﬁ(()) )
/I~ o
/ 3) . . s . ,
: and:)v( "o) = the orientation angle of the major axis of

the polarization ellipse at the center frequency.

Since the time-sharing polarimeter at 35 MHz has
been deéignéd to record the Stokes parameters (I, Q; U and
V) separately for each bandwidth, it is convenient to
reduce polarization data in terms of the degree of polar-
ization m, the axial ratio r, and the orientation angletxﬂ,
of the polarization ellipse. Therefore, before applying
Akabane and Cohen's theory for the determination‘of the

. A ‘
Faraday rotation (1), we calculate from equation (4), the
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values of Fkn and }jﬁvusing the experimentally measured
Valueé of m and r from the narrow and wide bandwidth polar
ization measurements respectively. If both the receiver
passbands have a Gaussian shape, then it can be shown that
p j r g 2)/‘

/ = a3 -~ 3 -
,“nj}bw &Q>L Y ( 6. | 0., B e (5)
where 'n' and 'w' mean narrow and wide band respectively.

Tn terms of bandwidths, equation (5) can be written as

l / T 2 L :
,‘b’bn /) }‘}W = @XP ]l - 611/4 ( 1 - BWQ/BHE) ] . e L

[p—

(@)}
~

i i ' nd B e known and | n /‘
In this equation BW and B ar ﬁbw and Vo
are calculated. This allows Gn to be calculated from

equation (6) and d@ to be calculated from equation (1).

The other effect of the dispersion is the change
in the shape of the polarization ellipse; an elliptically
polarized wave tends to be reduced to circular plus random

polarization. Tt can be shown that

it

cosec22ﬁ

L+ <ﬂl«//{,«‘o>? cot®2 B, cea (1)
where r = tan@) = the axial ratio at the source,
Subgstituting Lkn or‘%Lw for }L , and correspondingly r_
or r, for tan f , one can calculate r_ - from equation (7).
The degree of polarization at the Source is related to |
the measured degree of polarization, the Faraday diSper5~_
ion angle O and the axial ratio of the polarization

ellipse at the source by .the relation

1
~172

2 /o 2
. mOEewe /B¢ (1-670/B) sin®op e
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Since ry can be calculated from equation (7) and 6 is

known, m_ can be computed from equation (8).

5.3 IYPICAL POLARIMETER RECORDINGS

Flgure 5.1a shows a group of type IIT solar bursts
which was observed at 35 MHz, between 0837 and 0842 U.T.
on Augﬁst 1, 1972, with a receiver bandwidth of 12.5 KHz,
Figure 5.1b represents the sarne event but with a receiver
bandwidth of 7.5 KHz, Prior to the onset of the bursts,
there are three types of ‘noise cal ibrations of the polari-
meter. The calibration marked 'B' is due to the noise
level corresponding to 10 ma current, in the diode noise
generator, injected to the input of channel 'B* of the
polarimeter (Figure 3.3), when channel'a’ is terminated
by a 50 ohms resistor. Similafly, the calibration 'A' is
carried out when channel'B'is terminatéd by a 50 ohms
resistor. The calibration "ISO-T" is carried out by
feeding the same level of noise’simultaneously to both
the channels, so as to simulate "vertical linear polar-
ization”.- It can be easily seen from the response of all
the four channels I, 0, U and Vv that, the polarimeter
displays appropriate deflections in case of all the three
calibrations. Table 5,1 summarizes the Faraday rotation
values for the bursts belonging to this group. It may be
noted that the mean value of the Faraday rotation for
this event is 3.35 x 10° radians, the extreme values

béing 2.9 x 10° and 3.8 x 10° radians,
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5.4 ~ RESULTS OF TWO-BRANDWIDTH POLARIZATTION
MEASUREMENTS

Two-bandwidth polarization ocbservations of solar
bursts at 35 MHz started from July, 1972. We have analyzed
daté of type III bursts recorded du}ing the period July,
"1972 to April, 1973. During this periéd 73 bursts were
identified‘by the Ahmedabad dynamic Radio spectroscope as
being type IIT's, which oécurred either singly or in groups.
Of the 73 type III events, only 44 were used for analysis;
of these 13 were isoclated type III bursts. Calculations
were limited to those bursts, which had produced a deflec—
tion in tﬁe I-channel of more than 5 divisions, in order-
to minimize the scaling errors. All the bursts used for
further analysis had a degree of polarization in either
channel greater than 10 per cent. Polarization parameters
of type III bursts were calculated only aﬁ peaks of the
bursts on all the 8 channels. They were checked against
noise generator calibrations by a procedure described in
Chapter TIT. Various polarization parameters at the
peaks of type IIT bursts could be evaluated for 106 bursts
in both the wide and the narrow bandwidths, 109 bursts in
narrow bandwidth and 121 bursts in wide bandwidth channels.
In the following Sections we present the statistical distri-

bution of various polarization parameters,
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5.41_ - DEGREE OF POLARIZATION

The distribution of m_ and m s the degrees of
polarization in narrow (7.5 KHz) and wide (12.5 KHz) band-
widths are shown as histograms in Figure 5.2a -Db respectively.
In Table 5.2 we have shown the various statistical para-
meters together with their highest,iowest and average
values. The degree of pblarization in the narrow bandwidth
ranges £f£rom 14‘to 95 per cent whereas the average value is
nearly 55 per cent. In the wide bhandwidth, the degree of
polarization varies from 5 to 87 per cent and the average
value is 47 per cent, From Figure 5.2a - b, it is amply
clear that the maximum number of typé IIT bursts have
polarization degree lying in the range of 60 to 80 per cent
in the narrow bandwidth channel and 40 to 60 per cent in
the wide bandwidth channel. Thus, the depolarization of
the order of 20 per cent due to the larger bandwidth of

the receiver is observed.

Having obtained the Faraday dispersion angle (as
explained in Section 5.2), we calculated the polarization
degree m_ at the source. Its statistical distribution is
shown in Figure 5.2c¢. In Table 5.2 we have shown that the
highest andAthe lowest polarization degree increased to
100 and 20 per cent respectively whereas the average value
increased to 66 per cent. Referring to Figures 5.2a and b,

a bimodal characteristics of the distribution of polarization
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' *
TABLE - 5,2

- HIGHEST, AVERAGE AND LOWEST VALUES
OoF VARIOUS'POLARIZATION‘PARAMETERS

St e P b it ot bt ot B ot Pt vt St e b . e et b A (o ot o ot i B it b e e

parameter used for
analysis

m - 109 .94 : .55‘ .14

y 119 | .87 .47 {.05
m_ 98 1.0 .66 .20
}fzj_ W/iw " 0.97 .62 .27
(On “ A n 1.73 .83 .35 )
(E) " 4.0 x 103 lfg % 1O3 .9 x-10°
rI‘1 109 .52 .18 { .05
r 121 .55 .24 £.05
r, 106 .51 .13 £ .05

*
Symbols are defined in Table 5.1
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degree appears to be marginally significant. This bimodal
éharacter becomes more pronounced in the distribution of m_
the polarization degree at the source. TIf this bimodal
characteristics has any significance at all, then it implies
that there may be two kinds'of type IIT bursts, highly

- polarized and weakly polarized ones. . This would require
differtnt physical conditions at the region where polariza-

tion is imposed on the type III burst radiation.

5.42 CALCULATION OF FARADAY ROTATION AT 35 MHz

We have seen in the last section, that the polar-
ization degree as measured with a wider bandwidth receiver
has been less than that with a narrow bandwidth receiver,
The same is true for the correlation‘factors}kw and /Aﬂn

which can be calculated from M Mor T and r, using

equation (4). Our aim is to measure the Faraday dispersion
angle ﬁﬁ » Which requires the knowledge of the ratio

i
#&N/ }L‘ _equation (6))}. This ratio is a measure of the

depolarization caused by the receiver bandwidths. The

values of U

/”VVIleJ are plotted as a histogram in I'igure 5.3.
f
The average value ofﬁi //143 is f:i 0.84. Only 32
/

bursts had/\ // /L léss than 0.7. The distribution
curve of } W////Ll at 200 MHz (Akabane and Cohen 1961)
'viSvsomewhat gsimilar to the one shown in Figure 5.3 for

35 MHz,
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Our determination of the Faraday rotation at
35 MHz is based on the following assumptions:
(1) the chserved depolarization is due to the Faraday
dispersion in position angles, (2) the receiver bandwidth
is Gaussian in shape, (3) the polarization characteristics
do not change drastically within the receiver bandwidth

and during the integration time constant of the receiver.

The computed values of Li

(“w'/fi,n-allow I to be

calculated from equation (6). These values of 6 are
shown as histogram in Figure 5.4. The average value of

6, is about 0.83 radians, the extreme values being 0.35
and 1.73 radians. About 50 per cent of type III bursts
have valués of S between 0.4 and 1.1 radians. This
grouping is significant because the decrease in the number
of bursts with large 0, is not due to the decrease iﬁ the
number of bursts with large m_ (see Figure 5.2a - c),‘ Tt
should be emphasized that if the number of bursts
decreaseé as the polarization degree decreases then the
number of bursts with large o, should also show similar

trend because a large value of en means a considerable

depolarization.

From equation (1) the total amount of the Faraday

rotation at 35 MHz is given by (p = 2.33 % 103 Qn radians.
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Thus, the burstsvwith Faraday dispersion angle Gn (=21 raqg.)
.Shbwn in Figure 5.4 have suffered an amount of Faraday |
rotation of the order ofv2 X 10° radians, the extreme

values being .9 x 10° and 4 x 10° radians. It is of great
interest to point out that Fokker (1971), while trying to
reproduce the reported distribution of polarization degree
~and of axial ratio at 25 MHz (Chin et al. 1971) for the
years, 1966, 1968, and 1969, from an assumed distribution

of Faraday dispersion angles, obtained a value, for ﬁhe
Faraday rotation t}, of the order of 105 radians., But this‘
value was based on the assumption that type iiI bursts were
100 per cent polarized at the source. This does not seem

to be the case, because there are about 50 per cent bursts
at 35 MHz which had a polarization degree less than 0,7

at the source. By contrast, Cohen (1959), by assuming that
the source produces 100 per cent poiarized radiation arrived
at an upper limit on Faraday rotation at 200 MHz (2 x 107
radians), which is very close to the measured value at

- the same 'frequency (Akabane and Cohen 1961). This means
that at higher frequencies, such as 200 MHz, +the possibility,
of the type IIT burst radiation at the source being fully
polarized,.is much greater than that ét lower frequencies,
say, at 35 or at 25 MHz. This idea, if valid, should have
important consequences on the de&elopment of the theory of

generation of type ITIT bursts.
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5.43 AXTAL RATIO

The values of the axial ;atios r, of the polariza- ,
tion ellipses in the narrow bandwidth and T in the wide
bandwidth are represented by histograms in Figures 5.5a
and 5.5b respectively. From equation (7) vaiues of the
Vaxial ratio of the polarization ellipse at the source are
obtained and are shown as a histogram in Figure 5.5c¢. In
Table 5.2, we have shown thaﬁ the observed axial ratio in
both the channels ranged from < 0,05 to about 0.55, The
average value of the axial ratio was about 0.18 in the
narrow bandwidth and 0,24 in the wide bandwidth channel.
Tt can be seen from Figures 5.5a ~ b that there is g
tendency for the number of bursts to decrease as the axial
ratic (both in the wide and narrow bandwidth channels)
increases from zero to 1, The sudden drop. in the distri-
bution of T, and T, beyond 0.25 is sgsignificant. It can
be seen from Figure 5.5c¢ that there is a significant
clustering of the axial ratios (at the source) of the
observed type IIT bursts between -0.15 and + 0.2, There
were as many as 62 bursts, including 21 linearly polarized
bursts, which had axial ratio less than 0.15., The same
conclusions were reached in Chapter TV in which we héve
described the single bandwidﬁhAobserVations at 25, 35 and
74 MHz. Thus, our observations indicate that type ITII

bursts are highly elliptically and linearly polarized



{ i i i

] 1
el

)

&

o

) .
w e
<

(=]

Z . o

NO.OF BURSTS = {08
BANDWIDTH = 7-5 KWz

o) =08 ~O6 =04 ~0-2 0

NO. OF BURSTS

NO. OF BURSTS = {21
BANDWIDTH = 2.5 Kiz

(b)

NO. OF BURSTS

| { 1 §

AXiaL RATIO AT THE SOURLE

NO. OF BURSYS = (0§

(cy

|—l‘.—\ 1 ' } ]

~]+0 ~0:8 -0'6 ~0:4 =~0:2

0.2

!}3 e

0+4 06 (-8 =0

Figure %.% axial ratlo at 35 MHz in two bandwidthg
(7.5 and 12.5 KHz) and at the source,




- 182 =~

bursts, in agreement with the narrow band observations of

Chin et al.(1971) and Dodge (1972).

5.44 ORTENTATION ANGLE

Figure 5.6a -~ b represents the distributions of
the orientation angles":\}i':,_,n and K)Lw corresponding to the
narrow and wide bandwidths qhannels respectively. It is
clear from these figures that the orientations of these
ellipses are not randomly distributed. The grouping in
the orientation angles should be regarded significant in
the sense that they represeﬁt a group of type IIT bursts
which had orientations of the ellipses approximately the
same for all the bursts of the group. This clustering of
orientation angles has been reported by many authors
(Cohen (1959) at 200 MHz, Bhonsle et al. (1967) at 26,3
and 22.2 MHz, Chin et al. (1969) at 25.3 MHz, Dodge (1972)
at 34 MHz),and our observations (described in Chapter IV)

at 25 and 35 MHz show similar trend for clustering,

5.5 REPRESENTATION OF PARTIAL ELLIPTICAT,
POLARIZATTON

A partially polarized wave can be regarded as a
sum of unpolarized and polarized waves. An alternative
way 1s to ekpress it as a superpoéitionAof two independent
fully polarized waves of intensities proportional to, say,
C, and C,» with equal and opposite values of the axial

ratio r, and perpendicular orientations (Fokker 1971),
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He pbinted out that, for a dégrée of polarization greater
thanibﬂ/g;one can alﬁays derive just gs well, from'the same
set of Stokes parameters, a combiﬁation of two incoherent
polarized signals, one circularly and‘the other linearly‘
polarized. . This superposition is equivalent to the super-
position of an elliptically polarized signal and an un-

polarized signal.

The circular polarization states. can be represented

in terms of Stokes parameters as

| T! for left circular, or

| for right
j circular
|

such that I = lVi

Similarly, the linearly polarized state can be represented

as

ey

OC‘.IOH

!
x
t
t
i

o ' ...(10)
1
such that I = (U2 + Qz)/2

If the two beams are incoherent, the resultant
Stokes parameters can be obtained by the scaler addition
of the equations (9) and (10). Let us add equations (9)

and (10) in proportion to C, * C,, then
S =Cy 8 +C, 8, =ic; +C,)

2/

COH

L(11)

r
+

- aaaa
N NN

L S¢
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From eguation (11) it can be easily shown that if such a
superposition yields a polarization eliipse with the axial

ratio r = tanp ( <1), then the degree of polarization me

(Fokker 1971) is related to the axial ratio as

. : 2
m 2 (1 + tanZZB ) = C;” +cC 2 2 m 2 + m%

£ 5 A 2, c
(1+ ] tan 28 | ) (c; + )

',...(125.

where the degree of circular polarization m, = Cl/(cl + CZ)’

and the degree of linear polarization, m = CZ/(Cl + C,).

2.
The ratio of Cl to 02 is related to the axial ratio as

C,/C, = tan 28 ... (13)

It should be emphasized that the minimum vaiue of
m. is 1//2. One may, in princinle, write the relation
mf2 - mc2 + m12 for mg < 1//2; but it is certain that the
Stokes parameters representing the circular and linear
components do not satisfy the additive property of Stokes
parameters for mg <1/./2. 1In other words, it is impossible
to reduce a polarization ellipSe fully to a superposition

of two incoherent circularly and linearly polarized

signals for mf< 1/v2.

It would be of interest to know whether type ITI
burst emission caﬁ be represented in terms of a mixture
- of two mutually incoherent circularly and linearly polar-
ized signals. For this, all that we have to do is to see

whether relation (12) holds good in the case of type III
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polarized radiation. Relation (12) can be verified only

if the observed polarization degree and the axial ratios

are corrected for the Faraday dispersion effect,

In Figure 5.7a, we have shown the values of
Mp = m, = mg, as a histogram; where Me is calculated by
making use of the relation (12) and my is the polarization
degree at the source. It is clear from Figure 5.7a that
the values of M, are not evenly distributed, The sudden
cut-off beyond my, = 0.3 is because Me ranges between 0.7
and 1. The same conclusions can be reached from the cor-
relation diagram (Figure 5.7b) in which we have plotted
the polarization degree at the source my against the dif-
ference between m and Me. It is seen that a great
majority of type III bursts have My < 0. This is because
of the fact that, 50 per cent of type IITI bursts have
polarization degree of less than 0,7 at the source and
that m; can never be less than 1/./Z. The very fact
that there exists a correlation between mp and M, and
that a large number of type IIT hursts have the observed
polarization degree of less than 0,7, defeats the argument
that type IIL radio emission can be represented in terms
of a mixture of two mutually incoherent, circularly and
-linearly, polarized signals. However, the fact, that

there are as many as 43 bursts out of‘106 analyzed bursts,

which have values of m less than + .1, cannot be ignored.
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This means that, at the very least, the representation in
terms of two abovﬁmentioned incoherent components may be
possible in case of highly polarized bursts. Although
there is an evidence for double sources (Labrum 1971) and
multiple sources (Kai 1969a, McLean 1970) of type III
bursts, the assumption that type IIT emission would be
generated as a supérposition of two incoherent components

looks very artificial.

5.6 INTERPRETATION OF RESULTS OF FARADAY ROTATION !
MEASUREMENTS

The Faraday rotation of the plane of polarization
occurs in the intervening magnetoionic medium, which in-
cludes the solar corona, the interplanetary medium and the

earth's ionosphere. Our estimate shows that about 10 per

cent of the total Faraday rotation (22 x 103 radians) at |
35 MHz can occur around noon in the earth's ionosphere, H
which is of the order of 100 radians. Contribution to
the total Faraday rotation by the interplanetary medium |
is still less (=10 radians). Thus, about 85 to 90 per 5
cent of thé total Faraday/rotation must occur in the
viéinity of the source., It should be pointed out that
the tele8cope»type of polarimeter, which has been used
for 35 MHz observations, has a limitation in that it
cannot measure the burst polarization with sufficient
angular resolution. This isvimportant because the burst

source 1ltself may have fine ancular structure (Erickson

1962, Kail 1969, Wild 1970) with different polarizations
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resultihg in the reduction of the net degree of polarizat-

ion,

Knowing the aﬁount of Faraday rotation suffered by
type III bﬁrst radiation while passing through the inter-
vening magneto-ionic medium, one could correct for the
effect of depolarization and changes in the axiallratio
and talk about the polarization state at the source region

provided that the following two conditions are satisfied;

(1) Differential absorption between the ordinary and

extra-ordinary modes is small between the source and the

observer,
(2) Mode coupling is weak along the entire propagation
path.

By source region we mean the spatial region where
electro-magnetic radiation emerges from the corona. There-

fore, the polarization properties of type III burst radia-

tion could be the resultant properties of the polarization

intrinsic to the generating mechanism modified by the
escépe conditions (Fomichev and Chertok 1968b). We would
like to emphasize that the conditions (1) and (2) metioned
above are related to the propagation characteristics out-
"side the source region. These conditions are discussed

below in detail.
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5.61 DIFFERENTTIAL ABSORPTION

For {,) >> LAJl” where () is the radiation frequency

and4CA}Lis the longitudinal component of the gyro-freguency,
the differential absorption between the ordinary and extra-
ordinary modes is proportional tOCA%//LLf (Lawrence et al.
1964). This differential absorption, which changes the
state of polarization of the resultant wave, decreases

very rapidly with the wave frequency and has direct depend-
ance on the electron cyclotron frequency. If one assumes
that the electron cyclotron fregquency at the source region

and/or along the propagation path, is small compared to

the wave frequency, then the resultant differential absorpt-

ion through fhe solar corona is small (Fung and Yip 1966).
The analysis by Chin et al. (1969), showed that type IIT
bursts are associated with flares with small area. They
maintained that the magnetic fields at type IIIl sources
would probably be significantly weaker than those at a
type I or a type II source, under the assumption that
smaller fiare regions would produce weaker coronal magnetic
fields. Hence, it would be reasonable to assume that the
electron cyclotron frequeﬁcy is much smaller than the
wave frequency along the entire propagation path in the

solar corona.

Assuming that the polarization characteristics

of type IIT bursts arise due to the conditions of escape,




-~ 191 -

Fomichev and Chertok (1968b) have shown that the longitude
dépehdence of the meén value of wolarization degree can be
satisfactorily explained regardless of the possible contri-
bution of the differential absorétion to the degree of
polarization of type III bursts. This has been discussed
in Chapter I in some detail. Thus, it seems then, that
the differential absorption in the solar corona at a given

frequency is negligible at all longitudes.

The differential absorption of the radio waves at
35 MHz in the ionosphere is of the order of 1072 ab
(Lawrence et al, 1964), which is very small. Thus, the
change in the polarization characteristics of type III

bursts, due to the effects of the differential absorption

in the ionosphere, is negligible.

5.62 MODE COUPLING

When a radio wave travels through a magneto-ionic
medium, it splits into two different characteristic waves
generally referred to as 'ordinary' and 'extraordinary'
waves, which propagate independently. Each characteristic
wave has a complex refractive index and a state of polar-
ization whosevvalues are given by the magneto-ionic theory
(Ratcliffe 1959), when the magneto—ionic medium 1s assumed
homogeneous. It is often pbssible to assume that the
characteristic wave propagate independently in a slowly

varying medium (Booker 1936). Then the features of a



- 192 -

single characteristic wave, including state of polarization,
change as it moves from point to point in the medium. It
means that there will be Faraday rotation and that the polar-
ization rotation will reverse whenever the longitudinal
component of the magnetic field changes its direction. When
the medium is changing more rapidly, the simple theory no
longer applies., Independence of the propagation of the
characteristic waves breaks down i1f the magnetoionic medium
i% inhomogeneous. This causes ﬁhe two forward modes to get
tightly coupled and there will be no Faraday rotation. In
this coupling region, the polarization parameters also
change., Thus, it should be emphasized that it is very
important to know whether the radiation has passed through

a coupling region or not.

The most important cases where the coupling occurs

are the following (Budden 1952):

1. Regions. where the polarization of a characteristic
wave varies markedly in a short distance, eventhough the

constants of the region are slowly varying.

2. If the constants of the magnetoionic medium vary
markedly in a distance small compared with one wavelength,
in such a way that the polarization of a characteristic

wave also varies markedly.

3. Where the electron density is very small, the

refractive indices for the two characteristic modes are
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very nearly equal. Here the coupling effect is cumulative.

The coupling region can exist either in the earth's
ionosphere or in the solar corona. For the ionosphere, the
coupling theory has been developed by Budden (1952) on the
assumption that the magnetic field is constant and both
the electron density and the collision frequenNcy are vari-
able, TIn the sun's atmosphere, however, the most variable
parameter is the magnetic field. This case has been treated
by Cohen (1960). It is shown that mode coupling occurs
most effectively when the electromagnetic waves propagate
in a direction transverse to the local static magnetic
field (Cohen 1966). The electromagnetic waves emitted
from a type III source region may meet a transverse magnetic
field configuration either in the solar corona or in the

earth's ionosphere.

5.63 MODE COUPLING IN THE BEARTH'S TONOSPHERE

The directions in the sky in which the rays from
the sun pass strictly transverse to the earth's magnetic
field can be found by following the method used by Chapman
(1952). For Ahmedabad station (geom. lat. 18°N, long. 0.5%W
geog. lat. 23.0°N, long. 74.0°E) the fraction of the visi-
ble sky for which the rays have transverse intersections
.with the earth's magnetic field is of the order of 0.75
(Cohen and Dwarkiﬁ 1961). We have calculated perpendic-

ular intersections for the rays coming from the sun with
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the geomagnetic fielq at different heilght¢ in the ionosphere.
Tﬁese are plotted in Figure 5.8,_where'the azimuth is to be
measured from the magnetic north, The calculated track of
the sun is translated into geomagnetic coordinate system
and plotted on the same figure. Since the geomagnetic
declination is only O,SOW, the evening track of the sun in
the Figure'5.8 lies very close to the morning track and,
therefore, it is not plotted separately. It can be seen
from Figure 5.8 that perpendicularity conditions are more
favouréble in the evenings and mornings than those at other
times. - This means that the rays from the sun will not en—
counter transversely the earth's magnetic field during the
observation period of about two hours hefore and after the
local noon. We have selected only those bursts for analysis:
which occurred during abéut'two hours before and after the
'loéal noon (as described in Chapter IV) and, thérefore,
these observations were unaffected/by mode coupling in the

ionosphere.

5,64 ESTIMATE OF THE CORONAL MAGNETIC FIELD

We make use of equation (2) to estimate the coronal f

magnetic field by using the measured values (~/10% radians)

(Akabane and Cohen 1961) and ‘(103 radians) (Bhonsle and ;

~Mattoo 1973) of Faraday rotation at 200 and 35 MHz respec~

tively. For simplicity the corona is assumed spherical. .

We use the electron density model, of Hansen et al. (1969)
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for the corona, which is given by

+ 4.32/33

N (j}) 4 x 10" ... (14)

where SD is the heliocentric altitude in solar radii. We
have adopted height dependence in the inner selar

corona  as ‘5)“3 for H (jj), the component of the mag-
netic field along the direction of the ray. The coronal
levels for 200 and 35 MHz radiations are calculated from

equation (14) using N(Sj) -5 x 10° em™3

-3

for 200 MHz and

N(jj) =2 x 107 cm for 35 MHz. The heliocentric alti-

tude in solar radii from the above model turns out to be

-y '
§ = 1.25 for 200 MHz and,xgg = 2.0 for 35 MHz emission

levels. Let C%g and represent the amount of the

12
Faraday rotation at 3J1 =. 200 and \Lz = 35 MHz respectively.
One can show from the equation (2) that

& &) Hy (g‘ﬁj&} |

...(15)

(§£L£2~ @?2 3)22 - 2.36 x 107 %53.£ Nl (5
where Rcﬁé 7 x 105 km, the radiué of the sun. Knowing
that the Faraday rotation (¥>1 at 200 MHz is of the order
of 2 x lO4 fadians and at 35 MHz it is of the order of

2 X 1O3 radians, and evaluating the integral in the
equation (15), one can find out the value of the iongi—
tudinal component of the magnetic field at any coronal

o~

) ) .
level between &’1 = 1,25 and S;; = 2,0. The value of the
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magnetic field turns out to be of the order of 0,03 Gauss

at .§1'= 1.25 which is rather a low value.

Because the ray suffers the largest amount of the
Faraday rotation near the plasma level, the above computa-
tions show that the measured values of the Faraday rotation
give either a low Qalue of the coronal magnetic field at
the source region or else the thickness of the séurce region
is small, which is about 1000 km at 200 MHz (Akabane aﬁd
Cohen 1961), If brief, one has to then explain why the
oﬁserved value of Faraday rotation is low by at least one
order of magnitude at 200 MHz and two orders of magnitude
at 35 MHz. One possible explanation for the observed low
values of the Faraday rotation at 200 and 35 MHz is to |
introduce a mode coupling region, that is a transverse
magnetic field configuration somewhere in the corona in

the path of the radiation coming from the source region.

5.65 MODE COUPLING. IN THE SOLAR CORONA

The coupling region cannot be put very far from

" the plasma levels where the radiation originates, because
then the difficulty about explaining the observed values

of Faraday rotation at 200 and 35 MHz remains unexplained.
In other words, it means that the radiétion, immediately
after emerging from the source region, due to some reasons,
finds a strongly coupling region at a certain coronal level

near the source region and then beyond this region, coupling
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becomes weak so that both the ordinary and extraordinary
modes can independently.prOPagate and thus suffer Faraday
rotation. Cohen (1960) has developed a theory for magneto-
lonic mode coupiihg. In the quasi-longitudinal case (Qu),
there is a 'transitional’ frequency)ft such that, when
N <KL \jt, the modes are weakly coupled, and when “U >>}Jt,
there is a strong coupling. In the ionosphere and in the
interplanetary and interstellar regions,'))ﬁ'is

12 14

107" - 1077 Hz; thus the magneto-ionic modes at radio

frequencies are always weakly coupled in QL regions.

Tn quasi-transverse (QT) regions, the coupling can
be much stronger and an estimate of—\LL is on thé order of
tens of megahertz in the ilonosphere and‘fﬁilo4 - 10° Hz in
the interplanetary and interstellar regions. Thﬁs we have
to assume that the radiation meets a QT region but is
recelved in QL regions to explain the observed low value
of Faraday rotation. And in the QT region the transitional
frequency'ﬁ)t should be vervy much less than the plaéma
frequency of the coronal level where the source region.
lies. The following computations show that it may not be
difficult to obtain a QT transitional frequency U)t of

&

200 MH=z at N1 = 1.25 and of 35 MHz at'gé = 2,0,

In the QT conditions, the transitional frequency

is given as (Cohen 1960),

V.2 = 107 werd ... (16)
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Where'))t is inIHz, N in an”>; S, the scalé of the magnefiq
field, in.cm, and H, the magnetic.field, in Gauss. It
should be pointed out that S is not the same as the scalev
height given by the gradient of magnetié field. Rather it
is a reciprocal of the derivative of the angle between the

ray and the magnetic field.

The value of 8 is calculated from the fieid due to
a force—free dipole buried O.OZRC) (Correll et al. 1956,
Cohen 1959) below the photospheré: The pertinent para-
meters are o . the angle between the dipole axis and the
direction of the source; 6 , the polar angle to the'earth
from the source assuming that the line to the earth is in
a magnetic meridian plane. We assumed that the sources at
different frequencies are point sources. The positions of
sources at different frequencies are indicated in Table 5.3.
We considered two values of o , 3OO and 60°. For célculatn
ions of S we followed the method given by Cohen (1961).
In Table 5.3, we have shown the calculated valueé of S at
200, 74 and 35 Miz for two values of a , 30° and 60°. Tt
is seen that S does not change much from & = 30° to

O

o = 60 . For a= 300

, the. estimated values of S is about

O,36R(> for a source at g?: 1.25 and O,82R<33for a source

at E?Z = 2.0.

From the known values of 86 , one can compute the

resulting values of 0 giving the directions of the rays
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meeting, at some levei in the corona, perpendicularly to
the forée~free buried dipole fielﬁ. The ray can be nearly
perpendicular to the magnetic field at the source region
itself. Thus, in the estimation of H, we have used the
values of N at the source regions, that is, at the respec-
tive plasma levels of 200 and 35 MHz type TTI burst radia-
tion. In Table 5.3 we have shown electron density at

various coronal levels.

Supstitution of the values of N, S-and.}/t in

equation (16) show that at ng = 1.25 we require a magnetié
field of 0.1 Gauss to obtain ﬁ)t'::'200 MHz, and at 832 = 2.0,
a magnetic field of 2 x 1072 Gauss to get ))t L1 35 MHz.
These values seem to be on the order of dipole field values
of the sun at the respective levels, though cértainly

small compared to the dipole field values, but then one can
adjust the values of N to obtain the required value of'))t

and a more reasonable value of H.

Thﬁs, the above calculations show that reasonable
values of N, 8 and H can be found in the solar corona SO
as to let the mode coupling occur at various coronal levels.
It is quite important to know the extent and/or the posit-~

ion of the coupling regions at various coronal levels.
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5.66 THE EXTENT AND/OR POSITION OF THE MODE COUPLING
' REGIONS -~ , |

In what follows simple calculations are made to
examine what should be the extent and/or positions of the

mode coupling regions at various coronal levels.

We make use of equation (2) to‘estimate the Faraday
rotation suffered by the radiation at 200, 74'andl35 MHz
by using an adopted model for the électron density and
the coronal magnetic field. We adopted the following

coronal model.

Upto g?: 2, we used Newkirk's (1961) electron
deﬁsity model above an active region., Beyond g?: 2, we
extrapolated (N - g)) curve in such a way that it runs
more or less parallel to the model given by Van de Hulst
(1950) for the equatorial corona. The curve is connected
with densities given by Blackwell (1956) for g? > 6. The
model of Blackwell is followed upto g? :.16‘. Beyond
o 2 :

b

N

1

= 16 we adopted the.proportionality N P»ﬁ?

(Fokker 1965b). This model is shown in Figure 5.9,

For H{y , the component of the magnetic field
along the direction of propagation, we adopted the follow-

ing models:

1. The magnetic field of 0.25 Gauss at a height of
0.25 R(Z}above the photosphere was assumed (Fokker 1971).
Two assumptions were made as regards the height dependence

of H!t -
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a) H"rxd §f3, shown as curve D in Figure 5,9.
b) H‘lﬂJ(Qi—O.S)mz shown -as curve E in Figute 5.9.

2. - The magnetic field was assumed to be of dipolar in
nature due to a general magnetic field strength of 1 Gauss
at the poles, that is Hj = §3—3 (corresponding to the

curve F in Figure 5.9).

In the equation (2), Jfm (?) Hyjp (?) dS)

was numerically computed for‘a radial trajectory from
various coronal levels upto g?:: 200 and the values of aD

¥
were obtained for three frequencies, 200, 74 and 35 MHz, by
,using the three different models mentioned above for the
magnetic field. The values of CD at different freguencies
are plotted as a function of heliocentric altitude in
Figure 5,10, It is clear from Figure 5.10 that the estimate
ot (i)is not very sensitive to the magnetic field models
used here. In this figure we have indicated the.positions
of emission levels of three frequencies 200, 74 and 35 MHz.
These position levels were calculated from Figufe 5.9 by
making use of the relation )/)n = 9;1 x 1073 N% where
fL)n = plasma frequency in MHz. The calculated plasma
levels agree reasonably well with the reported experimental
‘measurements as shown in Table 5.4. It should be emphas ized
that the agreement seems to be better at higher frequencies

than at lower.
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In. Table 5.5 we have showﬁ‘the values of extent of
QT regions required at different frequencies, 1f it is
assumedvthat the radiation emerging from the source region
finds QT regions just near the plasma level where Faraday
rotation suffered by the radiation is the largest. These
values are obtained from Figure 5.9. It is shown that for
35 MHz rédiation, the coronal region from g3= 2 to g”= 4.5
should be a mode coupling region. Similarly, for 200 MHz
radiation the coupling region should extend fran%)=ll.3 to

~ _
S/z i1.75. The upper bounds on the magnitude of the extent

of the mode coupling regions, that is gjz 4,5 for 35 MHz
and g): 1.75 for 200 MHz radiation determine ﬁhe locations
of the mode cogpling regions in the solar corona. It should
be pointed out that the measured values of Faraday rotation

~indicated in Figure 5.9 were used to find the extent and/or

position of the mode coupling regions.

5.67 DIFFICULTIES WITH THE MODE COUPLING AS AN
EXPLANATION FOR THE OBSERVED LOW VALUES OF
THE FARADAY ROTATION

The QT approximation holds good over a Vvery narrow
range of angles in the vicinity of an angle of m/2 between
the magnetic'field and the direction of propagation. Hence

‘ for a 35 MHz ray path, it is difficult to understand how
the radial gradient of the angle, in the region where the
angle between the magnetic field and the direction of

propagation is /2, can be g0 small so that the coupling
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TABLE - 5.5

THE EXTENT OF THE MODE COUPLING REGION
AT DIFFERENT FREQUENCIES

Frequency { Source position | Extent of the region in

in MHz | from the center } which mode coupling should
of the sun, in ] be effective, in units of
solar radius solar radius from the

center of the sun -

200 1.3 1.3 to v 1,75
74 1.5 1.5 to ~v 3.5
35 2,0 2,0 to ~n/ 4,5

T o o I 8 S0, i ) it ot s 6t it e e e e 4t e i e e e % S et S e ot e e e e s B St o Bt ettt ot o et
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region, for a radial propagation path, would extend from
-

Vo= 2 R"3to v67='4,5 R.n . To explain the observed low

2
values of the Faraday rotation both at 35 and 200 MHz, we
recquire a geometrical configuration of the coronal magnetic
fieid and the propagation path such that the coronal regions
between §>= 1.3 RC: to §?= 1,75 R(; and g? = 2 R(E) to
§D=:4.5 R(i) should be strong mode coupling regions for
200 and 35 MHz rays respectively, Also the QL approximat-
ign should hold in the coronal regionsj>g1:1.75 R<Z)agd
>§?= 4.5,R(;)for 200 and 35 MHz rays respective}y. This
. kind of a fixed geometry, which can always yield Faraday
values of the order of lO4 and 103 radians atVZOO and
35 MHz respectively, is difficult to think of. Realizing
that in the mode coupling regicn the independently propagat-
ing characteristic modes become coupled and that any pre-

viously acquired Faraday rotation is lost, it is not really

necessary.to have the mode coupling to be effective through-

Yy o |
out the region from ng 1.3 R»:)to %;: 1.75 R-~and E?: 2.0 R~
. ' h ( : /\_':J / O [

to g? = 4,5 R(z)for 200 gnd 35 MHz rays respectively. It
is enough if we can find a "thin" mode coupling regions
located at about 1.75 RCD)and 4.5 RG) for 200 and.35'MHz
respectively such that bncé the réys leave these mode ;
coupling regions, the Faraday rotations suffered by 200
and 35 MHz radiations are of the right order. These

regions could also serve as the " polarization limiting "
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régioné, that is, thé regions where the polarizationb
properties are imposed on type IiI burst radiation. But

if the QT transitional frequency ))t'has to continuously
decrease as the heliocentric altitude increases so as to
explain the Qbservéd low values of the Faraday rotation,
then lt is difficult to understand how 200 MHz ray starting
from S 1.25 R(:) on reaching gj 2,0 RU should always
find itself in a weakly mode coupling region when the
traﬁsitional frequency jp% at that level should be as low

as 35 MHz, which implies a strong coupling region.

‘Dodge (1972) has examined the possibility of
finding mode coupling regions in terms of tangential field
discontinuities (Fokker 1969). He suggested that in the
- presence of localized variations in the direction and mag-
nitude of the magnetic field, there exists a high probabi-
1ity of a given wave encountering a region of transverse
magnetic field that would destroy all the previously
acquired Faraday rotation. The important point about this
explanation is that the waves could encounter transverée
magnetic fields in the regions of the corona even where
the average magnetic field direction is radial. Parker
(1969) pointed out that many of these tangential dis-
continuities can correspond to Alfven waves, some of which
can propagate the'entiré distance from the sun to the earth,

some are damped out while others may be generated in the
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médium, This means that type III burst radiation can meet
these tangential discontinuities any where in the inter-
planetary medium. It implies that the ochserved Faraday
rotation could at times be as small as lOOVradians; which

is the amount_of,the Faraday rotation suffered by a 35 MHz
ray in the earth's ionOSphere.llBut our observations revealed
that for 31 groups of bursts and 13 isolated . bursts the
observed Faraday rotation ranges from 0.9 x 1O3 to 4 .x'lO3
radians.: ThUs»wé feel that it is difficult to explain the
observed low values of the Faréday rotation in terms of

mode coupling at the tangential discontinuities.

Summarizing these results, we have emphésizea that one
must find out a reasonable explanatiocn for the discrepancy
of at least two orders of magnitude between the measured
and theoretically calculated values of the total Faraday
‘rotation.: To explain the obsefved low values of Faraday
rotation both at 35 and 200 MHz, one could think of magﬁeto;
ionic mode coupling as a possible explanation because the
values.of eleétron.density and magnetic field at différent
levels can give the right érder of transitional frequencies.-
But the difficulty is that we cannot put the mode coupling
region very far from the plasma level where type IIT burst
radiation oriéinates because then we fail to account for
the observed low values of Faraday rotation at different

frequencies.- It is also shown that it is not possible
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to put thL coupling region very near the plasma level where
the IIT burst radiation originates because the demands on
the extent and/or position of the coupling region and on
the geometry of the coronal magnetic field are very un-
reasonable. Further, this viewpoint is supported by the
fact that the occurrence of U-type bursts at longer wave-
lengths seems tc be rare (Sheridan et al. 1959, Stoﬁeland '
Painberg 1971). This might be taken as an indication for
that appafently magnetic loops which could give rise to
transverse magnetic fields do not, in general, reach suffi—
ciently high altitudes S0 as to pass through the levels
where type ITI bursts at 35 MHz orlglnate (Fokker 1970).
However, it should be emphasized that for type IIT sources
occurring near the center of the disk the obsérved radiat-
ion may not, generally, pass through the reglons of transg-
verse magnetic field, but in case of type III bursts occur-
ring near the limb, the observed radiation‘can, in principle,
meet a transverse magnetic field regions. This means that
there should be a Strong disk-~longitude dependence of the
Faraday rotation suffered by a type III burst radiation,
which does not seem to be the case. In addition, for
type Iiisourceé occurring near the limb, it may be the
second harmonic radiation which dominates (Kundu 19s5),
Further, it is foung that, none of the suggestions like
magnetic field reversals, ducting (Dodge 1972) and mode

coupling at tangential discontinuities in the magnetic
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field along the prOpagatidn path (Bhonsle and Mattoo 1973),

can adequately explain the observed low values of the Faraday

rotation.

5.68 EXPLANATION IN TERMS OF SECOND HARMONIC

‘Akabane and Cohen (1961) proposed that the discrep~
ancy between the measured and theoretically egpectéd values
of the Faraday rotation could be minimized by putting the
source of type IIT burst radiation at a greater height in
the corona. If type III burst radiation ié produced at
the fundamental plasma frequency, as seems to be the general
belief, then the source of type III burst radiation at 35 MHzZ
has to bevput at 3 to 3.5 solar rédii above the photosphere;

which is rather large.

The other possibility is that type IIT bursts might
be recorded primarily in the second harmonic of the plasma
frequency. Thié possibility makes it natural that the
emission region for type IIT bursts occupies a comparatively
higher position in the corona. This viewpoint has a strong
theoretical support of Zheleznyakov and Zaitsev (1970a, b).
These authors and Zaitsev et al. (1972) observationally
support the idea (as discussed in Chapter I) that second
harmonic emission may be more important at decametric and
longer wavelengths. These authors and Haddock and Alvarez
(1973) have claimed that theory of generation of type III

burst radiation in terms of second harmonic can explain
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‘many observable properties of type IIT bursts including the
interpianetary observations of energetié'electrons and radio
burst at hectometer and kilométer wavelengths. (Zaitsev et
al. 1972, Lin 1973). This has been discussed in greater
detail in section 1.6. It follows from the above discus-
sien that one may sefiously consider the explanation, for
the low values of Faraday rotation, based on the suggestion
that type IITI emission occurs predominantly at the second
harmonic of the local plasma frequency. Further it may be
noted that, since the cqneA and angle (with respect to

the direction of the exciter) of emission at the second
harmonic is wider than that of the fundamental

(Zheleznyakov and Zaitsev 1970b, Yip 1970), the situation
becomes more conducive for the mode coupling to occur at

a higher position in the corona. We would like to emphaéize
that the idea of Secénd harmonic:generation has been invoked
only for decameter and longer wavelengths because the physics
of the corona seems to change beyond about 2 solar radii
from center of the sun (Warwick 1965, Ellis and McCulloch

1966, 1967, de la Noe and Boischot 1972).

5.7 FARADAY ROTATION AT 35 MHz AND THE EXISTENCE
OF LINEAR POLARIZATION

As already indicated in Section 2.33 that many
authors have reported the existence of linearly polarized
type IIT radio bursts. Our observations at 25 and 35 MHz

reported in Chapters IV and V also have revealed their
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existence., Fokker (1971) pointed out that as a consequence
of scattering, a spread in the position angles of the order
of 1074 of the mean value of the Faraday rotation should
completely disperse the position angles of any linear polar-
ization originally present. Further, because of finite
bandwidth of the receiver, the radiation would be réceived
from a certain thickness of the soufce region, which would
lead to depth depolarization within fhe source regién.

This implies that if the total Faraday rotation were

indeed 10° radians or more, then it would be impossible

to observe linear polarizatioﬁ of type III bursts.

The measured. value of the Faraday rotation at
35 Mz is of the order of 10° radians (Bhonsle and Mattoo
1973). This is two orders of magnitude less than what is
theoretically expected (Fokker 1971). It implies that the
spread in position angles due to the scattering effects,
which may cause appreciable depolarization, should be of
the order of. 1072 of the mean value of fhe Faraday rotat-
ion.. This is two orders of magnitude greater than the
Fokker's estimate of spread in the position angles due to
scattering. Thué, the measured value of the Faraday rotat-
ion of the order of 10° radians at 35 MHz definitely
increases the probability of occurrence of linearly polarized
type IIT bursts. Grognard and McLean's (1973) claim for the

non-existence of linear polarization in type III bursts at
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80 MHz is doubted by Bhonsle.and Mattoo (1973) because
their instrument does not seem td have the capability of
measuring the small values of differential Faraday group
delay required for the Faraday rotation to be.of the order

of 103 radians.



CHAPTER -~ VI

. CONCLUSTONS AND SUGGESTIONS FOR FURTHER STUDY

6.1 CONCLUSIONS

The polarization characteristics of type IiI solar

- radio bursts at decametric wavelengths have been studied at
Ahmedabad. They render a better understanding.of the genera-
tion mechanism of the radiation and the source characteristics.
In addition, the Faraday rotation measurements, which formed
the subject matter bf this thesis, have beeﬁ gquite useful in
understanding the role of the intervening magneto-ionic

medium in modifying the polarization characteristics ori-

ginally impressed at the source,

A time-sharing radio polarimeter used for the
polarization studies of type III solar radio bursts was
operated in the following three distinct modes: (1) single
bandwidth (20 KHz) polarization measurements at 25 MHz ;
(2) Polarization measuremeﬁts in narrow band (800 Hz) at
two closely-spaced frequéncies, namely 34.993 and
34.997 MHz aﬁd (3) Simultaneous measurcments of polarizat-—
ion ﬁarameters in two bandwidths (7.5 and 12.5 KHz) for
the determination of the Faraday rotation at 35 MHgz, The
effects of the crosstalk due to the antennas and the
receilver errors due to the relative.phase differéhce bet~
ween the two cross-polarized channels and the ground
reflections on the measurements ofrpolarization parameters

have been discussed in detail.
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Our main_results of the polarization studies of

type III bursts may be summarized as follows:

(1) In agreement with the narrow band measurements by
dﬁher workers, type III bursﬁs at 25, 35 and 74 MHz are
found to be highly ellipticaily polarized (or ﬁearly
linearly polarized) with axial ratios ranging between

- 0.2 and + 0.2. Not a single type III burst at 25 and

35 MHz was observed to be circularly polarized.

(2) The average degree of polarization of type III
solar radio bursts, as measured by a polafimeter at 25 MHz,
with a bandwidth of 20 KHz was found to be about 30 per
cent. The determination of polarizatioﬁ dégree of type III
bursts at 25 MHz at the source became possible after the
measurement of Faraday rotation at 35 MHz. The polarizat-
ion degree of majority of type IIT bursts at 25 MHz at the
source was estimated to be about 70 per cent aﬁd was nearly
100 per cent in some cases.v These observations are in good

agreement with previous narrow band measurements.

(3) The orientation angles of polarization éllipSeS

-ofbbursts within a given group were found to remain constant
to within + 20° (tendency for clustering of orientation) in
case of some type IIT groups of bursts. This has also been

" reported by many other authors.

(4) A detailedbstudy of an event at 25 MHz, which

occurred on July 14, 1969, revealed that the source of
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radiépion poséibly had background as well as burst
éomponehts. The background component was found to.be
strongly polarized and the burst component relativély
weakly polarized. Our analysis indicated’ that the two
components might have originated from two different
positions in Eh@ solar corona. Suéh_multiple sources
have now been verified by two~dimensional radiohélio—

graphic observations from Culgoora, Australia,

(5) The narrow band (800 Hz) polarization measure-—
ments at two ciosely—Spaccd frequencies, 34,993 and
34.997 MHz revealed that occasicnally there could be
appreciable variation in the polarization characteristics
of type IIT bursts in a band.of 4 KHz. This variation

is partly due to the frequeﬁcy depehdence'of the Faréddy

rotation and partly intrinsic to the source. .

(6) Tt was found that the distribution of- the difference
in orientations of the.narrow band (800 Hz) polarization-
ellipses.at two closely-spaced frequencies, 34,993 and
.34..997 MHz was not random. Inétead,'ﬁe found that for

many type III bursts the differénce in the orientation
angles at the two frequencies did not exceed 20?. This
indicates that the FParaday rotatiom suffered by type III

~ burst radiation at 35 MHz may not be as large as 10°

radians but should be.considerahly‘less( at leést by two

orders of magnitude. Dodge (1972) also reached similar
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- conclusions from his high frequency-resolution polarization

observations at 34 MHz.

(7) A few type III bursts were found to have a fre-
quency structure of the order of a few kilohertz.Ellis and
McCulloch (1966, 1967) and de la Noa and Boischot (1972)

have reported similar observations.

(8) Simultaneous measurements of polarization para-
meters in two bandwidths (7.5 and 12.5 KHz) showed that
type III burst radiation at 35‘MHZ suffered a Faraday
rotation of the order of 1O3 radians after passing through
the solar corona and the earth's ionOSpheref This is at
least two orders of magnitude less than what has been

expected theoretically.

(9) Because the Faraday rotation suffered by type TII
burst radiation at 35 MHz is bf thé order of 10° radians
only, it is thought that the odds against the existence
of linearly polarized type IIT bursts are veri much less

than what deker (1971) naa envisaged.

(10) It has been shown that the polarization properties

are imposed on type III burst radiation at about 1.6 to

1.75 Roy for 200 MHz and at about 4 to 4.5 R/~ for 35 MHz.
- L

This suggests that if the radiation is assumed to be

radiated at the local plasma frequency, then thc polar-

ization characteristics are imposed at a relatively higher
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»position_(compared to the position of the source of radiat-

ion) in the solar corona.

(11) Arguments have been given to account for the
observed low values of the Faraday rotation both at 35 and
at 200 MHz, An explénation in terms of mode coupling in

the presence of the magnetic field due to sunspots and at
tangential discontinuities has not been found to be entirely
satisfactory. An alternative explanation that type IIT
burst radiation may be emitted predominantly. at the second
harmonic of tﬁé local plasma frequency has been proposed.
Theoretical and observational evidences in support of this

explanation have been cited.

(12) Our observations ihdicated that a partialiy ellipti-
cally polérized type III burst radiation may not be repreéentw
ed in terms of two mutually incoherent 100 per cent circﬁlarly
and linearl? polarized signals, as has beeﬁ suggested by

Fokker (1971).

6.2 SUGGESTIONS FOR FURTHER STUDY
(1) From their observations made with an equipment

which completely eliminates the errors due to reflections
from the ground. CGrognard and McLean (1973) have argued
against the.existencé of linearly polarized type III
solar radio bursts at 80 -MHz. However, we feel that

linearly polarized type III bursts could't have been
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defécted by'their instfument if the Faraday rotation were

as low as 10° radians. This can be verified by a space-
correlation-type radio polarimeter which ‘can measure all

the four Stokes parameters simultaneously at two.widely
Separated sites. Siﬁce the ground reflection is very much
dependent upon the local properties of the ground, we feel
that by measUring all the four Stokes parameters simulta-
neously at two different sites and then taking the correlated
output for the determination of polarization parameters will

completely eliminate the errors due to ground reflections.

(2) For the determination of Faraday rotation at |
35 MHz, the following assumptions were made, (as mentioned /

in Section 5.,42)-: . |

The polarization characteristics of type III bursts . ’
) . . i
remain constant (1) over a bandwidth of at least 50 KHz !
i

and (2) during the integration time constant of the. polari-

meter.

These assumption become unnecessary, if the Faraday

rotation is measUred from the orientation angles determlned
at more than two closely-spaced frequencles (a few kilohertz

apart) around 35 MHz,

(3) Another important MeasUrement would be g simulta-
neous determination of the amounL of Faladay rotation at

the fundamental and the Second harmonic frequencies of
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those type III radio bursts which clearly show the existence
of both the harmonics. These measurements can help in decid-
ing whether or not the explanation, for the observed low
value of the Faraday rotation (suggested in this thesis) in
terms of emission of type III burst radiation predominantly at
the second harmonic of the local plasma frequency, is
meaningful. Such measurements can also provide important
clues about the other possible explanation in terms of mode
coupling. Two-dimensional high-resolution position deter-
mination together with simultaneous determination of the
Faracday rotation both at the fundamental and second harmonic
of a type III burst can be of immense importance provided

we understand a little more about the effect of scattering

(this comment has been made in view of Riddle's (1972)

)

paper’ .
(4) Theoretical studies of mode coupling mechanisms in
the solar corona deserve more attention. In particular,

one has to find out whether the tangential discontinuities
can providé strong mode coupling regions so as to explain
thé observed low values of the Faraday rotation both at

200 and at 35 MHz. If the tangential discontinuities can
provide strong mode coupling regions, then it is to be

' shown how these tangential discontinuities become completely
ineffective in providing the mode coupling regions near the
orbit of the earth. This is because our measurements indi-

cate that in a sample of 31 groups of type III bursts and
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13 isolated type ITIT bursts. tﬁe total Faraday rotation was
nevér as low as 100 radians,‘which ig the amount of the
Faraday rotation suffered by type iII burétAradiation at

35 MHz in the earth's ionosphere. In addition, it is to
be investigated how the polarization characteristics can
be imposed on the radiation at about 1.6 to 1,75 Rcv for
200 MHz and at about 4 to 4.5 R;j>for 35 MHz type iiI

bursts.

(5) Very little is known about the polarization chara-
cteristics of type III solar radio bursts as a function of
frequency. The available polarization observations at dif-
ferent frequencies belong to different periods of solar
activity. The fact that polarization characteristics of
type IIT bursts change from year to year ié clearly borne
out by the observations made by Chin et al. (1969, 1971),
Thus, it would seem very much desirable to make simulta--
neous polarization observations at various frequencies
covering a range of about 600 MHz to 30 MHz. POlarizatioﬁ‘
observations at hectometer and kilometer wavelengths by
satellite-borne radio polarimeters may also add signifi-
cantly to our knowledge of type III;burstsvoriginating in
the interplanetafy medium. Such observations can prove

to be of immense importance for the understanding of the
generation mechanism of type IIT bursts and the propagat-
ion characteristics and other aspects of both the inner |

corona and the interplanetary medium.
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1. Introduction

A time-sharing radio polarimeter operating at 35 MHz
has been set up at the Physical Research Laboratory,
Ahmedabad, India, in 1972 for the determinatiqn of Faraday
rotation suffered by the polarized component of solar radio
bursfs. The time-sharing scheﬁe used in the desion of this
polarimeter is similar to that of Suzuki and Tsuchiya (1958)
and Bhonsle and McNarry (1964 a) at 200 MHz and 74 MHz |
respeétively. The polarimeter outputs are recorded on
8-~channel chart recorder directly in terms of four Stokes'
paraheters simultaneously in the two bandwidths,namely,

7.5 and 12.5 KHz, with a time conétant of one second.

Sinée errors in the measurement of polarization parameters
can arise due to non-zero cross-talk between the two
antennas and reflections from ground and local objects, a
particular care has been taken in the desion of a cross-
polarized Yagl antenna system uéed for this polarimeter.

The measured antenna cross-talk is about -32 db, which
means that the error in the measurement of polarization
parameters'will not be more than 6 per cent. The antenna
system has -a half-power beam width of about 40° x 40°,
The front-to-back ratios of the antenna system has been
measured to be about 22 dh. In order to avoid unwanted
raqiation from ﬂhe‘source after ground reflection, the
nolarimeter is opéfated only for + 2 hours around the

local noon., The performance >f the polarimeter was further
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tested using galactic radio noise as an extended unoolarlzed
source and by transmlttlno a 35 MHz linearly polarized
signal from the height of about 300 feet vertically above
the antenna by means of a tethered balloon. All these
tests indicated that exrrors in the measurement of polarizat-

ion parameters do not exceed + 10%.

2. Results

Figure 1 shows the 35 MHz polarimeter recording made
with a bandwidth of 12.5 KHz, of a oroup of spectral type
ITT solar radio bursts, which occurred between 0425 and
0440 UT on August 1,1972. The occurrence of this group .
of type III bursts was confirmed by our solar radio
spectroscope as well as by the Culcoora solar radio
observatory. We have reduced the two bandw1dth (7.5 and
12.5 KHz) polarization data at the peak intensities of
type III solar radlo bursts at 35 ilHz in terms of the
degree of polarization, ax1al ratio and orientation angle
of the polarization @lllpse The total Faraday rotation
suffered by the plane of polarization of solar burst
radiation at 35 MH; has been calculated by applying the
theory of Faraday dispersion developed by Akabane and
Cohen (1961). |

Table I summarizes the two-bandwidth measurements of

polarization parameters required for the calculation of
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total Faraday rotation of the-plane of polarization of
type IIi solar radio bursts shown in Figure 1. It can be
seen from Table I that the total Faraday rofétion has a
mean value of 1.8 x ldg radians with‘extreme values lying

between 0.9 x 10° and 3.3 x 10° radians.

3. Discussion

Akabane and Cohen (1961) measured the Faraday
rotation of type III solar bursts at 200 MHz using the
two-bandwidth (10 and 22 KHz) analogue correlation-type
polarimeter. They théihed a value for the Faraday
rotation of the order of 104 radians which is at least one
order of magnitude smaller than the Hatanaka's (1956)
computed value. Dodge (1972) attempted to measure the
Faraday rotation within 3 KHz bandwidth at 34 MHz. But

he gave only an upper limit on the total Faraday rotation

to be of the order of 1.75 x 10° radians. This is in good

agreement with our measured mean value of 1.8 x 103 radians

at 35 MHz..

‘Thus it is clear, that our experimentally meésured
vaiue of the Faraday rotation at 35 MHz and'that of Akabane
and Cohen at 200 MHz and its upper limit. as given by Dodge
at 34 ¥MHz have been lower than the corresponding theoreti-

cally calculated values,.

It should be pointed out that about 10% of the total

Faraday rotation at 35 MHz can occur in the earth's
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jonosphere, that is, of the order of 100 radians. Contri-
bution fq the total Faraday rotatién by the interplanetary
magneto-ionic plasma is much less than that due to the

" earth's ionosphere. Thus, about 85 to 00% of the total
Faraday rotation must occur near the source. If one
calculates the total Faraday rotation, taking intp account
the polar magnetic field of the sun to be 1 gauss (ignoring
the magnetic field due to sunspots), it turns out to be

of the order of 105 radians. Therefore, one must find

out a reasonable explanation for the discrepancy of at:
least two orders of magnitude between the measured and
theoretically calculated values of the total Faradéy
rotétion. It is found that, none of the suagestions like
the magnetic field reversals, ducting and mode coupling at
tangential discontinuties in the maanetic field along the
Vpropagation path, can adequately explain the observed

low values of the Faraday rotation. Dodge (1972) favours
the idea of mode couplina at the tangential aiscontinuities
at higher‘levels in the solar corona as being resoonsible
fér the low values of the Faraday roiation. If this were
so, then one should observe, at least for some type IIL
bursts, the totalIFaraday rotation as iow as a Tew hundred
radians due to the earth's ionosphere alonga, because such
discontinuities have been observed near the orbit of the

carth by the space-crafts (Parker 1969). From the analysis
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of 35 groups of type I1I bursts during 1972 we have not
observed the total Faraday rotatioh less fhan 0.9 x 103 .
radians. This makes it difficult to explein the low. |
values of the Faraday rotation in terms of mode-couplind

at the tengential discontinuities. If one assumes that
type III bursts are generated primarily at the second
harmonic of the local plasma freguency then it would
naturally place the source at comparatively greater height

" in the solar corona, where both the magnetic field and
electron density are lower by an appropriate factor.. This
appears fo explain our observed values of Faraday rotation
bf the order of 103 radians. There is a strong theoretical
supoort to the idea that, at decameter and longer wave-
lengths, type 111 emission may be primarily generated at the
second harmonic of the local plasma.ffequency (Zheleznyakov
and Zaitsev 1970 a, b; Zaitsev et al. 1972), Zaitsev et al.
(1972) and Haddock and Alvarez (1973) substantiaté this
theory from the ahalysis of space-craft measurements of
type III bursts. We would like to emphasize that the idea
of second harmonic generafian has beén invoked only for
decameter ahd longer wavelengths because the physics bf

the solar corona seems to change beyond about 2 solar

radii from the center of the sun (Warwick 1965; Ellis and

McCulloch 1966, 1967; de la Nog and Boischot 1972).
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Many workers have reported the occurrence of strono
linear polarization in type III bursfs (Akabane and Cohen
1961; Bhonsle and McNarry 1964 b, Chin et al. 1971,

Dodge 1972). Our unpublished narrow-band polarization data
of type III bursts at 25 and 35 MHz also confirms the
occurrence o2f linear polarization. Fokker (1971).nointed
out that the occurrence of linear polarization in type III
bursts is inconsistent in the oresence 2f scattering
effects in the sdlar corona. Further, because of finite
bandwidth of the receiver, the radiation would be received
trom a certain thickness.of the éoufée region, This would
lead to depth depolarization within the sourée regibn. If
the total Faraday rotation were indeed‘iO5 radians or more,
then it would be impossible to observe linear polarization
of tynme III bursts. But in view of the measured Faraday
rotation of the order of 103 radlans at 35 MHz and an upoer
limit of about 5 x 107 radians at 74 MHz calculated from the
data of Bhonsle and McNarry (1964 b), the situation as
recards the occurrence of linear polarization is not all
that unfavourable. Groonard and McLean (1973) have claimed
the non-existence of linear polarization in type III bursts

at 80 MHz. However, it must be pointed osut that their

“instrument does not seem to have the capability of measuring

the small values of differential Faraday group delay
required for the Faraday rotation to be of the order of

103 radians,
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