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SYNOPSIS

when radio waves pass through the interplanetary medium they are

scattered by irregularities in the density of the interplanetary plasma.

One of the manifestations of this scattering is interplanetary scintillation

(IPS), which is the fluctuation of the apparent intensity of compact radio

sources when the line of sight to the source approaches the Sun. The study

of IPS has yielded considerable information on the properties of the solar

wind and on the sm q 11 scale structure of radio sources. This thesis is

concerned with the observations and analysis of I.CS at 327 MHz, using the

Ooty Radio Telescope.

In chapter II we review the various theoretical results used in

interpreting the observations. The thin screen model is examined in some

detail and the various approximations that are commonly used, are derived.

The affect of an evolving pattern in the screen is also considered and it

is shown that for strong scattering, the random velocities estimated from

the observed intensity pattern on the ground can be considerably larger

than what is present in the interplanetary medium.

In chapter III we describe the observations and the calculation of

the scintillation indices and the power spectra. In Chapter IV we interpret

the observations and estimate the r.m.s.-phase fluctuation and the scale

size of the irregularities. While there is good agreement between our

estimates of the r.m.s. phase fluctuation and those of other workers, our

scale sizes differ considerably from the scale sizes reported by the

Cambridge group. de attribute this discrepancy to the correction they make

for the finite diameter of the scintillating source and to the model on

which the correction is based. Our observations, which do not require any
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correction, show that between 0.25 11.U. and 0.7 A.U. from the Sun, the

scale size is roughly constant and it does not increase linearly with

distance,as haa been suggested earlier. The turnover of the scintillation

index close to the Sun is also discussed and it is shown that the broadening

of tho power spectrum close to the Sun is not compatible with the source

size explanation for the turnover.

Our attempts to measure the velocity of the solar wind from single

station observations by calculating the Besse' transform of the intensity

fluctuations, are described in chaptsr V. For most of the observations

the Fresno -1 filter pattern was not seen and so the velocity could not be

estimated. The possible reasons for our not seeing the Fresnel pattern

are discussed.

In chapter V1 we estimate the angular diameters of the nino sources

we have observed and compare them with the results of other measurements.

In the last chapter we summarise our results and point out the

various outstanding problems in IPS. Jo also discuss the ways in which

some of these problems could be resolved.
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Statement required under 0.770

No part of the work presented in this thesis has been submitted

previously for any degree or diploma or other academic award in the

3ombay- University . or any other University or body.

Statement required under 0.771

This thesis presents new observations of Interplanetary Scin-

tillations at 327 AHz. Our observations show- that the size of the small

scale irregularities does not increase linearly with distance from the

Sun, as has boon suggested earlier by other workers. It is important to

establish the scale size of the irregularities and its variation with

distance from the Sun, since these quantities throw light on the origin

of the small scale structure of the solar wind. Further, the estimated

diameters of the scintillating sources depend sensitively on the assumed

scale size of the irregularities. 4e have proposed an improved description

of the small scale structure in the solar wind and have used it to estimate

the diameters of the observed sources. The observations and most of the

interpretation presented in this thesis are original. References are

given in appropriate places whenever use has been made of the work of other

people.

The observations were made in collaboration with Mr. S. Ananthakrishnar

and Ar.	 Shandari. Howel.er, most of the analysis and interpretation

were done by me.

*********
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L:i.fRODUC'T.IU‘

Radio waves bropaatin6 throu„h the interplanetary IP) medium

are scattered by irfe„;ularities in the plasma density. Two consequences

of this scatsering are the angular broadening of radio sources and the

fluctuations in the intensity of compact radio sources when they are seen

through tne IP medium. The prese,A thesis describes a study of the latter

phenomenon, which is called Interplanetary Jcintiliations (1E4, and the

es6imation of some of the prope:ties of the small scale structure in the

solr wind.

The idea of investiatinL; the solar corona by studying its effects

on radio waves propag&tin. through it, was first su i;ested by Vitkevitch

(152) and by .lachia and 3mith a9b2). At that time it aas LnoJn from

optical observations that the sol,.r corona was diade up of ionised gases

Whose density was such that the plasma frequency was in the radio frequency

range. .:lints radio waves ca • not propagate in reJiona Jhere the plasma

frequency- is higher than the radio frequency, the size of the occultin,±; disc

of the Jun is essentially -	 distance at which the two frequencies are equal,

and it varies with fre . uenc . , maim larJer at loser frequencies. It was

su,ested by the above authors that by studyint the occultation of the Crab

nebula by the Sun and by measurint; the size of the occultation disc of the

.$un, it should be possible to estimate the plasma density in the solar corona.

Observ-tichs of tne Grab durin6 the occultation Jere made usin6 radio inter-

ferometers, by .Machin and auith (1(,:t2) and by hewish (155) and they found

th_t long before the source got occulted, the observed visibilit; of the

source decreased and this decrease was rou6hly indeoendent of frequency.



The observations were interpreted by Hewish as due to the angular broadening

of the Crab nebula caused by the scattering of the radio waves by the density

irzeguiarities in the coronal plasma. The obL,erved angular broadening depends

on a , the scale size of the density irregularities and on 4, the root

mean s.ju. ia 27.m.^) pha.,:e fluctuation imposed by the medium on the incident

•wave front. If 00 .<=.< 1, the angle of scattering is equal to	 '70, where

,is the wavelenth Lt which the observation is made. However, if

the angle of scattering, and hence the observed angular size is edual to

jinoe	 is proportional to	 by studying the deeadence

of the angular broadening on Javelength, Hewish a955) concluded that the

scattering idd3 strong i.e. 4 .7,1, and so, from the observed angular broadening

one could not measure the absolute value of a and A) , but could estimate

only their r,,tio. $iace tnen ani;ular broadenin, has been measured by a number

of ob3ervers at various fra_juencie and it has been established that she

angular broadening decreases with distance from the Jun as a power law with

index in the range 1. to 2.5. Howevir these observations could not give

usaftl estimates of the parazaeters of the If medium since they gave only the

ratio of a to 0O'

The absolute determin,:tion of a and 	 0o has been possiole only

after the discovery, in Ca ibridge in 1(j62, that compact radio sources show

marked intensity fluctuations when the lint of sight to the source comes

close to the Jun. The stud of this phenomenon, which is called Interplanetary

oCLntifliion (I13 ), has yielded a wealth of inforlation on the small scale

density irregularities in the II- medium. 1i-L3 is another manifestation of
the scattering of radio waves in the IP medium. 	 It arises Shen the scattered

radi:Jtions interfee with each other producing a randomly varying intensity



pattern on the ground. Since the IF medium moves away from the Sun with

a velocit, . of asout 400 km s-1 forming what has been called the solar wind,

the intensity pattern on the ground also MOV0s with a similar velocity,

with the result that the intensity at any point on the ground varies rapidly

with time.

Soth sin( . Le station observations and multi station observations

of lPS have been made. In sin„Le station observations the variations of the

intensity of the source with time are recorded and the time scale of the

fluctuations and its strength, as measured by the scintillation index, are

estimated. From the observed time scales, the scale size of the intensity

fluctuations on the ground canoe deduced only if one knows the velocity of

the pattern on the ground. For most single station obsery

has to be assumed. In multi station ooservations 	 assumption is not

re Auired since the velocity of the pattern is also measured. In these obser-

vations the intensity is simultaneously measured at three points on the

ground.chic: are separated by about a hundred kilometers or so. Sy measuring

the delay in the arrival -,;_uses of the fluctuations and from the Lnon distances

between the stLtions, the velocity of the pattern on the ground can be deduced.

The relation between the observed velocity on the ground and the solar wind

fairly straight forward and there is general agree sent between

the various observations.. The solar wind velocity is found to be roughly

radial and indeenden of distance from the Sun in the range 0.3 A.U. to

1.0	 In this range the velocity has a value 1)at4een 350 and 450 ks s-1 .

There is SOM3 evidence tht closer than 0.2	 from the Sun the velocity

of the sol-r wind decreases.

ations this velocity
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To estimate	 and a one has to compare the observed scinti-

llation indeL and scale size on the ground with the theoreticA predictions.

I iiseful theoretical results can be derived only in the weak scattering

regime where 0<< 1. fe50 increases as the line of sight to the source

approaches the Sun and th yle at any frequency, there is beer limit on

the :iistrice from the Sun for which useful estimates of the properties of

the medium can be got. At large distances from the Sun the scintillations

are too weak to be observed in the presence of the receiver noise. fhe

largest distance from the Sun at which observations can be made is determined

mainly by the system temperature and by the intensity of the source. Thus

at any frequency qe can estimate the properties of only that part of the IP

medium that lies between these two limits. Since 4 is inversely propor-

tional to the observing fraquenc:i the properties of the IP medium at different

distances from the Sun can be estimated by studying IPS at different fre-

quencies. Hoiever, combining the observations at different frequencies and

forming an overall picture of the IP medium is not very easy since the obser-

vations at different frequencies are generily made by different observers

using different instruments and methods of analysis. chile there is reaso-

nably good agreement bet, en the estimates of 4 at various frequencies,

the situation re4irding the scale size of the irregularities is not vary

satisfactory. The ooserved scale size of the intensi4 fluctuations on the

ground depends on both the scale size in the medium and on the angular

diameter of the scintillating source. Since neither of these quantities are

known, from the observed scale sizes one has to aake a self consistent

model for both the structure of the source and the scale size of the irre-

gularities. Thus the estimates of the scale sizes are not unambiguous and

the agreement between the different observations is not very good.



in this thesis we present new single station IP3 observations at

627 Ahz and estimate 00 aad a for distances from the Sun in the range

0.25 h. J. to 0.7	 e show that the effect of source size on the observed

scale sizes is nagli.,iote for our estimates in this range. Eletween 0.25 and

0.7	 the scale size is observed to e nearly independent of distance

from the Sun ',Lich is in contrast to the earlier results which indicated

that the scale size increased api-,roximately linearly with distance from the

Sun. The discrepanct seams mainly due to the corrections made by earlier

workers for the effect of the source size.

The first part of this thesis wi11 be devoted to the theory of the

phenomenon. After a brief discuseion of wave propagation in a randomly

inhomo'geneons medium we wHii examine in some detail the thin phase screen

model for	 jsidg a ::::nified treatment Ae will derive a number of results

which have earlier been derived cy different worxers using different approaches.

In the second part of the thesis we ails. describe the observations and the

analysis of the dat. In chapter ,1 we give our interpretation of our data

and combine the available ouservAions to form an ov3rali picture of the

IF medium. In chapter b 'cc ,)resent our measurements of the 3essel tr-Ansforms

of the intensity fluctuations, using which ce have tried to estimate the

velocity of the ooi,r Jind using Our single station observations. The angular

structures of the sources we have studied are estimated in the next chapter

while in the last chapter JO sum . ":_rise our conclusions and discuss their

implications.
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