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SYNOPSIS

Jhen radio waves pass through the interplanetary medium they are
gcattered by irreguiarities 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 small scale structure of radio sources. This thesis is
concerned witii the obssrvations and analysis of IS at 327 Mz, using the
Ooty Radio Tzlescopsz.

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.
[he eofiect of an evolving pattern in the screen is also considered and it
is shown that for strong scattering, the random velocitiss estimated from
the observed intensisy pabhern on the ground can be considerably larger
than what is presont in the interplanetary medium.

In chapter I1L we describe the obscrvations and the calculation of
the scintillation indicss and the power spectra. In Chapter IV we interpret
the observations and estimabe the r.m.s. phase fluctuation and the scale
size of the irregularitics. wWhile there is good agrecment betwean our
gstimates of the r.m.s. phase fluctuation and those of other workers, our
scale sizes differ consider;bly from the scalc sizes reported by the
Cambridge group,  We attribute this discrepancy to the correcction 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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corrasction, show that between 0.25 a.U. and 0.7 A.U. from the Sun, the
scale size is rougnly constant and 1t does not increase lincarly with
distance, as has bocn suggested earlicr. The turnover of the scintillation
indexz close to the Jun 1s also discusscd and it is shouwn that the broadening
of the power spectrum close to the Sun is not compatible with the source
size exXplanation rfor the turnover,

Cur attenpts Lo mea;ure the volocity of the solar wind from single
gstaticn obssrvations by calculating the Bessel transform of the intensity
fluctuations, are described in chaptor V., For most of the observations

the Fresncl filter pattern was not seen and so the velocity could not be

In chaptor Vi we estimate the angular diameters of the nine sources

D

we have obscerved and compare thom with the results of other measurcments.
In the last chapter we summarisc our results and point out the

various outstanding probluoms in IPs. We also discuss the ways in which

somu of these problems could be resolved.
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No part of the work presented in this thesis hasg bcen submitted
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sombay University or any othor University or body.

otatement reguired under C.771

This thesis presents new obscrvations of Interplanetary Scin-

tillations at 327 [Hz. Our obscrvations snow that the size of the small

)

scalc irregularitics dous not increcase lincarly with distance from the

(o)

ur, as has becn suggested cariiecr by other workers., It is important to i

sstablisn the scalc size of the irrcgularitics and its variation with

¢t

distance from the S, since these quantitics throw light on the origin

' 3 : . . 9 . |
of the small scals structure of the solar wind., Further, the cstimated

F

diameters of the scintillating sources depend sensitively on the assumed
scalc sizc of the irrsguluritics. We have proposed an improved description
of the small scals structurs in the solur wind and have used it to cstimate
th: diamcters of the obscrved sources. The observations and most of the
interpretation pressnted in this thosis are original., References are

given in appropriatc places whoenever use has boen made of the work of other
people.

The obscrvations were made in coltaboration with Mr., 3. Ananthakrishnar
and dr. S.:l. Bhandori. However, most of the analysis and interpretation

Jo1re done by na,
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odaPluil 1

PRODYCT LUK

Radio waves propajzating through the interplanstary 1P) medium
are scabvbered by irrssulerities in the plasma density., Two consegusnces
of ulils scabizring are tiz anguler oroadenin, of radio sources and the
fluctustions in the 1atensity ol compact radio sources uhen they are scen
througl: e IP medaum. Ihe priseat Ghesis describes u study od the latter
phienomenon, whicii is calied Interpianetary dcintiliations (IP5), and the
es imation of soa2 oi the propsrliss ol the small scale structure in the
solr wind.

The idea of wavestizabting Ui soler corona by studying its effects
on radio waves propagetin, tirou n ib, Wwas lirst sujgested by Vitkevitch
(1vb2) and oy sdachin and Siithn (1902). 4t that time it was inoun from

optical observetbions that the sol.r corona vas aade up of ionisad gases

(5

whoge density wes such that tne plasma frequency was in the radio fregusncy
range. woincs radio wavss ca moh propagate in regions diere the plasia

frequency is hijher than ths raedlo fregqusncy, th: size oi the occulting disc

of thz sun 1s sssentlally o2 distancs st uhich the tuo frszyuencies are equal,

and 1t varies witn frsjusncy, bzing larger at lowsr frejusncies. It was
suz.ested by the above authorsy that by studying the occultation of the Crabd
nebula by vhe sSun and by msosurin, ohe size of the occultation disc of the
Jun, it should be possibiz to ssbimate the plusma d2nsity in the sol.r corona.
Observation: of tile Urabh during the occultation sere made using ruadio inter-
ferometars, by dachin and 3aitn (1952) and by Hewish (1955) and they found
thet long before the sourcs ;09 occulhbad, tie observad visibility oi the

gsource decreased and thils decrewse was roughly independent of freyusncy
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the observations uers interpreted by Hewish as dus to the angular oroadening
of the Urao nebulu caused by the scattering of the radioc waves by ths density
irirsgularatizs in the coronal plasma. The obusrved anguler broadening depends
on a , btis sculs size of the density irrspulurities and on ﬁé, the root

=

moail sy re (r.m.s) phase Cluctuatlion imposed by tixe wmedium on the incident

3 o A - . - o) . . ! .
dave froat, If @2 << 1, ths angle of scatbering is eyual to >><;ﬂ'g‘wnere
Als the wavelen_ th at wiiich the obu:rv.tion is made. flouever, if ﬁoji>l,
lie angie of scattering, and "3nce thie observed angular size is eqgual to

i - . / . . . . .
PO ST, . Since @ is proportional to by studvyin, the de.cadence
H o N O IS P b 1 o i

N

of ths anguiar oroadenin, on Javelensth, Hewisih (1955) concluded that the
scatoering was strony i.e. F:1, and so, from thie observed angular broadening
onz could not asasiure the ubsolute value of a and éo, oub could estimate
oniy uhicir ratio. Since tien angalar broadening has ocen measured by a number
of' opbservers at various frejusncizs and 16 has been establisnsd that ﬁhe
angulur bdroudening decredsss With distunce from the sun as a power law with
index 1n tue runge 1.0 to 2.5, Howev:r thess obssrvutions could not give

seful estinwtes of the parcasters of the IP medium since they gave only the
ratio of & to ﬁo.

Ine absolubs debsrain.tion of a and ﬁo has been possivle only
afser the discovery, in Ca ibridge in 1V52, that compact radio sourcss show
darhsd intensity fluctuations when the 1in. of sight to the source coass
close to the Sun, Ihe studs ol this phenomsnon, which is culled Interplanetary
Scintillution (IPS), has yisided a wealtil of inforastion on the small scals
density irregulurifties in the IP mediun. IFS is another munifestation of

the scattering of radio waves in ths IP mediwn, It arises when the scattered

radictions inverfe.s witi euach obher producing a randomly varying intensity



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

o L . - . . ) : 5 .
a veloecit, of wbout 400 km s™+ forain; what has besen called the solar wind,
tite intensity patbern on uine ground also moves wWitn a similar valocity,

Jitii thiz result bthat the intensity at any point on thie grownd varies rapidly

Joth sin,;le station obssrvations and multi station observations
of 1F5 havs oeen made. In sin,le station obsarvations the variations of the
intensity of the source with time are recorded and the time scale of the
fluctuutions and its strength, us measured by the scintillatbtion index, are
estimated., From the observed tima scales, the scale size of the intensity

fluctuations on the ground can e deduced only if one knows the velocity of
(= v v

4o

tie patbiern on b2 ground. For most single station observations this velocity
iles Lo ve assured. In multi stution ooservations :his assumption is not
required since the veioclty of the pattem is slso measured, In these obssr—
vations tie intsnsity is simultansously me:asured at three poinbs on the

ground whici ars separated oy avout a hundred kilomezters or so. By measuring
the dslay in bthe arrival osines of the fluctuations and from the kno n distances
hetusen the stetions, the velocity of the patitern on the ground can be deduced.
e rolation botwesen tie owvszrved veloecity on the ground and tne solur wind
velocit, i. fairly straaght forward and there is general agrssient between
the various ooservations. The solar wind velocity is found to be roughly
radial and inde :endent of distencs {rom the Sun in the range 0.3 &.U. to
1.0 «.d, In this range the velocity has a value betwesn 350 and 450 kaz s-l.
There is soms evidence tliet closer than 0.2 a.Jd. from the Sun the valocity

of the sol.r »#inl decreasas.
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fo sstimate Lo and a one has to compare ths observed scinti-

Mation inde< and scals size on the ground with the theorstic.l predictions.

P Useful tlieoreticusl results cun e derived only in the wean scattering

reglng wiere ¢O<K 3ho ﬁc increuses as the line of sighit to the source

approaches the oun and tnus at any Ifregusncy, thers is @ louer limit on

: be uistuncs froa the Sun for which usaful estimates of the propsrtiss of
|

the mediuam can bs got., At large distances from the Sun the scintillations

ars too weak Lo Ne ovsservad in the presence of the receiver noise. lhs

a from the Sun at which observations can be made 1s determined

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

at any frejuency ws can estimete the properiies of only that part of the IP

medium thut liss betwsen these tuo limits. Since ﬁo is inversely propor-

tional to the observin, freguency, the properties of the IP medium at different

distances from thne sun can be sstimabed by studying IP3 at different fre~

guencies. Howuesvaer, combinin. the observations at different frejuencies and

forming an overall picture of the 1P medium is not very esasy since the obser-

vations at different frejuencizs are ysner.lly made by diiferent observers

using differsnc instraments and nethods of analysis. hile there is reaso-

navly good agreement betuwean ths estimates of ﬁo at various fregusncies,

the situation recardin, tue scals size of the irregularitizs is not very

satisfuctory. The observaed scals size of she intensicy fluctuations on the

ground depends on both the scal: sise in the msdium and on the angular

diageter of tue scintillating source., 3ince neither of these guantitiess are

known, from the observed scale slzes one has to make a sell consistent
J

model for poth the struchture of bthe source and the scale size of the irre-

Pgularities., Thus the estinutes of the scal: sizes are not unambiguous and

ftile agroensnt between the differsnt observations is not very good.
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In uais toesis we pressat new single station IPs ovservations at

i

527 MHz and sstimete ﬁo and a for distances from the Jun in the range

0.2b a.d. to 0,7 a.J. e show thut the effect of source size on the observed

scall 31zss 1o negli inle for our esbtimubzs in this range. Betwzen 0.25 and

Uo7 wietds Bhiz scale slzs is odssrved to e nearly independent of iistance

{rom Ghie Sun wi.ch 1s in contrast bo the carlier results which indicated

mat tite scals slzs increased approximately linearly with distance from the

Jun. The discrepanc, seams mainly due to &he correciions made by earlicr

workers for the etiect of ths gourcs gisze.
The first part of this thesis will be devotzsd to the theory of the

phenomenon, After a bri:f discus.ion of wave propugation in a randomly

innomo jenzo0us mediua we Will sxamine in some detall the thin phase screen

model for iro. Using o« onified treatuent e will derive a numver of results

wnich have sarlier ossn derived oy different workers using different approaches.

In the second part of the thesis we 4ill descrine the ovservabions and the

analysis of Tz date. In chapber ¢« we give our interpretation of our data

and comoine the availabls ovservitions to form an overali picture of the

* IP wedium. In chapter b ue nresent our measurements of the Bessel trunsforms

::of tie intensivy fluctuations, using which ue have tried to estinate the

Bvelocity of the wol.r .ind using our single station observations. The angular

bstructurss of the sources we have studied are estimated in the next chiupter

Bl in the last cuapter se suiwrise our conclusions and discuss their

Cimplications.
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