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Broowl [RaofORS

In section 2.11 we have scen that tne 3dessel transform of the
tenporal acl of tne intensity fluctustions shows the Fresnsl modulation much
more cleerly than the powsr spectrun. I[he interest in detecting the Fresnel
wodulation lies in tne fuct that if we sae it we can directly estimate 2?4¢&
and since Lthe vaiue of 2z cun be assunad witnout too much error, we can,
from single station obsarvations, wmeasure tus valocity of the solar wind.
Lovelace ot al. (1970) have computed the sessel transforms for 8 observations
of UIa 21 and on 3 occasions they observed deep wmimima which they could interpre’
as due to Fresnel filtering and could uss to estimats tie velocity of the solar
wind. fo study the usafulnsss of this technijue for systematically studying
the vaeiocity oi the solar wind, we have computed the Bessel tranaforms for
all our observations. w3 find that the Fresnel modulation can be se2en only
very rareiy am so this method is not of much value as a regular probe of the
golar wind, TIiis result was mot very surprising since if the fresnel modula-
tion were presant, thzy shouid have snown up, thogh with smaller amplituds,
on ths power spectrum, and the power spectra on anost days show no modulation.

de have not atbeaptad Lo directly wnsasure the Hessel transiorm from
tne teaporal acf wainly vecause the sesssl transforn, unlike the Fourier
transtormm, does not have the property that the transforn of a convolution
integral is the product of the individual transforms (Sneddon (1951)). The
measarad intensity fluctuations are smoothed by the R-C time constant and
so the obsarved tamporal acf is the scintillation acf convolved with the

acf of the time constant. Thus ths measured acf cannot directly be used for
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calculating the Bessel transform. The correct thing to do would be to

compute the power spectrum of the intensity fluctuations, correct the spectrum
for the effect of the time constant, take the inverse Fourier transfomm to

get tne scintillation acf and use thas to calculate the Bessel transform

using equation (2.81). This is too involved a procedure and we huave preferred
to estimate the Bessel transform by ueing the property that it is egual to

the avel transfomm of the temporal power spsctrum. The power spectra of the
scintillations had already peen computed and were stored on magnetic tape

and 30 all one had to do was to read them back into the computer amd caiculate
ths abel transfomm.

The direct computation of the abel transform using the definition

GH)=-=+ Ob(dp(ﬂ)/( fz)/l G

is complicated by the presence of a singularity in the integrand at x = f,

This can be reanoved by inbegrating by parts to give

G(})=t;:: JjObt [a& R i[ E‘-S(;)] (5.2)

wnere wa Have assunsd that the power spectrum and its derivatives vamish

at x =W |, Ihis nethod was tested by feeding noise free functions whose
Abel transforms couid be analytically calculated and by sseing if the
computed transfom agreed with the theoretical transfomm. One such function

was the powsr spectrum of the intensity fluctuubions in the thin screen

modal given by eyuation (2.84) whose Abel transfom is given by equation (2.85).

The estimates of the Abel transform got by numerically integrating equation (5.2

were generally in poor agresment with the theorstical estimates and showed
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a marked temdency to go nsgebive, Assuming that this is due to the sidelobss
in tne transforn we have, following the suggestion made by Lovelace et al.
\1970), computad ths pre whiteansd Bessel transforn -L(y(f)\ﬂhlcfl has a smaller
3 )

range of valuss axl so is lsss susceptibie to the affscts of the sidelobes.
Jnlike Lovelace et al. wio started from the acf ws have calculated ths pre
whitened Bessel transfom from the poser spectrum itself using a modified

fora of the Abel transform. 3iace the powsr spectrun and the Bessel transform

are a abel transform pair, they are related by derinition (Sracewall (1965)).

- Gl
P(L) = | A%
1 Jqﬁ [~= e (5. 3a)
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48 have to get an expression for :}-{J <'f’) Lat us define & funetion y(f)
,, . : g 9B L. arl . .
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. . e l
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waich is siumiler to eyuation (5.3b) siowing that g(x) amd - ’\L"()fom an

abel transform pair. 3o g(f) can be got from squation (5.3a) w:Lth — '{>
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in the place of G(f) giving
30 (o]

(_jL) = __:L‘ J( f—l{*){)wl_ A% 3 :L (P/("Q \_!1}142 Ax
Ty da |

2 e




1456

where we have intograted by parts anl assunsd that P(X) goes to zero at
x = 00 |, The pre whitensd bessel transform is given by
L o \ N,
- ,/ ‘ ! d } (o\.\ ’\2 i)’)/ld IJ(Y)
/ < \"C}K‘F)“‘“‘"—‘"' | Jk(,;(~‘
T ) = e A J(5.4)

Nunsrical. evaluation of esquation (5.4) gave guive satisfactory results for

the abel transform and tnis sexpragsion was used to calculate the Besssl
transforms of all the data., Powsr spectra with a resolution of 0.025 Ha
were read into the computer from the magnstic tape amd their Abel transforms
computed., The Abel transforms were smeothed by taking running means to give
a fairly stable spectrun with resolution of 0.1 Hz.

Tie Bassal transformas were examined far the Fresnel modulation
whaich could be identified by its oeharacteristic signature of a train of minima
at freyuaencies which are proportional te é?ﬁ The Bessel transforms of 6 or
fower minutes ~f data showed quite a number of deep minima which occurred

at random freguencies and were due just to the moise. Transforms of 9 or amorse

minvtes of data ars more stable but even these rarely show minima at frequencies

proportional to ‘J;; vf tiie 50 or so Bessel tran.forms computad only on two
occassions did we find « seyuence of minima at freyuenciss proportional to 4:;
In figurs 20 we show the Bessel transform for the source Pun3 2203-18 on

March 1971, The first minimun is at 0.7 Hs., Uadng. the expression for the

first null

}E\ - V/\/’g}_\“ (6.5)

am setting 2z = 0.9 4.J,, we get V = 260 kn s"l. BExamimation of figure 20

shows that even on this day it is debatable whether the minima are really

e s e
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Figure 20. Bescel transform of PES 2203-18 on 8 March 1871,
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due to Fresanel filtering or are just & shance occurrence of noise peaks.
The Bessel transform of Pud 0115-01 on 6 slay, 1971 shows three desp minima
going as n, which gives V = 370 ka gi. But with only three minima it
is again quite possible that this is just noise and the occurrence of the
oinima at the proper freguencises is due to chance, Thus the evidencs in
favour of our having seen Fresnel filtsering sffects is not very convineing
and tr;a only conclusion wa can draw is that under typical conditions no
Frasnal modulation is sessn, Ward et al, (1972) have reached a similar
conclusion based on thsir obssrvations at 80 iz,

The ghsence of the rfresnel modulation ganmpt be attributed to lack
of frequency rssslution in the sessel brgnsform. From equation (5.5), for
V =350 km s”t amd 2z = 1 a.U. the first null in the trensform should occur
at 0.9 43. Subsequeny minima should oc¢gur at {; %X Qo9 Ha. vinere e dligiliss
With sur resslution of 0.1 Hz we should easily sed 4 or 5 minima if they
ars present, Since we cannet explain the absence of modulatien by instrumental
ellects, we have (e examine the various mechanjsmg which reduce the Fresnel
modulation,

In szsction 2,11 we nave sean that the amplitude of the Fresnel
modulation in the isessel transicrm decreases if the irregularities are elon-
gated in the direction of the solar wind veloeity and that the amplitude is
given by (/Ca:;.gx/gagg‘ >\/;where tan Qy = ;)—2-:- = %__%L . In the symmetrical

N Y Zai - edig
case 6, = Gy and there is 100% medulation. The ratioc of the scale sizes
parallel and perpendicular to the solar wird has a value between 1 and 2 .

L8t us take the wnrst case and assume it is equal to 2, Tie scale size

estimated from the second moment is roughly equal to ay the scale in the
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gqirection of 4.3 soler wind, Leb us assms that a, and ay have the

P
values 100 sm ami 50 ka respsctivel, which is compabible with the observations
of the second moment and the assuned ardsotropy ol rabio of 2, Assualng an
averaga value for z egual to 0.9 4.U., these scale sizes give 6, = 75° amd
e 85° amd tihe amplitude of the modulation reduces to about 65% which
should still be observable, Tne actual anisotropy ratio is likely to be less
than 2 and so it seems unlikely thet the absence of the wodulation in the
observed spectra is caused parsly by thie elonzation of the irregularities.
The thickness of the scattering mediun alsoe reduces the observable
modulation in the Fourier and ijessel transforms. In tlie weak scattering
regimes Wwe can regard tne extended aedium to Le a collection of thin screens
et dafferent disvances from the observer, The observeu power spectrum is
the sun ef the spectra produced by the various screens, Jince the scresas
are ot different distuiaces {rom the observer, thsy produce Fresnel modulation
4L the nulls ogeurring ab diiferent freyuencies which causes tha modulation
in the observed spectrun to bz smeared out, If we consider the wedium to be

i .o i L
wniiorm and to estemd from 2z + = to 2z - 5 the observed Fourier transform

2
is given by (Salreter (1957)) (B b 2. KOk
. < = [} ‘ =
L e ’_\ | g 4 { o ( 7~ U
D — P " M I~ 4 L “
M) = 4 v (0 e N ak
e et j
2 F 1= 2 () (3]
S S i

I'nis expression is not of mucl use in compubing the expected power spectra
for two reasons. Firstl, the IP mediun cannct be regarded as o uniform slab
of material since the r.,m.s. vhase [luctuation produced by the medium is

s

Mk 27 : : 5 PR .
proporiional to T and so varies alony the line of sight to the source,
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Secomdly, to convert the spatial frequencies to temporal freguencies we must
know the velocity of the solar wirnd perpendicular to the line of sight. If
We assume that the radiai velocity is constant, the component perpendicular
to the line of sight varies with distance because of varying projection
affects and this increasss the smearing. o can take thess two effects into
account and express tihe axpected power spectrum as an integral but it is not
possible to get an analytical solution to the integral. ward et al. (1872)
have taken these two efiects into acceunt and have estimated by numerical
calculations the power spectrum at various elongations. They have assumed

Lo g suggested my readhsad (1971) but since

that scale gizes increases ag r
the assumed dependence of the scals size will not substantially aifect the
snearing, Wwg Wwill gimply quote their results. Their cemputations show that

for p> 0.6 a.U, thers is consideravle smearing but for smaller slongations
the Fresnel modulation shouid be sesn on the power spectra., In the Bessel
transferm the modulztion will be even larger and so simple geometrical smearing
alons cannot axplain the aovsence of the modulation in the observed Bessel
transforn,

The presence of a random component in the velocity of the solar wimd
also reduces tie amplitude of tne modulation. The measured velocity of the
sclar wind fluctuates considerably with time about its mean value and s0 it
is reasonable to assume that at any given time the wvelocity nf the solar wind
will vary with position. 1In the above calculation it was assumed that the
only variation in the velocity was due to projesction effects. If we assume
thnat in addition to tihe projection effect there is a random variation of
velocity with position, the smearing of the modulation increases. The magnitude

of this effect depends on the magnitude of the random component in the

e Ty ripms ks o L AT TR A
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velscibty., aard et al. (1972 have compubed the power spectrum with a 10p

peak tu paak random variaticon in the velucity and they find that the modu-

latiun is considerably reduced. arastrong et al, (972) have suggested that §
the fluctuating component in the velociby may ve 25% or more in which case,
the nodulation would be completely washed oat. To make guanbtitative estimates
of this effect one mast know the origin of the velocity fluctuations. If
wo assune that it is die to the velocity varying with position one has to
know tha typical scale sizg of tne velocity fluctuation since it the scale !
size ig much larger tnan 0.2 or 0.3 a.U. which is the typical effective width
of the wmediuwa, the smearing effect of tne random velocity is negligible. If
however the random velocities are due to the presence of turbulence in the
solar wini, in which cise the velocity fieid varies with both space and
tims, then the time scals ol the fluctuation also plays a role in smearing
the umodulatien, If the time scaie is ilargsr than the typical averaging time
of avout 1Q minubes, the time vuriations do not smear the modulations Oxne
could in principle test the importance of tims variations by avaraging the
sessel transform over lsss nuab2er of minubtes and seeing if the aodulation
becomnss proaminent, However thiis 1s not a practical proposition pecause when
we reduce the length of averaging the statistical stapvility of the spectrum
reducezs and the tran.form bzucomes too noisy to make any conclusion. If the
solar wind is turbulent it is quite likely that in each of the thin screens
that consticute the extended nedium, the pattern is no longar frozen in and
as discussed in section 2.11b, this also smooths out the Fresnel modulation.
Tius the absence of the modulation in the observed spectrum canmot

pe explainad by anisotropy oi the irregularities or by geometrical smearing
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effects, In order to explain ths absence it ssems to be necessary to
introduce « randoaly varying componsnt in tne velocity of the solar wirnd,
From Qur guiarwtions we cannos decide whebinaer tiie solar wind velocity
varies Wwith posiflon or witin time or wistner there is an iabrinsic spread

in the velogity dat euch point in spuce and yime.
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SIRJSTIRA OF [rut SCINITAlING SQURCS3

In section 2.y we have seean thut the spatial power spectrum for an

exteaded sgurce is related to tne visibdidilby funchion of the sgurce by

z
szf(\v?\/ Fid \/<§-%W M{ﬁ (C?_,) (=

whicil shows that we can estimate tne visibility function &% the sgource by
dividing the nsasured spatial spectrum by that of a point gource, However
whdt Wwg mgesyrad is btue bLeaporal powsy gpsciruam which is related te the gpatiagl

Spectrume Ry

)= B { M (B 0.) dg,

Becausg of the integration ov:r 4y s the visibility fungtiom cannef e
directiy estimstsed from the ouserved spectra and the only way one ggn estimate
the structure oi the source is b, comparing the observed spectra with spectra
computad Jor diffesent sourca woials. 3ince ¢emparison of the Jetailed pewer
spactra is difficult, we nuve relsrrad to estimate the source structurs by
using only the width of tie spectrum 48 msasured by the second moment f5.
In cases Where tue owssrved m and f, are coapatible with more than one
model for the source, /e huve inberpreted bthe source in terams ot the simplest
model.

If we assuane thut the irregularities in the msdium are frozen into
the scrsen, the sscond moment f2 is related to Qo » the second moment of

tne spatial spectrum, by

)L;.z Vs o = V9, fon



Jsin, this, and the fact that the scintillation jndex is the same for both
tine spatial and temporal fluctuations, we can use the results of section 2.9,
wiere we have derived m and g, for different source models. We will
describe all the sources by iving the disamsber ol fhe scintillating componsat,
assumins it to be a Gaussian, and by giving the fraction of the total flux
in the scintillating component,

For a source with a uaussian brightness distribution of the form

e
R /26

P®) = © , the observed a and f, are given by

—

M= Ty | 1+

!\ , Z~ch/€ jl:]

2 VQ
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(B.3)

'

— =

]Clz ]L;;J;i i %(E{j“/ @\Jl] : (6.4)

wnerg the syuscript e refers to values for a point source at the same

elongation, 7J..e scale size on the ground is given by

E, = \\/AT}. j— (6:5)

and comoining ts with eguation (6.4) we can express ®, in teras of f2'

1f we define \f as the nalf power diaumster of the source we have

; : i \/
\{Jz 234 G, = ( \J/(grh}> {__i g (ﬁ/ﬂbf}! :

Unce the diametsr is known we can estimate, using the equation (6.3), what

(6.6)

the scintillation index would have veen if all the flux of the scintillating
component had veen in a point source. If we find that even after correcting

for the source size the scinbtillation index is less than that of a peint




gource ab the sane elongation, we will rogard it as imdicating a eore halo
structure with the friction of thse flux in the core being equal to the ratio
of the observed corrected gcintillation imdex to that of a point source at
the same elongation. Ihe extenmded halo does not contribute to the intensity
filuctuations and all we can say aboub it is tnat its diameter 1s greater
than about 1", A4s the Sun moves with respect to the source, the position
an,le of the solar wind velocity across the source varies. If the estimated
diaumeter of the source variss with position angle, we will interpret it as
indjcating an elliptical uaussian structure for the source.

‘he main difficulty in implenenting the procedure describsd above
is that wo do 0ot knmow m, and fzo and their variation with slongation,
e have Lo combinad our observatioans with inberferometric observations of
ths sources amd wake & modei for the variation of m, and fzo with p and
only then can we deduce Gthz structurs éf sny given source.

aven if we do ot know tihe value of fzo we can set an upper limit
on tne diameter of a source by assuning that f20‘>>'f2 8o that from

eyuation (3.6
x : Sy
o AT \//":kh ‘f% (6.7)

The most stringent limit on ‘%’ is got when f, is maximum, and this

occurs closest to the Sun, From our observations «t p =~ 0.1 a.U., fq for
the unresolved sourcss is typically around 2 Hz and putting z = 1 4.U. and
i}

V' =0 300 kM 'sF wWo get

e - 0:05
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Using ergunents gimilar to bthet in section 4,2 we can show that even i

the obsarved sources have diameter equal to the upper limit, the eflfsct of
sourcs gize 1s negli.ible for p 7> 0.25 A,J, wiuere the second moment is much
smaller., 3o, for p > 0.25 a,U. we can'safely set fzo equal to the fo
observed for those sources whose second moments attain a value around 2 Hz
close to ths Sun, This im striectly true oniy if the position angle of bhe
gsolar wind across tne source does rnot vary with elongation, since only then
can 4o ignore the possibility thiat tine source structure varies with position
anzle, Of the sources we have studied the position angle varies by less
taan 3%0° for 302, Pi3 0116+08 ard Cla 21, amd we will take the average

f, - p ocurves for tnese sources for p > 0.5 a.U, to represent the actual
variation of fzo with p. [.s resuloing f20 - p curve is essentially

the same as that derived in section 9.5 whicn was shown in figure 15, for
p< 0.25 a,J, our argunents tnat the effect of source size is negligible
1s no longer valid and W“e have no way ol estimating f20 fron our cbservations
alone, .lat we need are low freyuency observations of the structure of the
gsources used in IP3 with resolution better than 0J/05. Howevar, since such
observations are not availaole, we will assune that the fo ) - p curves
for p <(0.25 a.U, 1s the same as tne observed I, - p curves for these
sources, Tne only justification for this assumption is that we have never
observed any source whose fo - p curve is systeaatically higher than the
curve shown in figure 15, Howevar, we should always keep in mind that ue
could be underestimating f20 at small elongations, which would mean that
the dianeters of the resolved souarces couid pe larger tnan what we estimate.
The main problem in determining the iny, - p curve is that even

if the scintillatin, componsnis are point sources, there could ve extended
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components around them that will not show up in scintillation and so0 cause

us to underestimate m,, The ratio of the observed scintillation indices

of two sources gives the relative values of fk , the fraction of flux in
the scintillating components. To determine the absolute value of }* We
aust know mgy or we must, by some other method know the value of f‘ LOE
one of the scintillating sources, There ars a number of high resolution
observations of CT4 21 at low freguencies., These have been summarised below
and they all indicate that there is no extended structure around CTa 21,

with angular size greater than about 0J)5. 30 we will, as have most workers,
assume f( =1 for Ola 21 and thus by comparing the scintillation index of
any source with that of JlA 21 at the sane elongation we can estimate f* f or
the source. It is a bit surprising to find two sources - PKS 0115-01 and
NRaO 91 having average m-p curves slightly higher than that of CTA 21, The
excess, 10 and 20p respectively, is quite small and is well within the
uncertainties in the measurements due to statistical fluctuation in the
properties of the solar wind, uncertainties in estimating the mean m-p curve,
and errors in esbimating tne flux of the source due to confusion. we feel
that the excess is not significant and it is not necessary to reduce the
value of *A for T4 21 to less than 1. To get a reliable estimate of the
my~p curve we have scaled the observed scintillation indices for the sources
with unresolved scintillating componzsnts, to make them coincides with the
m~-p curve for ¢Ta 21 and have calculated the average value of m over small
ranges of elongation, The resulting ny~-p curve is the same as shown in
figure 14. For this curve also the effect of source size is nsgligibls for
p>0.25 AU, Since f‘ can be determined without going very close to the
Sun, we are not very much concerned here with the correctness of the my-p

eurve for: o 036 AW,
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We wiii use these f20 - p amd m,-p curves to estimate the
abructure of tie scinbillating sources, Qur .rocedure of deternining f*
from tne scintiliation index and thrie diameter from the second moment, is
simjilar to that used by the arecibo group., a4 different method has been
adopted by the Jambridge group in which both M ami the diameter are deter-
mined by comparing the observed m-p curves with theoretical m-p curves
for different source models. In determining the theoretical m-p curves
the turmpver in the scintillation index is attrivated purely to the finite
source size, which, as seen in ssction 4.7 doss not agree with the behaviour
of tne second momsnt close to the 3un., Readhead (1971) has avoided the

problem of the turnover and nas estimated the diameter of the sources by

compuring the obsegrvsed ratio of the sciantiliation indices at two elongations

#itil values computed for ldiifersat source models. For the compubation of

the ratio for different models Readhiead has assumed that the scale size
increases with distance fron the 3Sun as rl'b, which is too fast a variation
to be compatible witn our ovservations. If the scale size did indeed wvary

as rl‘5, the correction to the scintillation index for the effect of the

0.1 3 time constant tnab nas veen used can be quite large and this has not
been taiken into account in calculating the theorebical ratios. The diameters
estimuted by the Jambridge group on the basis of the wm-p curve alone are
generally larger tnan the diametsrs estimated using the second anoments. wWhile
it cannot be ruled oubt that the difference is genuine and is due to the
Caabridge observations being at lower freyuenciss, it is possible that a

part oif’ the difference is due to the differences in the analysis procedure.

The study of the diameters of some of tnese sources at low frejuenciss using

the vower spectrum method would ve helpful in settling this question.
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In table I1 we have summarised ths estimated gtructures of the
aine sources we nave ovserved. Fur eaci source we have given f‘ , bhe
fraction of the flux in the scintillating component, \%) , the half power
diameter of the source, ani the position angle for widch the diameter estimate
holds. For comparison we have given tne structures sstinated from I3 obser-
vations wade by other workers. [ine diamebers given by the Camoridge group
have been corrected for the difference in the definition of the dianeter.
We give below comments on individual sources witn detaiis of diameter estimates

by other techniques,

352

sxcept for the 80 MHz ooservations there i3 reasonably good agreement
between tha various IP3 obssrvations. The higher vulue of fk at 80 MHz is
curious since for core halo sources we would expect the core to nave a flatter
spectrun taan the halo and so /U\ shouid decrease at low freyuencies. This
gource is peculiar in tnat in spilte ol its having a strong compact component,
its radio spectrun remains 4 power law down to about 30 Mhz (Veron et al.
(1974)) and shows mo signs of self absorption. From IP3 oobservations alone
we cannob rule out the possibility that the source instewd of having a core
halo structure, actually consiscs of two or three compact components separated
by more than about a second of arc. In such a wodel, the scintillation index

is radaced by ‘J N, Whers . dis the nunber of componsnts (which are assumed
to have equal flux), 3uch a structure Would show up as a modulation in the
power spectrum, but if the separation ol the counponents is large the [requency

resolution may not be adeguate to oossrve bthis wmodulation. iven if th

resolution is adejuate, it is possible that we do not see this modulation
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because it gebs smearad out by the spread in the velocity in the medium.

In either case one could misinterpret the observations and conclude tnat
the gourca has a core halo structura. However there exisis independent
confirmation of the core haio model trom the lunar occultation observations
of Lynne (1972) at 403 iz which indicate that about 60 of the flux of the
source is in an unrescolved component which clearly is the scintillating
component, and the rest of the flux is in an extsnded jet like structure

with dimensions about 5',

5349

For this source also thneras i3 good agreement vetween the various
observations except for the fact that the 80 MHz diamstser is much larger
tinan tne diameter estimates at higher freguencies, Here also we canmot rule
oub the possibility that the source instead of having a core halo structure
actualLly consists of a nunser of point components. Occultation observations
at 313 .liz reported by wang (1970) indicabe that the source is unresolved
whicli goes against the core halo model, OC.ark ec al. (1973) have made Vusl
observations of this source at 111,5 MHz and 196,5 MHz with the WRAU Arecibo
baselins. Ine system has a resolution of about 0304 at 196,5 MHz and OVO7
at 111.5 MHa, Tus, find that 30p of the 111.5 Mz fiux and 20% of the
198.5 MHHz flux to be-unresoived. 4ith the ldmited wu-v coverage however,

one canxot make an estimate of tie actbuai structure of the source.
NRal 61

From tne observed fact tnat the second moment does mot increase
velow p = 0.2 a.U., as it doss for other sources, we have estimated the

diameter to be esqual to ‘s OVl at position angle 60° north to east. The
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seintillation index of this source, as pointed out earlier, is generally 20k
higher than that of JTa 21, but ws hsave not considered this particularly sigmi-
ficant, The asreement betwsen the various IP3 observations is ruther poor.
Vi3l observations by vicrxe et al. (1969) at 443 MHz indicate a diameter
around O¥04 if the source is simple Gaussian, OClurk et al. (1973) find that
at both 19645 and 111.5 MHs, about half the flux of the source is unrssolved.
Iu szems likely that for this source the simpls usussian model is imedsquate

and the source has considerable fine straucture less than QV1.

~

ola <l

Hi_h resolution interferometric gbservatjons of this scurce have
been made at a numger of frejusncies buf here we will give only the results
at low frequengies. audarson anld Donaldson (1967) at 408 MHz have found the
sourca to be unrgsolved and thsy have set an upper limit on its diameter of
< 0% x < 02, Tuis observation winich is in good agreement with high
frequency VL3I observations is the main basis for assuming that }1 = 1 for
this source. Clarke et al. (19Y69) using Visl at 408 and 448 MHz have given a
dounle structure for this source with two egual components of diamster less
than QY01 ssparated by 01l in position angle 70°, This model agrees with
neither the high freguency Vusl observations mor the IPS observations since
it predicts that close to the 3un the power spectrum should show a modulation
with nulls appearing avery 0.6 Hz and even though the width, stability and
resolution of our spectra are all favourable, we do not see the modulation.
Unly oy invoking large random velocities in the medium can we Treconcile our
observations with this model. at 111.5 JHz Jlark et al. (1973) find about

356 of the flux to be unresolvead.
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all the flux ol this source i3 1n the scintilieting component
whase angular diamebter, as estimated Lrom the secord aoment varies with
position angle. For tne oovservations vbetween Juns 28 ard July 4, the
position angis of the solar ~ind across the source is arourd 250° amd for
these oovservations the mean value of the second noment is around 0.45 Hz
which is less than that Lor a point source. Using equation (5.6) we get
\Fﬁg QY23 in position angle 250°, 1If the source hud a circularly symne-
brical strucbure with this diaaneter, the second uoment should not exceed
abouy Q,0 Hz gven when che source comes clese to the dun.' tiowsver, the
obssrwbions on July 7, 10 and 11 give scecond moments greater than 1 Hz,
3ince fsr these days the position angle of the soler wind across the source
i3 gbout 1509, which i3 roughly perpeondiculsr te that of the earlier obser-
vations, {h3 simplest explunation ef the data is thuab the source Las an
alengated strycture with dianeter ~4 025 in position angle 250° and less
than 01 din the perjendicular direction., Cohen (1v69) also reports an
elongated structure witn gajor axis in position angle 40°. anderson and
Donaldson (1987), usin, inserfeiomeiry at 410 iz find the source to be
elongated and they give i's dimensions as 047 x £OW2SY with major axis
in position angle 64°,
804406

The structure of this source also varizss with position angle. [he
eatire flux of tne source is in a component with dimensions ~~ Q25 x < 0F1
with major axis in position angle 260°. Clarke et al. (1969) at 408 and
448 Mhz estimate its diameter to ve eyual to 0J05 in position angle 95°%, Ab
21 em Miley et al, (1967) find the source te be elongated wich size = 04

in position angie 270°.
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T. this thesis we have discussed the theory of I.wer lanstary
S:inaballations and used the results to interpret our single station obser-—
vations of IPs at 027 ilia,

49 cave discussed the use amd ran,e ol validibty of the thin screen
model in interpreting the ousarvations of Ir3. Jsing a unified formalism
we pave derived expresgsions for the power spectrum and seintillation index
in the Weax scatterin,, ucometrical optics and rar field dapproximations.

[ne prowlem ¢f g pebtern that cnanges gs it drifts has been considered and

it is shown thay in the strong scattering regime the apparent lifetims of

the intensity fluctuations on the ground can be much amaller tnan the actual
{ifetime of the phase pattern on the screen, We have discussed the effect

of the evolution of the patbtern on the estimation ¢f the various parameters
of tre medium. We have suggested that the enhancement of turbulence in the
solar wind close o the 3un thet has been aestimuted by skers and Little (1471)
could be an artiflact of strong scattering and that the iacrease in turbulence
Canll D2 e8baolished oniy by nawxin, multistabtion observations of IPS at two

or more freyuencies and by showing tiat the estimated turbulence does not
change with freguency.

rrom our observatilons at 527 Miz we nave estimated Z%, the r.u.s.
phase fluctuation produced by the 1P .medium, and a, the scale size of the
irregularities, for dista ces bebwszen (.25 and 0.7 a.U., from the Sun. ﬁo
was found to vary as a power law having the fom

~

go = 0.04 p—l.o

i
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which is 1n good ugrzement with the measurenents of obher workers. The
scale size ol the irrsgularitiss was roughly constant in this ranse o
distancas and hed o valuc ol about 10Q km. This disa,rees wibh the earlicr
work of Hewish and Symonds (196¢) and lattle (1971) which indicated that

the scale size ingreases roughly linearly with distance from the Sua. W3
navas shown that the earlier observations are all cempatibie with the scale
sizes being roughly coasbant for distances greater tnan Q0,25 i.U, amd that
the diserepancy a@rises mainly because ol correctidns that have been wade
earlisr for the effect of the fimite diameter of the scintillating sources.
From eur asaguremgnts of the pouer specirum ebserved when the sources were
closg to bihe Jun, we have shown Blwt fer our obsgrvatigns at p > 0.25 a.U.,
tne gerroction for the source size is negligible, Jince our astimates of

the scal@ Size «re in general agreement with the uncorrected estimates of
earlier werkers, weo fesl thal %ns sour¢ce size ggorrections that have been made
parlisr are mob necessary. By combining the estimates by different workers
at diifereat distanczs from bthe sSun, we have tried to form an overall picture
of the variation of the scale size with distance from the Sun., e {ind that
though the scale s3ize is roughly independent of distance from the sun for

p > 0.20 a.U, the scale size decreases rapidly closer to the Sun. The
agreanent betwsen observations ol diiferent workers is rather poor ard it

isg ditficult to give a Jquantitative description of the variation of ths

3cale size with distance from the suan. Since this variation is likely to
give us information on the origin of the small scale irrezularities in the
interplanstary mediuwa, systeaatic multi frequency observations of IS should
be made so that the exact variation of the scale size with distance from the

sun can bes establishad,
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[he turmover in tha scintillation index close to the Sun has been
exanined and it has bzen shown that the turnover cannot be explained by the
simple djiasabsr blurring hypothesig., Ia thus modal the turnover is accompanied
by a saburation oi the width of the power spectrun. However the observed
sacond moment of the power spsctrum increases smwrply in the turnover region
and shows no sign of saburating, which is incempatible with the diameter
blurring hypothesis, wiile it may be possible to explain the observations
by inweeking; complicated models for the structure of tne source or by invoking
an increage in the turbulence in the solar wWwind close to the Sun, we feel
that §he Lurmover is associated with the onset of strong scattering, for
wiich, nowever, we dg not have a fully satisfactory theory. For understanding
the origin of the turrover, it is important to egtablish the exact variation
of tne sgintiligtion index in the turnover region., In this connection, we
have pointed out that in the turnover region where the powsr spectrum becomes
broad, the time constant uset for the ovservations plays an important role
in determining the shape of the observed wm-p curve, Before comparing the
observed m-p curve with that of a model one must correct the observed
curve for the attenuation of the high frequencies by the time constant. This
correction has seldom pzen made befors ard this is the reason why the
scintillation irx:lex‘o;;served by most workers decreases sharply in the
turaover region. ; !

Je have estimated tiie Bessel transforms of the intensity fluctuations
with tne hope of observing thne Ffresnel modulation which would enable us to
estinate the velocity of the solar wind from single station observation,

Lhe Bessel transforms, which were estimated by taking the aAbsl transforms

of the power spectra of the intensity flucbuations, saldom showed the Fresnel




modulation axi it was ot possible to estimate the solar wind velocity. e
have atirioutod thie avgence ol tie aodulation Lo the presence of an irregular
couponent in the veiocit, ol the solar wind.

For the nine sources that woere obsarved in detail, we hdve made
estimates of the angular diameter and the fraction of the flux in the scinti-
llating component, T.o of the sources, 35138 and 55445 showed variation
in the structure with position angle, indicating that the sources have an
slliptical structure,

Most of the uncertainties in the intsrpretation of tne IPS obser-
vations arise from the fact that we do not have indepsendent estimates of the
angular strugtures of the scinbillating sources, so that we have to make a
goll censistont picture for botn the angular structure of the source and ths
scalterin, properties eof the interplanstary medium, High resolution obser-
vations ¢t low freguencies oi some of tne sources commonly used for scintilla-
tion studies would be ol great assistance in resolving this difficulty. The
resolutjon rejuired would be auvout 0.U5, which can be achieved only by VL31

technigues. [here have been a tew VL3l observations of radio sources at

metre wavselengbih but the baseline coverage is too small for us to make reliable

models for the source, further low frejuency VLsl observations of the
gbandard scintillation sources should be carried out since only then can we
sabisfactorily settle the guestion ol the necessity of the source size
correction to tine observed scale size and the origin of the turnover in the

scintillation index close to the Jun.
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appendix 4

Reduction »f the five fold integral ¢ccurring in the expression

for the spatial powser spectrum.

The spatial power spectrum of the intensity fluctuations on the

ground is givan by

14\
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where i ani j go from 1 to 4.
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Making the substitution
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which leaves [ unchanged, since it deperds only on ths differcnce of

the ?f ig? equation (al) becomes
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If we insert bhis in equation (42) and parform the integral over I

wa {3Gt

(43)
M ow agks tha subshibubion
X = - A=

and exyand and simplify %he s pmres occurying in tha aXponential, squation

\au) Looones

o £ ('\?' ) B
Lxp = R { QXP*% 2y (uu“%g-f%_%)

(44)



Tae cordinate X, appears in all the four arguments of F and
sincs r depernds gun Anly oa the differencg of the four arguments takea in
pairs, it is clear that F(’Xﬁ-lﬂ )la +DL,1 slb*lq )3(4\) is imdsperdent

of X, o 30 we can write

F<j£i+ji“>l;-&¢\‘f.“ )‘%ﬁ_*’{f‘ ,))(;ﬁ) = F(D_L_l ) .3(_& )‘% 1 >Q>

—

since F  is imlependent »f 'J(Lf , the integration gver Xﬂ can be
o r
perforned giving @ O function., squebion (44) now becomn:=s

= % »\—é—-C}'z
Mz Q\'{”C(Ct): 2 KRR ¢ J!d?ld&g\ ~<

1
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Inberaling esar 3(1 , @iuation (a5) bscocascs
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L R 7.
$1109 bus powsr spectrun is aluways real and symuetrical ing (.4, M?@E):Hz(' )

faTEan chhen it % on the right hand side which gives

O = ey a2 s B
Mi(%%(iﬁ Jd”—“ - HXR_‘_ el C)
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