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In section 2.11 we have seen that the 3essel transform of the

temporal aci of tne intensity fluctuations shows the fresnal modulation much

more clearly than tne power spectrum. the interest in detecting the fresnel

modulation lies in the fact that if we see it we can directly estimate Z/v"

and since the value of z can be assumed without too much error, we can,

from single station observations, measure tne velocity of tne solar wind.

Lovelace et al. (100) have computed the Lessel transforms for 8 observations

of 02A 21 and on 3 occasions they observed deep minima which they could interpre4

as due to Fresnel filtering and could use to estimate the velocity of the solar

wind. To study the usefulness of this technijue for systematically studying

the velocity of the solar wind, we have computed the fiessel transforms for

all our observations. we find that the Fresnel modulation can be seen only

very rarely and so this method is not of much value as a regular probe of the

solar wind. This result was not very surprising since if the fresnal modula-

tion were present, they should nave shown up, though with smaller amplitude,

on the power spectrum, and the power spectra on most days show no modulation.

,fie have not attempted to directly measure the Hassel transform from

the temporal acf mainly uecause the bessel transform, unlike the Fourier

transform, does not have the property that the transform of a convolution

integral is the product of the individual transforms (Sneddon (151)). The

measured intensity fluctuations are smoothed by the R,-0 time constant and

so the observed temporal acf is the scintillation acf convolved with the

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

I
compute the pour spectrum of the intensity fluctuations, correct the spectrum

for the effect of the time constant, take the inverse Fourier transform to

get the scintillation acf and use this to calculate the Bessel transform

using equation (2.81). This is too involved a procedure and we have preferred

to estimate the Bessel transform by using the property that it is equal to

the Ael transform of the temporal power spectrum. The power spectra of the

scintillations had already been computed and were stored on magnetic tape

and so all one had to do was to read them back into the computer and calculate

the Abel transform.

The direct computation of the Abel transform using the definition

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

This can be removed by integrating by parts to give
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where wa have assumed that the power spectrum and its derivatives vanish

at x = GO . This method was tasted by feeding noise free functions whose

Abel transforms could be analytically calculated and by seeing if the

computed transform agreed with the theoretical transform. One such function

was the power spectrum of the intensity fluctuations in the thin screen

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

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

were generally in poor agreement with the theoretical estimates and showed



145

a marked tendency to go negative.	 suznine that this is due to the sidelobes

in the transform we have, following the suggestion made by Lovelace et al.

(197 computed the pre whitened Besse! transform	 (f)which has a smaller. 	 ,

range of values and so is less susceptible to the effects of the sidelobes.

tinlix.-a _Lovelace et al. who started from the acf we have calculated the pre

whitened Bebsel transform from the po.4er spa-Arum itself using a modified

form of the Abel transform. Since the power spectrum and the Bessel transform

are a Abel transform pair, they are related by definition (bre.cewell (1965)).

C541 	 .
CD16) P(4) =	 	 	 01x

r 	 p /(,.x
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(5. 3a)

(5. 3b)

vie have to gat an expression for 
j_	

Let us define a function	 g(f)

whose derivative g' r is equal to 
3L 

G1 (4.) . Substituting for	 Gb)

in equation (5.3a) -hd multiplying both sides by ---
I	

we get
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which is simil-r Co equation (5.3b) showing that g(.4) and -- r
	form an
calk

Abel transform pair. So gCf) can be got from equation (5.3a) with — P(4)

in the place of u(f) giving
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where we have integrated by parts and assumed that P(x) goes to zero at

x =	 . The pre whitened Bessel transform is given by

‘s-71(.1-	
- I	

e,(2-41)\/14 P6)
)4_ (5.4)

14,merical evaluation of equation (5.4) gave quie satisfactory results for

the Abel transform and this expression was used to calculate the Bessel

transforms of all the data. Power spectra with a resolution of 0.025 Hz

were read into the computer from the magnetic tape and their Abel transforms

computed. The Abel transforms were smoothed by taking running means to give

a fairly stable spectrum with resolution of 0.1 Hz.

The Bessel transforms were examined fir the Fresnel modulation

wroth could be identified by its oharacteristic signature of a train of minima

at frequencies which are proportional to fnt The Bessel transforms of 6 or

fewer minutes ,-.;f data showed quite a number of deep minima which occurred

at random frequencies and were due just to the noise. Transforms of 9 or more

minutes of data are more stable but even these rarely show minima at frequencies

proportional to -4n. of the 50 or so Besse' transforms computed only on two

obcassions did we find a sequence of minima at frequencies proportional to 4T:

in figure 20 we show the Bessel transform for the source PAS 2203-18 on

March 1971. The first minimum is at 0.7 Hz. jaiDg.the expression for -the

first nalj 

(5.5)

and setting z = 0.9 A.J., we get V = 260 km s-1 . Examination of figure 20

shows that even on this day it is debatable whether the minima are really
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Figure 20. Bessel transform of Ft.6 2203-18 on 8 Mirth 1971.
The arrows indicate the poaltion of the expected
minima for V w 280 km S-
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due to Frasaal filtering or are just a ohanee occurrence of noise peaks.

The B4SJ81 transform of PAS 0115-01 on 6 May, 1971 shows three deep minima

going as	 J-T. which gives V = 370 km S- 1. But with only three minima it

is again quite possible that this is just noise and the occurrence of the

minima at the proper frequencies is due to chance, 	 Thus the evidence in

favour of our having seen Fresnol filtering effects is not vary convincing

and the only conclusion we can draw is that under typical conditions no

Fresnel modulation is scan. •ard at al, (1972) have reached a similar

conclusion based on their observations at 80 Mhz.

The absence of the Fresnel modulation oannot be attributed to lank

of frequency resolution in the 3easei transform. From equation (5.5), for

V = 350 km i-1 and z = 1 A.U. the first null. in the transform should occur

at 0.9 hz. Subsequent, minima should 00CUr at in	 Q.9 Ha where n = 2,3....

With our resolution Of 0.1 Hz we should easily sea 4 or 5 minima if they

are present. Since we cannot explain the absence of modulation by instrumental

enacts, we have t, examine the various mechanisms which reduce the Fresnel

modulation.

In section 2.11 we nave seen that the amplitude of the Fresnel

modulation in the iessel transform decreases if the irregularities are elan-

gated in the direction of the solar wind velocity and that the amplitude is

A Yii4von by ( aA( /ra.,., e.	 where tan 4) j_ 1:Lt	 In the symmetrical

	

ac)	 kqr--
case	 =

Y
 and there is 100 modulation. The ratio of the scale sizes

parallel and perpendicular to the solar wind has a value between 1 and 2 .

Let us take the worst case and assume it is equal to 2. The scale size

estimated from the second moment is roughly equal to ax the scale in the
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direction of t'1_e solo wing. Let us assure that a	 da
Y y the

values 100 im and 50 km respectively which is compatible with the observations

of the second moment and the assuned anisotropy of ratio of 2. Assuming an

average value for z equal to 0..) A.U., these scale sizes give e,c = 760 and
,o

6,_---E3o and the amplitude of themodul tion reduces to about 55% which

should still be observable. The actual anisotropy ratio is likely to be less

than 2 and so it seems unlikely that the absence of the modulation in the

observed spectra is caused purely by the elongation of the irregularities.

The thickness of the scattering medium also reduces the observable

modulation in the Fourier and 3essel transforms. In the weak scattering

regimes we can regard tha extended medium to be a collection of thin screens

at different distances from the observer. 	 The observea power spectrum is

the sum gf the spectra produced by the various screens. .Since the screens

are at different dist-aces from the observer, they produce Fresnel modulation

with the mills occurring at different frequencies which causes the modulation

in the observed spectrun to be smeared out. If we consider the medium to be

uniform and to extend from	 z + — to z -	 the observed Fourier transform
2	 2

is given by (Salpeter (.1S67))

4	
f_/

(5.6)

(i )	 --
C.,3c

k..

This expression is not of much use in computing the expected power spectra

for two reasons. Firstly the IP medium cannot be regarded as a unifoild slab

of material since the r.m.s. bhptse fluctuation produced by the medium is

proportional to r-2 and so varies along the line of sight to the source.
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Secondly, to convert the spatial frequencies to temporal frequencies we must

know the velocity of the solar wind perpendicular to the line of sight. If

we assume that the radiate velocity is constant, the component perpendicular

to the line of sight varies with distance oecause of varying projection

affects and this increa-as the smearing. ,4e can take these two effects into

account and express the expected power spectrum as an integral but it is not

possible to get an analytical solution to the integral, ward et al. (1972)

have taken these two afi' cts into account and have estimated by numerical

calculations the power spectrum at various elongations. They have assumed

that scale sizes increases as Is" as suggested ley rteadhead (1971) but since

the assumed dependence of the scale size will not substantially affect the

smearing, we will simply quote their results. Their computatioi=is show that

for p > Q.6	 there is considerabl y smearing but for smaller elongations

the fresnel modulation should be seen on the power spectra. In the Bessel

transfmrm the modulation will be even Larger and so simple geometrical smearing

alone cannot explain the aasence of the modulation in the observed Bessel

transform.

The presence of a random component in the velocity of the solar wind

also reduces the amplitude of the modulation. The measured velocity of the

solar wind fluctuates considerably with time about its mean value and so it

is reasonable to assume that at any given time the velocity of the solar wind

will vary with position. In the above calculation it was assumed that the

only variation in the velocity was due to projection effects. If we assume

that in addition to the 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 comonent in the
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velAcity.	 Ward et al. (iV72) have computed the power spectrum with a 10/,

peak to peak random variation in the velocity and they find that the modu-

lation is considerably reduced. Armstrong et al. 0972) have suggested that

the fluctuating component in the velocity may be 2516 or more in which case,

the modulation would be completely washed out. To make quantitative estimates

of this effect one must know the origin of the velocity fluctuations. If

we assume that it is doe to the velocity varying with position one has to

know the typical scale size of inc velocity fluctuation since if the scale

size is much larger than 0.2 or 0.3 A.C. which is the typical effective width

of the medium, the smearing effect of tie random velocity is negligible. If

however the random velocities are due to the presence of turbulence in the

solar wind, in which case the velocity field varies with both space and

time, then thQ time scale of the fluctuation also plays a rola in smearing

the modulation. If the time scale is larger than the typical averaging time

of about 1Q minutes, the time vdriations do not smear the modulation, One

could in principle test the importance of time variations by averaging the

Wessel transform over less number of minutes and seeing if the modulation

becomes prominent. However this is not a practical proposition because when

we reduce the length of averaging the statistical stability of the spectrum

reduces all the transform becomes too noisy to make any conclusion. If the

solar wind is turbulent it is quite likely that in each of the thin screens

that constitute the extended medium, the pattern is no longer frozen in and

as discussed in section 2.11b, this also smooths out the Fresnel modulation.

Thus the absence of the modulation in the observed spectrum cannot

be explained by anisotropy o the irregularities or by geometrical smearing
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affects, IA order to explain the absence it seams to be necessary to

introduce a randoml y- varying component in the velocity of the solar wind.

rxom oar	 0.1nnoc, dacIdda whatlar t,L4 :solar wind velocity

varies with position or with time or -whether there is an intrinsic spread

in the velocity at ELch point in spice and Jiale.
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In section 2.y we have seen that the spatial power spectrum for an

exeAled source is related to tria 	 function of the source by

2..

(6.1)

 

which shows that we can estimate the visibility function 4: the source by

diuidino the measured spatial spectrum by that of a point source. However

what wo fase,iz's is the temporal power 'spectrum which is related to the ap4ti41

4peot	 1W

\*t T\I	
tjl

(6.2)

H .wsu,=;o of the inte2,ration ov3r Lly , the visibility funotion cannot be

directly eStimat.eSfro..it the observed spectra and the only way one Gail eStiladte
the structure of the source is ki comparine the observed spectra with spectra

eceputed for different source models. Since climperison of the detailed pewer

spectra is difficult, we have 1.eferred to estimate the source structure by

using only the ,width of the spectrum as measured by the second moment f2.

In cases where the observed m and f 2 are compatible with more than one

model for the source, we hove interpreted the source in terms of the simplest

model.

If we assume that the irre gularities in the medium are frozen into
the screen, the second moment f 2 is related to q2 , the second moment of

the spatial spectrum, by
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Jsin, this, and the fact that the scintillation index is the same for both

the spatial and temporal fluctuations, we can use the results of section 2.9,

where we have derived m and q2 for different source models. We will

describe ad_I the .sources by giving the diameter	 tha saint-1.1 lacing component, m

assuming it to be a Gaussian, and by giving the fraction of the total flux

in the scintillating component.

.nor a source with a Gaussian brightness distribution of the form

_G2/2i42-
e	 0 the ooserved in and f 2 are given by

(6.3)

i 4_ c<( (.; (.1 	 )
2-

 

(6.4)

   

when the suLlsorIpt • refers to values for d point source at the same

elonation. S-a scale size on the ground is given by

(6.5)

and combining this with equation (6.4) we can express 10 in terms of f2.

If we define	 as the half power diameter of the source we have

(6.6)

Once the diameter is known we can estimate, usin, the equation (6.3), what

the scintillation index would have been if all the flax of the scintillating

component had peen in a point source. If we find that even after correcting

for the source size the scintillation index is less than that of a point
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source at the sane elongation, we will regard it as indicating a core halo

structure with the fraction of the flux in the core being equal to the ratio

of the otks-erved zor reeted scintiltation index to that of a point source at

tile same elongation. The extended halo does not contribute to the intensity

fluctuations and all 4e can sar, about it is that its diameter is greater

than about 1". rss the 3un mo'es with respect to the source, the position

angle of the solar wind velocity across the source varies. If the estimated

diameter of the source varies with position angle, we will interpret it as

indicatinti, an elliptical 6'aussian structure for the source.

The main difficulty in implanentin6 the procedure described above

is that we do riot know mo and f2 and their variation with elongation.
0

Ae haue bo combine our observations with interferometric observations of

the sources dna make a model for the variation of mo and f2 with p and

only then can we deduce the structure di' any given source.

ven if we do not know tne value of f 2 we can set an upper limit
0

on the diameter of a source by assuming that f2 ">=7 f2 so that from

equation L3.6)

v	 4,
(6.7)

The most stringent limit on \-1-' is got when f2 is maximum, and this

occurs closest to the San. .1"rom our observations at p n'0.1 A.J., f 2 for

the unresolved sources is typically around 2 Hz and putting z = 1 A.U. and

- 1= 600 km s	 we get
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Using aruments similar to that in section 4.2 we can show that even if

the observed sources have diameter equal to the upper limit, the effect of

source size is negligible for p >0.25 .,J. where the second moment is much

smaller. So, for p >0.25 .U. we can safeLy sat f 20 equal to the f2

observed for those sources whose second moments attain a value around 2 Hz

close to the Sun. this is strictly trae only if the position angle of the

solar wind across tree source does rot vary with elongation, since only then

can Ae ignore the possibility that the source structure varies with position

angle. Of the sources we have studied the position angle varies by less

than 30° for 302, Phi 0116+03 and JTA 21, and we will take the average

f2 p curves for these sources for p > 0.25 A. j . to represent the actual

variation of	 f20 with p.	 resulting f
20 

- p curve is essentially

the same as that derived in section S.3 which was shown in figure 15. For

p 4( 0. 25 a. J. our arguments that the effect of source size is negligible

is no longer valid and we have no way of estimating f20 from our observations

alone. What we need are low frequency observations of the structure of the

sources used in LPs with resolution better than 005. However, since such

observations are not available, we will assume that the f20 - p curves

for p	 :1.b. is the same as the observed f2 - p curves for these

sources. Tne only justification for this assumption is that we have never

observed any source whose f 2 - p curve is systeaatically higher than the

curve shown in figure 15. however, we shoilLA always keep in mind that we

could be underestimating f2o at snail elongations, which would mean that

the diameters of the resolved sources could be larger than what we estimate.

The main problem in determining the ,no - p curve is that even

if tae scintillating components are point sources, there could be extended
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components around than that will not show up in scintillation and so cause

us to underestimate	 mo . The ratio of the observed scintillation indices

of two sources gives the relative values of ilk , the fraction of flux in
the scintillating components. To determine the absolute value of j"4	 we

must know mo or we must, by some other method know the value of P. for

one of the scintillating sources. There are a number of high resolution

observations of JTA 21 at low frequencies. These have been summarised below

and they all indicate that there is no extended structure around JTA 21,

with angular size greater than about 0.45. 30 we will, as have most workers,

assume 1-4- = 1 for LITA 21 and thus by comparing the scintillation index of

any source with that of JTA 21 at the same elongation we can estimate -. for

the source. It is a bit surprising to find two sources - PKS 0115-01 and

NR40 91 having average m-p curves slightly higher than that of 0TA 21.	 The

excess, 10 and 20i) 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 theJmean m-p curve,

and errors in estimating the 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	 for JTA 21 to less than 1. To get a reliable estimate of the

mop curve we have scaled the observed scintillfition indices for the sources

with unresolved scintillating components, 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 mop curve is the same as shown in

figure 14. For this curve also the effect of source size is negligible for

p7:70.25 A.J. Since /-4 can be determined without going very close to the

Sun, we are not very much concerned here with the correctness of the mo-p

curve for p	 A.J.
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will use these f
2o 

- p and mo-p curves to estimate the

structure of the scintillating sources. Our rocedure of determining /6-

from the scintillation index and the diameter from the second moment, is

similar to that used by the Arecibo group. A different method has been

adopted by the Cambridge group in which both ti" and 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 turnover in the scintillation index is attriiutel purely to the finite

source size, which, as seen in section 4.7 does not agree with the behaviour

of the second moment close to the Sun. Readhead (1971) has avoided the

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

comparing the observed ratio of the scintillation indices at two elongations

with values computed for different source models. For the computation of

the ratio for different models Readhead has assumed that the scale size

increases with distance from the Sun as r
1b , which is too fast a variation

to be compatible with our observations. If the scale size did indeed vary

as r1.5
, t

h
e correction to the scintillation index for tne effect of the

0.1 s time constant that has been used can be quite large and this has not

been taken into account in calculating the theoretical ratios. The diameters

estimated by the Jambridge group on the basis of the m-p curve alone are

generally larger than the diameters estimated using the second moments.

it cannot be ruled out that the difference is genuine and is due to the

Cambridge observations being at 10,4er frequencies, it is possible that a

part of the difference is due to the differences in the analysis procedure.

The study of the diameters of some of these sources at low frequencies using

the power spectrum method ./Jould be helpful in settling this question.
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In table, Ii we have summarised the estimated structures of the

nine sources we have observed. For each source we have given	 , the

fraction of the flux in the scintillating component,	 , the half power

diameter of the source, and the position angle for which the diameter estimate

holds. For comparison we have given the structures estimated from 11,3 obser-

VdtiO as made by other workers. The diameters given oy the Uamoridge group

have been corrected for the difference in the definition of the diameter.

e give below comments on individual sources with details of diameter estimates

by other techniques.

32

xcept for the 80 !`1H2 ooservations there is reasonably good agreement

between the various IP3 observations. The higher value of f A at 80 MHz is

curious since for core halo sources we would expect the core to have a flatter

spectrum than the halo and so 	 should decrease at low frequencies. This

source is peculiar in that in spite of its having a strong compact component,

its radio spectrum remains a power law down to about 30 Mhz (Veron et al.

(1974)) and shows no signs of self absorption. From IFS observations alone

we cannot rule out the possibility that the source instead of having a core

halo structure, actually CO rl3iSS of two or three compact components separated

by more than about a second of arc. In such a model, the scintillation index

to have equal flux). Such a structure would show up as a modulation in the

power spectrum, but if the separation of the components is large the frequency

resolution may DOG be adequate to observe this modulation. .given if the

resolution is adequate, it is possible that we do not see this modulation
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because it gets smeared out by the spread in the velocity in the medium.

In either case one could misinterpret the observations and conclude that

the source has a core halo structure. However there exists independent

confirmation of the core halo model from the lunar occultation observations

of .O,./nne (1972) at 403	 which indicate that about 50io of the flux of the

source is in an unresolved component which clearly is the scintillating

component, and the rest of the flux is in an extended jet like structure

with dimensions about 6".

3049

For this source also tnera is good agreement between the various

observations except for the fact that the 80 MHz diameter is much larger

than the diameter estimates at higher frequencies. Hare also we cannot rule

out the possibility that the source instead of having a core halo structure

actually. consists of a num)er of point components. Occultation observations

at 318	 reported by sang (1970) indicate that the source is unresolved

which goes against the core halo model. C ark et al. (1973) have made VilA

observations of this source at 111.5 MHz and 196.5 Mhz with the ARA° Arecibo

baseline.	 The system has a resolution of about 0';''4 at 196.5 MHz and 01:07

at 111.5 MHz. Tub find that 3b 10 of the 111.5 MHz flux and 20A of the

196.5 Mhz flux to be unresolved. with the limited u,v coverage however,

One cannot make an estimate of the actual structure of the source.

ARAO 91

From tne observed fact that the second moment does rot increase

below p = 0.2 A.U., as it does for other sources, we have estimated the

diameter to be equal to h 0:1 at position angle 60° north to east. The
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scintillation index of this source, as pointed out earlier, is generally 2070

higher tha4 that of CT4 21, but wa have not considered this particularly signi-

ficant. the agreement between the various If observations is rather poor.

V1131 observations by	 et al. (1969) at 443 Allz indicate a diameter

around 0!04 if the source is simple 0aussian. Clark et al. (1973) find that

at both 196.5 and 111.5 11H4, about half the flux of the source is unresolved.

It seams likely that for this source the simple u.ussian model is inadequate

and the source has considerable fine structure less than On.

CTA

Hi gh resolution interferometric observations of this source have

been made at a nu mar of frequencies but here we will give only the results

at low frequencies. Auderson and lionaldson (1967) at 408 MHz have found the

sources 40 be unresolved and they have set an upper limit on its diameter of

<0[6 x	 0:2. Ills observation which is in good agreement with high

frequency Vlaid observations is the main basis for assuming that P- = 1 for

this source. Clarke et al. 	 (1969) using V431 at 408 and 448 MHz, have given a

double structure for this source with two equal components of diameter less

than 0!01 separated by 0!11 in position angle 70°. This model agrees with

neither the high frequency Vhd361 observations nor the IFS observations since

it predicts that close to the un the power spectrum should show a modulation

with nulls appearing every 0.6 Hz and even though the width, stability and

resolution of oar spectra are all favourable, we do not see the modulation.

Only by invoking large random velocities in the medium can we reconcile our

observations with this model. At 111.5 MHz Lark et al. (1973) find about

35/6 of the flux to be unresolved.
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6-.)C138

.fl the flax of this source is in the soint-i i la-tin component

whose angular diameter, as eatiindteJ from tie seconi moment varies with

position angle. For -brie observations oetween June 28 and July 4, the

position angle of the solar wind across the source is around 250° and for

these observations the mean value of the second moment is around 0.45 Hz

which is less than that for a point source. Using e ivation (5.6) we get

\f"-..;..„ 0:26 in position angle 2:50°. If the source had a circularly symne-

trical structure with this diameter, the second. :florae-at mould not exceed

about 0.5 Hz even when one source comes close to the Sun. However, the

ouseniatoicne On July 7, 10 and 11 give second moments greater than 1

Since for these	 the position angle of the sola r wind across the source

is bout I500 , which i3 roughly perpendicular is that of the earlier obser-

vations, the simplest explanation of. the data is that the source Las an

elongated structure with diameter "-A O:25 in position angle 250° and less

than 0:1 in the perendicalar direction. Cohen (1969) also reports an

elongated structure with major axis in position angle 40°. Anderson and

i)onaldson (1957), using in l:,erfelometry at 410 i is find the source to be

elongated and they give'i-:s dimensions as 0:47 x <0:29 with major axis

in position angle 640.

3C446

	

the structure of this source also varies with position angle.	 the

entire flux of the source is in a component with dimensions	 0:25 x	 0:1

with major axis in position angle 260°. Clarke et al. (1969) at 408 and

448 Mhz estimate its diameter to be e4ual to 0:06 in position angle 95°.	 At

21 cm Miley et al. (1967) find the source t• be elongated with size 	 074

in position angle 270°.
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this thesis we have discussed the theory of Idterlanetary

5,.:tillations and used the results to interpret our single station obser-

vations of	 at	 11i

AJ have discussed the use and range of validity of the thin screen

model in interpreting the ouservations of IiS. Jsing a unified formalism

we have derived expressions for the power spectrum and scintillation index

in the :leaf: scattering, Lieometrical optics and Far field approximations.

2110 problem Of 4 pattern that changes as it drifts has been considered and

it is shown that in the strong scattering regime the apparent lifetime of

the intensity fluctuations on the ground can be much smaller than the actual

lifetime of the phase pattern on the screen. Ae have discussed the effect

of the evolution of the pattern on the estimation of the various parameters

of tine medium.	 We have suggested that the enhancement of turbulence in the

solar wind close to the Sun that has been estimated by makers and Little (101)

could be an artifact of strong scattering and that the increase in turbulence

can be established only by making multistation observations of IPS at two

or more frequencies and by showing that the estimated turbulence does not

change with frequency.

From our observations at 627 Miiz we nave estimated 3,7 0 , the r.41. s.

phase fluctuation produced by the IP_medium, and a, the scale size of the

irregularities, for dista ices bett y -:en 0.25 and 0.7 A.d. from the Sun. 00

was found to vary as a power law having the form

00 = 0.04p1.6
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which is in good graement with the measurements of other workers. The

scale size of the irregularities was roughly constant in this rdn,e of

distances and had a value of about 100 km. This Uisaorees with the earlier

work of tdewish and Symonds (196) and Little (101) which indicated that

the scale size increases roughly linearly with distance from the Sun. se

have shown that the earlier observations are all c'mpatible with the scale

sizes being roughly constant for distances greater than Q.25 A.U. and that

the discrepancy arises mainly because of corrections that have been made

earlier for the effect of the finite diameter of the scintillating sources.

From e,ur Aeagurements of the poer spectrum observed when the sources were

close to the Sun. we have shown that for our observations at p )• 0.25 a.J.,

the	 c'.1"reQtj.Q/1 ,4) r the source size is ae4igible, Since our estimates of

the scal4 size are in general agreement with the uncorrected estimates of

earlier workers, we feel that the source size corrections that have been made

earlier are not necessary. By combining the estimates by different workers

at dilfereat distances from the Sun, we have triad to form an overall picture

of the variation of the scale size with distance from the Sun. Yee find that

though the scale size is roughly independent of distance from the Sun for

p	 0.20 .U. the scale size decreases rapidly closer to the Sun. The

agreement between observations of different workers is rather poor and it

is difficult to give a quantitative description of the variation of the

scale size with distance from the Sun. Since this variation is likely to

give us information on the origin of the small scale irregularities in the

interplanetary medium, systematic multi frequency observations of IPS should

be made so that the exact variation of the scale size with distance from the

Sun can be established.
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The turnover in the scintillation index close to the Sun has been

examined and it has been shown that the turnover cannot be explained by the

simple diazater blurrinG hypothesia. In this model the turnover is accompanied

by a saturation of the width of the power spectrum. However the observed

second moment of the power spectrum increases sharply in the turnover region

and shows no sign of saturating, which is incesmputible with the diameter

blurring hypothesis. Anile it may be possible to explain the observations

by invlking complicated models for the structure of tne source or by invoking

an increase in the turbulence in the solar wind close to the Sun, we feel

that the turnover is associated with the onset of strong scattering, for

which, however, we do not have a frilly satisfactory theory. For understanding

the origin of the turnover, it is important to establish the exact variation

of the scintillation index in the turnover region. In this connection, we

have pointed out that in the turnover region where the power spectrum becomes

broad, the time constant usea for the ooservations plays an important role

in determining the shape of the observed m-p curve. Before comparing the

observed m-p curve with treat of a model one must correct the observed

curve for the attenuation of the high frequencies by the time constant. This

correction has seldom been made before and this is the reason why the

scintillation index ooserved by most workers decreases sharply in the

turnover region.

e have estimated the Beseel transforms of the intensity fluctuations

with the hope of observing the Fresnel modulation which would enable us to

estimate the velocity of the solar wind from single station observation.

• The vessel transforms, which were estimated by taking the Abel transforms

of the power spectra of the intensity fluctuations, seldom showed the Fresnel
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modulation and it was not possible to estimate the solar wind velocity. :de

have attributed the absence of the modulation to the presence of an irregular

component in tne velocity of the solar wind.

For the nine sources that were observed in detail, we have made

estimates of the angular diameter and the fraction of the flux in the scinti-

llating component. T.,o of the sources, 30138 and 60446 showed variation

in the structure with position angle, indicating that the sources have an

elliptical structure.

?lost of the uncertainties in the interpretation of the IPS obser-

vations arise final the .fact that we do not have independent estimates of the

angular structaras of the scintillating sources, so that we have to make a

self consistent picture for both the angular structure of the source and the

scattering properties of the interplanetary medium. High resolution obser-

vations at low frequencies of some of the sources commonly used for scintillas

tion studies would be of great assistance in resolving this difficulty. The

resolution required would be about 0:05, which can be achieved only by VLi3I

techniques. "'here have been a few VILiI observations of radio sources at

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

models for the source. to urther low frequency VLSI observations of the

standard scintillation sources should be carried out since only then can we

satisfactorily settle tne question of the necessity of the source size

correction to the observed scale size and the origin of the turnover in the

scintillation index close to the Sun.
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Appendix A

Reduction of the five  foldiatagrAlLtccurrin in the expression

for the spatial power spectrum.

The spatial power spectrum of the intensity fluctuations on the

ground is given by

l.'s(
-e.	 - X

where

	

	 is a function only of the differences of the

tak.en in pairs i. e.

where i and j go from 1 to 4.
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Making the substitution
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which leaves F unchanged, since it depends only on the difference of

the '40 is' equation (31) becomes

M:(1) SCoL)

(a2)

ji we a4pdra
a

71 4 +

  

At

and collect the tarns containing , the 't integral has the form
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If we insert this in s4ua.tion	 and perform the integral over ri
v^I get

01 a

, )4+k9 	 exp

■44}4140s..s tha

(A3)

=	 -

and expa.44and siraplif„y the squares o-c42.ursini;in tha .exponential, equation
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Tile c$oxdinate x4 appears in all the four arguments of F and

;Jima	 dad ands 41:1 fkg1-4 oft the diff er:Jr...0 of tha .tour argurnent,s taken in

pairs, it is clear that	 i34.x,4 j -x,4) is independent

.41	•of	 'o we can write

Since F is independent •>f D( Li , the integration over Xx	 can be

perfumed
	 function. iiquation (A4) npa becomes

V
) + S(1)—	

a a

         

)
__ex	

C 
)(. 1 _ -3(	

r	
-

(A5)

e.luation (.(15) b,scaltss
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since the power *peotrun is always real a.(17' .iyrninetrical 	 k. re; )-	 )
wa cza arldr‘a._ tb113,.5.1.6/1 	't On tha rie;ht. hand si41.a uthich Gives

V:C ci ) 4	 I

Oitt2tii-414-M
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