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4IGH RE30LUIION STULDIES OF KADIC SOURCES
UBING IWTRAPLASTARY SCLIOTELLATION

STNOFSLS

Qbservation of Interplanetary scintillation (IES)
sources provides, at metre wavelengths,information
engzular structure nf compact cocpemnenta in the range
% to OTB arc. 08t of thne diameters whieh have been
i dn the literature refer either to the liameter at
"ﬁlar position anzle or to the dizmeter ¢f 3n equiva-
Blilarly symmetric gaussian source. In this thesis
S Shown that from a systematic study of the seintil-
a Iource one can get relianle estimates of its
Beional]l structore with g resolution > DTEE aye.,

8 113 observations of 50 extragalactic raiio sources
ﬂ:t many of the sources are not circularly symmet.-
Bhow elongated structure. de have als» described
Pyation of atrong Iluctuations in the intensity of
factic ralio source when it wasg occculted by the

Batl of comet ..onoutek [1973T = 1973 ALI1).

the phenomenon of 1P5, manifested by the Tluctu-~
llie cbserve? intensity of a radio source, arises
£ the scattering of ralio waves from distant sour
drrerularities in the plasia density of the

g The power apectrum of tesulting intensity fluc

Bpends on the diameter of the ecompasct component
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in tie position ;nglﬁ {p.a.} in which the solar wind scans
acro3s the 3ource. Far a zsource with asaynmetricsl atructure
the shape of the pover spectrum changes with p.a. sven 1if
the elongaticon, tiat is, the projected distave=s betveen the
gun and the line of sight to the mource, remains the asame .
fAalio sources which are locstef well ahbove the ecliptic are
scanned by the solar win? in a wide rarnge of position angles.
hua by studying the behavicur of their power spectra at
different p.a. We can deteraine the twoe dimensional structurs

of the scintillating source.

The observations describsgd in thiz thesis were
carried out with the Coty radic telescope whicin operates at
326.5 iz, he author was involwved in the develnpment of
the receiver aysten and gain and pnase adjustments of the
telescope. These Have been described in the second chapter

pf tni=z thesis.

The theory of IF3 iz briefly Aescribe’ in Zhapter
11T , in whnich tae procedure followed for the obszervation
gl analysis iz also outlined. The uncertminties in the
values ol angular sizes mezsure? by the porer spectrum
method dus to noise, baoeline e2rrors, ete. are discusmsed in
detail in Appendix ... The structure of scintillating sources
gan a2lso be estimated, as has been done by the Cambridge
-grﬂuP, by studying the wariation of the seintillation index
ﬁitﬂ elonzation. From an IFS survey of about 500 southern

declinxtion sources made at Coty at 327 iz using the powar
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apsctrum mothod, we have chosen 41 sources that are common to
the survaey made at Cambridge at 81 iH=z using the scintilléticn
index-rlongation method. By comparing the diameoters estimated
using the two mothods we find that the diameters obtained by
using the powar spectrum method are consistently smaller than
those obtained from ths acintillation inder methed for thossa
sources laving Tinite values Tor angular sizas at 8l iH=z. 4
8imilar result is found ir we compare the angular sizes
measured a2t 43C dd=z by Harris and Hardebeck using the powar
spectrum metard and the Cambridge 81 kHe results. Vhile the
pesaibility thnt the diameters of acintillating snurcas
inersase at longer wavelefizths csnnot be rulsd étut, it scems
pogsible taat a part of the discrepaney iz due to the two
different metnods used in deriving the dismeotor. We discuas
in detail the assumpticns made in dstermining the source

glz:a by the two 1PJ mathods.,

In Chapter IV we describzs the observations of 50
radioc sourcaes which ware undertalten for determinine their
TtWo dimenzional -~ngular structurs. it is for the first tine
“thot zuch aystomatic obhsarvations have been made to detsect
Enguler sizes of compact componentz in different position
anglas. For 23 of the 5C sources we hhve obtalned the angular
@izes ovar a complete range of position =ngles while for the
gthars we have got only partial inform=tion. OFf thasgse 23
gourcas which have angular siszes gro=2t:r than DTE arc, Wo
iind ta=t 13 sourcse show elonsated structurs which sheows

that ssymmatric structurecs zmre guite common for compact
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gdurces. 1l of the sources in the above list are strong

intillaters, having more than 70 Yo of their flux in the

owpact component. Cf these, & are found to be =longa ted,

sBhowing tnat strong scintillators have predominantly ellip-

}éiﬂﬁl structurz. There 2re 10U scintillating sources in the

gEtove asample which are knovn to be double. Of thess, 6 sour-

geea nave zleng=ted compact components and in these, the

|

getonzated componant is nearly aligned with the main sxis of

b the source. Ihese resulis are discussed in detail. Cur stady
#is0 contains several 30 sources for which we pressnt some

Binterzstin: results.

f garing early 1974, w2 made an attempt to detect

irre ul=srities in the =2lecetreon d=nsity in the coma and tail

[
E
3

B0 comet sohoutek (1973 XIL) by ohserving the oeccultation of
the radio source PK3 2025-15 by the comzt. These observations

Pare deseriped in Chapter ¢ of this theada. Strong fluctua-

Ptions were recorded in the iptﬁnsity of radio emission from

;.the sourcse during this evont. thie is th= first time such
"intensity fluctuations have been obaerved. (ur analiysis
ahows that ir those fluctustions are to be expleined in terms

PO scintiilation caused by electron denaity irregulsorities
I

in the coms and tadil, tne effective transverse veloeity of
|
B the cometary plasma should be five timss lz2s2 than its

Ppresently sstiwated value. 1o033ible mochaniams which enuld

raduce the wolocity have been described.

the resaltd have been summariszed in the last
plnapter of ths thesis. iheir signifieance to the ghysics of

gextragnl=ctie radio sources is briefly discussed.




statements Hequirgd Under Urdinances C.770 and C.771
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fc part of the wWork presented in this thesis has
been submitted praevicusly for any degree or diploma or otheor
fagadenie award in the 3ombay University or any other Univer-

ity or body.
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Ihe vwork deseribed in this thesis is based on new
gbservations of Interplanctary Scintillatiens at 327 ez
%ﬂﬂing the Ooty Hadio Talzscopz. 4YWe have dorived tor the
Iirst time, the twn dimensional structura of conpact compo-—
lents in several sxtrajalactic radiec sources by the scintil-
.1ation metnod. Our study shows that elongztad structures
are a comwon Leomture of compact Sourcos. We have made the

first evaer succesaful cohaorvation of the strong fluctuations

%Qt pacultel by the plasma tail of ermat achoutek (1973 EII).
-%heﬁﬂ observations open up the pessibility of atudving tle
l?lectrsn density irrezularities in the plasma t=2il of comets
:Ey radisr asgtronomical means. the work described in this
%-esis ia original. Referencea are given in apprepriate
gﬁiaceﬁ in the text, whenever wse hag been made of tha work
gthe by othera.

The obaservations were made in collaboration with
idsll. Baanderi and A. Framesh tno. ‘owever, most of the
;ﬁﬂalfﬁiﬁ and interpretation described in the thosis were

done by me.
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CHAFTER I
INTRODUCTICH
1.1 BATRAGALACTIC RADIO SOQURCES

buring the last decade many hundred radio
gzlaxies and guasars have been mapped with resolutions of 2"
to 20" are using aperture synthesis interferometers at
Cambridge, #Westerbork and Greenbank. A majority of these
sources are found to have a characteristic double structure
in which two radioc emitting regions of siges of asbout 20 =
50 kiloparsec {kpe) are locoted an either side of the asso-
ciated optical object ahd are separated by about 50 - 500
kpe. In addition, compact radio componenta coincident with
the central optical objects have been detected mainly at
centimeter wavelengths in a number of sources. These central
components have sizes a8 emall as < ]_':31-?5 arcaec { << 1 light
year), as measured by very long baseline interferometry(VLBI).
The outer components of many radioc sources contain compact
heads With sizes af a few arcsec or less, in addition to low
brightness features lixe bridges and tails extending towards
the central optical object. These observations have provided
gome insight into the physienl processes involved in the

energetics and evolution of radioc sources.

The aperture synthesis techniques have been
mostly confined te cm wavelengths because very long baselines

would be reguired {o¢ =schieve comparable resolutions at meter




wvavelengths. The method of lunar ocecultations ia one way of
achieving angular resolutions better than a second of arc at
decameter and meter wavelengths. This technique has been
succegslfully expoloited by the Qoty group using the Ooty
radio telescops (Swarup et =l. 1971} to obtain high resolu-
tion brightness profiles at 327 kHz acroass several hundred
radio sources. The resclution in the lunar cecultation
method is limited to about [ﬂE arc mainly because of
presence of irregularities on the moon's surface. However,
in practics, the above resolution can be achieved only for
strong radio sources. I'or weaker =zources the poor signal

to noise ratic of lunar occultation observations limits the
attzinable resolution to > 1" are.

Ubservations of compact components {size =

1" arc) within radio sources are possible at metre wave-
lengthe by the methods of VLIBL and interplanetary scintil-
lations (1¥P8). while VLEI experiments are difficult and
time eonsuming, IF3 nbservations are simple and the data
reduction is fagt. About 250 radic sources have been obser-
ved by the VLEL technique in the freguency range 74 - 430
iz with = resolution ranging from d:} to CﬂﬁEare (Clark

et al. 1975; Broderick and Condon 1975), whereas the IPS
method has besn used to study nearly 2000 radio sources at
metre wavelengtihs, about a guarter of which have been obsgser-
ved at Ooty using the Uoty radiec telescope. The steerability

and large collecting area of this telescope makes it ideal



for gointillation observations of weak radio sources at 327
Mg, In this thesis, we present a detailed study of the
compact components in %0 extragalactic radioc sources based

on their I¥s observations made at Uoty.

1.2 IWTRRILAGSTARY SCINTILLATIORS

Ihe IF3 of radio sources was firast reported by
.HEWiBﬂ, Jeott and sills in 1904, 1F3 arises when redio waves
from a distant radio mource are scattered by the density
irregularities in the radiglly outflowing plasma (solar wind)
from the sun and this ﬁr&duces amplitude and phase fluctua-
tion in the recei#ed intensgity on the ground. Angular dia=-
meters can be estimated from a study of the intensity fluctu-
ation by making certain assumptions regarding the brisghtness
dietribution of the source and the type of irregularities
present in the solar wind plasma. An excellent review on

1P5 measurements is given by Cohen (1969).

Two methods have been developed to obtain
angular size eatimates of compact componenta from 1F3. The
firat method by the Cambridege group (Little and Hewish 1966)
derives the diameter by comparing the observed scintillation
index versus the elongation curve, with that derived theore-
tically from a model of the interplanetary plasma. Using
this method, about one hundred and fifty strons sources vware
studied by Little and dewish (1968) at 178 liHg and more

recently a survey of 1500 sources have been made by Headhead
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ahd tewish (1974) at Bl.5 ilHz. The second method developed
by the Arecibe group (salpeter 1967; Cohen et al. 1967) makes
uge of the second moment of the Temporal power apectrum of
intensity rfluctuations seen on the ground. By making simpli-
fied assunptions on the naturc of the irregularities in the
interplanetary medium, and on the source structure we can
derive theoretical spatial spectra. S5ince the radial velo-
gpity for the sclar wind plasmm 1s known We can relate the
gspatial and temporal power spectra. Jfrom a comparison of the
pbgerved =nd theoretical spatinl spectra We ¢sn make an

estimete ol the angular sime of the source.

The great advantage nf the second method using
the povwer specctrel estimates is that the source size is
gensitive to the position angle of the solar wind across the
gource., Though this has been discussed in the literature
 {Cohen and Gundermann 1969; Hao et al. 1374) no systematic
gtudy has besn made to utilize this advantage for estimating
the two dimeitsional structure of radioc scurces. HowWever the
method is aprlicable only when the positicon angle of solar
Wind scan varies over a wide range and this requires that
the sources be lecated well away from the scliptic, the ideal

gituation belng when the sources are about ED to 1Eo aAWAY .

Uging tue power spectrum method, about 500
sourcea have been studied by darris and Hardebeck (1969) in
the declination (6) range 0¥ to +¢0G at 430 BHe and anothorgst of
500 sources in the range 0% to -30° at Coty, part of which




haa been reported by Bhandard et al. (1974). Extensive
obaervations have been made at Ooty by the author on 50 extra
galactic radic sources to determine thelr angular siges in
various position angles by the above method. Several of
theae sources shoWw a gimoots Tariation of structure with posi-
tion angle indiczting that elongated structurss ars commonly

found in compact components in the radic sources.

The angul=r diameters which are estimated by IPS
refer to compact components < G:E arc at 327 Kz since ampli-
tude fluctumtions of the signal are produced by irregulari-
ties whose scale sizes are less than the first Fresnel zone
radius and this being ¥ % P d:ﬁ at z = 1 LU, apd 3 = 0.92 m,
does not affect sources whose intrinsic sizes are = 0.5.arc.
At lower Treguencies S 100 MHz this 1imit extends to ~ 2 are.
From IPS observaticns and by combining these with various
high resolution cbservations it is found that compact compo=
nents of size<]larmcare located at the outer components of
many double radio sources (ilewish =t =al. 1974; Gopal-Erishns
et al. 1976). In a few strong nearby sources such as Cygnus
the compact somponents have bean seen directly with the 5 km
dynthesis radio telescops that provides 2" are resolution
at 5 GHz. In some radic sources like 3C 3% and 30 225,where
the component separation to sige ratio is wery high, each
component has been studied separately for IPsS using the Coty
telggcope to uniguely identify the logation of the compact
object. Those observations will be deseribed in detail in

thiz thesis.




Alternatively, IF3 observations can be used to
derive the parameters of the interplanetary medium when the
gource structure 1z known snd the reszults obtained at Ooty
have Leen reported elsewisrs {H30 et al. 1974; Rao 1975). In
tale thesis we shall 2150 describe an observation of eimilar
nature in which atrong fluctuations in the intensity of the
radio agource Thi 2025=15 was obsmerved when it was ocoulted
by the coms and tail oi comet iohoutek durins ite perihelion
Fassage in January 1974  The fluctuzmtions were similar to
the Ik and were possibly caused by irresularities in the
plasma tail. Thereiore in prineiple it is possible to esti-
mate the lrrecularity structure in the cometary plasma. 3Jince
the ripe-structure in the cometary plasan iz not well under-
gtood auca observations are gquite important to goin a better

uhderstanding ol the cometary plasma.

1,3 OnGAIZATION 04 Tdd TA65I8

In Chapter I1 is deacribad the receiver syatem of
the Coty radic telescope and phase snd gain calibretions made
for checking its stability. In Thapter 11I the theory of the
power spectruw method for messuring the =ngular sizes of radio
gources from 1lF3 observations is briefly reviswed anl results
of observations ars also presented. 4 comparison has 2lso
besn mede of the angular structures derived at Coty at 327 ldie
by the pover spectrum method witn the values found by Cambridge
wor<ers at £l .iiz using the geintillastion index - elonzation

metnod. It is found that the dizmeters measure? st 327 wdg by




the power spectrum method are .appreciably smaller than thoae
measured at E1 nid2 by the Uamhridgé grouy for similar class of
gources. woince the two methods have been used =at differant
frequenclies, there 18 a possibility of genuine variation in
the structure of the sources, However, our anql&ais indicates
that atleast a part of the discrepancy arises from the analysis
procedure employed at the two frequencies. In Chapter IV we
degeribe the observations of 50 extragalactic radig sources of
wiuich for 23 we have obtamined the angular sizes along a wide
ranze ia position angle and with a resclution of d:DE to Utl
arc. Out of the 23 sources for which two dimensional struct-
uree have been derived 13 sources show elongated structures.
In Chapter V we have presenteithe observations
of intensity variations in the radio source Fa3 2025 - 15
during its occultations by comet sohoutek (1973 XII). 1t is

difficult to explain the intensity fluctuation in terms of

"acintillations" produced by cometary plasma unless the
apparent velocity of the cometary plasms screen is reduce? to
1/5th of the projected veloclity of the comet. The results of
the present study are discussed in the last chapter of the

thesia.
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;; CHAPTER II

THE OOTY RaDIO TELESCCOFE

:ﬁgfﬂﬂﬂk‘ RECEIVER SYSTEM AND GAIN AND FHASE CALIBRATIONS

In this chapter is given a description of the

. Hadio Telescope and the receiver system. The author
 §xdipatad in the detailed design and construction of various
; of the receiver system particularly the intermediate
;:fm:ncy (IF) amplifiers, delay lines, local oseillator
mission line system for the 506 m long dipole array and
.ﬂi{-a gontrol system. Extensive phase and gain ealibrations

re alac dona.

?+' 4 brief description of the antenns system is
B in Section 2.1. Section 2.2 describes the receiver
m, The phase and gain adjustments of the antenna are
dhed in Section 2.3 and the calibration procedures

ed for the cobservations in Seetion 2.4.
?t_;HTEHNA SYSTEM
E The Coty radioc teleacope (ORT) iz a 530 m long
| 30 m wide parabolic gylindrical asntenna located at an
fitude of 2150 m in the hills of Hilgiris in Seuth Indis
r Octacamund (latitude: +11°23' ; Longitude: 76%¢0' m).
3 ;1escope operates at a fregquency of 326.5 iz with a

g bandwidth, The effective collecting area of the antenna




- 1s ~ T0O00 m®?., The factors involved in determining its
‘efficiency are given in Appendix A.

Fe . A
The parabolic reflecting surface of the

telescepe is formed by stretehing 1100 stainless steel wires
_?ovar 24 parabolic Trames which are spaced 25 m apart in the
fﬁnﬂrth—south direction. The long axis of the telescope is
fplaced ln the true ncrih-scuth direction on z hill slope of
11°23" which is agual te the latitude of the place. This
“makes the axls of the telescope parallel to the earth's
‘rotation axis and thus enables continuous tracking ef celes«
“tial objects for ~ 9% hours in hour-angle by simple mBeha-
nical rotation of the teleacope about its long axls, The

fiil

“hour-angle covered thereby is from -G4hﬂ? to +D5h28m.

The 530 m leng dipele array placed at the focal line
:mf the telescope (Kapahi et al. 1375) consizts of 968
;half-wavelength dipsles which are grouped into 44 sections
;ﬁf 22 dipoles each. Thase 44 sections are further grouped
:?b form 22 modules. ligasurements on the 22 modules give

average VOWR of 1.3 and a loas of about 1.2 dB per module,

Diclination (&) coverage over 3}5“ iz achievad
¥ declination setting are introduced between adjacent

d bDlBE o that the correct phase gradient 1s maintained

gng each nf the 22 modules. Yet, there remains a module

Spction 2.2.3.
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The primsry H-8 beam pattern of each moduls

a
las 3 hzlf power wildth of abocut 2.5. The 22 modules are
ined in two ways. I1n the total power mode of operation,

als from all the modules are combined in phase, and the

antenra patiern is given by

ginec?(2ny) f2:1)

Eyp =
g i
hers, YW o= 11F sin | o]

1
the half power beam width (HPBW) is 5.5/ces & arc.
n the phase-switched interferometer mode, signals from one
18lf of the telascope is correlated and multiplied with the

gther half (Blum.1959}, the antenna pattern being

5 8in Ty i
I# = | . ) cos 2ny {2.2)
the HPEW 1is3 3:9f¢cs & arc. Theusgh the sensitivity

:;'the telescope in the phase-switched mode is V2 times

1& ge than that in the totsl power mode (Kraus 1966) it is
iore useful in observing discrete sources since it eliminates
'Q]asimn from the brosd background thus providing a stable
@Beline. The theoretical patiern for both the phase
f;afﬁhed and total power modes are given in Pig.2.1.

The beam shape in hour-angle follaws a sine* pattern

like the total power mode and its HPBY 1= s
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2.2 RECEIVER

The salient design features of the receiver are
(i) low noise BRF amplifiers at the front end, {(ii) an egual
-path branching system of transmission lines for feeding local
cocillator (LO) signal to the mixers at the front end and a
similar test line system for monitoring gain and phase of
the system, {iii) a multibeam Fforming system that provides
12 simultaneous beams 1ln declination, each separated from
the adjacent one by 3?&056 arc (iv) a reetangular pass
band of 3.8 kHz centred at 326.5 HHz, (v) a phase-switched
correlator in which the signal from one half of the tele-
scope 18 multiplied with the other half and (vi} analog and

digital reecording systenma.

4 block diagram of the receiver aystem is
1 shown in Flg.2.2. An RF amplifier is connected to sach of
i tha 22 modules K11 to 311, feollewed Dy a mixzer and a 30 MH=

I¥ preamplifier. The 30 lHz signals are brought to the

receiver room using sgqual, 320 m long RG BA/U coaxial cables.

Sigrals are Turther amplified znd suitable delays and phases

introduced for electrical steering. The 22 incoming sighals

are combined to form 12 simultaneous beams Tor the northern
- and southern half of the antenna separately. The resultant
sutputs are connected to hybrids and correlators which
produce 12 total power and 12 phase-awitched beams for the
 full entanne. We shall briefly discuse the wvarious parts

gf the receiver system in the following sections.
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2+2.1 ggtenha Elegyrgg;gg_

Ty

utputs from the 22 modules of ORT are

connected to 22 lew ncise EF amplifiers at the frent end.
Since there arse 2 half-sections of 22 dipsles in each module,
the two putruts from these half-sections are eombinad
through a splii-tee power combiner (Farad et al. 1965) whose
toutput is Ted inte the R auplifier. The stripline split-tee
{?enmhinar has & loss of less than 0.1 d5. The design speci-
fications for the Ri amplifiers are (i) low noise figure,

- (ii) a gamin of 30 d3 and (iii) a half-pewer bandwidth of

e 20 KHz. These have been achieved in a two stage RF ampli-
Tier uging 28 5043 fransistors and the amplifier has an

affective noiss tetlperatare of ~ ?Dﬂﬂﬂ.

The R¥ amplifier uut%ut is fed to a mixer

FﬂliQWEd by a preamplifizr operating at an intermediate

froquency (LF) of 30 hidz whieh is alaoc lecated at the front
- The local osclllator signal at 296.5 Az is brought
the control roow and f2d to mixers through a X'mas tree
ching system az shown in fig.2.2. This CW slgnal of

ut 10 Watts is produced from s basie high stability

L pem/°C) aryatal oscillator at 24.70833 Miz and a tran-
i8tor wulilplier chalin. Any unwanted harmonics generated
,i;s ghimin howra hecir prevented Trom reaching the output
acing a cavity resonator ab the power amplifier ocutput.
davity has o loss of < 1.5 dbB and has a bandwidth of
MHz. To xzeep the losses low in the path of the local

ator signal from the receiver room te the antenna, we
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have uzed a semi flexible cable ('Prod=line'), buried 1 m
deep below the ground level, which has a loes of 1.2 dB/100
ft. at 300 MHz and a temperature coefficient of about .

F
% &0 ppmfcﬂ. lear eaci of the 22 parabolic frames, however,

ws have uzed RG 8 L/U flexible cables for s length of 60 m.
The strength of local oscillator signals at mixers varles
from -2 to -5 dBm from module to module and are fed into

the mixer stages at their bases with trap eircuits at IF to
~ avoid coupling of noise at IF. Also, the 2 way and 3 way

ﬁ power dividers used in the LO branched feed system have
isolations greater than 20 dE between any two output ports,
1a,'l;. RF. This elimwinates the possibility of coupling at
mixers of RF signals from different R# amplifiers through
‘the LO branched feed line. To make the phasges of the local
i}cillatﬂr signals at all the mixer terminals egual, the
Elblss in the branched feed ayatem have been comparsd using
@ 8lotted line as shown in Pig.2.3(a}. The cables in any

: pair were first compared and then cables between pairs
gcompared and s¢ on progreasively ti1ll all cable pairs in
he branched Tead system are equal. With this comparison

3thod an accuracy of < 2% was achieved.

Further, in order to check any discontinuity in the
f_ hed Teed system Dr.D.53.Bagri and the author developed
rowWwband time domain reflectometry method which nan

: re discontinuities up to about 80 4B return loss. The

Bek disgram of the system is shown in Fig.2.4. 4 CW aignal
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at LO frequency was pulse-modulated by a FIN diode madulatnr_
and fed through port A4 of the split-tee to the branched feed
line under test. The split-tee had an isolation of better
than %0 4B between the ports A an? C. Port C of the split-tee
was connected to the oscilloscope through a wideband low noige
RF awplifier and a sguare law detector of lew time censtant.
The output port B of split-tee iz connected tc the long

length of the cable under test throush a stub tuner. Initially
the output was terminated by a loal of V3%R of 1.05 and by
axjusting the stub tuner, reference signal leaking tc the RF
amplifier (before the detector) through the split-tee was
reduced in strength so that 1t no leonger saturates the HF
amplifier. ‘fthen the output was connected to the branched feed
line. Jor a discontinuity with a V3Wi of 1.1 the weak reflects
signal could be detected uptc the end of the Prodeline cable
of 250 m length of the branched feed system. Oinee there are
branching points at half modules (11.5 m) also, the resclution
required for the return signal was 23 m of cable length or 100
nsec of time. The system parameters like the rise time of the
pulse in the PIN dicde modulstor, bandwidth of the R ampli-
fler and detector time conatant were adjusted to give this
regolution.

Taoe total gain of the antenna elestronics is ~ 50 4B
and the bandwidth ~ 9 MHz. To provide high stability, the R¥
amplifiers and mixers have been kept in thermally insulated
boxes. The IF cutput from the front end is carried to the

receiver rocm through 320 m of ceaxial cables buried 1 m below
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the ground in reinforced cement-ooncrete pipes tu'minimize
galn anl phase variation with temperaturs. The 320 m long

I¥ cables from 2ach of the 22 modules were all made equal to
one another before layinz underground firstly by rough measure-
ments using a Folyskop and siznal generator. The procedure

- was to connect one end of the cable under test to the inrut

of the rolyskop and fterminats the pther in a short. The

q gtanding wave pattern wnieh develops ims displaysd in the
Folyaitep by sensing the input. Freouency marker signals are
fed from an external gensretor and several readinss are taken
ogf the freguency differences between the maxima. Their average
. difference iz used to caleulate the length of the eable, By

- this method an aceuracy of a few metres could be achieved.This
Was then Tollowed by an electrical eomparison method at 30 MH=,
gaown in Fig.2.3(b). In this method, the cable which had the
gmallest length as per the previous meesurement vas used as a
jxatandard, againet which all other ecables were compared asngd

L cut suitably. A4n acouracy of ilu was achieved.

d.2¢.2 Regeiver Hoom Zlegtronics

The 320 m long If cables produce a loss of
L~ 12 d2 at 30 mHg. To compensate for this los=, the signal,
;}an entry into the receiver room, iz amplified through double
‘Qfﬂscode stage, post 1¥ amrlifiers designated FAl. The signal
_ then passes turougn variable delay lines which are required

for squalizing the delays in the entire system and these have

--uplified in a one cascode post amplifier FA2. LAl and PA2

plifiers empley 2ii 914 transistors in a common emitter
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configuration and provide a gain rf 42 dB and 21 4B respect-

ively. The PA2 amplifier gasin can be wvaried by #0.35 45 by
| verying the emitter current. It has in additien 3 fixed

L ttenuntora of value U.5 d3, 1 do gnd 2 4B which can be

P Ewitched iIn or out for gain equalization. It has also a
:mﬂnitaring port for checking the phase of the system. The

S bhandwidtio of PAl and PAZ2 are 12 lHz and 17 ke respsctively.

The delay lines between PAL and FAZ2 include a

t8ter delay unit, phase=-shifter unit and phase-—-trimmer unit.

;-a firgt two are described belnw while the use of the

$hird is described in 3ection 2.3.

2.2.3 The Delay snd Phase-shifter Control Systems

Since the phasing of the entira array is with
erence to the centre of the telescope, large path length
Z‘Erencea-are rroduced when ths beam is steered away from
= declination, which increase progressively from the centre
farde the enda. fo2r exappls, for the extreme declinetions
550. the end modules 511 and Hll have delays of

80 m) sin 550 = +143 m resgpectively, with respect tno

8 Will reduce the sensitivity by a ccherence facter
‘bF {1 - 2in ®n3t/nBt) where <t 18 the delay in asc

iz the bandwidth in Hz. In the CHT receiver system
:;aya are corrected at IF by switching in and out
f;?;iate lengths of HE-6 croaxial cables contained in the

b delay snd phose-shifter boxes (Fig.2.2}. In the step
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delay boxes the delay steps are arranged in a binary form
in units of one 17 wavelength with a2 mazimum variation of
OU=-31 274, in the end nodules. After this initial delay
correction to the nearest 17 wavelength, the signals will
s5til]l hawve uncorrected delays upteo 0.5 lIF and phase
differences ranging from O ko ﬁEDG. These phase differ-
ences are corrected in the phase-shifter units by switching
in fized lengths of %, %. %91_ aﬂd-§% cables. Initially,
2t the time o0f installation the switchea were made of 4dry
magnetic reeds (3arma et al. 1275) but due to the fregquent
failure of the reeds, they have been recently replaced by
low loss diode switches, dince all delays are calculated
with reference to the centre the intreduction of a delay

in one north medule and removal of similar delay in the
gorresponding south module can be controlled by the same
gwitch. Al130 to ensure gain stability whenewer a cable

ig switched out an attenuator of walue scual to that of the

cable iz automatically switched in.

The uncorrected delays mentioned above produce
g losa in coherence of about 1 ?b. In addition, hecause
af the uze of seriea Ad phage-~shifters, thers are
delays ranginz from 0 to 22 mw depending upon the dipole
Palr concerned, which give an overall loss in cocherence
of < 4 Yo. Thus the reduction in the sensitivity of the
telescope due to the uncorrected delays in the system is

not more taan 5 Yo.
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2.2.4 Amplitude and Fhase Bqualizer Circuits

e T e —

Long lengths (320 m} of coaxial cables which
ars uged to bring tie 17 signals from the front ends to
the receiver room introduce attenuation variations across
the receiver pass band which distorts the bandshape.
Therefore bandshape correcting networks which taks care of
frequency dispersion in the auplitudes and pherses nf the
. Blznal have been put at the output of each step delay
unit (Sarma et al. 15975). The combined amplitude and

phase egqualirzer circult produces an attenuation of ~ 1.3 d4Z2.
2.2.5 hulti-beam Forming

One of the salient festures of the design of
the Ooty teleacope iz the formatiez of 12 simultaneous
beams with a HFPEW of 5:9I¢-s L arce separated by 3'/ cos
arec in declination for observing cecultation of radio
gources by the nom. The 12 beams projected on to the sky
cover the roon fully and therefore there is no ambiguity
regarding the position of a radio source when it gets
coceulted by the moon. Mrther the beams can also be
flipped, independently or in a eyclic order, to +36' or
-36' from their normal position. This is done in order to
follow the moon in declination on a given day, without
changing the primary beax in the north-ascuth direction
by adjusting the AF phase-ghifters which could produce

fundesirable small changes in the antenns zain.
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The beam formation is as per Fig.2.5. The
is divided into north and south half with 11 modules
| each half. ZEach one of the outputs of 1l meodules is
ivided into 12 equel parts labelled p = 1 to 12 through
gigtive divider and transformer matching network. Each
h putput is connected to one of the 3 delay cables of

f@etrical lengths given by

Ep.q = {(2n-1) % sin [(p - 6.5 + 12 o) 8]

“ﬁh n = module numbers1 to 11 eounted from the centre of
g telescope; d = 23 metre is the distance between the
:.esi gi= O, +} or -1 copresponding %o a shifts of 8,
6! or -36' from the normal beam position and € = 3 arc.
ﬂipth cutputs are combined in an adder to form the south
et half of the p™ beam. The ewitching in and out
the coaxial cables to form the beams in any of the three
on requires 1200 gates. Barlier reed relays were

::Tar the awitching but these have subsequently besn

laced by diode switches as in step delay units.

2.2.6 Fhape-gwitched and Total FPower Beams

The south and north half of each of the 12
'i? are combined in a wideband phase-switched correlator
a2t al.lu75) as shown in fig.2.5. These correlators
g (i) one output proportionzl to the sum of th= two

E_Eignals to produce a total power beam and (ii) two
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ilase—switched sutputs corresponding to sum and diffsrence
two ‘input signals. The phase-awitched outputs have
'fan-GOmbinEd togetner through two equal gain, post
Boplifiers called FA3 and square law detectors (Fig.2.2).
[ ¥y (t) and veft} are the two correlated voltages which
fire fed into the two inputs of the correlstor, the outputs
?fm the two square law detectore when cowmbined giwve the
product wv,v; . The output will be modulated at the audio
frequency of the phese switeh and tihe smplitude of this
jgditlated signal is propartional to the product of the

fwo input voltages. (‘he adwvantage of this type of corre-
lator =s against a direct multiplier correlator is that,
Eeept for the phase~switch, »ther components do not
fgaire critical adjustment, Also most af the gain in

le phase=-switched correlator can be put in the post
mplifier after the correlator which relaxes the rhase
f;bility criterion of tne IF amplifiers unlike in the
'i;a of direct correlators where the multiplication is done
j€fore detection. Jince in our system the number of IF
fiplifiers required are large this type of phaze-—switched

grrel ~tor has heen chosen.

The IF amplifiers FAJ3, into which the twae
fﬁ}uta of the correlator are fed through two wariable
;ﬂanuatora (0 to 31 43) ia an important part of the

Boeiver system as the eguivalent systom bandwidth of

BB luiz is primarily determined by FA3, a2ll the other
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amplifiers in the recelver system being wideband. The
gircuit was designed by the author under the guidance of
fir. J.V.5.5arwa. Lt uses 20 514 translstor in the common
| enitter coniisuration. The mean gain of the amplifiers is
' T0+1 dE., It has an approximately square bandshape With a
bandwidth of 4 iHz a3 shown in #z.2.,6. This has been
achieved by enscading three stagger damped pairs (Valley
and Wallman 195f£) with each pair having a bandwidth ef
4.8 iz in an over coupled and under ceupled tuned circuit
i¢unfiguratiﬂn. The input and sutput impedances have been
matched to 50 0 with a V8WR of < 1.1. Performance »f such
Amplifisrs is characterissd by skirt selecctivity raido
(kekhorter and Ietit 1955) which is the ratio of bandwidth
Eﬂt the 30 A point to tie =3 4B point. Par a three
eascade stage of stagger damped pairs the theoretioal
|lirt selectivity is 1.9 while that obtained in PA3 ampli-
fiers is 2.0.
Circuit and performance of the sguare law
detector which Tollows FA3 is shown in Pig.2.7. It is
‘8imilar to that of the design of Bare et al.{1965) and has
i8 dynanic range of 30 d3 and sn almest flat frequency
response from 20 to 40 siiz. The shunt resistor of 2.2 X
&nd the capacitor of 82 pf are used to extend the dynsmic
e of thoe detector whieh, othervise, would have limited
use, Az pointed out earlier the combined outputs of

gquare lavw detectors contain the audieo freguency -
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modulation which has to be demodulated synchroncusly to

get a D.C0. output. This is done in an audio amplifier =
demodulation integrator circuit, the biock diagram of which
is shown in fM&.2.8. Iwo signal outputs are awvailable for
gach phase-gwitched beam, one with = fized time constant

pf 0.5 g and gnother oif 1 8. Thess are respsetively
gonnected to 2 digitizing system and recording system. In
addition, any two of the 12 beaws cah also be connected to
g dempdulator integrator unit having 0.1 8 and 0.05 8 time
cengtant for the recorder and digitizer channels, and are

generally used for IF3 observetions.

Total power outputs are produced by adding the input
signals from north and south half of the antenna in phase.
These ocutruts pass through wvariable attenuators and are
amplified by A3 amplifiers and detected by square law
detectora (fig.2.2). The detector outputs are fed to lew
drift low neisc cperational amplifier eirecuits which con-
tain a biasing unit, D.J. amplifier, integrator and a
buffer amplifier of unity giin. The RC time constant in
P the [.C. amplifier can be varied from 2 msaec 4o 1 sec. The

putputs are fed to recording and digitizing syatems.

The digitizer system used for the amcquisition of the
‘data, both in the total power and phnase-switched system,
has a 25-channel input AJC-multiplexer system and the

outputs are recorded on masgnetic tape using an on-line
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computer, Varian 620-i. The acquisition methods employed

in 123 programmes are fully described in Chapter ILI.

2.3 FHASH 45D GALK ADJUSTRENTS

A comprehenaive gain and phase checking system
?'using a test line has been develesped to check the amplitude
and phase of the signals at the output of the PA2 ampli-
fiers ~f the 22 modules, as described in Seection 2.3.1. -
" Alternatively, the gains and phases of the modules are
measured and made equal regularly by observing some well

knavn atrong sources in the sy (3ee 3Jection 2.3.2). This
gnsures that the gensitivity of the instrument remains high
and the beamw shape does not develop undesirable levels of

8ide lobes,

2.3.1 @ain and Fhass Checking System using Test Line(TL)
Frineiple of the phase checking system is

B in Dig.2.9. A test line branching system of coaxial

:?Eblés gimilar to the local oscillator cable system has

n laid (£i4.2.2} from the control room to the RF ampli-

fiers in the front end and its outputs are connected to

fiie inputs of R# amplifior tarough 20 4B directional

guplers. The basic idea is to cqualize the gnin and phase

81l the 22 channels upto IA2 outputs (Fig.2.9) using any

e of the 22 lines as a standard. The usual refercnce

dule chosen is either ¢f  the central modules Hl ar Hr
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EHe firat measure the gains and phases in the test line eable
‘paths 4B, AC ete. The gains are measured at the outputs B,
€ ete. (Hec.2.3.1(i)) and the relative phases by the modu-
‘lated reflection method (Sec.2.3.1(ii)). The me=surements
bof =ain and phase of the signal passing through the paths
"ABD and ACD, as described bsleow, then give the required

Pwaliea in the patn BD and CD.

2.3.1(i) @ain Bgualization using Trast Line - Consider-
fing FPig,2.9,in order for the gains of all modules to ba
fﬁqual we mpust have a~b-g=-d = p=-g=-r-z, where the symbols are
P88 given in Fig,.2.9. The walues d& and s of the fixed
"attenuators can be measured direetly. Also, we can feed a
Tixed signal power medulated by 1000 Hez into the 7L branch-
fﬁng aysten and by using a detector and a tunsd 1 kiez ampli-
giier can find the losses in the test lines going to
Eiiferent modules, thereby knowing b and g . To measure

5,

the directicnal coupler losses we connect the test line

?irectly to the A¥ ampliTier, bypassing the dirsetional
fnupler. and measure thz power at ths ocutput of FA2's. Then
B8 connect it to the K amplifier through the direetional
joupler and measure the power again. From these readings
knowing the walues of b and g, we can find the

i

irectional coupler lesses in standsard and test modules.

reforc either a can be made equal to p or the

'E{fﬁrﬂnce can be obtzined.
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2.3.1(11) Fhase Zqualization using Test Linzs -
HMeferring to Fig.2.9 again, ths phass diffsrences between
fEhe 22 modules can be measured by feeding the 17 signal

B0 any two modules, ohe of which is kept a5 a reference

gﬁulE. e egualize the phases from the signal generstor

90" . The circuit details of phase trimmers are dip=-
fmsed in Sarma et al.(13575). Zrom ¥ig.2.9. we note thst
£ the phages of the TL cables Py and §qy Are knowvn, we
EH aalculate the phases in the IF lines and egualize

hem initially.

The TL phsases are found by the mofulated
flsotion technique of Jdwarup and Yang (1961) in which

e phase of a reflected signal modulated at the far end of
t mngmigsion line is compared with that of a Cd refersonce
« Referring to #flg.2.10(b}, the dicde at B_ at the
fput of onz of the R amplifiera on the antenna is

;_uheﬂ on and of{ by scnding a sguare wave voltage af

?E'Hz from the receiwver room. The modulated diode at
gives rise to s reflected sighal which is returned to

P input, separated by the split=tee divider LN, and

ted To the RF amplifier R through the port il of the
fb=tee. 4 OW reference gsignel ig alsc applied te R

h a varisble RF phase-shifter. Relative path length

ke is determined by noting the position of tue R phage=
'{=r tc obtain g -zero in the phase sensitive detector.
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noving the relstive phase in the path Lﬁx, that Tor the

ath bxux cnrn be found by sending signals through ﬁﬂxcx

the phases can be determined 1o an accuracy of 120. A
-?irﬂng reference signal ia essential in thia methed to
®nsure high accuracies in phase determination. The direc-
tional couplers Dl and DE are used to prevent the satura-
:ﬁ}ﬂ.ﬂf RF amplifier #. Any CW signsl lesking to the RF
implifier through the split-tee and stray OW reflections

‘ron the test line are cancelled out by the stub tuner.

2.3.2 Gain and Fhase Adjustment by Observing Radio

i oty .

Sources

The reletive gains of the 22 modules can be
aaured by observing a strong source like Virgo A with
individual module in the total power mode. Jince in
cage the Rrr phase shifters are also included, this
g indicatea the differences in the gains between

les more truly. This methied is used regsularly to
piermine and equalize the relative gaine in the systenm.

he averags gain variztion over sewveral months is within

for phase equalization, two modules are

in succession to form a phase-switched interfero-

tte we gZenerally cbgserve strong sources like Virgo A,

=& and 3C 444. For incoming signals with egual phase

‘he return loss in the test line is about &0 1B

in order t¢ 2btain a good accuracy in phase measure-
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n extra 90 phase in one of the paths preoduces a null in
ftuned amplifier and detector. Any extra phase which is
feguired for nulling, in the module under test, gives
?ractly the phase difference between the two modules. A4s
gase of g2in equalization we take any one module, usually

- or Sl a® a standard.

2.3.3 Legsulis on Fhase Variations

(a) Using test-line method

. The wvariationzs in the relastive phesc between
ﬁb input and 22 branched outputs of the test line over a
?aiud of one year as determined by the modulated reflect-
lon method are shown in the histogram of Fig.2.11(a}.
'ﬁgilarlj, the histogram nf pnase variations betwessn the

# anplirfier input and PA2 sutputs for the 22 modules over
“ﬂna year pericd as determined by the phase monitoring
®em of Fig.2.10 is shovn in I"ig.2.11(b). DBoth the
prares have been reproduced from 3arms, Joshi and Anantha-
Mghnan (1975). Both the histograms show an rms phase

£ = 4} =
istion of about 4 %o 5%.

b) Using radio source calibration

3 For phase eagualigation using two aerial inter-
rome try , Hl or Sl moduls was chosen as reference. Average
_ééhase deviation nf all the modules was ascribed to the

ference module and therefore subtracted from the velue

_:ga-.c:h module. meagurements were itypically made once a
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wgek and the phases of the 22 modules were equalized to
within about 2° using the phase trimcers. Over a period
of a month er two, the rhase-trimmer values as set above
changed conaiderably due to misalignment and other mecha-
nical faults in the WP phase=ghifters of the 908 element
dipnle array. The mecnaniecal phasge-ghifters were adjus-
; ted roughly once a month enly, during 1973-T4.

in order to understand the stability of

; receiver electronics, excluding the dipole array, we

have taken average of all 5 or & phase measurements mades
Enr eacihi nmodule every month, corresponding to periods of
P nc reaijustment of the phase-shifters. The values of

: phage deviation obtained as above are plotted in Piz.2.12
for 4 typical days during Oct.'f3 fto Dec.'74. It is seen
that the phase stabllity ef the receiver system is less

than about 5° Ri3.

Likx

=] CALIBRATION O THE TBLESCOFE

It is gnown in Appendix A that the effective
collecting area AEII ef tihe Ooty Radio Telescope is about
T0C0 mw? after taking into account various errors ani
losses in the system. We have also shown that for a radio
gource of flux density equal to 1 Jy the evpected signal

"

@ to noize ratio is 14 for g of ~ 4 Lkiig and T ~ 1 gmec.
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245 SUMbARY

The raceiver system of the Ooty radio
telescope operating at an RP freguency of 326.5 #Hz with
a bandwidth of 4 idz has been described and alse the
calibration methods for the galn ~ni phase of the antenna
are civen. I+ is saown that the receiver system has a

phase stability of about 5% Re3.
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. CHAFTER I1i

I4TERFLANATARY ICLATILLATICN: 1

THEORY, CBUERVATTION, BESTTLATION OF ABQULAR STRUCLURE
ALWD COMEARIZON #1TH CTAJR DATA

interplanetary scintillation (IF3) is =
wanifestation of the plasua irregulsrities in the solar wuinc.
These plasma density irregularitiss scatter radio waves
pa@sing through the medium snd produce phase and amplitude
Fluctuations of the emergent rays. The relationns between
the irrezularities in the medium and the intensity Ffluctua-
tionz on a distant screen have besn siudizd, tesed on tha
thirn phase =screen approximation, by fejer 13953, Hatellrie
1956, lercier 1962 and others. Also, using the thin sereen
model Little and Hewish (1966) and 3alpeter (1367) have
developed theoretical relations for explaining the II3
ﬁhanﬂmena. 4 general treatment of warious thogreile=nl
approachas has been pade recently by Rac (1973). in dection
2.1 we give a brief review of the theory cf IF5 znd summa-
rize several results that are used later for the derivation

of angular structure of compact sources at 3i6.5 Mie.

In Section 3.2 are described the procedures
followed for observations made at 326.5 iz and for dstzr-
mining the seintillation index and the angular atructurs of
the scintillating components. The power speciral mzthal
ugad haore to derive the angular size of the scintillating

gource is deseribed in Section 3.3. A different method that
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{fiuweﬂ by the Cambridges group for determining the source
}&mre iz discuss~d in Section 3.4. . This method, called
'jTgs m-p method, was originally usced by Little and Hewlsh

] and was later extended by Reathead (1972). They developad
;ﬁjel for the plasiona irregularitics based on obssrvations of
'Tsnlar wind whieh wag usad to ceampute the veriation of
@tiilation index with elongation for radio sources of d4if-
rent angular sizes and then to compare the observed scintil-
ition indices of a source with the computed values.

In 3ection 3.5 we first discuss briefly the IP3
irvey of about 500 southern declination sources which has

§8h carried out at Coty at 326.5 diz. A comparison has been
;ﬁe of the ansular sizes nf 40 soureceg that are common bet-
f;hn the present survey and the survay of 1500 sourccs made
81.5 isdz by the Cambridge group. Though the sanple is small
“?'find that the diameters estimated from the power spectrum
jethod are apprecizbly lewer than those found by the Cambridge
égaup using m-p curves. We find a sixilar result for the

?5 reas comaon to the survey of Hdarris and dardebeck at 430
iz which usea the power spectrum method and the Cambridge
ﬁur?ay at £l1.9% HH= uéing the m-p curve., In 3ection 3.6 are
;ﬁﬂeussed various assumptions made and ceuses of discrepancics

fn the ¢stimation of the diameters by the twe methoda.

i detailsd discussion iz given in Appendix B of
yarinus sources of errors in the sstimation of the paramaters

ared f2 which arc used in deriving the structure of
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compact components. These errors may arise due to (a) statis-
tical uncertainties, (b) cbservational errors and (e) errors
introduced in tiae analysis, Tor example dus to a wrong choice

of the receiver baszeline.

5.1 TJ4RORY Or INTERPLARZTARY SCINTILLATIOR (IEFS)
i
The theory of I1F3 has been described in detail

by Little and Hewish (1966) and Salpeter (1967). In this
' section we shall describe the theory of IFS briefly essen-
tially following the treatment by 3alpeter (1967) and

present those results thai.ars relevant to our observations.

] e et g i e

Flectron Jdensity Variations in the Inter-

planetary .edium

3.1.1 -Relation .etween rhase .luctuations and

vhen a plane electromagnetic wave from a
distant radio seource passes through a slab of plasma of

thickness L and deasity ﬁe and refractive index p ,
wnere ph= -1 N E% (3.2}

random phase fluctuations are imposed on the wave due to
variations in the plasms density and hence in p . If the
tonickness L is small compared to the distance = from
tae observer to this slab (Fig.3.l), then the relation bet-

‘ween the intensity pattern at the plane of the observer and
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the phase fluctuations produced by the medium can be Tfound
by invekinz the 'tain phases screen model' where the medium
of thickrezs # L/2 is replaced by 'an equivalsnt thin screen
Which produces the saws fluctuations ss the irregular medium
of thickness =+ L/2. The streagth of scattering in the
medium ig charseterissd by the r.n.s. phase deviation across

the wnvefront, L which is produced by the medium.

ror weak seatiering, where the mean squared
phag= deviastion ¢; << 1, the assumpticon of thin sereen ean

be chown to be valid provided the thickness

2
L << 3%%~ : (3.2a)

where =a 13 the correlation length or sgale sigze of the
phage fluctuations and 3 1is the wavelength of observation.
In the case of strong scattering Em: >> 1) a more stringent

condition is needed namely
- Eﬂg?
Liog, o6 =ue {(3.2b)

As the solar wind blows away from the Sun, the

plasma density as well e the dengity variantions which are
o

agsumed to be proportional to the denmity decrease as r
and thereTore contributicn to seattering of radic waves
comes from enly those regions that are closest to the 3un

along the line of sight to the source. The thickness L is
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the characteristic width of the density distribution
{Pig.3.1) aud has to satisfy 3gas. (3.22) nnd (3.2b) for

Whe weak and sirong seattering regimes respectively, for the
%hin screen model to be valid. In addition it is also
.;aauued that the scale 8ize a3 >> 3, the wavelensgth of
:ibsarvation. This condition ia easily s=tisfied in the cage

;ff the interplanetary medium where a ~ 100 km and » £ 10 m,

The phase of the emerging wavefront from the
thin sereen can be related to the refractive index p of

the medium by

+L/2

plx.¥) = %1 ;ME wlx,7.elds , [3.5)

BWhere ;b is related to Nehy;hﬂ.[ﬁi}. If the density N
waries by al_ from ita mesn wvalue, @ -changes by

: 1 8lai

A =5 HIE and produces a phase ch=nge

+L/2

aplx,y) = %E aplx,y,2)de . [Fatt)

SLHE

iseful information on the wnriations in the refractive
?nﬂax can be obtadined only by statistical means and there-
By

#hre wa define the autoccrrelation function of the phase

fluctuations as

p?e(n,€) = < ap(x,¥) sp{xtn , y+€) > . (3.5)
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Bf L ~. =2 it can be shown from egns.{3.4) amd (3.5} that
fthe phase fluctuations are related to the r.m.s. electron

density variations < M7, > by the relation

Py = nlfd raiaL}? y o<l =, (3.6
L . . o= 2
there r, 1is the claszical alectron radius = EEE;EET

2.5 » 10_15m .

53.1.2 Relation Hetween Ifhase fluctuations on the
cr ferzen and the Intensity Pluctuations_on
Lhe Goound
doaving established the relation between o and
we are now in a position to relate 4HE to the inten-
ity fluctuations on the ground by finding the relationship
petween the latter and the phase fluctuations ¢ . The

'ﬁantric Tield at any point Eo in the plane of the obaerver

glven by
% e 0 g, R @]
E{xa} = g0 g & e ; dx, (3.7)

—_—

?erﬂ X iz a two dimensional vector in the {x,y) plans on

: %
Ehe screen and the intensity I{xu} = E{xﬂ} E{xg}

= F=
o .

Ll ) Ty, ) i (g )0 (K, ).

(3.8)
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To find the correlation properties of the
Pintensity fluctuations I{iﬂ} ve define the normalized auto-
gorralation function of I(EG} BT h:{?},

! El 2 Plx ) Tz -wr ) 52Tt
kr.':{rj = m':p{r = == ....,,.,I_D'. ..._,._,__...g.,._.._ Py

T IJ:ED] I{.:::G+;] SeLSAaT =g {5.9)

gaud its 7 ier transt #.T) I 2r3y = 2
aud its Peurier transform (¥,7T) : (3) M, iqx'qyj i

$=

h;{E} = Ea a7 o~iar ﬂ;(?} 3 £3.20)
which gives the power spectrum of the intensity fluctuations.
ihe scintillation index, m , which is the root mean sqguare
Pvaristion in the observed intensity fluctuation relative to
thae totzl intensity of the radio souree is given by Hz{}=uj,
iF'rom eqns. 3.8, 3.9 and 3.1C we can, as shown by Salpeter,
relete the powar spectrum of the intensity fluctustions on

-

the ground to the phase fluctuations on the screen. aowsever
3

Pthis expreossion iz complicated and is reducible only by

making certain gpprozimations.

3.1.3 The Weak 3czttering Approximation: a; <=1

In this approximztion the power apectrum of
dntensity fluctuations M:{E} is related to the power spect-

rur of phase fluctuationa ¢;{EJ. the F.T, of ggn. 3.5, by
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the expresaion

mj{q] = aq-.;{':i} sinﬁtéﬁz—zl : e 198 Lo

The sin?

term in the above equation is referrsd to as the
fresnel filter factor and g = qp = V2k/z is the Fresnel
frequency {(units of m*l} belew which the intensity fluectu-
ations are heavily atteﬁuateﬂ. Thus the seintillation
technique is senaitive only to irregularitiss of size of
about q§l = {-Eﬁ ~ 1C% km or smaller for z = 1 4.U. and

A =1 m. The expreszion {3.11) is further simplified, by
‘defining a parameter g =k/q® = ka? = 2ra?/\ ecalled the
Fresnel distance. In the weak scattering approximatisn from
Egns. (3.9)and (3.11) the scintillation index m, ean be

‘related to P and = by the expression

o
m; = 2 m;f[l+{zﬂf22}z] . 5 kS

The above expression reduces to

m, = i ¢, for z/g >> 1

(3.13)

and m, = Ve ¢GE22fzﬂ} for zfzﬂ -~k |

:he value of m iz always small being much loss than unity
ln the weak seattering linit and tae probability distribution

of the iantensity fluctuation is roughly a symmetric gaussian,
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The spatial power apectrum E:{qx’qy] is

characterized by the square root second moment q, which is

irelated to the scnle size a by the expression

a5 = ﬁ% (1 + 2!11+Ei532}] (3.14)
- o
Which reduces in the weok scatiering regime to

g = ;%-fnr afscar dgn (3.15a)

i this far field region the scale size of the intensity

fluctuation en the ground, 2y ig of the same order as =a .

=

ii\-}-

B oa for ¢ << 1 and z/ag > 1 . {3.16)
However in the Fresncl region where z/zg << 1, the scale size
pn the greound decreases as the low spatial fragquencies are

¥iltered cut by the Fresnel filter and from eguation (3.14}

3 a3 = % for ¢2 << 1 and 2/z, << 1 (3.15b)

3.1.4(a): Far Jield Approximation For Any Te

L WL e o e e e ——— o 4

for z/7, — * it was shown by Hercizsr (1962)

bhat the autocorrelation h:ff} iz related to the phase
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fluctuations for any ¢, as

292 20%(T)
D L e (3.17}

I

3=
t&{r}

and
i2(0) = 0% = 1~ ° ., {3.1¢)

E For ¢ﬁ= << 1 the Bgn.(3.18) reducesto (3.13) and g, is given Ey
: Eqn.iﬁ.lgag. For »> 1 We can approxinate pir) = g~r{r/a)
e ~7.00T" o~ 1 - e™% 9 T where we have put 4, =_§ using
EEqn.{j.lﬁaJ. 3ubstituting this in Bgqn.{3.17) we get

s gy 7)°
J'i:_{f‘} T e (3.19)
— ’ 2 T
m, = 1 , for @ sxt (3.20)
lfrom eqa.(3.13) the sguare root second moment g, for
:;f >> 1 in tha far field region is given by
43 = 292 o2 = 2¢2/a? (3.21)

since 9, = . ‘Thus the scale size of the intensity fluctua-

jion on the ground.f » depends both on g and a, and

1
a

£~ afp (3.22)
o
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3.1.4(k) = %1 and ¢§ > 1
.2 et

A . = TR Y

This ig the nost difficult combinstion and no

analyiical solutions are possible, Numerical methods hewve
been used to derlve the behaviour of m for P of the
grder oi unity or slishitly greater. For large P, 8ven the
munerical methods are diffieult to handle. Studies by
Mercier {1962) and Eramley and Young (1967} show that, in
this region, due to focuszing of rays by individual irregu-
‘laritizs, the acintillation index reaches a maximum wvalue
hlgher tnan unity before satursting at the value of unity
tas civen by ogn.(3.20).

3.1.5 Ihe telotion Betwesn the Gpatial and Temporsl

Antensity Specira
koat of tac seintillation obzervations hawve

been mnde with a single stationary antenna. 1In this case
Wwhat the observer records is not spatial intensity fluctus-
fations but temporal internsity fluctuations which arise
?bacause the solar wind and hence the thin secresen, move
fradinlly awsy Irow tac sun, with a velocity of 350 to 400
Emfa gc. If wa sssume that the sereen moves rigidly and that
‘any cvolution in tie irrejularity pattern is alow compared
o the tise genle of tas intensity Tluctustion so that such
fevolutionary nrocassces c¢an be neglected, then a simple
irel=ticn can be developed between the spatial and temporal

jntensity gpectra. The svidence for such asn assumption will
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g discussed in greater ds=tail in Chapter LV. Therefore we
??all assume here that the zereen moves across the line of
;?:ht with a uniform wvelocity u so that the tempor=al inten-
ity It- is related to the spatial intensity IR by .
{{t} = IE{-ut}. The negative sign is of no importance as
the autocorrelsation function is assumed to have a symmetri-
distribution. The timz and apatial autocorrelations
are taus reloted as

H:ET} = iiZ(us,0) . (3.23)
temporal spectruw which is expresse’ as a funetion of
.?aqgency f rather than the angular frequency w is

Hiven by

to

f EuEnift

-

P(f)

-2
ht[rj dT

L

4
\ & *MET wiug o) A% .. (3.24)

=

e shall assume that screen moves only along x direction =o
hat we may substitute X = ut and since K 2(r)} = M _*(P.0)

- CQm Eqﬂ.- Ej rlﬂ } 5

- B i(q x)

r s
Eﬁ dqx dqy e i h;(qx-qy} # {3-25}

2 =
mﬂirrﬂl e e
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we get by substituting Bqn.(3.25) in (3.24)
o i) 2nf
Txfgr-== }

Lo 2
P(f) = SS dx dqg_ dg_ e K*(q.,q. )}
R £y TSR

i

+CE
F 2u8 .3
a] ﬁf 8, qu 6[qx_—§L} “z{qx’qf}

= |

o

+

¢ 2 2nf
dqy LE[q e qy} . (3.26)

;n—a

From oxpression (3.11) and (3.25) we ¢an relate ths tempo-

ral powsr spectrum to the phazc fluctuations as

+eo
B(f) o \ dq, ¢ R ) atnd GRALEEE ) 3 L (3.20)

;n the weak scattering regime, for a thin screen with
ganssian autocorrcelation for the irregularitices, the
ampural power spectrum of the nbserved intensity fluctua-
$ion ocan boe obtained from (3.26) and ia given by Hao ot
H.11274) as

F(f) = {Ezﬂ}f amzu_l exp[-lEEnaffyizi

i cns{h : En . : (3.28)
I el - "‘-"' o -
{ 6 {Ezfa JEJI?_ !
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‘Where =, = k22 and € = tan'l{éil z Jince the sacond
: = o
‘momcnt 1la defined as
o o
fE*' = S) FERLE )AL S SP{def . {3.29)
[

by substituting equation (3,27) in (3.29) and simplifyine

We obtain a similar expression to (3.14) as

2
£2 = (zo=)32 4 :—(—EE;} : ( 3.30)
=

4]

firi the far fisld region whare -ft >=> 1 the above expression

reduces to

P
2 = 3m k (3.31)

o o

Bl Till now we were considering the source of

?rdiu emission a8 having no dimension, i.z., a point source.
f toe point source is shifted through an angle¥, then the
liffraction pattern due to the point source on the observer's
glane moves over o distance zyw . Thus for extended sourcss

f angular size ¥, the diffraction patterns are superimposed
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‘over a distance zy . If =y ls larger taan the scale size
©of the intensity fluctuations on the ground (£ ) then the
fluctuations are olurred. Thus for a souree of finite
}angular Sizewy, dizweter blurring cccurs fnr?uig for ¢02¢ﬁ L.

‘fhe powsr spectrum ﬂﬂit; (g}, for a source of finite size,

‘15 related to tae point scurce power apectrum, ha (), by

280, = i 2@ IES) (3.32)

19%¢
F{EE W Ema e °* p(e) 3053)

21

ﬂlﬂ

Where bL(8) is the brightness distribution of the source of
girlar size € , and the visibility function is normalized

®uch that V(0) = 1.

3.1.6(b) 3ffects of finite bandwidta

wa nave assumed in all our previous discussions

that tic received raziation is monocuromatic. However the
§e

ntenaity fluctuations remain correlated over a certain
andwidth which 18 a suwall fraction of the frEqueﬁcy of
pbservation. If the bandwidth is very large then decorre-

K tion ef intensity fluctuation takes place with a resultant
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fall in the scintill-tion power. Theoretical sxpressions
have been derived by Salpeter (1907) and Little (196E) for
the bandwidth effect. Their derivations show that the
intensity Tluctuationa will be decorrelated and the scintil-
Jation index will be reduced appreciably if 7 = 7 for

ng <= 1 where 1, Af are the freguency of observestion and

the receiver bandwidth respectively. Vhen senttering is

stronz {(i.s=. ﬂaz =% 1) since = -2 y bandwidth erfect

o

0

begcomes very much wore important.

For ocur observations, ¥e canh assume a scale

size § of 100 kms in the weak seattering regime, as will be
shown later, and assuming 5 = 1 A4.U. = 1.5 x 10% kms we
£ind that seintillation index is reduced only for a band-
wldth AT = 65 mde. Therefore for our operating bandwidth

of 4 rHz tne bandwidth effect can be safely ignored.

3.2 IFS CU3sERVATICH ARD AWALYSIS

Rezulsr i3 obzervations have been made using
_the Uoty radico telszscope 3ince early 1971 with a view to
study ¢he gosttaring propertiss of the interplanetary
medium and alsc to determine the ansulsr zize of compact
components in radioc sources. In order to derive the pars—
‘maters of the medium, such as scale size, r.m.5. phase
P fluctuations ate,.;, nine compact sources were systematically
gbserved. The derived parameters of the medium were then
tused to find ansular atructures of sbout 500 sources in the

gouinern declination.
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3+2.1 [Erocedure of C(bgervations

The observations were made using the phase-

Witched system deseribed im Chapter 1I. ‘The output of the
receiver was integrated with an RC time constant of Q.1 s
?nr the analogue recording channel and C.0% 8 for the digi-
Eal recording channel. The digital channel was sampled at
50 times a gscond using s 12-bit ADC, centrolled by a

;: ian 620 i computer attached to tue system. The samples
Weres stored in the computer and then written as a record on

fhe magnetic tape at the end of every minute. To calculate

& i i}]‘

a a
mo= QR efE (3.34)

must know the warience of the noise fluctuation 'CN' the
i-urée and '0i0' the source, as well as the intensity I of
the source. Therefore, the cbserving procedure was to point
the sixtn or seventn beam of the twelve simultaneous beams
of tie antenra towarda the source for about 6 mins =nd then

fﬁ point it towards a nearby cold region of ths sky for 7 mins.
Sometimes, when s source was being observed in a high back-
pund tenperature raglon or close to the Sun, the data

from one of the nther 12 beams like the tenth or eleventh

beam which was not on the source was also simultaneously

-Ligitized so a3 to zet the correct 'OFF' source r.m.s. fluc-

i atiDns. The advantege in the procedure is that in addition
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to establisning the '"OUFf?' source baseline, any terrestri=sl

or solar interference, if present, gete recorded in both the
beams. This procedure enabled us to eliminate records having
interferasnce during the analysis, The difference hetween
the mezn intensity recorded 'OW' the source and "0F#2' the
source gives the inteasity of the aource. It is important

$¢ Tind taiz difference accurately as otherwise large errors
pmay be introduced in the value of scintillation index. This
bas been discusced in detail in Appendix B on errors of

cbservations

Ubgervations were usually carried cut for p ,
the distance of closest approach of the line of sight to the
gource from the sun, in the range 0.1 A.7. to 0.7 A.U. For
P < 0.1 A.U. the effeet of sun on the sideiobes bhocomes
important wiiile for p = 0.7 A.U. the scintillatiocns are very

Weak.

3.2,2 wethod of An=zlysis

At the end.of every minute of data recording,
the r.m.s. and mean fluctuations were printed out. These
values gave ue an idea of the system performance in genersl
and alsoc We could estimate a preliuinary value for the
geintillation index in case the souree was seintillating.

Detailed off line analysis was done after the
observaticns. Runninsg means over 10 &8 were subtracted from
the data to remove lov frequency drifts and the meAn and

Wwariance of the data were computed. The scintillation index
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Wos calculated using equation (3.34). This walue of the
Beintillation index 1s an undersstimate because the observed
power spectrum is tha product of the power zpactrum due to
he source and the bandpasa eharacteristic of tae time
;bnstant circuit. Tas time constant pattern attenuates the
thigh Trequsencics in the roceiwved nolse fluetuations and the
éﬂﬁultant povWer spectrum has less area than the trus spect-
rum. ‘'he factnr a® by whiah the observed power spectrum is

; éduced is given by the relation

@

) Qgplif} df

nE o oy (3.35)°

=1

F-(L)z(f)ar
3 ((r)eir)

Phis value, waich haa to be ealeulsted individually for each
%nwer spectrum, is less than 10 Yo for p > 0.2 4.U. and
dncrezscs prosresaively below 0.2 A.U. where ths power
E-pactrum broadens. After muliiplying each of the observad
Beintillation index value by tne corresponding correatien:
f:uturm,it wag plotted mgainst the solar elongation value

iﬂur obtaining a scintillation index-slongaticn curve.

The power specira of the data were computed
weing Fast Pourier Transform (#7T) algorithm. 1n the
pover spectrum analysis each minute of record which actuslly

ieontained only 55 8 oi data was divided into two halves.
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a ruaning mean of 250 peints (5.12 s} was subtrzcted from
each nalf minute data, the ends of the data were tapered by
g cosine bell to reducs sidelobes in the freauency plane and
then thelr Jourier transform was computed. The Fouriler
coefiicisnis ware asqiuarsd and added to get the pover speetrum,.
AT ter subiraction of the runnings mean, each minute of record
" contains 45 s of usable dats. For =ach cbhservaetion, the
power specirum records for n ming of data were added and

P divided by a norwmalisation factor to gzot the average power

spactrum for the observation. 43 mentioned beforz, this

pover apectrun had to be corrected for the time constant
pattern. The time constant pattern was obtained by taking a
Tery ion: streteh or 'OFF' source data to g2t a stable powver
Papectrun. 4 smooth eye-ball fit curve wan fitted to this
power gpectrum and thls was the time constant pattern which
was used for all the observations to divide each 'OW' sourece
bdata. Alsc, each day's 'OFF' source power spectrum was
@ivided by this times énnstmnt pattarn to cheeck for any
Einstahilit:,' in the records and to ensure that the resulignt
gurve nad a2 mero slope Wwithin the errors of tne power

Bpectral estimates.

The corrsctad 'C' source power spectrum thus
@btained coiltaing the @cintillation power as well as the
backaround noise power. “shereas the noise pover is a flat
roadband spectrum . 'ﬁihe gecintillation power does not

xtend beyond a few Hertz in mest of the observaticns,except
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when very close to the Jun in elong=tion. Thus to find the
widtn ol the 'Uua' source power spectrum, which is a charace-
teristic parameter that gives an estimate of the angular

size of tue ocompact cciuponent, equ.{(3.29) was integrated only
up to the freguengy at which the seintillistion pow=r becomes
negligible compared to the noise power, becauge Ffurther
integration simply adds to the ztatistiecal uncertainty. Thus
{3.29) is reduced to

fc e

c
f2= = ';: £2 FLE) GFF '; B(f) af 7 55 )
D L)

where T, i3 called the cut off freguency.

4 typieal 'OW' source and 'CP4" source record
is shown in fMg.3.2. The "Oh' apectrum after correction for
the tims constant sttenuetion ia aitown in Fig.3.3. The cut

pff [frequency rc in #g.3.3 extends up to 4.6 dz. _The mean

povwer level beyond fc reprezents the contribution from the

noisz background. Thereifore, to find the f2 of the seintil-
lation apectrum, this constant lewvel is subtracted from the
corrected 'UW' spectiruxr For all Trequencies from zero ur to
£, - 'he shaded area in the '0Il' spectrum of Fig.3.3 shows

the Ifinal secintillation epzetrum for which the second .

mement iz calculated using equation f3.35}a.
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3.2.3 Ubservation of the Point_ Sourcesand Results

The nine coupact socurces which were studied in
1571 for defining the characteristic parameters of the inter-
planetary medium =t 327 Mtz in arder ef right ascension, were
3C 2, P8 0115-01, I£S 0116+08, 3C 49, Naad 91, CTA 21,
3C 138, Pud 2203-18 and 3¢ 446. Of these NiiCQ 91, 3C 138 and
30 446 shovwed effects of finite source gize and have there-
fore been excluded in the determination af the average pro-
perties oi the medium. The scintillation indices of the six
gther sources have been plotted in Fig.3.4(a) againat p ,
the sine of elongation. Dus to differences in their struc-
ture, the fraction of flux in their compact componsnts, | ,
for all these sourcges were different and the scintillatien
indices of these scurces wWersg multiplied by a scaling factor
g0 tiat the aversge m-p curve coincides with that of CTA 21
waich iz kaown to be g very compact source from other high
regolution observations. The secaled indices as plotted in
. Piz.3.4(a) were further averaged over small ranfes of elone-
ation to reduce the scatter and tals smoothed curve is
plotted in #i5.3.4(:). PFrom tais figure,between 0.3 < p
= 0.7 A.U., there is found to be a power law relation betwesen

n and p given by

i & DLEE Gt (3.37)

This scintillation index - elongation plot

derived for supposedly point sources is referred to as the
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L =P CLrve. The observed scintillation indices, m , of other
gsources is then compared against S to give § = mfmﬂ. the
fraction of flux in the secintillating component.

The second momentsz for the six sources were
galculated from their power spectra using %gn.(3.36) and
these have besn plotted as a f,-p curve in Fig.3.5(a). Sinilar
te Fig.3.4(b) these second moments have also been averaged
over small rangea of elongation and plotted in Fig.3,5(h).
lhis smootied curve has been used as = standard point source
fﬂ—p curve at 327 lidz, against which second moments of all
otier sources have been cokpared to obtain fzjfﬂ which is the
guantity used in derving angular sizes deseribed in Section
-

From #ig.%5,.5(b) it 1e clear that in ths ramge 0.3 < p
< 0.7 A.U. the second moment of the 'point source', fﬂ, is
gonstant being equal to about 0.6 4dz.and using the relation
£ =B— ang asguning a value of 350 s T for u, we get

o~ 2fa
A = 100 km. #plore detailed caleuwlations, waich instead of

agsuming a tiin screen take 1aoto account the thickness of the
interplanetary medium, show that the scale size i3 weakly
dependent on the radial distance, r; from the sun for p > 2.3
4.U. and is given by air) = 100 r% km where a has a value
‘hetween 0.1 and 0.25. The details of this derivation are

given in Reo et al. {1974) and Rac (1975).
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s .5 . g3livnliln OF ANGULAR SIZE CF RAUIC SOURCE BY THE
FOWER SFECIRUM wETACD
3.1 Ineory
ine intensity pattern on the ground produced by
gource ol finite angular sisze W is the convolution of a
‘point gource diffraction pattern with the brightness distri-
bution of the extended scurce and sc the spatial power spect-

of the pattern is given by Bgn.(3.32)

j‘“-a-:t:ta{‘?l*j = 4-;,;1:.;'1j f”('z:éﬁ a}i 2

whers J{ﬁ%ﬁ} is the wvisibility functiom of source. Thus by
dividing tue observed spatial power spectrum of a scintillat-
f{— source by the <stimated spectrum for a point source we

Gan estimete the vieibility function and henca the atructure

[ the source. However, we canncot easily measure the spatial
;=wer specirus gince it requires that the intensity be

Beesured simnultaneously at many peints on the ground. When
aigervations are doac with single antennas auch sz the

oty telescope, What we measure is the temporal pover spectrum,
ghich if we assume that the pattern on the screen moves rigzidly

dth a2 uniform velocity, cam be related to the spatial power

pectrum by the equation {3.26)
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where #¢ have chosen thse x axie in the direction of the
golar wind velocity. bBecazuse only the modulus of the source
vigibility is measured and due to the intecration over q,
we canaot determine the true two-=dimensional structure of a
Bource by comparing ite temporal power apectrulm with that of
g point source. The only way we can sstimatzs the structure
of the source is by comparing the observed power spectrum
with theoretical power spectrs wihich gare obtained by assuming
different models for the source. bBut as the detailed corpe-
rison of power specgtra is difficult we use two characteris-
tic perameters, the scintillation index m and the second
mowent fE and obtain zn estimate of the angular size and the
structure of the source g8 dsescribed in mection 3.3%5.2, IF IE
varies with position angle of solar wind, we assume g singls
glliptical gaussian s discussed in Chapter 1V. But for the
13 surveys described in this chapter the sources have been
gessumed to be circularly gsussian. These refer to a suitably
weilghted average size of variocus compact compon=nts in a radio
gource as discussed in Section 3.3.3.
3.%3.2 Angular Jize and Seintillation Index for a

Zircular Gausaian source

for a circular cmusslan source, as sho¥n by
Litile and Hewish (1966) and Cohen et al. {(1967), the ratio
oI scintillsaticon index for an eztended source to that for a p
point source is equal to the ratio of thelir second moments

and is ziven by

: £ 3. —%
SRE & = [1+2(20 /€ ) ] (3.38)
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Here EQG is the .-::'l diameter of the source. Since the

power diamcter y ia rclated to 8, as Y= 2.35 90 and
iince the et width of tae auto correlation function 4E= Y2 a ,
fhere a 1s the auto correlation width at =2.17 dB point of

P 8yanetrical gaussian, we get from 3gn.’.38

= = f—" = [l-i-ﬂ.:)ﬁ{zwfa}z] (.5#39)

;Ea relation derived fully in Appendix C 1ig also readily
jbtained from the guneral equation for =n elliptical gaussian

rived by ua in Chapter IV. Irom #gn.{J.39) and using rela-

tion :E'D = Znn We may obtain
Yoo e 1 (P }2 ] (3.4C)
R TP 9% { e ' F

To esiimate y We nust know f, . Tven if f_ 1is not known,

ince fE < i, , We can get an upper limit on Y by assuming

o

L, >> f2 walch ziwves

u
7 W < ETEEEEE e B

ror the IF3 survey at 327 MHA», we hove fu from
the observations of the 9 standard sources as described in
Section 3.2.3. In view of the uncertainties in the measure-

ments of fE wa have arbitrarily regardod f2 far a souroe
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;n be glgniiicantly diilerent frem fo only if fgffID = 8
Bnd estimated the diameter using 3Zqnid.4c). IT fEHfD ol
132 tg not gignificgntiy less tihan fﬁ and we have set an
Biper limit for the arrular asize of the compact component
ffrom the relstion (3.41). Tor wmoat of the unresclved sources
this upper linit is Tound t0 be about ﬂflﬁaﬂlﬂﬂfmﬂ limit “es
Eoen used for ell unresclved sourcea in our survey.

The anzular z3izes estimated at 327 and 43C Wiz
ueing sithor Zgn.(3.40) in ease¢ of resolved sources or (3.41)

in case of unresolvad pein? scurces agssume a solar wind wvelo-

fity of 350 Kmshl tollewing the general practice in IFP3 liter
ature (darris and Hardebecz 1369: Jokipil 1971). Howewver the
éﬂlar wind veloecity ig Lucwn to wary from year to year and in
fact it 13 difficuls to pive a w2ll defined state for the
Bolar wind welocity (Eundhausen 1972). A histogram of the
?luwspeedﬂ cbgcrved by the Vela 3 spacecraft is reproduced in
ﬁig.ﬁ-ﬁ from sundasusen =t al.{1570) wiich shows that the
Bolar wind wvariea ovor a wide range of values. In fable 3.1
'fe have iven the yesarly averagss of sclar wind speed as esti-
mated by ILatriligator (15%74). It ia secn that the average
Ealue of, solar wind velecity during 1971-75 may have been
&hﬂut 400 or 420 Rmﬁ-l. fhaeg. the angular sizes estifz=ted at
327 and 430 KHg may have been under.stimated by about 20 ﬁh_

i

The obaerved scintiliation index is mlan
reduced for exteanded sources gnd it is corrected for the

effact of finite circular gaigsisn source siee using Eqn.{ﬁ.}g}
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Fable 5.1 Yearly Averages of Solar-wind opeed

B s oo g o 5 S-S | iyl i e e e g TR, 2 gl = et A e R M. = T o Mgl Y SN b <

. Yearly averagze of
Totzl ko. of solap=-wind_ speed

lgar daily averages kms‘l
- Jas | 397
o 331 425
1967 : 351 : oh
- 25 461
1969 523 dicl
1570 #48 i
1571 270 4P

{ from Intriligator 1974 }
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'?hus the gorrected scintillation index is given as

-

2
m, = meB [1 + C.36{z4fa) ] . (5.42)

i
The ratio EE-= b gives the fraction of the flux in the

a
@cintillating compact component, where m, ig the scintillation

index observed for a given p using a ¢alibrating point socurce.

The value ol m at that p was got from
‘Egn.(3.37) waich was derived from the observations of the 9
Tatandard sources (Section 3.2.3). Thus estimation of mﬂ
asgumnes that the source CTA 21 i3 a rezference source with
P =1 (all its flux in the compact component). Por radio
' sources NRAQ 91 and Fad (115-01, Rao et al, (1374) =nd Rao
'(1975) reported somewhat higher scintillation index than for
{GTﬁ 2l. Milne's ohservations 2t kolongelo at 408 Mdz for
FKS 1148-00 also snows higner wvalucs than for CTA 21 (W.A.Coles,
Frivate Communication) and 1971 obeervations of this souree
at Ooty at 327 dHz supports thie trend. If it is confirm=d
Itnat there ars sources which have higher scintillation indieass
than CiA 21, the ratico p for IP3 surveys at 327 and 430 LHz
would have been overestimsted by a corresponding amount.

5+3.3 3Zguivalent Sismetors for a DJouble or Core-halo

Dadio sourcs

ihe gensral equation for the scintillating frac-

‘tion W and the ratio of sccond moments fsza for the case of
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e and tWo diwensiconal double source Wwith uneousl gausaian

?qmpgnenta { W ¢ &b] and with separ=tion HD and fluxes 5, and

1
5, {$1+32 = 13 5 # 35} is derived in Appendix C. From this
gener:] equaticn are derived the simplified egquations for (i) a
doublec source of equal gaussian components, (il) a deuble source |
0r egual aussian cowponents separated by large & , (iii) a
douils socurce with equal point cozponsats (iv) core-halo source
e = O, 44 #Y4 but 3 = 351,(v). 2 single circular gaussian
gource of aize#ﬁ,[ﬂl = 1 and EE = 0] and (vi) a single line
gaussian source.
Jrom the derived values of fEIfD for a given model,
We obtain the acuivalent diaweterfpaq by assuming a circular
gaussian source, for whic:. the ratio of seccond momenis fgffﬂ is
siven by ?qn{5+5?. In fatle 3.2 are given derived values of K
for sources of different types and #ig.3.7 shows the
Blos of  and equivalent iiameterufeq veraus separation &, for a
gdouble source or versus tas core W4 for a core-haln source,

It is seen from #iz.3.T7(a)} that for .louble sources,
TErous Eﬂ £oes through a marximum for a separation of Qﬁ of
Bbout ©,2 tﬂkiharc. cfor larger seperations of Gn1 only the indi-
Widual components are geen. In the chnse of core~halo sources,
ig a sultably weighted awveraze of the sizes of core snd halo
ghown in #y.3.7(b). However, frow #iz.3.T{=2) and (b) it is
gen tiat whea the size of the compact components in esither the
Bas2 of a double source with large separation or the case of a
tora-hilo gource i3 larger than about d:ﬁ are, the obaerved
Bcintillation index m = o,k 2 0.2. This decrease of m for
jources with ﬁ{‘.iilﬁam leads to an cbservaticnal selection as

follows. ror low values of messurad scintillation index m  of
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Pabic 3.2 : Derived Velues of | and ‘?‘Jeq for a Double

gdource znd Core—=daln Source model.

B s . 1 R e gt e e e e R T

C e mrem e e —— e m ——

i) Deuble source model with equal circular gsussians of sire
b Wi=Yy,; = 'f-‘z} separzted by ©_:

due. %o dnslebil " ¥o S, vits ghe saps T
T it L1 ]
i sl cpcanmeBedo e, 0B Oulle s L DEE -
i ,a) Scintillation Visibility . -
Sy O 1.00 0.94 c.51 0.7 0.71
E o1 &) 0.86 . 76 0.65 0.64
A 0.74 0.72 0.65 B85 0.53
c£5 0.60 0.58 0.54 0.46 0.43
0.4 0.49 0. 4E 0.46 0.40 0.36
«b) fsﬁguivalent diameter "-F;q;
e 0 0.12 0.23 0.06 0
B o2 0.09 0.15 0.25 .14 0.09
0.2 0.19 0.22 0.31 0.29 0.20
0.3 0.28 0.30 0.37 0,48 0,33
0.4 0.37 0.39 0.44 0.59 0.52

3 ':J,]Jnuble source with two egual point components separated
B by O, is glwven by lat row in (ifa) and i(b}) b andYag
regpectively.

Jore=-aalo source - 31f5'? =1 , G-G = .\._p-'l,r"tyg = 5,

¥y ¥ " Feo
0.02 0,10 0.4 0.065
0,05 0.25 0.81 0.135
Q.10 .50 Oub?2 0,185
0.20 1.00 0.44 0. 24
0.30 1.50 0.34 0,33
0. 40 2.00 Bl 0.43%
0.50 5,50 0.23 0.5%
0.60 3.00 0.13 0.61
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,fbout V.1 to U.2, we have tended to classify a3 source as non-
%cintiilatmr if the power spectrum was narrow with fszﬂ f C.3
‘Because 1t was not clear whether the fluctuations were due to a
fbroad source or due to instsbilities. But, with the =zame low
Walues of m , the source was classified as scintillater if

was larger. Wit longer integration and improved analysis
';5- should be possible to measure diameters up to ~G:"3 are-at 327 MHe,
The dotted curve in fig.3.7(b) shows the equivalent
#iametgrﬁ that would be measured for the core-hzlo scurces at
8l bz by the Cambridege workers using the m-p method described
later in Jection 3.4. This curve has been calculated using the
procedure described by Swarup anl 3nandari (1976), It is inter-
Estin: to note that for core diameters bstween d:l to 6:3 arec,
ile the power spectrum method gives an eguivalent diameter
Maic. is oniy slightly greater than the corz size, the equiva-
lent diameters derived at £1 iadg from the computed curves of

@eednesd (1571) are much larger.

5.3.4 Ooty Li3 Survey

Having established the method of feriving the
Btructure ol g radin source by the pover spectrum method we
fiall briefly describe tie 1F3 survey of sources made at 327
Bz (Shandari et ad. 1574) with the Coty telescope. This
survey has been deseribed in detail by Bhandari (1976) who
885 used this and other IF3 surveys for an extensive study of
isie characteristics of extragalaetic radiec sources. Here we

lEatrict ocur attention to a comparison of angular sizes
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fessurad by the powar spectrum method at 327/4%0 kile with
those measured by the Cambridge workers at 8L kHHz using the

p=-p method.

deverel 1S surveys have been made of radio
gources in the northern sky by Burnell (1972) at 1.5 KHe, by
Little and newish (1968) at 178 kH=z, by Cohen et al.(1967)
ind Harris and Hardebeck (1969) at 430 liiz and by Resadhead
Bnd iiewish (1974) again at £1.5 kNHz. But taere are no similar
jystematic surveya of the scuthern declinn-tion sources. dince
tae Coty radio telesscope has a hizgh sensitivity and a decli-
gation coveragze of + 555. it is ideslly suite?d for an IF3
Burvey . Therefore &n IFS survey was undertaken in the right
§Bcensiﬁn range 107 4o Eh and in the declination range 0?2 to
;,300. About 200 sourcas were observed in 1971 (Zhandari et
81.1974) and another 300 sources in 1973=74. All the scgurees
wer: chosen from Iarkes, 4C and Chio catalogues and were
expected Te have a Tlux density at 327 MHz = 2 Jy. \Where the
Bpectral information was not readily available a spectral
dndex of 0.7% was assumed in calculating the flux densities.
hile the above list does not form 3 complete sample in the
faense of baing complets above the flux density limit of 2 Jy
At does not alsn have any particular selection biasea. Thus

it represents a randex sslectlon or 3oUrces.

Tne obscrvations and analysis procedurss are

Bidantical to shosa described in Section 3.2.3. Bach source
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Wwas obaerved normally for 3 days. Of thebe, for two days

s observations were made while the elongation of the source was
around 12° - 15%, where mazimim scintillation is expected, and
the last observetlon was dcne when the source was far away
frox the sun. As in polnt source obserwvations, & min- of data
were acouired by pointing the antenna at the source and 3 min

with it pointing 2% a nearby cold region of the sky.

4 source was conaldered to be scintillating if
the acintillation index varisd with elongation and the power
| spectrum of the scintillation showed an excess towards lower
frequencies. for such sources the scintillation index m
and second moment :E'E were calculatei. GSources failing to
gatisfy the above criteria of scintillation were ecalled non-
geintiliating and uprer limits on L were calculated for
fhese sources Ifrom the system noise and by comparing the
darived limit of ®m agz3inst the value of m for a point

gource at the same elongation.

5.4 SCINTILLATION ISDEX-SLOAGATION kBTGHO0D #OR DETERHINIRG
SOURCE SIRUCIURE

instead of using the power spectrum method

followed by us a® described above, an alternate method of

‘deternining source sizes was developed by Little gnd Hewish
(1366). Uhey have denoted the guantity ¢ giving the frac-
Hion oi the flux in the scintillating component as scintil-
dation visibility V and have derived an equation which is

ddentical to ign,(3.38) for the case of a circular gaussian
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gource and ia ziven by

2

g EQFFH - Q
vhe R Tl 8y
4]

in order to.ebtzin the scintillation visibility V , we must
tknow the scintillation index for an ideal celibrating point
gource at tihe seme elongation as the source under obhsmervation.
Little and Hewigh had cconsidered 3C 119, 30 138 and 30 237 to
be point sources at 178 kiiz. =zut it may be mentioned that we
thave found 3C 138 and 3C 237 to have an elongated structure at
527 liiz, as described in Chapter 1V. 4 contour map of cons-
tant scintillation index in the (p,8) coordinate system,where
P 1s the sine of elongstion and 68 is the heliliographic lati=-
tude, was derived by thet from observations of these spurces.
The scintillation wisibility was estimated using these
contours. fThey also derived a contour aap gquin the (p,e)
system by making angular ascattering observations. They hawe
taed these two contour mapa to plot ¥V oas a function of T
FProw this plot the angular size has been estimated. By odopt-
ing s more precise model for the plasma irrsgularities in the
interplanetary medium, Reardhead (1971) has extended the ahove
method to determine the angular structure ~t €1 Miz. Readhead
has expregsed the sclatillstion inder m as a functicen of the
-4

goattering power ﬂr 5T and the transfer characteristic ol

the receiver sysatem 4 as

m? = S 8p A(f,b,h) d= (.49
diffraecting medium
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2

(dFBd/Trequency) and h = 2(z € /a) . He
Lol

h=2s zlao assumed that a{r; & r*

whieh iz a much faster

dependence derivad by us at 327

o

and al{r) he has

fcomputed tioe scintilllation index as a function of elongation

#e.8 of Aecadhead (1971)
iz reproduced in Fig.3.C.

fzadhend has calcou-

lated the ratic of scintillation index at 15° to that at 90°
Bnd nas plotted this ratio as a function of angular diameter
Ueging this plot, ths angular sigze of a radio source is

;fstitated from tile obgerved wvalue of the ratioc of m350fmgau &

Thare are two disadvantages in this method.

is more dependent on the model
gpectrun m~thod (Rao 1975).
sensitive to changes in angular

zives an average diameter far

the scintillating components(Little and Hewish 1966).

sources has becn carried out hy

In the subsequent

‘Bections we have made a detailed comparison of the I1iSresulis

By tne two methods discussed in this section.
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« {deg) '
P 38 Scintillation index curves for sources of differeni angular size, 26y, observed with
< recetesr futing q dandreidth of 1 Mz, The dashed portion: are tnterpolations between
einngations ©7° and 35°. vertical lines at € = 35% 90° drawn by the author

Doy

REPRODUCED FROM A.C.5. READHEAD (1971)
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é-ﬁ{ COMPARTSON OF POWHER SPACTRUM AND m-p METHOD FCR E3TIMATING
S0U#CE STRUCTURE

ALz deseribed earlier about 500 radio sources
mostly of soutiern declinations have been okserved for their
MES at Ooty, 20C sources during 1970-71 (Bhandari =t al. 1974;
Bhandari 1576) and anothor 300 during 1973-75 which are being
alysed. ror making =z comparison between the structure of
gources derived at 327 de and £l MHz, 41 sources have been
gelected that are common between the QJoty survey and the
fambridge aurvey (Readhead and dewish 1974). These sources
@ presented in Table 3.3. Of the 41 sources at 327 MH=z, 31
¥ere taken from Shandari et al.{1974) and the rest ten sources
fhich are mzgrked by anh asterik at the end of the source name
;#ﬂm toe later survey being analysed. The other columns are
f?atlj self explanatory and otanerwise are explained in the

[gtes to table.

Host of the Cazbridge observations for the
fources chosen Tfor this comparison have large errors of ~ 40

C 50 Yo in the cstimation of geintillatinege flux and errors

~ d:ﬁ tn C:S are in the estimation of angular
iametera. Jurther, 23 of the 41 sourcss have only upper
Suits and an additional nine sources are non scintillators.
upper limit to size for s large number of sources is prob-
due to the fact that these sources lie in the declinaticn
ange 0® to -7° where the Cambridge instrument has a lawer

dnsitivity. In Appendix 3 the Coty survey is shown to have
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The fraction containsd in the sointillating comronent is corrected in case of sources
with Finits angulsr size for diameter blurring effectz using Zgn.(5.42).

Hali power diameter.

e_l diameter glven by headhead =nd Hewish (1574).

Y1 ;
R A _ dlre .
ST oI T N {75 \Juffet-smith and Readhead 1976), b being

the galectic latitude of the source.

SRR R

Trror clags of Camoridge observations as given by Readhend and Hewish (1974). ZIrrors
in\ and p o are
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. Zenarally an r.@.s8. arror of i 15 ?b in the sgaftimation of

geintillating flur and alsc in the diameter measurements.

Since the Ucty sample given in Table 3.3 is small,
tnode sources in the survey of aarris and Hardebeck (1969)
E which are comaon to the Ceubridge survey and were analysed
using power spectral methods at 430 kdez have alsn been consi-
dered for tne purpode of comparison presenied below.
3+5.1 Comparison of seintillating flux (p) in the
Compact Components

In fig.3.9 the fraction in the scintillating compo-

nent, p , found 2t 327 wmde and 430 rndez for the 94 common sources
has been plotted pgainzt the fraction found at 1 kde. These
are sources which have a finite walue for g at both the
fighsr and lower frequency surveys. Home of the sources at 81
nid?z have a rafge of valuzs for p and the mean wvalue of the

I
!
frange has been plotted. The figure shows that there is a tend-

ency for sources to lie more on the right sids of the line
iderining Hj?T:#ﬁﬂ = FEl indicating that the scintillation visi-
‘bility is larger at &1 wudz than those at the higher freguencies.
This increasa of fraction of seintillating flux at the lower
freaquency could be due to an increasze of the size of Preanel
gone %Wwith decreasing frequency.

3.5.2 Lomparigon of Angular 3izes of the Compact Comyo=

2
nent

tigs.3.10(a) and (o) show the angular sizes at

327 and 430 iz plottel against the size at 1 idz for the 94
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Bomnmon scurces. In these figures the solar wind velocity has
been assumed to be 350 ﬁms-l in estimating angular sizes at

B27 and 430 kilz using Sqn.(3.40) or (3.41). Since the sizes

at S1 e published by the Cambridge group represent e'l Wwidth
and are alsc aftected by interstellar scattering, we have
gorrected the given sizes in Readhead and Hewish Survey (1974)
for these effects. Duffett-smith and Readhead (1976) have

Bhown that the scattering angle GE = Gkisin /bl }'%, vhere b
is the galactic latitule and ©, has a value 0.15+0.05arcat&liHs,
nce the apparent angular diameter , = (& 4 EEE]*, where

I

®, 1s the intrinsic angular diameter, we can estimate GI for

811 sources from a knowledze of 8, and b . Since at 327/430
i angular sizes are given in terms af half power diameter

e have converted the a1 diameter @ 1ﬂtﬁ‘FI using the
:elatiun‘?i = QIfl.lT, 80 that a direct comparison can be made
Btween the angular sizes. It may be noted that interstellar

3 attering would be negligible at 327/430 MHg. Comparison
jecomes difficult if the angular sizes have enly limits at
'fth the higher and lower frequencies and therefore only those
sommon scintillating sources having a fimite value for atleast
e frequency have been considered. Although there are many

jources with upper limits at €1 Mdz it is scen from Fig.3.10

jppreciably less than those at 81 MHz. The differences are
o L1

ich more marked for sources with ‘Flﬁﬁl} > 0.5 arc, These are
Pesanted in Table 3.4. It is interesting to note that for

gE8C Sources Mg, is also large perhaps indicating presence of
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J.4 . Uomparison of W and ¥ at 8l and
32?f4m Wdz for Sources with ¥,

2 -J S are, (a1)
" (H a7
81 430 P \Pqﬁo
27.09 1.00 0.4 0.51 ~ (.15
0.15 G.05 .62 ot Kb
0.65 0.04 C.63 PO T
0.75 0.6 C.69 = 0.20
G35 Ge2+0.1 0.57 ~ 0,20
0.55 0.4 0.66 ~ 0.20 *
15.52 1.00 (0.7 0.67 ~ 0,18
0.65 0.3 0. B4 S0, OF
¢. 75 0.3 0.66 0, 25
¢ o P2 RY 2
i L e Ty e e
0.90 0.5 C.58 < 0,15
_ 1.00 0.3 0.58 < O.J.-,:
RS 2243-03 1.00 0. d 0.54 w01

— T b —
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L
los with sizes z U.3arc viicheontribute to the scintillating

flux at ol wibdz but not at 327 MHe.

Arn alternative comparison has been made by plott-
s hiatograms in i'ig.3.11 for all the strong scintillators
= 0.3) at %27 and 430 kHz which are likely to have more

feliable estimates of diameter from the poWwerspectra and also

iieh are astrong and noderate scintillaters respectively and
'Ire errors in diameter of tf}“.l and _tan,z arc reapectively As in
¥15.%.1C, Class A and B sources have been corrected for inter-
%ellar scattering effects and their sizes have beaen converted
half power diamcter. .ior 12 sources, yg is found to be
_LﬂtﬂbarUCWTWEﬂ?Erﬁ when interstellar scattering effect is

iken into account but these walues have s large error And nave
}een shown as snaded in the histogram at £1 Kiz. The histo-
rams in Fig.3.11 give angular size distributions for different

amples at tne 3 frequencies and refer to nearly all sources

R 1 = 0.3,

A comparison of the angular sizes taking median
filucs as a rough indicator (the wvalues being 5:52, 0.12 anddhﬁ
for 81, 327 and 430 kH=z respectively) showa a factor of

nr more difference statistically betwesn the angulsr sizes

rived at £l Miz and those at the higher frequencies.

N Thua it is seen that the values of p and Ware
gaer at 8l Mdz than at 327/430 Midg. Partieularly it is saen

om Fig.3.1ll that the angular size dietribution of scintillat-
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ing couponents at 81 iudez shows a peak around 5:43rc.a3hﬂstmen
gliown earlier by Hewish et al.(1974). Befeore considering the
Bigniricance of this result, we examine below observational
fand ansulysis uncertainties in the values estimated by the two

e thods.

;:,6 DISCUSSIONS ON AWGULAR SIZE E3TIMATES USIRG POYER
SFECTRUM AND m-p LETHUD

The differsnces in angular size cstimates at the
'ﬁnwer and higher fraquencies eauld arisc due to (i) observa-
;ional selections (ii) diffsrences in the thesaretical assump-

$ions and (1ii) genuine difference in the structure with

3.6.1 Observational Gelectionsg

I
Az diseussed in Je#tion 3.3.3, the scintillation

| ]
Index decreases rapldly for sources with diameter axeceeding

"
5 arc. If the observed seintillstisn index is =~ 0.1 to C.2

fid the temporal povwer spectrum is very narrow, with f_ = 0.3

2
-;, then in the interpretation of data we have mostly congidersd
fich gources Lo be non-scintillating since the signalfnaiac
jatin was low and it was not clear whether the observations
jere contaminated by lnw irequency instabilities. It is possi-
jlle that similar selection effscts are also present in the
vey of darris and dardebeek (1969) since their sample as
hown in tie histogram of Fig.3.11 alsn seems to favour sources

Bth swall angular sizes.
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Thiz problem is not likely to arise in tha survey
lof Readhead and Hewish (1974) since in their observations, at
Bl Mdw, the Fresnel filter doss not appreciably attenuate the

fntensity fluctuations unless the size of a saurce is 2 1"arc.

3.6.2 Assumptisnag in the Twg methods

At both 1lower and higher freguencies the irregu-
ity spectrun is ccnsidered to be 5 gaussian. It has been
Pointed out by several authors (Jokipii and dellweg 1970; Coles

Bt al., 1974) that toe irreguwlarity spectrum is a power law. The

jodel has been found t» be not eowpatible with obsarvatinns
-%ewish 19713 puekley 1371). Apart from this there are same
fther assumptionsg which tend t» unjerestimate the valus »f w
the highor frequsneies and sverestimate the wvalue at the

?rer'frﬁquﬁﬂcy ag discussed below.

%-.E{a} Assumptions in the power spectrum methed (at 327
0 wHz)i-

Thin screen assumption =~ The pewer spectrun methed
Bumes that the thin gereen is situated at 1 A.U. whieh is
ga only for elongations ~ 10°. But Wwhen we shserve geurces
i larger elangations ~ 20% %o EGD, the walue =f = iz.less
@n 1 A.U, and thereiore W would be slightly underestimated.

i) #Effect due t» change in value of f, - The angular

- - n e ——— e —— L

es have been determined using Bqr.(3.40) for asurces with

i:n < 0.8, If it is found that there are sources mare



_ﬁmpact than {14 21 which has been assumed as ‘e 'standar’
lBint scurce', then tne value of fa would inerease ard tke term
B the bracket in Bgn.i3.40 would be closer to walty. This will
30 inerease tiie value of W i There is zome cbsarvational
?idance thaet tuaere exist more compact srurces like Fud 1i48-00
FoB 0115401 which have a Bighe» gseintillation indsrx than
i& maximum observed valus of mg-* 0.5 for OTA 21. Thess
ﬁur&es ghould be observed extensively in future and if it i=
Bhiaclisned that they are mnre compact than CIA 21, thelr data
:}Guld be uged for finding the trus fcnp Curve. In sy casge,
'L-can be shown that this uncertainty would enivy =2ffact thoe
Btimated values of Eﬁﬂ??an:aﬂdany incraaze ir sgtimsted values

"
f ":‘:.I 0.2 arcwould be guite marginal.

.6.2(b) Assumptions in the m-p method at ¢l ¥dz - Dae
Mgular diameter estimates at 81 Mdz involve three asgunptions
Bl of wiicn teaxd to nverestimate the sizes.

The 1T ; 2 ; Y a0l ] 3 )|
i) The plot of mﬁﬁfmﬁﬂ vE 2 HD presentsd in Fiz.10 of
[fadhead (1371} and reproduced in ig.3%.12 assumes a variatica

3
& 5. Cur obsarva-—

 scale cize a with distgnece r as g
fons at 327 sidz however show that scale size has a much slover
iation azd that a « r°°1?, If the ratis of m§5fmgﬂ is
ecalcoulated assuing a slowar variction for scale size then

j 18 found that mﬁﬁfmgﬂ in Readhead's caleculation is over--
'?timated by about 5 to 10 %ﬁ (hao, Private Communication). This
Eoalculated plot is presented in Fig.Z.12.

} In the weak seattering far field aprproximation Bgn.{3.18;

.. i
k. B i 3 2
Hﬁﬁn o= e Yo , reduces to AR = fer small Po
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- (‘a * 1
Bowever at Ll iz for € = 35 we are no longer in thé weamk
gcattering regims and B has a walus of 0.4% radians which if
substituted in Gqn.3.18 gives a valuz 0.31 which is less than

ftoe value of 2p * = 0.37 by about 15 Yo. Thus the retio of

m35fmaﬂ is overestimated by about 5 to 10 Yo.

viii) 1n the strong scattering resime the scals zizs is sualler
than for wezk scattering by a factor [l-e"??na}féﬁa: -1 4t
E = 357 we muat take this effsct inte account. 3ince Trom

fign. (3.38)
_ e
Bext(35) = ﬂof[l+zizgnﬂt] i

dd

=)

£

_Adn (S vy -1 ot . {

Biz5)  [LazlEg)?] :
L 3 L 2z _._?'H X

i
desrease in scale size resuits in g decrsase in the walue
ot m35 and the ratio m}gfmge as plotted by Readhead (1971) is
eain an overcatimate. Howewver contribution dus +to this

[Tect ir present only TFer sources with finite value of size &.
The above 3 assumptions together overestimate the

¥alue of @, by 15 to 20 % and thersfors the sstimated angular

flianeter ot S1 wulz may have to be rzdueed by this amount.

W,

3.6.3 Freguency Differences

The angular size of the compact component may be
iigher at tae lower Tfreguency due to several physical causss

put it sesms that thess are unlikely to contribute significantly
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tae estingtion of the diameter.

ror exanple, if tae source conzists of s core and

lalo, it is possible that at the hizher fregquency the core isg
Bbserved while: at the lower Irequency the contributicn from
ghe halo is moie, since the core may suffer synchrotron selif
fbsorption following the agquation:

e 10) adyng g, ~Hlnm LA el ogne oo AmAl

Vm mE e Gauss

wher: v, ls the turnover Ireguency at which self absorption
j&cura- fdor abazorption around 150 iz 9o that flux contribu-
;iun from tue core is appreciably reduccd at frequencies

;'1DD ciilz it 18 required that the flux density and argular ﬁiée
5'.jhe coappet cora oe ~ 10 Jy and ~ ﬁ:DE arc respectively.
flowaver, [Ps and VLol observations (Readhead and Hewish 1974;
Rescn 19743 Clark et al. 1975) show that even after taking
B0 account interatellar scattering there are only s Tew
'&diu sources with angular diameters lecss than GtDE below
Iﬁnut 150 PHz. Hurther, spectra of sevsral hundred radic
fources (Veron et al. 1374) also indicate that £ 10 Yo ascurces
furnover at such high frequencies.

Another poasibility is that the angular size of
Padioc sources broadens due to interstellar scattering effacts
the loJer fregquencies. Juifet-asmith and Readhead (1975)
E:#e guown tuat this effect is guite small for directions

iy from the-galactic plane (3ec. 3.5.2). In a fov cases,

Interstellar scattering could be occurring close to the source
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flle to the prasence of large amounts of lonized gas. However,
8§ 15 gquite unlikely in most cascea since the compact compo-
flents scen by 1Zu at metre wavelengtiis are mostly located at
Blie cuter couponents of radle sources (gevish ot 21.1374;
fapahi 1975), where there is little lonized gas as can be

feduced frow tas polarization data (Harsrave and Hyle 1974).

It may be nnted here that Resch (1574) has
forparcd diametars of 1o scoureces measurasd at 74 MHz using a
;ang paseline iaterferometer with the wglues Tound by the
Jambridge group at &1 idz from the IFS survey. It has been
found that 1F3 diameter st &l wHz ars about 10 to 20 ?n larger

fnan the VLAl diameters at T4 iHs.

35.6.4 Conclusions

The IPS theory has been bfdefly summarized in
his chapter witla particular reference to the method of power
fpectrum. The cobservational errors of the measured parameters,
Antillatvion index m and second moment fE‘ have been esti=
Bated in detanil and are shown tc have about 15 %o r.m.s error
ior the routine IPS observations made with tne Doty telescope.
e procedures followed at Qoty at 327 iz for estimating the
raction in the scintillating flux P and the angular size

lgins tne power spectrum method are discussed in detail.

For theose sourcaes which are common to the 327 and
J5C iz surveys made at Coty and Arecibo usinz the power spec-
rum method, and the 81 lids survey made at Cambridges, a compa-

Mz hag been made of estimated values of fraction in the



Bcintillating fiux o and the angular sizeﬂy. 4 comparison
haz alao been made for the computed valuea of ¥ by both methods
or core-nalo sources. It iz shown that the computed walues

(0f y- as well as the estimated values of both L and Y are

‘larger at the lover frequency. In addition, as found by
Hewish et al.(1%74) the angular aize diatribution at 81 lil=
shows a peak around 6:4 arn ahd shows s deficiency of sources
l:ﬁith diameters = d:ﬁ arc. This effect iz not evident at 327
td=z, which may be due to an observatiocnal selection because
I scurces with angular diameters larger than d:j arc are likely
fto be called ncn-scintillateors as a result of the reduced
‘scintillating pover due to attenuation by Fresnel filter.
fInspite of this uncertainty it is seen that for several sourcs
the atvular diameters measured at 8l MHz are larger than thoss
fmeasurad -t EEET;'“?;}E Pz, The Aifferences are much more marked
BT or sources withi;&{al} = ﬁ:ﬁ arc. 1t 1s Interesting to note
that for thesze zources ey ig alaso large perhaps indicating
fpresence of naleca with sizes > ﬁ:j arc which contribute to the
fBeintillating flux at B1 Iid: but not at 327/430 Miz. We hawe
falso discussed in detail tne assumptions involwved in both the
‘methods and have shown that there exists a tetidency for undsr-
tes timation of the diam:ter found by the power spectrum method
fused at 327,430 widz and for its overestimation in the m-p curve
‘method used at 81 kdz.
Apart from the need for a better thecretical
lunderstanding of varicus assumptions invelved in the two

methnods, it would be desirable to ostimate diameters at the
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same Ifrequsncy using both the methods, Also, there is a need
for further comparison of diameters messured by IP5 technigue .

wWith those measured directly by long bageline interferometers.
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Chapter IV

INTERFLANBTARY SJCINTILLATICON : II

Tuid ;;nﬁudIGJQL STRUCTUZE OF RADIO SQURCES FROM IES

4.l IATRCDUCTION

Lest of the ancular size estimates which have
been reported in the 1P3 literature refer to the diameter of
the radio source at a particular position angle (p.a) or o
the diameter of an equivalent circularly aymmetriec gaussian
source. In the previous chapter it has been shown that the
power apactrum aetnod 1s sensitive to the p.a,of the solar
wind scan. 3ince the averaze solar wind wvelccity is directad
radially away from the 3un and due to change in the apparent
position of the dun in the sky from day to day, the position
angle of tae solar wind aeross a source that iz located away
from tuae ecliptic plaae changes from day to day (Fig.4.1).%or
a source with asymmpetrical structure the shape of the power
spectrum caanges with p.a. even i the elongaticon, that is the
projected distance between the Jun and the line eof sizht to
tae source, remains the same. Thuz by studying the scintilla-
tions of a raiio source on different days we c-n estimate its
angular diameter at different position angles and thus get an

idea of ita two dimerngional structure.

The variation of the diameter of zeintillating
gsources wWith position angles has been reported earlier (Cohen

19694 Rao et al. 1974} but there has been no systematic s tudy
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of the two dimensional structure of seintillsting sources. In
tihls chapter we shalli describe IF3 observations of 30 radio
gources which were undertaken for determining their two dimen-
gional structure. The selection of the sample i3 degceribed in
dection 4.3. 0Of these 50 sources, detailed two-dimensional
observatlons have besn mede for 23 sources ineluding saven

3C mources.

#e have described the warious assumptions involved in
the determination ¢of the two dimensional angular size in
dection 4.2, deetion 4.3 describes the IP3 observations of
50 sources. #We find from these abservatinnas {(a) that asym-—
metric structure is a comoon feature of compact scintillating
sources and (b} that in five sources which are known to be
double the compact components are elnngated with the major
axis nearly aligned with the axis of the doukle scurce. These

results are given in section 4.4 and discussed in Section 4.5.

4.2 EGTTHATION OFf TdE TWO DIMENSICHAL STRUCTURRE

43 discussed im Section 3.4.1, the angular struc-
ture of a secintillating radio scurce is determined by compar-
ing the measured scintillstion indexm-and second moment fE with
those Tor variocous esssumed mndels. Freviouz workers have con-
gidered only circular gZaussian models far the scurece. Tor
pbgarvations described in tais chapter, ¥e have considered the
more general case of an elliptiecal gaussian.

4.2.1 &lliptical Gaussign jource

To derive f, for scurces of different angular

structure let ua consider the zeneral case of an elliptical
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of the two dimensional siructure of scintillating sources. In
tiris chapher we shall describe IE3 observationsz of 50 radio
gources which were undertalken for determining their twe dimen-
sional structures. The selection of the sample is described 1n
Section 4.3. {Ff these 50 gsources, detailed two—dimenszienal
obzervations have been madte for 23 soureces including seven

30 BOWYIrCes.

‘e have dezeribed the wvaricus assumptions invelwved 1in
the determination of the two dimensional angular size in
3ection 4.2, dSection 4.3 describes the IP3 observations of
50 scurces. we find from these pbservations (a) that asym-
metric structure is & common feature nof compact secintillating
sources and (b) taat in five sources which are knovn toc be
double the compact components are elongated with the major
axis nearly aligned with the axis of the double source. These

results are given in gection 4.4 and discussed in 3ection 4.5.

.2 E3TIHATION OF THdE TwQ DIMSN3IOWAL STRUCTORE

Az discussed in Section 3.4.1, the angular struc-
ture of & seintillating radio source iz determined by compar-
ing the measured scintillation imdexm and seccnd moment f? with
those for wvarious sssumed mndels. IYrevicus workers have con-
sidered only circular gaussian models for the source, or
pogervations deseribed in this chapter, te have considered the
more genersl case of gn ellipticsl gaussian.

4.2.1 #lliptical Gaussian jource
To derive T, for sources of different angular

gtructure let us consider the general case of an elliptical
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-
gauzssian source with its major axls at an angle @ to the =x
axis and with ?gxo and anﬂ as the 1/e diameters along major
and minor zxes. 4 circular gzussian is obtained when the

€5 = EHG. The brightness distribution of the elliptiesal

gausgian is given by

— ‘_;
_ (6,0n80+0, 5in6)? (9 sin6-€ cos@)?! (
b{gx,grj=—w-;“——~exp — e S ——— G — o : ﬂi]
5 X0 ¥O i g a |

EMe &
X0 YO ot

and tne visibility function is given by
V(u,v)=exp —i[{?ﬂ}z{ﬂxgz(ucns@+vain€}2+Eygz{uain9-vcﬂsﬁjz}] (4,2

Wwhich reduces to

Viu,v) = exp[-2n%jau?+pvi+2¥uv)] (4.3
: iz 2 2 . 2
where = gxn cogt @ + Gyn sin” @
.-u 2 1 2 2 2
p = @ .~ w®in® o+ Qyﬁ coa” O

ani Y

i

2 2 : :
{ng Qyn ) sin€ cosé .
dince the observed power apectrum is a product of the point
gsource spectrum and the wisibility function (3ection 3.4.1),
assuming the point source power spectrum hD[E] toc be a gaussian

2 2
of the form e~% 9 /2 gng ueing Sgna,{3.9), (3.10), {3.29} and
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a0

{3.32), we get the ratios of ascintillation indices and the

gecond moments oz

2‘ i 1
!EI _"I'F .-r—v.—
~EEE. o (142026, /- )7] T [1+2(20, /5 )?] L
mD‘ ¥
e =
= [1+0.36(zy /2)?] :[1+{:u.:56{55}fa}2] (4.4)
and
£ 2 2 P =1
el ity 2afl 4y 2 2 2
=5 =~ = cos®e(1+2(26,,/0)%] + sin?el1+2(z6 /#)%]
s 0 :
] in

-1 -1
= cos?8[1+0.36(2v /a)?] + sin‘ﬁ[1+ﬂ.36[z}§fa}2] (4.5)

fhich shows that unlike the acintillation index, the second
moment is sensitive to the position angle of the zolar wind
acrozs the source, &0 That by observing the second moment at
different position angles, we ¢an deduce the ellipticity and

orientation of the seintillating seurce as describad bhelaw.

4.2.2 Estimation of Anpulsr Size
4 specilal case ol the elliptiecal gaussian is the
gircularly symuetric gaussisn source for which!;x =L}y =%

As shown in Section 3.3.2, 4gn.(3.40) gives
ot il bai 2,7
= l.Eﬁfzzil tfszm} k.

Thus if we know u and fﬂ. from the observed value of . wWe

2
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can estimate the diameter of the source by setting z = 1 A.U.
wWwiich is true Tfor most of gur goservations. Bven if we do not

Tl

gnow I we can sSet an uprer limit on the diameter of the

-]i

dource oy assuming fq e f2 which gives (3,41)
wv s, SRR
L _P L]
l.EﬂLEz

fhis diameter is likely to be a gross overestinate since what
we are assuming is ‘that the intrinsic scale size an the ground
is wmeroc snd that the observed seale size is determined snly by
the angular digmeter of the source,

Ffor elengated scurces [y& # Q&) slasm we ecan,frem
tiie observed wvalue of f2 and fo' define an equivalent diameter
in the position angle of the solar wind scan using equation
{3.40). However the relatimn between this equivalent diameter
and the actual diameter of the elliptical source is not simple.
hen . and F;-.r are large so that zwx;’a == 1 and z',lg‘_fa => 1 the
equivalent dianeter is equal to tne projected diameter of the
source in the direction of the sean., But this is not, in
general, true, with the result that the eguivalent diameter at
various position angles does not folinw a true =llipse., Howsvexn
the largest and smallest valuss of Y are equal to the diameter
of the scintillating source along the najor ani minor axes and
they occur at the same position angles so taat by observing
the wvariation of with position anzle we can dEduce‘rx’¥Jy and

B , the ordentation of the ellipse.
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Gecad AAuimition of suintillation TIELbILligy B

Lecause of the findte angular size of the source
the observed scintillation imdex i3 less than that for a point
sgurce. From the eestimated wvalues nf'ﬂ& :Ezttld‘--ﬂlr-"’:Ilr and using
Ggii.{4.4) we can estimate the Tactor by whieh the observed m
is less tnan that of a2 peint smurce. If even after correcting
by tnis factor the observed scintillation index is smaller
than that of a point sgurce we will interpret it az indicating
tae presence of an extended non-s¢intillating component with
gize greater thanh atout a gecond of arg. The ratio p af the
corr=cted scintillation index to that of a point seurce givea
tane fraction of tue total flux density c¢ontained in the compact
component. JdThia iaterprotation eould be insorrect if the
gource does net have g simple core—-nalo structurs but esonsists
of two or more point components meparatsd by more than about
a gecond of are; in which case the scintillation index is
reduced by a factor Yn where n 1s the number nf components.
As Tar aa possible we will interpret the obaserwvations in terms
of the simplest model whicl iz the core-hales model but in
individual cases Where Lthnere is reason to suspect complex
structures we will discuss our observations in terms of more
complex wodels.

4.2.4 [1E3 Farametars for a point source

43 discussed in Section 3.3, for deriving the
structure of a source from chservation of scintillations made
at a slaogle station, wWe must Znow uw, m_ and fg and how these

0
gquantities wvary with distance from the Sun. +We will assume




23

that the velacity of szolar wind uw iz constant for p = 0.1
4.U. and is equal %o 35C km/s {3ection 3.3.2}. At 0.1 4.U.,
the actual velocity may be less by about 20 ?@ g0 that the
dimmeters measured at smali distances from the 3un would be
pverestimated. Heowever, for reazsons deascribed bhelaw this
effact is partly compeinsated for because of the fu-p curve
which Wwe nave used for deriving the diameters.

the egtimation of the wariaticn of point source
scintillation index m, and second moment fc with elonga-
tion p was desgribed in Section 3.2.3. In Figure 4.2 and
4,3 the continuous curves show the mean valuez of T and
fa for six sources which are known from various 1law freguency
observations to be compact. These curves mare based on nhser-
vations carried out in 1971 (Rao =t al. 1374). 3ince the
present ocvservations were made in 1973-7%, we must examine the
posainility that the mean properties of the interplanstary
medium vary with epoch. The points marked by cross (X) and
trianzle(a) ia figures 4.2 and 4.3 respectively give the values
of m and f2 from observations of Fnd 2203-18 made during
1374-70. Gince the differences are not appreciable, we have
used mo-p and T -p curves for 1371 data given in Figure 4.2
and 4.3 for finding p and YWof the sources. If wvalues of
T, were indeed somewhat higher in 1374-76 particularly for
P < .25 A.U., our siges would be slightly underestimate?. It
ibay =lso be noted,however, that the gquoted upper limits on
measured diameters using Egn.(3.4C) are unafiected by uncer-—
tainty in the fs—p curve. Istimation of p is done by compa-

ring the zcintillation index at larse distanees from the Sun
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Whore it can be shown (Rao 1375) that our derived 1 =p eurve

fiffers from that of a true point source by less than 5'?5.

4.2/5 pime Svolution

Implicit in our derivation of the angular sizes
dis the asswuption that the intensity pattern on th? ground
gdrirts rigidly without changinz. 1f the intensity pattern
fevolves 23 it drifts tae scals gize of the intensity fluctua-
tiones estimated from the time wvaristione will be smaller than
* the actual scale siwze on the ground eausing us to underesti-
Pnata tie size of the source. Little and Bkers (1971) have
ishﬂﬂn that the asclar wind is turbulent at distances lesa than
- ~ 0,15 4.0. and therefore the =2ffect of evelution could be

important clesgoto the Sun Further, as has bzen Aiscussed in
I

Fdetzil by Rao (1575) the life time of the intensity pattern on
the ground lecreases as Py in strong scattering regime

G 1) whicna is true at 327 ie for p < 0,15 A.0. Thus

(9,
evolutionary effects could be important for observations close
to the Jun.

poweveyr, multistation obaservations of Dennison and
dewish (1967) and Coles et al. (1974) indicate that the life
tine of the iantensity pattern is about 1-2 sees and since the
gcintillation time zeale is auch sm=ller, the effect of evolu-
tion on our cbservations becomes unimportant.

k2 have furtier confirmed this by extensive

obaervations of the scurce 3C 2253. This source lies very

glose to ths ecliptic and the position ansgle of the solar wind

acress the source does not vary with p. Flg.4.4a shows the
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jond moment and tne corresponding angular siwme derived using
ifﬁ-#ﬂ} which are respectively shown by circles and crosses.
i bars on the circles indicate the position angle of solar
Ilﬂnaﬂ- Iha second moment for this source ia consistently
f@r thian that for a peoint sourcsz and zives a mean half pover
meter Y of ~ ﬂl::‘i@ are or B radius ED - 0.18 arg, whers
{_a gaussian source 28 = l.1T7W. 3ecause of the finite
Bmeter of the gource the spatial senle size on the ground
_:_':.. decrease belnw 42 = j2 zﬁﬁ ~ 180 km and ao if there was
i evolution T, suould not ingrease above Eii.= 0.3 He even
'the strong scattering regime. This would not be true if
foluticnary eficets are impartant close te the Jun singe thon the
{“paral power spectirum is not simply related to the spatial
Bwer spectrum and we eculd have the effsct that f, for even
@clved sources increases rapldly clese tc the Sun. However,
observation that tne second moment for 30 2253 romains
gnetant even at p=C.1 A.U. argues strongly that zvelutionary

j#fects are not important even at p as swall as 0.1 4.0,

o3 OBSERVATICAS AND ANALYSIS

Qosarvations and analysis procedure are similar
those dcegeribed in dsction 3.2.3. A beandwidth of 4 MEz snd
geeiver time constant of 0.1 s and 0.05 s for the chart
Pecorders and digitization channels were used. The digitiza-
fion channel was sampled at the rate of 50 samples E_l and
recorded on magnetlc Tape.

Jince 1FS studies at p > 0.2 A.U. do not give

. i
Bnzular regoluticn better than 0.15 are, veriation of structura
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fith position angls can be detected only in those sources
Wiioge diameter is greaster than d:lﬁ arc. Therefore for the
presont study we have selected sources mostly from surveys of
Barris and dardebeck (1967} and Snandari ot al.(1374) which
Bad angular diameters greater than 0115 ar¢e. This criterion
prodjuces an obaarvational selection the effrects of which are
EEscribed in the section 4.3.2. Of all the sources that satis-
%ied tine above criterion 50 were cbhaerved, fthe azlection of
'}hicn wasg deterwined largely by the availability of the tele-
hcape time. OF these 5C soarces, for 23 we have observations
fever the entire range of position angles while for the rest,
_Eecause of various problems, observations could be carried

gut over only a limited range of p.a. Ffour of these sources
Pahow 1ittle ciange in their position angles as they approach
fthe vun (fiz.4.4b) but have also been observed for invegti-
‘gating whetier there is any dependence of the sstimated scurce
Bige on the solar slongation. This will be further discussed
in dection 4.3. lost of the observations were carried out
'durlng septenbsr 1973 — march 1974 =nd Jeptember 1974 = fAuzust
1575, Jince during a major part of this time the Sun was in
the negative declination, most of our obssrvations are confined
te sources in the southern sky,

Each obaervation consists of reocording the inten-
gity flactuations from the scurce for about 10 minutes
follewed by recording the off source noise fluctuations for
about 5 minutes with the talescope pointing it a nearby cold

region of the sky. The powar spectra of the 'ON' source and




OFF' source fluctuations were estimated and m and f, were
Bleculated, When second moment fE of a 8ource is << fu its

ar sise ¥ has been estimated using Eqn.(3.40)so0thervise

I upper limit has been feund using equation (3.41). If W
howed = systematic variation with position angle the source

as considered elengated and y,w, and pesition angle of the

¥
”Jﬁr axis ware determined. Since even a circularly symmetric
ource could snow & small anissatrepy a2 a result of the limit-
$ions of our medel for the salar wind, we have considered a
purce to be elongated enly if the anisotrapy 1z greater than
r-ut 1.5 to 2. If a definite walue of the size is measured
7upg certain limited pesition angles but-only upper limits
=-availahle along perpendicular directions, the smurce has
gen considersd to be slongated even if the upper limits are
;151 to the definite wvalues, sinee zs noted carliszr, the

pper 1imits are likely to be overestimates, Having deter-

ined B the ebaesrved seintillation index is corrected for

-

j8 affacts of finite source size using the Bgn.(4.4). To
etermine B, the corrected scintillation index is divided by
4¢ scintillation index of a3 point source at the same elonga-"
fon, as obtained from Ffigure 4.2, For p > 0.2 4.U., where
@ acattering is weax, p givss the fraection of the total flux
P the acintillating eomponent.

With 10 minutes integration the uncertainties in
determined values of m and f2 are essentially decided

“the day to day fluctuations in the properties of the medium,

'uae of thiz the derived values of W and . 4 have T.M.8.

o



Fluctuations ~ 15 Ya. To reduce tais w: have made ag mA
Bbservations on each source ag poasibla. For most of the
Bources there arc two or tihree observations for similar posi-
Mion angles which reduces the uncertainty due to day to day
fluctuations. The final estimatsd rosition angle of the major
gxis of the sources tnat ars elongated has uncartaintie s because
gur limited knowledge about the position angle of the solar
M nd as also errors in fitting an elliptical model to the

lource. Tne totsl error in position angle of the major azis

‘eould be as much as 12&04

4.4 RebULTS &
In Section 4.4.1 we have given the obssrved power
=£pectra for one of the strong soureez in gur list. Bven when
";he source is at the same sol=r elongation but on different
f8ides of tne sun, it is seen that the power specira are differ-
‘ent.indicating a changs in slzs 6f the radic source with posi-
Ftion angle betwgen the solar wind and the source. Alsc four
S typical ezamplss of elongated =nd circular sources have been
‘presentsd. In tae following sections, obssearvational uncertzin-
‘tieaz and results are given.

4.4.1 Zxamples of Porer dpectra and Second Hements

figure 4.5 shows the power spectra of the radio

gource 3C 238 for several days. PFor each day the elongation p,
position angle of the solar wind scan p.a., scintillation
index m and tihe second moment I, are given. It is secen

that for the same elongation but different p.a., the second
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@moments are very different (for example, on 14.8:1975 and
6.9.15375) indicating the asymmetric nature of tals source.

Ihe variation of fE with p for four stroag
gources in our list iz shown in Pig.4.6. The position angle
of the scolar wind across the source ia indicated by 2 bar
acroas each circled point. The zstimated anzular sizes at
different peoaition angles arc shown in the iaset.

The source 3C 138 (Fiz.4.8a) clesrly shows waria-
tion of diameter witi position angle. A% p > 0.25 A.U.,¥iere
the position angls iz arocund 75%, f, for the soures is elearly

o
Cloger to the sun the position angle of the solar wind is

L1}
* less than 1 and givesa a mean dismater of sbout 0.20 arec.

‘roughly in the perpendicular dirsetion and here the fE for
the scurce behaves similar to that of a peint sourece indicat-
ing timt the diameter iz leas than th arc. The simplest intor-
protation of theae observations is that the souree has an
glongated structurse with the major axis around p.a. of ; { i
‘Howewer, it should be Koept in mind that the observations can
be reconciled with more complax wodels for the souree. Far
instomes, 1f tne source consists of two concentric cirecularly
symmetric scintillating components uith diametcrs ~ 5:4 s
anc ﬂjl arec one would expect fg—p curves siailsr to what is
gbserved {Bgn.(C0léb), Appendix G), For p = 0,25 A.U. both the
gomponents would contribute to the observed scintillation and
the derived diamster ig a woighted mean. (leose to the Sunwhere
fa iacreasss rapidly the ceontribution from the troasder compo-

nent would decraase sharply because of diameter blurring and
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the I, we obacsrve is essentially that du= to the point source
sor such a mod:l, we would expect the power spectrum of the
intensity fluctustions to show a change in slope around 1 Hz
tut which has not bezn nbserved, perhaps due tc limited signal
to noige ratic of the observations and due to blurring caused
by the dispersion in the solar wind velocity. In all our
discuaslcns w¢ have interpreted tae observations in terms of
the simplest model, namely that of an elongated gaussian but

wa should Keep in mind that slternate interpretations in terms
of more complex models are posszible,

Figures (4.6 (b), (e¢) ) show further examples of
alongated sources. for the sourcs 37 237 in Megure 4.6(b),
gince the sescond moments st all position angles sare much less
than that for = point source, the source is considered to be
resolved o% All position angles. 1t is clearly clongated in
the position ansle of 100° with a diameter br major axis of
o~ DtEﬁ are widle in the perpendicular direction its diameter
ia apvrecizbly amaller, baing ~ 6:08 arc.

The aource PE3 1958-15 shown in ‘dgure 5(e¢) is
also similarly clong-ted with its major axis being slmost
along p.z. ~ 100° with a diameter ~ 5:25 arc. In the perpen=
dicular direction the diameter is ~ ﬂ?l arc.

Figure 4.6(d) shows the variation c¢f the a:cond
moment with p for th> source PKS 1425-C1l. At all position
angles the second moments are considerably less than that for
a point source at the same elongation. The derived angular

gizes For different position anglea given in the inset show
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that there is no preferred direction in which the scurce cguld
be elongated. This source is a typical example of a circularly

w
symmetrical gausslian and has a dismeter of ~ 0.2 arec.

4.4.2 ZFossible drror in the f -p Curve and Other

SR G m—— e = o . - e e —

e

Inspection of .Mgures 4.6(a) to {c) shows that
there is a tendency for the minor axes of the elongated sour-

ces to lie along the poaition angle (p.a) of solar wind at the

point of closest appreach to the Sun,thatis,the diameter becomes

narrow ior p « 0.2 A.J. in elongated sources. This could arise

if there iz an error in the fO-P eurve (Fig.4.3) which has
been usgel for deriving these =2izes using Eqn.[3.4ﬂ}. To study
this affect we have estimated the angular sises uzing =an.
{3.41), which as discussed in Jecticn 4.2.4 gives an upper
limit to the sizes that are unaffected by any uncertainty in
the fﬂ-p curve. These results are given in Table 4.1 for two
gircular (3C 334, 3C 212) and four clearly elongated (3C 237,
Pr3 1410-Co, FLS 14%53-10, Fr3 19%8=15) sources. %ven if we
consider the sizes ziven in column 5 as being correct for

p > 0.2 A.U. but the upper limits of their size for p < 0.2
4.U., as given in column 6 (because of the greater uncertainty
in the fD-p curve for p < 0.2 A.U.)}, we find that the anis-
tropy in the source stn;ctur@:is unaffected for the elnngated

sources. Alsa, the gecond nmoments for the cirecular sources

renain unchanged for p <« 0.2 A.U. while values of f? for elnnag-—

ated sources rise steeply for the same elongations. In addi=

tion, as shown in Figure 4.4(b), for four sources which do
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Jource aone

3C 334

dngular

550 "
0.13
0.14
0.174
0,191
(.207
0.216

0.32
0.24
€.12
0.17
0.037
0.143
0.31
0.309
€.3606
0.397

adize datn for o Jources

f

0.36
0.27
0.32
.35
0.32
0.35
0,32
0.30

.38
0.39
0,42
0,36
0.39
0.29
0.25
C.40
0.35
0.52

2

i
\ia i
li2nfaz
i e

0,32 0,347

|
|

0,42 0.463 |

039 0.391

0,36 0,357 |
0.36 . 0,391 |
€32 0357

0.35 0.391

0.35  0.417 !

0.27 0.329
.20 0.320
0.27 0.298
0,32 0.347

G.31 0.320 |
0.41 0:431
0.47 ¢.50
0.25 g.312
0.29 0.357

0.12 0.240

TR TN

Jource Hame

3¢ 237

Jine f2 | TR PR 4

R R Fapg =T
0.26 0.54 120 0.3  0.231
170 s sl 0,114
0,12 1.25 147 0.07  0.10
0.07 0.82 170 012  0.142
0.07 1.42 185 0.06  0.088
¢.07T 1.15 210 0,08 . 109
0,00 1,1 240 0.09 0.114
0,10 0.71 245 0.5  0.17
0,19 0,40 265 0.6 0,312
0.26 0.58 273 < C.22  0.216
0.28 0,5 275 <0.23  0.227
031 0.4 280 0,25 0312
0.3¢ 0,32 280 0,33 0,391
0,37 0,45 280 0.20  0.278
0.38 0.46 282 0.20  0.272
0,44 0,40 282 0,25  0.312
0.54 0,30 286 0.36  0.417
0.64 0,54 286 0.30  0.368
0.67 0.36 28 0,28 0.347
0.75 0.4l 286 0,22 0.305
0,92 0,45 288 0.19  0.278
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0,59 0,34 265 0.50 0,368
.62 (.50 265 .14 0,25
0.62 - 0.37 265 0.27 0.338
Q.73 0,50 260 .14 25
0,72 L300 280 D36 0.417
0.80 0.46 259 0.17 0.272




not change their p.z. as their line ol sight appreoaches the
dun very olosely, no sglar elongation 2ffects are seen.There-
fors,it appears tnat the mensured ellipticity of many asocurces
iz real and does not arige due to either the methed of inter-
pretation or assupptions about the interplanetary medium.
However, it is strikinge that we have geen only
two classea of sources in our sample; those which remain
circular irrespective of the solar elongation at which they
are obgserved and those which become narrow at the eclosest
point of their approach to the Sun. In order to investigate
whether the estimated sizes are narrower near the sun compared
to far away, we have taken an average value of ‘*l[v“ for each
source and have plotted the walues of q%fqgﬁ Tersus solar
glongation for 20 out of the 23 sources, leaving 3 highly
elliptical sources (#iz.4.7). The upper limits to size, where
they occur, have been made an equality for making this plet.
If our gample was'consisting of all throe classes: (i) circular
{Type 1}, (ii) elliptical with minor azis observed at low
valued of p (Type II) and (iiil) elliptieal with major axis
observed at low values of p (Type lil), then the plot of
?gfﬂév versus p curve for all the sources in cur sample
plotted together should be random. Taus the overall sverage
value of EFEXF;F} for different values of p (shown by 4 in
Figure 4.7) snould fall on a straight line with a mean value
Hgf$av = 1., But, Mz.35.7 shows that this is not so. The hlock
averazes have a value = 1 a8 T —w [ indicating = predeominance

of elongat=d sources of type l.. This deficiency of elliptical
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sources of type 111 1s neot fully understood but could be
partly attributed ¢ the following selection effect which may
be present in our zauple.

Table 4.2, which presents tne ressults for 23
aources in the next section zhows that most of the sources in
cur study have thelr jarger diameters z d:? arc or more. 1t may
be noted tuat in the weak seattering region (g 2 14':']' vhere
mﬂ;t of our survey was Oads the resolution providéé_by the
1¥3 method ié liuited to 2 d:lﬁ arc ag the value of fn ia
only~0.6 He at this distance. IT the sizes measured at these
values of £ were to corraspond to the dinmeters of minor axas
of the elliptical sources then the aversge equivalent dia-
meters which will determine the observed seintillation index

"

would be larger than about 0.3 are for sources with'W(e ~14°)
> ﬂﬂE arc and rstio of majJor to minor axes ~ 2. As shown in
Section 3.2.4, for such sources the observed scintillation
index falls to = (.2 and there was a tendency in our SUrveys
to call them as nonscintillators. Therefore wiiile sources
with mincor azis dismeters < CTlS arc are considered unresolved,
those with 2 d:? arc are likely to be termed non-seintillating
if the eccentricity of the eilipse iz ~ 2, Inspite of this
golectlon efiect, a few elliptical sources of type III should
nave been ovserved with their dimensions ~ d:lﬁ T d:3 arc.

JE 2wy {E € in’;
Fossibly more detailed observatiocns of zources which we have
called elircular like 3C 334 or 3C 212 may revsal presence of
the second kind of elliptieal sources with a small eccentri-

city.
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in the rRbove discussion, we have shown that
gllipticity seems to be present for scme of the Bources under
atudy insplite of errors in the calibration curve. Also, that
the deficiency of type 111 ellipticsl sources may be purely
an cbs2rvetionil selection due to stntisticel uncertaintics
in tns small sample of 23 asources. If these assunptiona are
incorrect or i7 there are errors ather than what we have consi-
dered, the sizes obtained for all sources At low wvaluez of p
could be recalibrated using the curve given in Fig.4.7 so that
the recalibrated wvaluss of‘p&f&&vare sgattered about a stroisht
line for a perfectly random sample of sources. These corroe-
ted sizes are also zivan in Table 4.2, Since the moximum
corraction faetor is 1.3 at p « 0.1 A.U. the minor arxls of the
2lliptical sources ars not significantly changed and the
geocentricity of the elliptieal scurces of type II is still

largsr than ~ 1.6.

4.4.3 @gtructurs of Seintillating Component in 50

In Fig.4.8 (a) to (d) the wvariztion of avgular

sige with peosition angle for the 23 sources arc presested. Tha
nppper limits on sizes are marded by =an inWerd arrow. The
reaults on the atructure of these sourccs are sumnsarised in
Table 4.2. Column 1 gives the source number in 30 or Farkes
nepenclature amnd Uclumn 2 contains the freetion of the Tlux

in the scintilleting component. GColumn 3 contains aymbols C
or % to indicate whether the seintillating component iz circu-

lar or elongsted. Columi 4 contains the derived estimatss of
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Table 4.2 . Two Dimensional dtructure of 23 dourves from 1Ps Observations at 327 s

Fraction

u of flux ComRERSHY Bl Angular Dia Foeltion -t!.l:-)eutl?leer Optical
Source Hane i_n sci_n~ eloné;';.ted dﬁirlf;;lelf;r recalitrated (pa‘n:.ijzf and Hent_i- Comme

P e e .41 ool somernc cioatic

(" arc) (" arc) (degrees) (" arc)

P C.oT ¢ ~ 0,35 ~ 0445 - 0 249 G a
30 T4 0.50 ¢ ~ .35 ~ 0,45 - D 30 BF
3¢ 138 0.95 B e 0.20220.10 ~ 0.20%20012 75 o 0.4 9 a
] 0.35 ¢ ~ .30 0,35 - D 7 Q 1
30 237 1.0 i ~ 0.25%~0,08 ~ 0,25%-0.10 100 D1 B a
30 238 0.35 ] ~ 0.25%0.10 ~ 0.25x~0.13 130 LR G &
FE3 1312=18 0.40 U ~ (0,20 0,21 - -
Fidd 1334-17 1.0 i w 0.25%20,10  ~0.25%<0.13 280 g
L3 1401-04 Q.55 b} ~ 0.25 ~ 0,28 - -
PK3 1410-06 1.0 & ~ 0.252g0.10 =~ 0,25x=0,13 300 o
PE5 1414-03 0.50 3 ~ 0.50x<0,15 w~ C.302<0.17 330 BF
P45 1425-C1 0,20 b ~ 0,20 e 0520 - BF i
PKS 1426-03  0.85 ¢ ~ 0,20 o020 < i s

~ 0.3020.15 ~ 0,35x~0,20




dource Hame

Exs 14508=05
BKS 1510-0¢
PLS 1534-12
Fud 1537-09

0¥ 116
Fi3 1936-15
PE3 2025-15
30 446

Pr3 2318-1¢

b4

¥

i~

¥

PSR coaponent

iln sci‘nj eler;&;rated .

g;i}l}ﬁzle:‘i egircular
30 Ct
Q.70 5
1.0 (]
C.90 ar
1.0 ¢
0,55 L7
C.50 3}
0.80 3
0,75 o7

Yosdticn . 'Hether
i Angular Dig i T double Optical
Angular i b e angle s : -
ik acalibrate (pea. Jof and identi~ Comn
uging Figd. T gepare- fication
major axis B4 on .

(" arc} (" are) (degrees) (" arc)
0.20x<0.15 =~ 0,22x<0.18 715 a t
O.20z=0.12 ~ 0.22x<0.15 320
0.17x<0.15 w~ C.19x<0.17 145 t
0.15%=0.17 ~ 0.17xs0.2C 145 c
w~ .20 (0,22
0.25z=0.12 ~ 0,25x=0,15 290 It 5.1 i 4
~ 0,28 ~ (.30 - 15 a
0.25x<0.10 =~ 0,25#<0.12 250 D 0.4 Q &
0.20x€0,15 ~ 0.20x<0.15 210 Ef b
: dee netes in Section 4.4

: Poasibly elengated

: Pessibly circular

i it ¥l pre = s el
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angular diamster by using tne fD—p curve and column 5 the
game repulta after additions]l normalization using curve of
Pigure/d./. Icr elongated sources the diameter along the
wajor and minor axis are given. Iosition angle of major axis
is ziven in Column 6. Sources which show double structure
are iadicatad by & leftter D 'in Jolumn ¥ ia which theilr
gomponent separation is also gliven. Coluun B lists the
optical identirication, where availablie: ¢ for Galaxy, o for
Liasars and 30 Tor Blank Fielda, Jopments on the atracture
of sources is gziven in Joluan 9.

Fartial information on the structure of snother
27 sourcez, Tor which we have cobservaticns over a limited
range 0f pea.'s., is given in Table 4.3. Qolumns 1 to 5 in
tiais table contaln the source name, the Ifraction of the flux
in the scintillating component, the coumponent zize and the
positicn angle of obserwvation and comments.
4.5 HJOTES, DaTAlLs G UBS3RTVATIONS AND DLI3CUISIONS ON

SOME OF Tdi SCURCHS I4 TaBLE3 4.2 ARD 4,3

35C 33 : Tais double ralio source identified with
a D44 galaxy of 15.6 magnitude has aroused great interest
because of itz unuaually large separation to size ratio
(inoffet 1964; witton 1970; Wardle 1971). To delineate the
fine grurture within tie two componenta of the double source
Lish resclution observations have been done at Coty by the
lunar oceultation and IFS methods. dince the two components
aof 3C 3% are geparated by abput 4Iarc in deeclination, their

gecultation aa well as IFS could be observed independently.
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able 4.3 Structure of 27 %adio Sources ‘rom
IEF3 Cbservations at 327 di-
urce lame  iractionm p  Uompeaent  position®
Parkea/ of flux in 3lze angle Comments
5C/4C/Chio jein. Comp. " are (degrees)
30 48 0.60 < 0.20 10 - 30
BC 79 C.07 ~ 1,20 87
S 207 0.20 s 0,25 240 = 270 =
o 208 0.45 ~ 0,25 1407, 280
S0 208.1 U.45 ~ 1,25 80 « 135
Mo 222 L] me .25 270 a
2254 R, w 0,30 250 "
= 1.0 m~ 0,30 290
3C 227 O] i, Bl 15 150 a
3C6=09 0.5% w0, 20 100 - 120
1315=-12 O.30 ~ .15 1565 = 275
4C 06.33 1ad o 105 = 13cC
1344-07 .20 ~ (0,25 260 - 325
1403=02 0. 40 = .15 310 - &0 a
1412-14 1.0 ~ .15 95 = 130
1420=-27 0.20 ~ (0,20 155 - 250
1436-16 0.60 ~ 0,20 75 - 100
1537-05 0.65 ~. 20x=0, 20 325
03159..5 0.70 mi. 25u0.15 30C
FLE5O-23 0.70 w (0:25 260
2044=18 1.0 ~ 0,25 250
47 D6.67 1.0 ~0, 2050, 15 290 a
2245=03 .50 ~ 0,20 40 = 80
23049+09 0.30 = .15 280 - 300 a
2310+05 < 0.06 Na 130 - 210 8
2337413 0.75 < 0.15 285 — 325 a
23384073 0.85 ~ 0,15 260 = 280 A
¥ Jor zlongated sources p.a. given is that along the

major axis.

8. See Lotes in Section 4.4.




fables 4.3 . &tructure of 27 iadio Sources from
IF3 Ohzservations at 327 iHz

e g

roe lame  #raction p  Compenent  position®

i i L s B

b raTiea; of flux in size angle Jomments
13C/4C/Chio Jein. Comp. " arc \legrees
48 0,60 2 0,20 16 = 50
79 0.07 ~ 0,20 &7
207 0.20 ~ 0.25 240 - 270 a
208 0.45 ~ C.25 1407, 280
208.1 0.45 ~ 0,25 &0 , 135
222 1.0 T 8 el 270 a
2254 1.0 w 0.30 290 § .
B 1.0 ~ 0.30 290 }
BC 227 .06 VI =5 R 150G a
1506=-009 0. 55 ~ (.2C 100 = 120
§515-12 0.30 n 0415 135 - 275
80 06.33 1.0 < 0.15 185725 an
1344=07 0.20 ~ .25 280 - 325
1403-02 0.40 R 8 b 310 - 60 q
1412-14 1.0 ~ .15 95 - 130
1420-27 0.20 ~ (.20 155 - 250
1436-16 0.60 w: v 20 75 = 100
1537-05 0,65 ~ . 20x<0, 20 325
U3159.5 0.70 ~G. 25%<0.15 300
18559-23 0.70 w 0525 260
2044-18 1.0 ~ 0,25 250
48 Oo.o7 il ~0,20xc0,15 290 a
2243-03 0.50 T 40 - 80
2309+09 0.30 < 0,15 280 - 300 o
2310405 < Q.06 REs 130 —: 210 a
2337413 0.75 < 0.15 285 - 325 a
2330403 0.85 A 0.15 260 — 280 a

For alongated sources p.a. given is that alonz the
major axis.

: See hotezs in Beetion 4.4.
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The LD observations reveal that 3C 33 contains two unequal
components A and 4 with interse and cireular heads of 3" and
"

o" arc dlameter respectively, separsted from each other by

243" are along delHD{GGpal-nriahna et 21.1976).

Tne Il¥o observations cof tle source Were made
by pointiag thae telescope at couponents £ and 3 separataly.
The procedure of observation was as Tollows: Ome of the
componenta of the source was located =t the firnt null of
The beam wnica is 3:1 sec ¢ arc away from the peak so that
the other component whicl: iz under observation was about
G:S arc awiy on the otier side of the peak., Inspite of this
depninting the sighal to noise ratio iz still high enouzgh
gince the components A and L of 3C 3% are strong having flux
densities of ~ 18 Jy and 9 Jy, respectively, at 327 ikHz.

The IF35 observstions indicate that in compo-
fient 3 any scintillating object, if pressnt, does not have a
flux density greater than 0.4 Jy. dowever, the telescope
besi, when.painted towards componant A, with componernt 5 at
null, showed tne presence of a scintillating object with
JEE: = 1.5+0.3 J4y. This object iz most probably assccisted
with component A4 becaouse brijhtness profiles obtairned from
e ﬂhaervatipﬂa show that any radic feature coincident with
the optical galaxy is less than 0.7 Jy and hence could contri-
bute less than 0.4 dy to tiae beam when pointed in the diree-
tions meationed above. The power spectra of the intensity
fluctuations (Fic.4.9) are much narrower than those for HRAQ

51, whicn was used a3 a galiorating source (3ection 3.2.3) at
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Blmilsr elmngations. Thus it is indicated that the source is
resolved, and sgince widtn of Tthe powsar spectrz do 20t show
any preference for p.a., using Zgnd3.40), the scurce is Touni
to be circular with a half power width of Etﬁﬁiﬂtﬂﬁ arce whick
i nearly 70U times amaller than the totzl extent of the sourece,
Ihe seintiilating object vrobvably refera to the one found a3t
430 miz by Hdarris and asrdeveck (15969) with a2 size of ~ QTEﬁ
arc but they could not eatabiiash its locaticn within the
gource,

The size of the scintillating object in component
A is ~ 0.5 KEpc whichn is almost an order of magnitule less than
those pormally detected from i¥s observaticns (dewish et al.1974
attd could Be an observational evidence of fragmentation of the
gead caused by Sluid dynmmie dpe+nhilities dun to fram pressure
of the medium (3laxe 1372). This aspsot has bee. d4icenaged
further by wopal-arishna =t al.(l376).

3¢ 132 ; Donaldascn et al.(1571) find that at 2694
Mz the beat fit model 1s a double point zource with a flur
ratic of 2.9 and separation of =~ d:# are with the stronger
gomponent laving sn elliptical haslo of dimensions QtEGKDTﬂ#
arc, parallel %o th2 major axis of the aource Hlongp.a.?DQThe
BEIronger CLwpwuzuatl wlth lue bsley v mtaing 85 ":'J;'f. af the total
flux. Our observation indicates taatf 95{?: ef flux is in an
elongated com: onent of aize ufEﬁ X < U?l are along p.a. TSD
wiicn is in good sgreement with tae above result. This elong-
ation also azrees with the results of Anderson an® Donaldscon
{1967) who fit, at 408 k¥% an elliptical gaussian of sigze

n L |
G.47 x < C.29 arc with toe zajor axis along pe.aw B4,



2G 20f . Thias source sclatillates weakly with
EL-?b of its flux in a componeat of size ~ DTEﬁ are {p.a.ETUGL
the LC observatione at Coty (Joshi and Fopal-:cvishna 1976)
gacw that at 327 Lz the scurce consists of three componants
glisgned alolg p.a. ~ 100° with the central couponent coineid-
ing with a 180 wdv. The central compcenent has a size ~ 3 arc
at 327 kdz and tnerefore asnould contribute litile to the
geintillating flux.  The scintillating object is more likely
to be azssociated with the western component which is unrasolved.

3C 212 . From L0 observationg at 327 [Hz the
gocurcee ig Yound to bz a double with a component separation
of 7" are (Joshi and Jopal-irishna 1976): Component B is
stronger and more compact than 4. The second moment for this
souree remains Trairly constant even far into the strong scat-
tering regims (Tabie 4.1) but in view of the uncertainties in
its value we have considersd the scource to be cireulsr. Hors
detailed observations should be carrisd out to check wnhether
it hes an anisotropy in which the asajor arxis coincides with
the position angle at the point of closzest approach.

30 222 : This source has been observed at &1,
327 and 430 ndz and the p and Wiy = intrinsic diameter)
egtimated at tne three freoguencies are 1.0 and OTC@ aratl;ﬂ
and 6125 arc, and U.4 and < 5112 arc, respectively. The obser-
vations at &8l kuw give tae average diameter but thoose at 327
and 430 iz nave been made at position angles :Dm apart and
these results show that tae source is slongated i p.a.27C°.

The discrepancy in the value of p betwsen 430 lidz and 81/327 MHz|



ia appreciable. 1t is not clear whether this is due to the
preseace of some confusion sources in the observations at

430 indz. wore detalled observations seem necesszary to redolve
tne discrepancy ik p and also to study the anistropy in the
angular sige particularly in view of the small value for

average diametor found st El Iife.

30 225 (A and B). This ralioc source consists of
twe discrete components, A and 5 which are separated by &' arc
in deelinatien. It has been suggested by kackay (1971) and i
Kapani et al.(1372) that these two components are not phyai- |
cally related. In fact, wapahi et al. (1972} have concluded 4
Trom their LO obgervations at 327 &de that both these compo- I
nents must show IF3. They have further found that the twe main
componants A and 3 are each in tum double with subeompenents wf sizes
= Gtﬁ arc separated by Tti arc and 5" arc, respsctively. The
flux ratios of toe suscomponents & and B were Tound to be 2.3
and 2.1, respectively.

Te study the structure of the compact components
in 3C 225 A and B II5 observations were made separately for A |

and d. Yor this purpose, the beam of the telescope was widened|

in declination by sviteninzg of f the sicnals received from four

of the end modules of both halves of the telescope. The ragul—

ting HP3W wasm b are and the peak to first null Aistance ~ &'
arve., The sources 30 225 A and E could therefore be observed !
separately by locating one of them in the first null of the
beam, as for 3¢ 33 observations descrived earlier, so that

the other component vas at the peak.
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The 4ata show that both 3C 225 A and B are
strong scintillators wita uncorrected seintillation wiaibi-

lities of 75 Y0 and &0 %b respectively. Also, from the power
gpectra the e%uivnlent diameter of compact componentas in both
4 and B is found tc be ~ d:ﬁ arc. 1T wWe assume these sizes
and the flux ratics as given by LC observations, then from
BEqn.(0%) of Appendir ¢, the estimated p is S 0150 which is
lesa than that cstimated from the IF3 observations. This
diacrepancy could arise due to a possible confusion caused
by 3C 225 A on 3C 225 3 or viceversa. Alternatively, it may
be due tc the overestimation of p caused by our assumption
that m, =P Curve of Pig,d4,2 ig that for a true point source,.

30 227 . The limited IF5 observationas on this
source show that tiie compact component in the source contaim
enly a gmall fraction of the totazl flux of the source but it
ig interesting that it has a hizh degree of anisetropy.
Howewer, 1ae uncertainties in the eztimatas of fz are high
because of tuz small amount of scintillating pover and more
obgervations are desirahbhle.

3C 237 + The walues of p and ¥ obtained
Trom IF3 observations of the source at El, 327 and 430 Miz
are Li0mnd 0.31 pre, 1.0 88 0.55 X ~ 0,00 ot with mason

LLJ

and 0.7 and 0.14 arc along p.a. 125°

=]

axis along p.a. 1CC
fespectively. The angular size and p.a. of major axis
meagured at 327 kde are in good agreement with IP3 reszulta
at 430 Mz and also with the interferometrie nbzervations of

Donaldscn et al.(1971) at 408 and 1422 idz. They fit a double
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= (1

point source model with components of gize o~ C.23 Arc which
: 4 " ~ald
are seperated by 1" arc aleng p.a. 747 and have s flux ratio

of 3.1. ilowaver, this doudls source nodsl, if ecorrect, should

e

4!

have given a 0.55 Whereaa the lowsst valuese of observed p
ie 0.7 at 4350 bHs.

Yhiz agein pointe fto 2 peossibkble discrepancy in

the calibraticn of point source m. -p curve and indicatea the
nea¢ for finding other point sources which are closer to a
true point source than those given in riz.3.4.

30 238 : The averagze of ten observations which
azree closezly with eacu other gives the fractiom of the flux
in the compact canpoanent of 30 238 to be only 35 %0 which is
nesrly hall the wvalue quoted by darris and Hardebeck (1963)
at 430 bdg. It iz poasiile that thasir valus was derived from
one oar two days observations during wiaieh sclar activity was
higaer taan norral cauvaing inereased seintillaticon. From
lunar occultation observations at 327 ifz Joshi and Gopsl-
Krishna (1375} find the source to have a double structure with
g Tlux ratie of 2 and s separation of ™ are. The position
anzle of major axis of the double i lﬁﬁﬁilﬂc which agresa: with
cur p.a. of l}GGLISG indicating that the elongatsd scintillat-
ing componant is nearly aligned with the major axis of the
double source.

Fig 1938~15 . ‘Uhis source hasg been studied by

Donsldgon et al. (1971) by interferometrie observations with
5 resclution cf 513 arc at 1422 idz. It 1ia found ko be doubla

1]
with an angular separation of 3.1 arc along p.a. 120°,



Cne component hos size of PTEExGTlB are uith major axis alans
r-a- 02° while the other has size. of DT?ExﬂTGT arc with major
axis in p.a. 149%. The flux ratio of com-one-nts is 1.6.

dinecs both the componcnts are small and would
give rise to scintillation the estimated IF3 size would be a
waishted average and therefore the nmeasured IF3 diameter
G?EE X = Etlﬁ arc is in gond agreement with the interfero-
metrie resulte. Hurther, it iz interesting that the p.a. ef
elongated companent is nearly coincident with the major axis
of the double. &#ven after correction Tor the finite size of
the seintillating coumponsnt § 1is much la2ss than that for 2
point sources.which means that part of the flux at 327 H&iz is
digstribtuted in non-scintillating broad components like tails
or bridzes.

FiE3 2025-=15 : Ye have considerad this source ag
gircular because of abasnce of p.a. information from 13P to
180% but there 1s some evidence that it could be =lightly
elongated along p.a. =~ 0% (#4g.4.83). Iuterferometsr cbser-
vations hy Tritchley et al.(1772) at 408 MHg indicate that :
Fri 2025=15 is a double zource with unresplve? componente of
size < 4" are with a component separaticn of 15" arc zlong
Pefls 111%. Ths quoted error in position angle in the observa-
tions of Critchlsy et al. is more than 120(¥o for double
gources with separation < 30" arc. Thus it is interssting to
note that the prsition angle of the slongated conpon=nt as
indicated by our limited cdbsa2rvations- is par=liesl’ to the major

axia of fthe double zource.
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3C 446 : The present IF3 observ=ztions saow that

B %b of the totsl Tlux 13 contnined in & compact componcnt
of #lgg ~ 5125 T dil arc along p.a. ~ 70°,  This source has
also been extenzively studisd at waricus freguenciss asing
the high resoluticn tachniques of VLBEI and i0. Based on
their VLEI observations at 1.4 Gdz and IF3 ot 408 [Hez Biley
et al. (1567) howe fitted a doubkle model to the source in
which the two componznts, each of size ~ thﬁiﬁtﬂd arc, hawe
i Tlux ratio of 0.240.1 and a separation of ﬁ:ﬁTﬁDTIE arc in
Pell. = Sﬁmilﬁc. Broten et al.{1%69) have made VLBI chscrva-
tiong of the source st 448 [iHz with baselines of 0.28, 3.2
ard B.jxlﬂﬁ wavelengths and obtained visibilitice of 0.9140.2,
C.33+0.03 and < G.1l, reapsctively. Joshi and Gopal-Krishna
{(197e) have made axtensive lunar occultation observations of
this source at 327 dhw. They hove combined thease VLEI and
LD data as well a8 the preasant 1F5 results to derive a con-
gistent model for the source at meter wavelengths. In their
model, the scurcz consists of itwo compononts, having sizes

- GtE and =~ d:ﬂ} arc with a flux ratio of ~ 1,5 and saepara-
tion of ~ 1" arc slohs p.a. ~ 1509, They have identified the
~ 02 arc satronger crmponent with thne seintillating objeet,
The p.d. of 150% for tae aajor axis of ths source suggeated
by thes difrers conziderably from that of the elongated IPS
conponent unlike ‘in most other cases of the presant sample,
where the two axes are nearly aligned. It would be waluable
toe make metor wavelonzgth VL3I observations with hetter u-v
coverasa to determine more precisely the detmailed structurs

of the aoureco.
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COuk3HT3 OF ULAJB0LVED 30URCES IN TABLRE 4.3

30 48 « Though sxtensive ohservations were
plannad on this source to study its structure because of-its
importance as 2 calibrating source in the Cambridge IF3
surveys, only a Iew observations could be made over a limited
range of p.a. ‘row these, the sourec appears unresolved

L]
with a diaueter of < 0.2 are,

42 06.33 and Fr3 140C3-C2 : These sources were
ta.en from the gurvey of Jhandari et al. (1374) in whieh
botih are resclved with n sizge ~ ﬂt?ﬁ are. Howaver, in our
ob8ervationa both the sources wars found to be unresalved.
Also, while the value of p for 4C 06,33 is 0.6 in the above
survey, the present more detailed observations clearly indi-
cate that tae entire flux is contained in the compact conpo-
nent.

i€3 2503409, 2310405 and 2357+13 : These three
apurces were gelected from the 430 MHe survey of Herris and
Hardetecic (1969) where they were found to be resclved. The
value of uncorrscted p  and Hp‘ given at 430 MHz are 0.4 and
DTET arc alons pP.8. 20%, 0.Ch and ETEB ar¢ along p.H. 2" and
1.0 and E:&E grc along p.a. CD. I+ is saen from Table 4.3
that FRd 2310405 is a non-scintillator with urper limit on W
< 0.06., The two other sources are unresolved along perpendi~'
cular position angles and the values of | are in sgreement

with the 430 [Llz survey.

Pi3 23568403 + This source was in the surwvey of

Harria (1375} who indicates that the entire flux is contained
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in a compact component which is possibly resolwved. Gur
cbservations show that the scurce is just resolved with an
L1

angular size of ~ J.1% arc/and that the entire flux is within
this componeat. '
4.6 DI3CUSS1I0W

In this cnapter we have described the IF3 obser-
vations of 5C extresg=lactic sources at 327 iz and the varia-
tion of their structure in different position anzles. Jor 23
gources observaticns were madie over g wide range of p.z., but
for the rest the inforustion on the structure iz available
only over g limited range. Although A sample of 23 sources
is not sufficiently larie tc form definite conclusicns, some
notewnrthy correlations are discuszed below.

In Table 4.4 are presented details of the 23
gources divided into wvaricus classes such as elongated,double,
ete. O tne 23 anurces, thirteen sources exhibit elongated
structure including three which are possibly =longated and
the rest appear to be ¢ircular. Four of the elongated sour-—
ces, namely 3C 138, 3C 237, Fi3 1338-15 and 3C 446 have been
chseprved with aigh resolution interfercaeters and there isg
good agreement bet.een the present results from IE3 and  the
Interferometric atructures,

Cf 2% sources, 1O are double but for the othars
hish resolution chbservations are not available. There are
11 stronsly scintillating sources with 4 > 0.7, of which 8
are elongated. We shall now consider the details of these

rlasses:




106

Taltle 4.4 - flaszification of 25 pources in Table 4.2

atrong 3cintillators Yeak Becintillators
ol Ateuature " 3tructure Total

e

Double Loy xnown Double not known
Blongated 3 3 3 1 i
Fossibly 4 ;
elongated ) 2 . #
Jircular - 3 4 3 10

23

St = o - e L e TR N ——— . . e . o S e ALY | S

4.,6.1 Double Sources

Of the total of 10 double sources only 3 are
strong scintillators which are alsc e¢learly elongated. These
thres sources are 3¢ 138, 3C 237 and 3C 446. It is sean Trom
fable 4.2 that these are the conly double sourcees in the sample

for which the separation batwean the components is = 1" are.

3zven of the remaining weally scintillating

double gources (35C,33, 3C T4, 5C 212, 30 238, K3 1453-10,

L

Pud 1538-1h, Fi8 2025-1F are known from lunar nccultation

and interferometar nbssrvations at meatre vwavelengths to have
a well separated doutle source structure (Table 4.2) without
a central radio component and for these socurces the scintil-
lating component must he loecsted in one or both of the outer
components., Zor the dcuble raiic source 30 33, where we could

pbserve each corponent separately it is found that Tﬂfn of

the atronger and more coapact component scintillates while
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tihe weaker component does not show detectable scintillations
(Section 4.5). For components in double sources with unequal
flux ratios Zackay (1371) observed that the stronger component
is generally more compact. #ince most of the double sources
in our list aave unegual flux ratics it is likely that in
tnese sources s=lso the secintillating objset is loested in the
stronzer compenent. It would be interesting to confirm this
by measurin: the relative positicns of tha seintillating and
the nonscintillating components in these sources by high resc-

lution observatione.

4.6.2 Jlongated Couwporents
Cf 10 apources wiich show clear ellipticity & are
double. It iz of interest to nota that the major axis of the
elengated component in these double gources,; except perhaps
in the caase of 3C 446, 18 nearly parallel to the main axis of
thne source. The elonsgation apnd orientation of these compact
components vig-a-vis the owverall source stiructure need to be

5

Consi

o

erad in deriving models for evolution of radio sources.

4.6.3 Strongly scintillating scurces

UL the 11 strongly scintillating scurces

{ = 0.7) in table 4.2, eight are elongated including three
clese doubles with separation between their compnnents = 1"are.
The n=zture ol the rest iz not <nown dus to lack of hish reso-
lution observations. Of the five other zlnngated acurces

there ars twe quasars, one zalsxy and tvc unidentified ascurces.

There are three posgibilities about the overall structure of

these sources. Airstly, if these are double with component
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separation > 1" arc the flux ratios of thair components would
have to be £ 3 since their scintillation vigibility p 1ia

& 0.7. oegondly, sone of these could be close doubles.
tiowever, it is wgre likely that some of these stronzly scinti-
llating radioc sources wnich are slongated are single compact
gcurces colineiding wita the central optical cbjects. In that
case, their elonzation could be a manifestation of the expsand
ing relativiatio gas interacting with the matter around the
agntral ortiesl objeet. In view of the importance of the
ceiitral cowponents in the origzin and evolution of radis scup
ceg 1t would be wvaluable to study the strongly scintillating

sources presented here with other high resolution technigues

with a view to understanding their detailed fine atructure.
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Chapter W

COMBIARY SCIGTILLATICN

FLUCTUATIONS IN TH8 INTBE3ITY OF AADIC SOURCE PKS 2025-15
DURIAG IT3 OCCULTATION BY COMYT XOHOUTEE (1973 XII}

5.1 INTxCDUCTICH

Comets with their spectacularly develeped tails
are one of the best «nown objects in the sky. They have been
Known for long toc be natural probes into the interplanetary
space and it was Ifrom the accelerating plasma tail of comets
that the concept of a radially outflowing solar wind was
developed (Siermann 1951; Farker 1961). The interaction of
golar wind with comeis produces many remarkable features in
the ionie tails of comets like the accelerating knots, helical
features etc. whieh indicate the presence of magnetic fislds
and turbulence in the plasma tail ( kendis 1973 ; Hyder et al.
1974). ‘Yne details of these features are not fully understopd.
Alzso studies of comets have provided valuable infoarmation and
ralsed many new problems about the interplanetary plasoa,
particularly outside the plane of the ecliptic. In order to
ansWer theses guestions with any degree of confidence it is
therefore important ftc obtain g detniled understanding of the
cometary plasma by observing comets cvar a wide range of
alectromagnetic spectrum.

$ill recently comeis have been observed mostly in
optical wavelengths and the plasma jensity in the region of

.l"l3
[

coma and tail of the comets hes heen estimated ns nesarly 1
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to 10% en™ (surm 1963; siermann 1970). The earliest radie
nbservations of comeis are those of comet Arend-ioland (1955 h)
by oShain and ~lee (1957), Whitfield and Hogbom (1957), and
iraus (195&). 3urnham's comet (1559 L) was observed by Jonway
et al. (1361) and Gilson's comet {(19¢cl 4} by Brickson and
Brissendon (1962). %“hese observations were simed primarily te
detect any continuum radio emission from the comets but were
elther unsuccessful or placed comparatively large upper limits
> 100 Jy. Conway et gl (1961} placed an upper limit of 108
glectrons cm-3 for the electron density in the coma from their
radio data. 4 briel summary of these observations ig riven by
zheleznyakev (1566).

in the case of comet sohoutek (1973 ZII}, whieh
appearad in the winter of 1573, many systematic attempts were
made t¢ cobserve emission from tne comet in the entire range of
radic and optieal wavelenaths and several molecular colpounds

8uca as hydrogen cyanide (50w}, methyl cyanide (0d CF) and (H

3
and Ok radicals were discovered {Rahe 1974; haran and dobbs
o —-ﬁ -
1974). &adic emission with a flux density of 5 x 10 °0 ¥ p~°

na_l wag detected at 3.7 cm and 2.8 cm at NAAQ in a region = 3"
around the nucleus of comet wohoutek (I1AU Cire.Fo.2626), Ap
attempt waa also made to obaerve radic emission from the comet
at 327 iliz using the Coty radic teleacope. Ubservations were
made on December 30, 1373 and January 1,1374 after the
perihelion passage of the ccmet on December 29, 1973 but no
radic emission could be detected above 1.5 Jy which is the

confusion limit of tae telezcope (Chapter II, Section 2.4).



111

The high plasme densit} in the coma and tail
region of comets sugsests that density irregularities present
in the plasma tall may produce appreciable scatterine of radio
waves passing through them. Thiis can lead_LD an apparent .
breadening of toe ansular diameter of a distant redic source
and produce fluctuations in its Intensity, 23 in the case of
interplanetery scintillations® deseribed in Chapter III. The
garlier observation by Whitfield and dogbom (1957) %o detect
angular broadening ol some radic sources =23 they were occulted
by cowet Arend-aoland (1956 h) was not successful probably Aue
to the poor resolution of 30C' of their interferometer at 3.7 m
wavelenzth gnd the low sensitivity of thelr instrument.
However, by assuming the acale size of irregularities from

optical photographs 1o be 104

kma they deduced sn upper limit
of 164 electrons cm-ﬁ for thne r.m.g. Tluctuation in the sleci-
ron density in the comet. oeveral observations to detect
scattering of radic waves and angular broadening were planned
during the approach of comet achoutekx (IAU commission 15
Heport 1973} but excepting those made at Uoty and described

in detail in this chapter do not appear to hove been sucecaful,
lesults siven herein have been published by Ananthskrishnsn =t
al.{(1975) bat some additionnl details and comments are

included in thnis chapter.

T OBa3 Bk VaTlung =3

decurate positions of comet wohoutek given im

IAU cireulars (#05.2593, 2519 and 2034) were used %o plot ﬁﬁ&ﬁ
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vath of tne comet. Jadic sources walch were likely to fall
in the patn oI itne cowa’and teil were alsc plotted [L"ig.'ﬁ_l}_
From tne figure it was found that the radio source Fn8 2025-=15
would be oecculted by the comet on January 5,1374 vhen 1t was
2t & solar elongation of about 20Y after perihelion passage.
ixtensive iP5 obaervaticns of this source, as described in
Chapter IV, show that ﬁu‘?g of its total flur origingtes jn =3
component of aize ~ 6:3 arc The positions of the Sun,
Zarth aud couet are saown in rizure 5.2. The occultation
time was calculated by acceuraste interpolation between the
predicted positions of the comet and it was found that the
radlio source was being occulted elose to the nuclear regilon
of thne econet within given positional errers at ﬂgﬂ?gm T Sn
sanuary 5, The source #Was predicted to remain behind the
comet for a total period of 9 hours but the observations were
cagrried out cnly for 4 nours from point A to 3 as snown in
Jigure 5.3. idae physical parameters for the comet on January
5 gre given in Table 5.1.

Ouaervations were made with the 12 simultaneocus
peams of CA1 in the passe-switched as well as the total power
undes of operation. Tie source was tracked in hour angle
with one of the central beams (the 6ta beam) pointing at the
source. 4 receiver bandwidth of 4 bz was used and outputs of
individuaal besus were recorded on atrip chart recorderz. The
phage-switched output of 6th beam was alsc recorded digitally

on magnetic tape with a time comnstant of 50 ms and sampling
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Table 5.1 : Fhyeical Farametsrs for

on danusry 5, 1974

Ubservaticn time

Jecultation time

drur angle of cbservation
Jelar elnngaticn of the comet
Pagition angle of the t=2il
Comet-sartn distance (a)
domet-3un distance (r)
Heliocentric wvelocity of the comet
l'are at the distance of the comet

Approzimate tail length

Approximate length of the line
of sight in the comet

approvimazte visual magnitulde

o

112%

comet Kohoutek(1973 ZI1)

0730 UT ta 1130 T
o9t 29® 77

~01P o log
22"

67"

0.90 &.U.
0.756 4.1,

71 kms

4 % 107 kn
4% - 8% g,
4 x 108”7 Ln
2,0
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rate of 50 samples s"L. Fhase awitched and total power chart
outpata of seawm 6 with a time constant of 1 8 and 2 & reospect=
ively are reproduced in iigure 5.4 for representative sections -

of tae observations.

4% the start of the observations the line of
gight to the radic source war already inside the $tail at =
digtance of 15' wre {631&5 kp) away from the nucleus, an? the
output of oth beam showed unusual low freguency fluctuations
(#igure 5.4). ihe fluctuations have time secales ranging from
5 to 50 8. Ihe average modulation inder defined by eguation
3.34 as m = (Variance OW-Variance DFﬁ}iflntsnsity wae 20 7o
and reached a maximum of 30 ?o. The fluctustions continued
+111 0911 UT {(marked C in “igures 5.3 and 5.4). 4t this time
the line of sight was 3till in the cometary head about 2' ars
= Ezlﬂ4 km) away from the nucleus. UWo intensity fluctuations
were seen during the next 2 hours of observation. During the
obgervatlons the ceniral beam was flipped a number of times
to a region about 36" arec away from the source to establish

tue baseline and alse to monitor the receiver stability.

5.3 INTERFRSTATION

Low Ireguency iatensity fluctuations can srise
from a number of causes discussed telow and before we can
attribute the fluctustions to the comet, we have to eliminate
cther possibilities.

al Uareful analysais of the outputs of the 1?7 simultane-~

ous beams at times of large pesks in the observed fluctuations,
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and high stability 1; tae records Qfuring the flipped positions
28 3een in Mgure 5.4(b), rule out any local interferecnce or

receiver inatability asg itie cause of these fluctuations.

b) olar and ionospneric activity for a periecd of
week arcund Jahuary 5,1974 was examined in detail. Reports
1rom various ionospheric observatories around the world do
not show any activity in tae form of solar flares, solar raiip
burats or maghetic storma on January 5,1974. In fact there
were no sunspota on that day and the sSun was very guiet durins
the period danuary 1 - 10,1%74. Reports from nearby ionosphe-
ric observateries (wodaikanal and Thumba) do not show the
presence of sirong sporadic 3 leyer which-is thought to be
asgsoclated with daytime scintillstion. oinee Cctober 1975,
obgservationa are being made of signalz raceived from AT3-6
gatellite at 360 iz at Joty by 404A, sSoulder, U3SA and ERL,
Ahmedabad, lndia. Lhese Observatlons suow that ‘onospherie
gointillation is seen during day time about once a month,
but the seintiliagtion index iz generally less than 10 % and
the period is Taster than that Tor the Tluctuations seen in
PMigure H5.4. la #igure 5.5 we have plottad the autocorrsla-
tion patterns resulting from ionoapheric seintillations
pbserved at 327 rne by Odl during daytims. Also plotted are
the autocorrelation patterns for varicus intervelas during the
peeultation observaticns.  Apart from the autocorrelation
widths being not the saxs, it is cbserved that the pattern of

ionogpheric scintillation 13 diiferent from tie observed



Hg g

SidAHJSONDE ONY ENGIIYN.LON T4

ol AN AWED HG4d SIAEND NOLIY 128e020inw e 0ild
: i
L1
s i
el ) o / ,._
R IR gl (ANIZ 4C SEi b 30 SLND NI / :
N < TN T e i |
I G
o R I g v o SO / y
y/.-mnmv:.\w g . P T EL.%V r}%ﬂ..u..( o ’ .Mw -.J-,.......:... -._._..n 7 a\...... .m.' .___
mi.l;l!.....ll,lld! s ...nil-r.n.a..H.qi: e ..._fll . M.”1 g .”_...r..“.__.l.l,.l......”.,mhflnd..lll .__H».\.:/Jt? S e h_._...fnzlwr. ._...|||.._... U... V..n_“ill...._ ; w— .ﬂ.
.._r\... e ..z.r G, n.-’r \\a J-.....r ....1._...1.1-... R .._.-.u._.. ..._._r .____ .._ Jr
,_(__\ .,.;..ﬂ. : ,,,....n. b 49 \
N Tl iy 5 U
J..ﬂ.afu..ﬂ..“.-.th .r..r.... F _.,p.. ]
/.f.f..... L ,___.,._ \ | “ - 2]
..f.. I-...r...-.. ..r/r __._. r i
t/#,./. ..r,.f,.f.. w...,.._. } —
. o /.__.,._ i #
....r.ﬁ:. - ._..
e //{.,- ” | -0
e . Y ! i
k" .._ i w_
5 MV b
ZHW L2€ IV G3AMESE0 £ o e N LB
HOLYTULNSS ‘HASONOL ¢ % / R
W
R
ﬁ AT20OE0 — 0GRy ~—y— \ _,
I L i f_. g0
M LOGPRD — QERY = [ 1
L3Nco
1 i
| LEBED0 —B080 &~ Ko Ny
* L1 0080 = 0820 ——Om

o

A T AT



15 3

intensity fluctuations during the oeccultation by the comet.
Therafore it seewms unlikely that the icnosphere is the cause
of the coserved fluctuations but it cannct be completely ruizd
out.

e} Toe fluctuations cannot be aseribed tp any radio
bursts irow a localiged reglon in the comet because the comesd
moved in deelination by more than one beam aspacing of 3' are
during the 4 hour pericd of observation but the fluetuzations

were seen only i the beau tracking the source FLS 2025-15.

e

Thereiore tne {luctuations are moat likely Ius te
tae eifect of cometary plaswa on the radio waves from the

SOUTCE .

2.3.1 Lometary scintilletion

we firgt consider the possibility that the inten-
sity fluctuations are scintillations produced by the plasma
in the comet's tail. .4s shown in Chapter I1I, Trom the obser-
;ed geintillation index w and the observed scale size of the
intenaity fluctuations on the E,rﬂund.-eJ » W2 can eatimate the
acale sime of tae plasma density fluectuationa, a ., the r.m.s.
phase Tluetuation P, and the r.m.s. density fluctuation aX.

In the weak scattering regime (¢ < 1 rad.) a
ray passing through an irregularity of size a 1is scattsred
through an angle &_ gciven by e, = x/21a. Jor appreciable
intensity rluctuation to bz nroduced we @ust have s namber of
rays intersecting at the plane of tis observer and groducing

interference. wor at least two rays to intersect, the distance
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of the cbserver irom the scréen ¢ must be larger than nﬂ,
vhich & sbown in »ig.5.0m i8 given by g8, = aor ?Gz{Ena2f1}
= ka®, where k¥ = (2n/3)}. 7Thus, only if z >> ka? there can
exist appreciavle intensity fluctuations. #or strong scatter-
ing (g, > 1 rad.) tiae above condition can be relaxed since
then Gs = 1¢DIER3 and one can have strong =zcintillations pro-
vided = = hazfﬁﬂ. The scale size of intensity fluctuation on
the grouﬁdﬁy and a are related by Egquations 3.13 and 3.22
.

aaf,:: a Loy Py i T qnﬂ-E-n“ﬁ a""{':f"c. for By > l rad. Thus we

obtain 2 = EE& for mg =1 rad. and g > kE’@ﬂ for P, = I rad.

de may therefore zstate that for appreciable
scintillation to tage place in glther scattering regime the

[}
necessary condition is =z » &,

oveeause of the motion of the screen tranaverse to
the line of sight, the intensity diffraction patteorn on the
ground moves acroas the obaerver. If the sercen has an effect-
ive transversa veloecity V with respect to the observer, then
the observed time zcale of fluctuation T iz related +to fxﬁy
,€i: Vt. The tranaverse vslocity V  is due to the combined
aeffect of the orbitazl motion of the comet with a veloeity Ug,
the weloeity of the cometary plasms along the tail ?F and ths
orbitel motion of the Barth. Fror the geometry of figure 5.2
we have

¥V = JO cn:E+?ﬁ -

Yhere vc cogd 13 the transverse veoleity due to the combined
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wotion of tne comet and the tarth. Hrom the ephemeris posi-
tions of the comet the value of Fﬁ cose a3 calculated to bs
sbout &0 Hma'l. dince the plasia veloecity ?p iz in the pame
direction an UE coge , V will always he = 80 kma'l. The
average time scale of fluctuation h=ss been derived from auto-
correlation analysiz of the data to be ~ 10 8 and therefore

-

o ;
we nave 4 = E00 kz leading to

kd? = k(vr)® = 411U9 ks

Hince the digtance 2z  of the cowet from the Barth on the day
of obaervatiocn was l.jxlﬂ5 kin we find thzt the condition

-4 k€? is not satisfied. Therefors it impliez that the
obgerved intensity fluctustions are not compatible with the
scintillation hypothesis. dowever if tha wvelocity V could
be reduced to about 15 Ema_l, ve gould satisfy =z » Ef@, but
fer distinguishing whether the scintillation is under the
conditicn of weak or strong scettering simultzanscus observa-—

tions at different frequancics would be reguired.

2.3.2 Seattering
snothsr posaibllity we have investigated iz that
ke intensity fluctuaticns are dus to interfsrencs betwesn
tite radiation reecelved directly Irom the source and the radia-
tion reflescted Irom close to the hsad of tihie comat. L o
gnown that the plasms density increases as We go towards the

head which imilies tuat the refractive indsx n decreases as

one approaches the nead. 1t lg pogsivle that the rays coming
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glose to the head suffer total internsl refiection and that
these reflected rays interfere with the direct rays at the
obasrving point as ghown in figure S.56(bJ},causing the intensity
flactuations. sxact determination of comditions under which
this happens would require the caleculation of ray trajectoriszs
in the comst's head. 4 crude sstimate of the densitv required
can however be obtalned by replacinz the cowet by a sphere of
uniform refractive index n whieh is8 less than 1. The eriti-
cal angle {ch at which total intermal reflection takes plsce
1s piven by sin & = a. IT E\ffis tie angle of zecattering,

¥’
. 0 i .-_
N o= 907 - QG and tasrcicrs

i 6 o
cogW = n = ] - 81210

SR

vhere U 1s the electron denslty and f is the observiag

3

frequency in He. Tois gives I '= lE‘}_‘~|l'*"2 electrons cm ©, where
#ffia in minutes of are. &t the start of the abservation the
nucleus wag ~ 15' are from the line of sight to the source
and 3ince even =% this time the intensity fluctuztions were

i 3
scen, We mUst have 2% = 15' are  which implies N > 7 z 107

a4
-

electrons ca ~. [low, as the comet moves, the path difference

between the direct and reflected roy will continuously change
5

B

gt the rate of gE{EszTJ. Using ¥V » 80 kmsa ™~ we find that the

intensity will be modulated with a period © 5 x 10 °a for
¥=; > "are . This period increases as one approaches the

¥ n
head of the comet and for W as small as 10 arc T 0.1 gen,

However the bandwidth avw = 4 iz of the receiver gystam used




339

Tor the ovservation will smsar this medulation pattarn because
the differsnece in the time of arriwval of the direet and
reflzeted rey, given by {Ez1fzfc} iz muech larger than the
corralation time of 1/av = 2.5x207" s, 3ince the direct ray
anl ths reficcted ray are incoherent the intonsitiss and not
the amplitudes of the waves would add. Therefore the obsarwved
intensity should remain st a conatant lowel hisher than the
mean intensity of the source. doweaver, 1f the plasma density
contours are ilrregular and warying with time, such as infarred
from the 20" reiiation of comet Bennett (1970 II) { Vanyszk
1972), the intensity of the raflectad ray will vary and ths
obgserved fluctuation in intensity could still be produced. In
cur opservatieons the intensity goes above and below the mean
value and tue lonz fterm average of the fluctuations is egual
to the mean intensity of the source. This is difficult to

explain in tne above picture.

5.4 DISCU3SION

Muctuations in the intensity of raiio source
Fi3 2025-15 were obacryved during ita occuliaticn by comet
wohoutel (1975 AI1).iltnough the possibility, that the fluctua-
tions are of icnospheric origin, has not besn fully rulsd out,
tiie correlation of fluctuations with the passesze of the comet
acrogs the line of zigzht to th: source and the nbasnce of
stron: aporadic B on tne ionograms during the observations

mace us bellieve that the fluctuations are dus te the inter-

setion of radio waves with the cometary plasma.
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We have considered the possibility that the
fluctuations are produced by interference betreen the Airect
ray and a ray scattered by the couwetary coma and do not f£ind
it ;ylausible. A4ssuning that the fluctustiona =zre due to
acintillatioas, the scale gizes of irregularities calculsated
uging tha observed time scale of fluctustions and the effect-
ive transverse wvelocity of A =0 kmﬂ'l are much largzer than
the rreanel =zone 3ize (zA)* for astrens fluctuations to be
proiuced. The observations could be msde compatible with
seintillation taeory if the weloeity cean be reduced to less
than 15 kms™L . If one assumes that the solar wini-comet
interaction is such that turbulence ia generated in the come=
tary wake producing eddies and reverse valeocity fields, a
reduction in the velocity could perhtaps be obtained.

Ip and hendis (1975) have suzsested that the
required reverse velocity to reduce the transverse wvelncity
to 15 Emaul could ke obtainsd by assoeciating a nonlinear
hydromaiznetic wave coupled to the turbulent cometary rlasma
and propagatins ftowards the nucleus with the Alfvern speed,

v, = 5/i¥mg, of avout 65 kms L, Zy assuwing plasma dengitiss

3 ani 10% ew™ (dection 5.1) they hive obtained magnetic

fields of ~ 400Y sni 120Cy ('Y = e gauas) rasgpecthively,

~ 10

wirielh are cousistent with the computed welues (170=-10007)

(iendis and Alfven 1974 ). Lne above interaction =shoul’? al=o
produce z wave propagzting in the forward direction with a
transverse velnoity of o 145 wms™t (B0+65) which, howewer,

aas 1ot been detected in cur coservations. Ip and lendie
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have sugzested that this will not be cbssrved for the follow-
ing reason. 1ihe required scale size.-ej, for seintillstiona to
be appreciable is ~ 150 zm (Seetiom 5.3.1) in which ecase the
bime scale of the fluctuations for 3 welocity of = 145 kms‘l
iz 5 1 sec and thera ore tne fluctuations cannot be disting-~
uished froo the baciground IF3.

It i3 necessary to inveatigste in Aetail proces-
ses involved in the interaction between the solar wind and
the cometary plasma in order to understand (i) whether the
large zmagnetic fields implied in the explanation of cometary
scintillstion by Ip and wendis (1975), could be generated and
{ii) the abzerce of irresularities in the nuplear region as
indicated by the stopplng of Tlustustion about Bxlﬂd km away
from the nucleus in the antisolar direction. The present
cbgervations were made on the occultation of a2 strong source
of ~ 5 Jy by & oright comet waich is a rare occurrence.-oWever,
it is important to attempt such occultation observations for

even wealker radio sources by leas bright comets, which zre

parg frecuent, in order to study cometsry plasma in detail.
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CIAPTAR VI

COMOLUSIONS

[nterplanetary Scintillation (IF3) studies
provide inforwation on the nature of the interplanetary (IF)
medium and on the comnpact components in extragalactic raiic
sources, Oy observing radic svurces which are known fo be
very coupact from other hign resolution obssrvations we can
agtirate toe secattering paratisters of the IP medium and this
information can be used te study tha structure of sources
with finits ageulsr slzes. In nrder ¢ understand the seast-
taring paramsters at 327 idg, systematic observatione were
zade (Hao, Bhandari and Ananthairishnan 19743430 1975) of
nine compact sources at Oety. From thase ohaervetions, the
variation with solar elongation p of two characteristic
parameters of Ik mediwr namely the scintillation index m
and aecond moment fE vere ostabplished, which h=awve heen
used as ths bzaic calibrating curves. Using m_-p curve the
gacintillation wieibility  , whiel is Tractidn of the totsl
flux, and using the fg-p curve the ansular dlze W of the
compact compensnts have been derived for 507 radio sources
at Uoty. Hesulte Tor about 20C sourees from this IF3 survey
were published by Shandari -t al. (1474).

12 have made use of the gbuve results and have
done the following furtner studles in this thasis

1. Ihe &n.ular Jize measursumenta from the IF3 of Radie
20uUrces
The iP5 surveys made at Ooty and Lfrecibo at 327

and 43U rde respectively have provided the ansular size
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rztimates usins the pover spectrum metiod dsseribed in detail

ok

in this thesis. A diffsrent method h:zs been used by the
Cambridge group for estiwating the diameters which is based
on obgerved wariation of t#e gointillation index with solar
elongation (m-p curve). A comparative atudy of the two

me thois hae been attenpted in this work.

ror sources wilch are coumon to the 327/43C idz
aurvays and the 61 mHe Cambrildge survey a comparison of u
and Y nss been mede which shows that computed values of YW
as well as tae cstimated values of both p and W ares larger
at £1 wdz, de have made & detailed study of this Aifference
considsring (a) the uncertainti:=s due tc limited signal to
nolze ratic in cobservations (b} obgervational aelections,
le) relative mensitivity of the two methods to Aifferent
angular scales in the radioc sources and {4) assumptions in
tihe theoretical models.

«a have ghown that for scurces with a f]ux
deasity of = 2 Jy, even for routine obaervations, in which
the Coty teloseeope iz pointed for 6 nmine 'on' the souree and
3 mins away from the source, tie statistical uncertaintiess
in the estimates of p and W are <€ 15 % r.o.s.

The main differencea in tha anzular size esti=
mates at 327 and 8l iHg appsar to be due to [B), {(e)] and
(d). tne observations at the higher fragqusncies have an
infersnt cbeervational s=lz2ction becauss of the attenuastion
by the fresnel [ilter due to wihich corponenta with anwulsr

"
sizes -Z 0.3 are contritute very little scintillating powar.



124

This goeis tc be the casgse at lesat Tor thoss sources Whers
coth 1 and M have lower valuss at 327/430 hidz as compered
to Bl wiir indicotiag the preschce ¢f halos in tliess sources
wihiecil contribute to the selatillating flux at C1 Mie but not
t A2T/ 430 hide. 1In additicn, if we consider the warious
igaumptions and the anslysie procedures employsd in both the
mathods, it iz ason that there is a tendency for underzstima-
ting the sngulsr sisges in ths power spectirum mathod at
327/430 vuig and for its overcstimation in the m-=p curve
method at &1 ndz.

Basod on a restricted but relatively undform
sample of 23 scintillating sources dewish ¢t al. (1974) have
gacwn that the shgular aize distribution at Bl Wiz Has a
peak aroungd 914 arc and a defieclsncy of sources with dig-
meters ~ Ctﬁ arc. This apparent deficiency of scources of
smzll diameter scems to be present alse in their data of 2
larger but non uniform sample of 163 class 4 snd B sources
{neadhead and Hawisa 1974) as stown by us in Chaptsr 1I1
( Gection 3.5.2). 3Bul, this effeet 1z not obsgerved eithar
A% 327 or 430 wHz. It is not elear whether the affect spen

a

et

8l idz arises due to the weightine of core=haleo sub compo-

-
uh

nts es discussod by Swarup =and Phandari (1976) and EBhandari

L)

{(1276) or bzeause of theorstieal agsunptions invelwved in
their method (Jhapter 111, Jection Z2.6.2}. But even if the
peak observed by them is real, it way not have bsen obasrved
a1t 327 lide becnouse of the observationsl aelesction mentionsd

above wiich tenas to classify sources with diamesters larser



in view of th2 importance of their results for
the physies of —=ztragalactic rasdic sourcss and cosmologleal
investigotions, 1t is imporfant to defermine the distribution
of angular sizc of compact components in the outer parts of
these gources Wiich geam responaible for the ohserved smcin.
tillntions =2t meter wavelengsthz. It i3z elear that, apart
froi the nesd for = better understanding of the various
nnnuﬂptionslinvalved in powszr spectrum znd m=p curve metheods,
it would be desirabla to estimmte diameters at tho same
irequency uslng botir the metods,
2, Jdwn Dimensional Stractures in Compact Components

It is shown that the power spectrum aszthod is
sensitive to the position angle of the solar wind Aand this
property has beon utilised to find the ellipticity of 50
rezolvod radic sources toxen mostly fron surveys of Bhandari
ot n1. (1974) and Herria and Hardebeck (1969). Howewer,
measursaents could ke wnde over ¢ wide range of positicn
anglea only for 2% sourcesa. Thirteen of the 23 aources show
a variztion of structure with position anzle and are eilipti-
22l and tha rest appesr to be cireular. Thisz is the Tirst
gystem~tic attenpt to deotarmine the two dimensional structure
pf comprct components in a large number of radic sources
using the 1P3 method. Such data vere available previocusly
ohnly for a few sources.

It waa noted in our sample thet the estimated
average diametor of the 23 sources was smbout 20 - 30 %b ;esa

whan close to the sun compared to far away. This could
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posgibly arise due to errors ln the calibration curve or
chanco observational selection. We have made a detailed sXa=
wination of thes: 'effzets and find that oven after correcting
Tor these, ten sources clearly romain plliptical and three
more cculd be added to this elass. 1In double sources itis
found that the major axls of the elongrted compsci compongnt
isg-almost always parallel to the mzain axis of the source.
Thisz orientntion of the compact components may play a major
relz in the theories of formation and evelution of extended
double rzdio =ources.

The atrongly scintillating sources in our sample
could either be doubls sources in which the flux ratio of fthe
components ia greater than nbout 3 or single compact sources
coinciding with the central optiecal objact. HMeter wovelengtih
VLBI observations witi comparable resclution would help
resclve the anbigulty.

Se  Hometary deintillations

strong intensity Tfluctustions were recordsd
during tn: occultation of radioc source Fui 2025-15 by the
cana and tail of comct cohoutsk (1873 2I1) with time gsezle of
tile fluctuntions ranging from 5 - 50 s. The possibility that
thage fluetuztions could be scintillations caused by the
eleotron denaity irresularities in the cometary plasma hise
been investigated. The observations ars compatible with the
seintillation hypothesia only 1f ths effective transverae

valoelty of ths comztary plasaa is reduced by five times ids
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guggestad that thuis reduction in welocity could be achizwed

iy assaciating a non linear hydrofagnetic wave coupled to the
turbulont coostary plasma,propagating towsrds the nucleus with
Alfven speed. If this is correct, it indicates the presence of
largs magnetic £ields din the plasma tall, However, the origin,
naturs and coafiguration of the magnetic field prosent in
cometary plagma are nét well undsrstocd. Alsoe. it is not
clear whether the complex features like helieal waves, knots
snd rayed structures seen in the plasma tails of comets are
dus to wave motidn or material movement in the tail. It would
be wery valuable to make similar ccealtation observations of

future comats tc ungderstand those phenomens in grester detsil.,

domg Comments on tho IP3 kethod

it iz atriking thst the peak velue for m for
the 1F3 ecslibrating scurces used by various observers does
not exceed 0.7, The valus of m for wmost calibratinz sources
ramning balow 0.5 at 327 iz axcept for two sources where
valugs of acout U.6 have bzon obzerved. There is, however, s
recent indication that thera are compscet sources with higher
valuea of m a2t metre wavelenzgths as discussed in Section
3.6.2, A4Al=a. in the csse of a Few scurces like 30 237 eor
33 225 it is found that if the valus of m(= mn) for the
calivrating sources at 327 (He is used for eatimating
b= mfmﬂ. b i3 =appreciably higher than what is =xpected from
other high resclution obzmervotions. This indicates a need
for o reonlibration of the L,~F curve using more compact

SCUIrC23.
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The ansular size sstimates made at 3277430 MHz
aro btagzod on ths second wmoment of the pQWJr-sp:ctrum which
geuld produc an underestisation in the value of Y. A better
procedure way be to compare tie observed power spectra with
those comput=d theoreticzlly for differesnt models of sourtues,
using a mathod annlogous to whet has been attempted by the
gan Disgo group for observations of the compact source in
Creb nabula (Coles at al. 1574).

The angular sizes obtained at 327/430 IHz show
A deficisncy o 3ources > 5:3 arc dus to attennsation of the
geintillation power by the Fresnel filter. #ith longer intege
ration and moere eareful apalysis it should be possible fo
gatimrte plzug ~ L".'r:r’l to EI*:E are and check the suzzestion of
Howigh et al. (1574) that they find a poak in the angular

1 "
gize distribution arcund 0.3 to 0.4 are.
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AFPENDIL A
In the follewing section wo shall caleulaws
the 4 pp and zlse the resulting sensitivity of the Coty

radle telsasscope.

a) Effective Collecting Area

The effective ares of an antenna is given by

; = A & T 1) 1
horr by @ My33 Tiox Teon TR (ar)
where, AP = physical area of the instrument sver
walch radiation i recedived,
T = transmission line efficiency,
o = aperture illumingtion efficiency.,

Tipg = transmission eificiency due to
imperfect matching,

crherance efficieney dues to uncorrected

ool
delays in R¥ and IF phase shifters,
T = efficlency resulting from r.m.s.
AL
amplitude aad phase errors in the system.
for OiT, these have been calculated to be
& = 15,180 m®
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]
|

= 0.707 corresponding to a loss of 1.5 dB
{1.2 éd2 loss in the lipole transmi=sion
ling, 0.2 43 in the cakble betwsen dipole
line and split-tae and 0.1 4B in the
split-tse ¥

ey Co0 (A non uniform illumination over the
antenna te reduce the spill over in the
gast-west direction decresnses the effici-
ancy to thias factor as discuzsed by
Aapani 2t 2l.41375),

Npy = 0.96 produced by a V3R of 1.4 in the
dipele transmission line,

Nooh = .95 as discussed ia Section 2.2.3,

T = U.91 {(Fhase and amplitude erroraz in the

e
antenna surface, phese-shifters and
receiver syster reduce the effileciency
to this valus).

Thus, by substituting these values in Eon.(Al) we get,
I];efl — 1,}15[3 2 Di?u"r‘ IRE-EL' Xz {;'-91:5 X "ul-gﬁ x G-g’l

= VILoBrE;

b) sensitivity

(i) The system temparature of the receiver is found
to be ﬁﬁﬂﬂﬁ and is estimated fromw the relation (p 1C2,
Lraus 1966)

T - Il‘:i by gl ‘Ib

i + (1-u) 55 (a2)

ackground
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where Iﬁ = 710% (refer Section eLE1l;

Ebackgrzund o Isky 3 Tspillnverigruund} i
= 45%30° = 75%,

|:-,., ?GTI‘

=
]

T = 250" (ambicnt temperature).

Substitutir: these wvalues in dge.ol2) we get

Pere = 25T

(ii) The miniusum dotectables temperature is ziven

by (araus 1366)

Iy
) L --L
b Trpg R (43)
where £' = 1.414 for the phase-switcied correlator type
racaelivar
T — L e U T

and af = 3.£ Mz (overall system bandwidth).

Thus, al w PHEY, 1% may be noted that this is the r.m,

lagiif2

of the f source Noise O ...

8
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(11i) The ef’ective antenna temperaturc is given by
(Eraus 1956)

3
T -"-'——'Eig-” (44)
o 2k

where o3 flux density reosived from the asource,

k = Holtemmna's const = 1.37 x ]l.I:-H25 Jﬂulasfoh,

and the fzctor 7 arises from the fzot that radistion is
reoceived in one polarisation only. Substituting the walue

af Aufi obtained from Section(a) above and assuming

5 =1 Jy = 1678 % o~ He © Wb Lave

o

I, = 2.06 L.

Therefore, from (ii) and (iii) ab.ve, the expected siznal

to noise ratio K for a 1 Jy source is given by

b - —

m
L

r

= _14

g P
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AFPPERDIA B

UNCEATAINTISS IH THE B3TImATES OF m ARD fE
IN ThE FOWBR oFJ4CTHUM #3THOD

£.1  Tdd BHAORS IN _m

e Sesmman

1he scintillation index m 18 given by 5qm.
34} a8 m=V¥g T o 5
VI.34) 1o S gy

dince the 'on sourcs' spectrum contains both the seintilla-

/I, where I = Hean - Mean ..

tion spectrum with variance ngg 45 well as background noise
speetrun, o, ‘=g ? 4+ g 2 g0 that
=y o 8 ofd: T
noo= fESsz =a/l . (B1)

The obszerved scintillation index differs from the trus value
of n due to the errors in Oy ahd I . These errors are
mainly due to 3 causes, (a) statistical uncertainties (b)
instabilitics or interference {c) confuesion effeecta which

affect the mean velues and could possibly affect the varian-

o8 alao.

E.1.1 3Statistieal Uncertaintios
The statistical uncertainties in the estimated
value of m are due to limited number of independent samples,
The errora 1n US and I arise due to uncertainties in both
the 'ON' and 'O#+' source waluss and are given by adding the
gtendard errors of the variance {UEQ} and mean (1) for the

two cages.
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Pollowing Sevington (1969, p.64)

2
2 T 2
Ij'r
U (32)
5 T ]
B 1
If Wwe swbatitute 0. = x, 0 _=w, 0. ., = v then x = (u®- vz}%
=] on il

and using the formula for propag=tion of errors

: 2
5.5 is gAY

Btk 4 4
S - ®on mff v
5] 2 7 [ [ 2!"‘1 L J “—J}
5 1
oo gt g
3imilarly, Tﬁr = f@ [“ﬁfﬁ + Ef* i (B4 )
P

In 3gns.(83.4) Ly, iy are the total number of independent
gamples in the 'COH' and 'OFF' source records. Bach time
conatant period forms ohe independent sample. For a time
eonstant of 50 ms, the independent sanples in any one record

length of one minute oontailning 45 s of usable dats are 90C

.}

and thus ny o= GoC Tﬁ and n., = 900 T2 , Whapre Tl’ TE are the

aumbear of minutes of the "OU' and "OFF' source data recorded.
dupbgtituting (23, 4) in (B32)
e a_ & e 2 2

o o
i .5 on B :

[—= ] [25 + 2221 .  (35)
o o 4 Erl Eng IE l 1s



1535

Je have given in Table B.1 the palculated welue

2

il > S % _ 2
ol . usins Sgn. (85 from the obzerved parameters of Tt

3 lrear Ay I and Bys o Sxcept in n few easea, where the
sensitivity of the telescope was so low, for reasona mentioned
in Chapter 11, that the wvariance due to ‘'CH' doumce spectrum

was comwparable to the variance of 'OF#' source, the error in
8]

i : 5 s Sl ;
= remains leas than 10 A% which shows that the error due to

statiztical uncartainty does not affect the estimated walue
of the scintillation index appreciably for sources of 332? 2

2 Jy observed by us.

8.1.2 Instabilities or Interference

These wers gensrally gquite small and such records

were mostly rejected.

B.1.3 Qonfusion drror

In the accurate determination of m , the mean
ghd variance Tfor both "ON' and '"OFF' source muat be accurately
found. However; due to relatively large solid angle subtended
by the antenna beam, confusion sources are often present in
the beam which could contribute to an increase or deersase in
the valug of measn intensity. The r.m.s. valus of confusion
for CAT is ~ 0.3 Jy. Confusion sources would be present for
both on and off source walues. But, since the off sourece
baselines are carefully ciiosen by looking at a wide region
around the source, We expect confusion dus to '0FS' scuree to

be mure like 0,1 Jy to 0.2 Jy due to background confusion,




Table B.1

Seurce 532?
nampe dy
3C 33 30.0
30 229 20.0
30 237 16.0
T 15.0
30 225B 14.0
30 446 12.5
30 238 12.0
3C 208.1 95
2203-18 £.8
3¢ 207 i)
30 212 7.0
1344=07 6.3
30 2254 4.1
1403-02 .3
1313-12 3.0
1401-04 2B
1412-14 A
1410=-06 &

3836
4450

Tl
3041
1114

547
1673
31T

605
4205
3731
2676
280%
2427
2508
1944
1004
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I :1'11:}[\.1-4*1:‘1

1724
1509
445
921
165
140
460
344
126
483
540
484
98
258
265
72
19
55

P NS, - A

m

0,02
0.02
0.09
0.0%
ke
0.13
.10
09
.2
03
0.05
0.06
.36
A
0.08
B
0.95
Ued3

L O e S - N o

%

43500
11500
Bx900
4x900
62400
6x900
Bx900
Ex 900
8x9C0
15%900
63900
10x900
10x900
6x900
10x900
5x900
6x3C0
62900

Fercentsge Brror in the Betimnted Value of Seintillatian Index

i

4z900
5x900
2%900
1z900
2x900
3x000
5x900
4x900
3x900
33900
32900
3x800
10x900
3x900
32900
3x900
32500
2x900

Umfm

~ 0.06
~ 0,10
~ 0,01

0.12

0. 06

0.03
~ 0,08

0.06

0.01
~ 0,31
~ 0,08
~ 0,05
~ 0,03
~ 0,06
0,12
~ 0,22
.07
~ 0,03

?

i
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regulting in an sdditional epror of abont 10 ?h ta 20 %o for
Wesak aources with 3‘97 ~1 to 2 Jdy. ior sirong sources,
nowever, the errcr in the value of m due to confusion would

be leas than 5 o.

Ovservations of point sources, as discussed in
dection 3.2.3, show that the day to day fluctuations in the
valug of m have an r.m.s. valus of the order of 15 ¥o. These
fluctuations are appraciably larger than the statistical
uncertainties and confusion errora and, most probably, arise
due t¢ day t¢ day changes in the paramsters of the interpla=

netsry medium,

t.2  THR BRACR 1N THY VALUE OF f,

‘rom Bgn.(3.36) the second moment is given by

Mhe shepe of the observed power aspscirum varies
from a gaussian in the veak sesttering regime to exponential
in the strong acattoring regime (Cohen et al. 1967; Rao et
gl, 1574). Iin the zcction below we will estimate the uncer-

teinties in Ty Ior a gaussian and an exponential spectrum,

The seintillation spectrun is obtained by divid-

ing the 'UW' source spectrum by the time constant patiern and
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then subtracting the background noise (Sec.3.2.2). f, of this
gpectrunm is then calculated using the 5gn.(3.3%5). The errors
in fE arige due tc (i) statistical uncertainties in the
spectrum P(f), (ii) error in determining the 'cut off' freg-
uancy fc bejyond which there is 1ittle seintillation power,
(iii; error in determining the baseline of the power spectrum

E_Elj.ﬁ:-343.]*'

Bach point in the power spectrum with a resolu-

tiom 0.2 He (Fig.3.

Ll
L

is the rezult of awveraging over 4 points
and T records sach of one minute duration. Tor normal obs:zre=
vations with T = & +the statistieal uncertsinty in each value

==

of the power spootrum iz = 1/¥29 ~ 209 . The power spectrum
ia usually found to fall to the level of noise in a gaussian
ar even exponential type speetrum within 4 - 5 times the walue
of the width of the spectrus characterized by the second
moment. Thus in ocur celeulations below, we have agssumsd T

to be equal %o 4 for gaussian and 5 for exponential type
speetra. Yor such wvalues of f, the error contribution is
negligible provided the orror in the baseline is small. we
shall anow boclow that by taking the average of the baseline in
the povwer spectrun over 20 - 30 points, the srror due to both

gut off frequency and baseline can be kept suffieciently small,

f.2.1 Gaussisn Iower Spectrum

Let us assums that the power spectrum has a

normal gaussian distributica giwven by F(f) = ﬂe'fhfz df ,where

A 1is = constant which indicates the seintillating power aﬁz



138
Fc A
in a gsourea, The value af E E-f /2 di ean be found from
]
standard mathematical tables (Burington 1965} and for fc = 4,
i3 approximately equal to f% » Tog find the wvalue of the

ey 3 -£3 /2 . :
definits integral \ f? ™+ / df we first transform the

&

integral by substituting v = £°/2 in the above equation so

thet

dv =  daf

or

dw

—— = 1

V2V
thus

fa Vv

- ) 2 = - .
j = ( £2 o7f /2 af = ¥ 2 q v: ™" dv (Bb )
(o}

Thia is now in the standard form of an incomplete gamma( ")

function which is defined (karl Fsarson 1951} as

uy ptl
PP [Lon e o DU B
(u,p) M p+ T ) v oe A FTE:TT % ?E (RT7)
1-1.|,=_F-‘i"i
Whers 1 = 'HFE h VP Q-v d
1
For f.=TF=ufprl = 4 ane p=%

3.3 and T (p+1) = 1B

f
I
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Thus « , I =cifZ%dinp) o

Let us also assum=s that the bascline cf the power speectrum

(#ig.3.3) has been incorrectly cstimated so that the estimated

Seitig] {5 idemmee 372
power spectrum is glven by P (F) = 4 @ + b vwhere b

(=3}

can be +ve or -va, Then ths ohsorved second momsnt consists

of the true value f2 and an error af’ and is ziven by

. £
"C 2 " 'c
O s {fapt b, ar
o &
£32 e o1 o e
(f2+ﬂ_} - pfn fc
\ T aent e sl o tie
& 0
or £
X P22 df
b o
(U el a2 ar)
) o
(£,742880) R L7 {= o - g e e ]
- : O
: Lo
I e ]
i '“fr:‘ T 20
L if
L]
& )3
e, E o {-L__ J =
i _p2
4o fa L
. &
e fE {.._.__.-__._._ = x __._._,} (“8}
2 c
1+ A rJ.l:, g 3
= S A
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and from the table of incomplete gamma funations (narl

Yearaon 1951) i{u,p} =g ghnErarEed " Poand 4 = 3.3, Therefaks

= 5 x(u,p) 2 'r'% i

By substituting tie valuesz of the integrals in ZEgn.(38)

? 148 %17
R S S B e } (B9)
1+Ix3.2

ihe term 4 iz the scintillating power in the source and the
term b 13 the error in the baseline due to uncertainties

in the total system temperature. As shown eariier, the
uncertainty in eaci, value of the power aspectrum ~ 1/5 and
since the baseline of the power spectrum is averaged over

20 = 30 points the baseline uncertainty is reduced to 1/2% of
the mesn valug of the off source neise. Thus for normal
obaervations of scintillatine sources b/A = Top EfEEGHE wherps

» and o_ are ag defined earlier. For a typical valuas of

Gﬂfi
b 2
ﬁﬂ SRR ﬂnff
b/d ~ .03
gng

A/E A 20 %,
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S.2.2 xpoaentisl Power Spectrum

Here the digtribution is of the forn e"i df and

o T
1+~E,i—{- 72 df,fi £t o7 g2
B e 2 S ﬁx{, } (B10)
% {‘C P =f i
biglycdesy e af ]
a g

dince thie type of dietribution falls off very slowly it is
necegsary to integrate to larger values of fc and Tollowing

gimilay procedurssz the intesral velues are 2 and 1 far

fh = Ph &
T ; df and ° = 5 df raspectively for fc S T i

0 T

o
ve take bfA ~ (.03 for a similar source a3 calsulated above

af /£ ~ 20 % in this anse alsoe.

5,3 BRROR DUE 10 5IDE LOBH3 07 THS ANTENHA RECEIVING
BiiS3I0H FROM T4E SUGL

when the arteune is pointed towards sources which
are very usar the sun; the background temperature and hence
tihie aysten temperature can incresze due to the gidelobes of
the antenns receiving noise from ths sun., The antenna pattern
of the Oaty telescope may be written as Pla,o6) = Pla) P(&) ,
where Fia) is the ratiation pattern in hour angle as deter-
mined by the east-west iliwnination ﬁf the parabelic cvlinder
and £(6) 1a the radiation patiern due to the 96€ element
dipcle arrays Sinilarly, the sidslobez in any direcsion (a,é)

are maltiplicetion of the sidelobe responses in a« and &
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directions. If the source is located at about 0.1 A.U. which
is the closest distance between the sun and the line of sight
to the source that we normally oabserve, the sidelobe responsss
are about =20 48 in the hour angle direction and =30 45 in
declination. Thus, the sidelobe responeses in a diregction not
coinciding with the hour angle and declination of the main
beam of the Coty telescope are expected 14 be = -50 4B, If we
aggume that g narrow region of Sun of 3' % 3' area produces

5. % 107

J¥, then the increase in system temperature due to
this contribution will be generally less than =~ i%%EE = 50 Jy,
which corresponds to an antenna temperature ~ 125°%.  Thus the
ayaten temperature increases from its normal value of 350%K 4o
475% at worst. However, since the noize contribution from
the sun is broadband, this wili not contribute o any lew
frequency excess but will merely raise the bageline of the
poWer spectrum. Also Gince we have consldered a source to be
scintillating when the variance of "ON" scurce is typically
1.5 times the variance "OFF" zource, the contribution from

the sun to the systei temperature at 0.1 A.U. is equal to this
limit in tone woratl case. 4Almo, for observetions made elome o
the sun, one of the 12 beams which iz not »m the source is
monitored for detecting the prssence of any short perioad burst
activity on Jun. nence generslly we may ignore the effect of
sun due %o sidelobe reception for distances exceeding 0.1 A.U.

However; closer to the 3Bun w2 are likely to make large errors
in the determinstion of tae scintillation index becsuse the
gatimation of the 'Cix' lewel is affected by the sideiobes.
ilpo, if tae Jun iz aetive power spestrum ie dirty and efton
chgervations gre not possible close to the Sun.
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AFEENDIX C

GENERAL IQUATIOR JOR p  AND fgffﬂ
“OR A DOUBLE CAUSSIAN SOURCH

3,45, = 1

Fig.C1l iodel of a double gaussian source with
circularly symmetric components

In Chapter II1 (Section 3.1.6) the spatial
pnwer spectrunm Eext?LaJ Af an extended socurce was shown to
be related to the power spectrum of a point source 302[53
by the 3qn.({3.32)

(C1)

g .

T Y e
oxt (3) = B, 2D |V D)

Using this eguaticn we shall, in the folleowing,
derive the epuation for scintillation wisibility, p + and
the ratio of second moments of an extended and point source,
f,/f s Tor a double gaussian source with circularly symmetri-

. =1 G ALbey 2
¢al gaussian components of ¢ = width of size Eul and Eu? and
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agplitudes 3, and 5, f.al-!—':sE = 1), regpectively. Ffor asimpli-
city, we shall assume that the gauessian components are cireu-
larly aymmetrical and are separated along the x-axis by an
angle ®  as shown 1n the figure sbove. The brightness disiri-

bution of tae doubls source, 3(x,y), ls ziven by

A go AR
~ E'E?[[ETJ +y°]

f
Eiy.ei = 3';,“ 7 8, e +
E' 1
o
- ?—[Té-:[{x—f}ﬂyzj g
L | (c2)
Zna,” 5, e f

r i
The wvisibility funection UL;%{qu,qv{j which is

the fourlsr transform of the brightness distribution is given

by
F 7 EEUIE i 2 g ZEE
vlé_( o e I R L R
| 2a qu'qvi = g
| 59
i
z°d 2
2 [ b
L= -
L
and
s - 2 4 2 2 2 2
(s }ii—w"—‘szezglfq”m"}
{2m Ty 51 . 2
L8
e
v 2 =8 32 Equ +qv ]



Roraiy o ki e 2., &
~12*/2)(m) “+0,% g, gy ) '\

+23 gy 79, . (c4)

|
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Alsn, l=t us assume an isotropic gaussinon

function for the pover spectrum of a paint source ©_“(g) s

30
toet
-a°(q, "+q. %)
3 - £ £ Y . L
oty rg,) = 2ma’m ® <1 >% @ A (e5)
(“chen &t al. 1967).
Thus, from Bgns.(Cl), (C4) and (C5)
4
2 2 2
}, =3m (g “+q ") |

W o€ i ,:.2 v 2 . u S -l
ot tiurqv;' “215._. Lﬂ o TASER 3

F- S, M 8 . 2

fo b tuvril RRARRR0L 7). a o0 2E0e, 00y Ty )

EI + 32 8

ki

Vs
4 b
~(2%/2)(0. %40, )(q, +q *) ! l
1@ 5152 a i 2 ke TN a, o8 | (36)

$.1, SUINTILLATION VISIBTILITY p

The seintillsation index is the normalized zrea

under the power speetrum =nd is given by
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S i E‘ s, ok a
il G o= T o0 IR Mext (qu’qv) dquddv - {(C7)

Substituting (Co) in (27) and noting thet tha scintillation

vigibility ¢ dis definod as p = m;’mD we mbtain

&
172 (a*,fz+{zzfz:|(al?+a;:|)

|

N
X exp (:Lﬁzﬁrzfﬂ][aﬁf2+{zzfzﬁ{dli+s?=}]11 > (c8)
b / ’/J

3ince the half power width of a gaussian'= 2.35 & , by

substitution in ugn.(C8) and rearranging we get

i
- L] .-l __\_""1
i- = #? = ﬁ 1°1140.36(z\, /a)? ] + 8,°[1+0.36(z ,/a)%]

o h

-1
+ 2 3,3,[140.36(2% f20%) jOpn et ) ]
s
1 oL
expul —-,hz@ ,faj T+D.35{z #l2a?) ‘f"12+'jl:-:22}}') b (c9)
i e
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0.2 RATIC Or S8Cund HOMENTS OF SATBUDED AND FOINT
30UCE, IE"'Jfﬂ :

The solar wind blows radially past the line of
sight to source and the femporal power spectrum recorded at
any single station 1s an integrated strip scan zcreoszs the
gource, If we assume that the irregularity pattern meves
rigidly with a constant veloeity u' the apatial and tempeoral
specira can be relatad (Seecs. 3.1.5 and 3.}.1]. The seanrd
moment s of the sratial power spectrum in any direction u
is defined as (Cohen 1369)

* ta .

S Oy ”extg{qu’qv} dqu dqv

a - O
12 7 ¥ 4= ; g
5 Mext [qu’qv} |'-Iqu dqv

- —

By substituting igqn.(C€) in (10) and integrating

we obtain

I
QEE — —'L-i— -I.ﬂ.llﬂ. , Where , {011 Y
4 “Den

-z
2

- A . : val
Ijam ={ 51° [140.36(zyy/a)® | + 5,° | 140.36(av,/a)%

-2
+ 28,8, [1+ﬂﬁ}6{zzf2a2_‘.' E‘iflz+‘+;ﬂ

[l— i'zgqfa)z il.i.g,ﬁ.ﬁ (2%/2a?) l:“'-]_ 2"“}’22} ‘:j —.I.J
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X 8xp T ~3(26 /a)® { 1+C.36(2°/2a%) [‘Vlg-l-i}‘; E)-b} (Cl1a)
and

T - -1 il : a1
Ioon =% 3y Ll+u.jh{z$ifa}] + 55 [1+D-§5{zﬁ%fa} }

i S 2 1o, 2 2 2‘]-1
gD aluELL+U.3b{z /22 }E?i +H§ L

3\
: . ol
exp (—f{‘z&jﬁjaf (1+G.36{32!2&“}{‘}‘12#{52]) .!} (C11b)

- -
-

1f we mssume & censtant veleoeity u” for the irregularity
pattern the second woments I and f, of the temporzl power
gpectra of a point aource and extended source are respectively

ralated to the second moments i and qE nf their spatial power

gpectra by the relations (8ee. 3.1.3), q, = l?.%g"‘ and 4, :E%f_?
: 1 : [P ; ¥ ;
wince 3. = E[Bec.}.l.ﬁ}, L, =55n * 5108 these ralationg
Eqn.(Cll) can therefore be rewritien as
i L
il T i
(7= )= (C12)
i'n “Ien

- } - i = 5| e |,- fr :
where, I and I, = are given by 3qns. (211} and (Cl1h]

raespectively.
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¢.3 SIMPLIFIZD FORW3 OF TaR EgHs.(c9) awp (C12)

2
L

EEalel

(%} = [1+G.3§(z‘,"’fal'_l =

C.3:+1 QDouble Jource with Twe 5gual Gaussian_Cgmponents:
W =Vt e ol O, 7 O)

Prom #qns.(C9) and (€12)

E -1 i ady ]
Z f{'lm.j&{z‘f'fa]ﬂ [l+exp{\—i- zGGf&j‘ka.Sﬁiz?‘jaj;’j}J (01%a)

IF =
I E-(z@oia}2{1+c.5égz‘#fﬂﬁ}"'L]
2

o S ..1"!1
4 ;‘I'—l 1:x{-:._(-iﬁﬁfa)i{‘1+ﬁ.56{z'+fa:'i] _j‘_.

i1+oxp| -7 (26 fa.}”]-"'ﬂ-ﬁs':ﬂwfﬂ:'#f)
1"‘. [ Lh (i) . 1\. _J
R

¢.3.1{a): When the gaussian components are separated by

large 9 (C13a,b) reduce to

{Cl4a)

£, ..
) ke [140.36(2¥/a)?] (C141)

n

C.3.1(b): Double source with two equal pnint compon-nts is

obtained from Eqns.{Cl3a,b) by making '“?I"].:‘jfﬁ =0

u? = 1-[l+exp{-&tzﬂna’af}] {C15a)
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and

PR e Tk s R o R ['; =

(lez Ifj_+{l '?HI ;‘:1,} ] cxp I’-ﬂ Ev fﬁlz'
ﬁ l+erp$-f{zﬁﬁﬁa j

€.35.2 C=re-halo Source: (& 5 = i_, ‘{-é hr;u:l both not
equal to zero huu 3y =8, = +, for aimplioitj}

i L R R ] ————

¥rom iqns.(C3) and £12),

-1
h :%{[hﬂ.i‘rﬁ(zﬂhjzﬁ + [1+0.36( z‘}f?,f 3" J
_-1 i
+ 2[140.36 (2% f2a® ) (Y *+¥, %) ] } (C16a)
4
¢ < -2
J [1++:;-.5ﬁ|:r,;\ylm}2,: + [1+ﬂ.5f;|:z*+;:;f.-;)"j
| %
5 ~?Jx
£ +91_l+{_} jo{rz,f?l ) {"" 220
_) . S s i :—~1---—~ (016h)
=

[lTﬂ.jF{EuifH:?j + [l+U.ﬁ5(t“§f&)“:

e

-1
+2[1+ﬂ.36(z“!2a‘"}.'I‘Ff’+*£-’;}] {

f

)

C.%5.3 4 Cireuler Goussizn Source of Size¥: {:a =

-
r
B _ - -F-AH—.... i

3, {}'mdQ )

o ———— 1 u—— - r—

iF F
p* = (f?-) = [ 1+0.36(z¥/a®) ] (c17)
a
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C.4  GENARAL BEQUATION FOR p AND fpffﬁ FOR A ONE DILZUSIONAT
FAUSSLIAN DOUSLE SOUKCE
In this case = 0 and therefors, following
gimilar procedures ag in dee.Cl.l, the gensral equations for

g and fsza can be shown f¢ be respsctively equal to

pio= A
and 3 {¢18)
2
fohs oo
s

where,

STE = = ":I.r
A ={511L1+0.56(zﬁh)ﬂ i s;=1+ﬂ.§ﬁtz\f§f.ﬂ*}

-
e
P

+ 2 5,3,[1+0.36(a/2a% ) (y *+is 2] ]

= 2y e WS '-;rzﬁ‘ -11
exptrg(zGUfa) kL+L.5taz IEH')(?l ¥y U , (C18a)
and o
i = \2-_-{}"{2 . ¢ s ~3/2
B =435,"[1+0.36(2¥ /) + 5,°[1+0.3 (z¥éfﬁ3 J
=3/2

+ 2 8;5,[140.36(2%/2a ) (¥ 2445%)

I

I. 2 b -l
x | 1- [:E-Dfa) 6+0.55i'«:‘f232} W“l?‘*‘%]) J :

X @xp

2y =11
L (559“;"&) k1+u.3étz“f2azlwiz+‘45=9 ‘[ {cleb)
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