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THE FRINGES OF THE THALTEJ RADIO TELESCOPE -

PRAMOD GUPTA

Radio Astronomy Group
Physical Research Laboratory
Ahmedabad - 380009

(A> INTRODUCTION

The Thalte] Radiotelascope (nean” Ahmedaliad ) 1 & correlation
interfefometer working at a freguency of 103MHz. It consists af a
filled aperture full wave dipole array which is 20,000 sg.m
in area. The technical details about the telescope are given in

glurkar et al (19873 and in Sharma (1988).

The Thalte]j corrFelation interferometer radiotelescope gives a SIN
channal output and a COS channel outpul. The equations  for  the
envelope, the cosine fringe and the sine fringe are as follows

(Sharma, 1988)

kowin “[a (& - 60)]

Envelope E = (1a)

cosine fringe .CDS = T cos [b (& méo)] (1b)
sine fringe SIN = E sin [b (& wéo)] (1c)

where L is a constant of proportionality
a is a constant depending on antenna parameters and

it decides half power beamwidth of the beam

b is a constant depending on A/D  and as  will be
f a
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Fig. 1 Receiver fringes of correlation inter-

ferometer of radio telescope at Thaltej.
Ac' Bc and As’ B, are assumed positions

of 3C 298 on COS and SIN fringes.
(Alurkar et al., 1985).
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ghown below its value can he predichted by theory. (N is wavelsngih
and D is spacing of interferomater)
& iw the declination towards which the centra of

iy

the beam is pointing ( from now onwards 60 will be referred to as

the declination of the centre of the heam)

S iw the declination of the radio source

Uptil now the sign ot the sine fringe in eg.(lc) was ot

im of this project was

i

known for the Thaltej radio telescops. The @
to find out whether this sign  is negative or positive, i In

fig.(1l), positive sign has been assumed for plotting sine frimgel.

-



“CB) SOME DEFINITIONS

Half power beam width foThe half ! power beamwidth iz pe
angular distance between points At which the ROwer response of bl
telescope is half of what it is at the cantre of the boam. It iz

denoted by h.

Beam seperation: The peak to peak angular distance between ke
adjacent beams ig the angle hetween fhea cantres of consecutive

heams. It is denoted by A.

hoand A need not pe identical Lhough  for  the Thaltei radio
telescope they are quite close, According to Sharma  (1988) they

are supposed to he

A is independent ot Lhe envelops  (i.e.asrial raspar
declinatinn Y for a Particular beam.and 1t depends only XN/ as
Will be shown bhelow Athough it increases slightly with incressing

beam number )b howaver depends on antenna parameters since im the

Envelope function

i
1=
>
]
&
o

Envelope £ = -

the constant a depends on the antenna parameters,



[C1 Theoretical Mbdel_

We haVQ médeAa .ﬁimple. mathematiGa1: mode 1. Fof the correlation
ihteﬁfefoﬁetér.,whicﬁtgives the sign of the sine frings. Let ug
consider the.radia telesﬁope as a  two array interferometer .As
shown in fig.(2) D is the physicai distance between one row of
dipoles in north haif and'cnrresponding Fow in south half of +the
-anfenna .The.path difference 5° betwéan the radiowave reaching A

and that reaching E is

tJ

5 = D sin @ ) (

6 = =&_|

,6
A v
where 6A is declination of local zenith. GA = 2T.044°

faor Thaltej.

63 is declination of radio source

1

Now in the Thaltej radio telescope a path difference of X2 i
added.to the output from one of the antennas .This isr done  in
order to shift the beams such that there is no beam pointing
straight up towards declination 6A Hence we get symmetrically

Placed beams about AC .Thus the net path difference is given by

8 =D sin 6 + A/7 ()
If the correlated voltage at A ig V1 and at I is Vz then let
Vt = A cos w t (4a)
Vz =C A cos( w t+ @) (4h)
wherea
A is amplitude

W is angular frequency

® is phase difference
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AP = §




c is a factor introduced to accmunt‘foﬁ any differen;es in  gain
bétween the two ahtennas (¢ is close to one).
A path difference of 6 = D sin 6 * A/2 corresponds to a phase

difference of'¢Awhere

—_
in
~—

¢ =2a/X (D sin 6 + A/2 )

We get
V1 Vz = c A% cos(w t) cos(w t + ¢)

vV v = c n® [ cos(2 o t+ @) +cos(¢)] (&)

Hence the output of the COS channel will be proportional to C( @)

where

1 T
ctey=___ [ v v dt (7)
oo -T 1 2
2 T
o A :
C( o) = “*“““"'f [coss(.fa ® £ +¢) +cos¢] dt
4T -T

C( 8) = ¢ Az [ Siﬁ( 2w+ @+ sin( P ow F- ¢)] + ¢ A% cos @

-y

8T w -

C( @) = c A% sin(2 T) cose + c A% cos ¢ (e)

4 T w 2

Now T is the integration time and w is the angular frequency .For

the Thaltej radio telescope

T = 0.1 sec

n



w=2 7 v =6,47 x 10% Fadians/sec
gsince the éignal is weal ,amplitude Aig small. .hence first term

in eq.(8) is~negligib1e «Thus we get

Cl 8= c a? cos ¢
Gt e)y= ¢ a* cos[ 2D sin 8 tn ] (9)
, = -
Ce é) = - ¢ A2 cos[ 2 nD gin 8 ] (10)
7 PN ‘

For getting the SIN channel output ,before multiplying V1 and Vz
+& phase difference af n/2 is added or subtracted from Vz SAdding
a phase difference of n/? to Vz,is equivalent to subtracting a
phase difference of /2 from V1 «Bubtracting a phase difference of
/2 from Vz is equivalent to adding a phase difference of n/2  to

vV, .
1

Hence
V1 = N cos w t

Vo = A cos( w t+ Pt/ 2)

If we proceed as- above we get the result that the output of the

SIN channel will he praportional to S( @) where

(@y= ¢ A% cos( ¢ n/2)

~
Al

&



5(e)= o p? coa[‘ﬁ n D sin
T

6 *+ n+ n/2]

S(@)= - ¢ A% CDE[ 27D sin 6 * /7 ] (11)
WE_m mmi~_
Hence '
CO%[ 2D sin @ + /2 ]
SIN = S( 8) = A (12)
Los Ce e coa[ 2D sin @6 ]
—
If we choose + sign in #n/2 we get
sin[ 2D sin © ]
SIN - a
Cos _
cos[ﬁ n D sin &8 ]
ﬂﬁim~
SIN = —tan [ 20D sin @ ] (133
cos mmzfm
If we choose - sign in *n/2 we get
[
SIN = +tan [ 2 1D sin 6 ] (14)
cos x ’
This means that the sign of the sine fringe depends on where the

difference of n/2 is added or subtracted

It phase of n/2 is added



‘e

to antenna which is in the direction of source ( this iz
eduiyalent tq'éubtracting phase /2 from antenna away from source
)ﬁﬁeﬁ éq.f13) ié tfue LIf pnamé of n/2 is  subtracted from the
antenna which is in the diréction of source ( this is equivalent
to adding phase n/32 to antenna éway from source )then eq.(14) is

true .Faor example if antenna A is in north (see fig.(2)), B is in

south and source is in south then if phase +n/2 is added to output

from B then eq.(13) is true .

Thus provided we know direction of source and in  which antenna

'phase difference of *n/2? is added we can predict the sign of +he
p

sine fringe .Hence the wark done by the author gives a theoretical

soluton of the problem of the gign of the sine fringe .



(D) THE POSITIONS OF THE CENTRES OF THE BEAMS

A If,ébﬁis the centre. of 'a beam then for maximum sensitivity we need

to locate it such that C( €)  is apositive mawximum .Hence from

eqd.(9) we get that 60 should satisfy

[ 2D

C( )= ¢ Az O

. Now

Hence eq.(19) implies

2D
—

where n is an integer .

sin l 60 - &

If we choose - sign then n
N =0,1,24,3y.u..  Choosing
| 6~ 6 | =

o A

Hence

A

sin | 60 wéAI +n

al

. ~oor

[ T
= gign we get

arcsin[(m -1/2) N/D ]

S = éA -+ arcain[hﬂ =172y AN/D ]

&, = &, - arcsin [(n -1/2) A/D ]

9

(n

in e tn ]

1/2) N/D

Hi

2

n

wIT we choose + sign

(135)

then

(17)
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FRCEC Y L]

H@FE n =1,2,

The equationé (18) amd_lfl??_ agre@ with “the  formula for the
position of béam peaks given by Deiamey (1962) though Delaney
derives the formula for tha position of beam peaks by another
method

For the Thaltej radio telescope

5, = 23°% 02’ 397 = 2% 044°
A= R.21 m

D = (3I2) (2.6) =8%.2 m

AD = 0.034974 x 1/78.6

Using these values of the constants we have prepared table 1 .From
the table we can see that A increases qaradually  with increasing

beam number .

10
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CEd A USEFUL APPROXIMATION

We have
.ﬁﬁN“ = ttan [.2 n D sin @ ]
cos N

et &6 6 ( if & <& then disciussion is similar ).
A B A B

g =6 -4
B A
o = & ~& (20)
B o
ﬁ B 60 -—6A
Hence
SIN = *tan [ 2D sin (a+ 3) ]
cos N
= ttan [ 2D ( sin o cos B+ cos o sin g3 )] (229
—

Since én is declination of sOurce which is  seen  in heam whnose

centre is 60 we havae that a = 63 —60 is small .,

e}

- o ol B o

If aa is in radians then to a4 very good approvimation sin a = o
and cos a = 1.

If we also substitute eg. (1é) for sin 3 and simplify then we get
4

SIN = ttan [ 27D (us p) a] (25
Cos N

Hencea

SIN - _ . [ b (6 -5 ] 24)
cos

Where 63 is declination of source . 6015 declination of centre of

beam » b is a constant depending on beam number .

11
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If QE'anfrDm beam lLvﬁQ beam'l@L fhéﬁ r3 im&réaseﬁ.frmm about 1
to about 309 < The CDPPEﬁﬁmﬁming chamgaﬁ.in C0s 3 dls from  1.00 kg
0.94 . Hence E is remarkably unaffected by the changes in polt is
almost the_same for all the beams JFor the Thaltei radio telescope
1T wé take cos B =1l we get b = 7 T D/ =179.7 JIn figo(3) we have

plotted graph of SIN/COS where

SIN = #tan [ 2D sin ( a+ 3) ] (29)

Cos I

. . : , . o ~0
B is constant for a particular beam while a varies from -2 o +2

for each graph .These graphs provide visual evidence that e (25
is remarkably immune to changes in A Hence eq.(24) is a very ognod

approximation indeed .

L
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CF) AN APPLICATION OF THE THEORETICAL-MODEL‘

We present'balow:ah prbc@durm‘to find_the. equatorial  coordinat e
gfva“fadib source . The Pight aécenﬁimn uf a given radio source isa
equal to the sidereal time when Mas imum defiectimn is got on os
(or SIN ) channel .We can find +he declimation of the sourcs by
uaing_a method based on the theory developed in the previous
sections .This method is desribed below .For a particular radio

source 4 we can find by the theory of the previous sections if the

applicable equation for the gsource i (2éa) or (26h) .

SIN - _ -

S - ['3 (&-36) ] : (26a)
Ccos

SIN an [b (6~ 6 ] (2éh)
08

IfT C is the maximum COS deflection in the chart record of the
transit of a source and 8 is the tarrespanding SIN deflection then
we can get S5/C .We already know b and if we also know 60 than by
substituting average value of &/C (=SIN/COS ) in eq.(26) we can

get the value of & i.o, the declination of the source

While taking the avarage of 8/0C ;we ignore the amall numher of
abnormal readings with sign of 6/C different from that of the
majority .These abrnormal readings are due to blobs and holes which
change the apparent declination & of a sQurce  as  seen by the
antenna .The radiowave from the radio source seems to come  friom
the declination &° Hence the value of s/0 xfwr that particular

reading is different from the usual value of S/ .



A blob is a region Qf tﬁe interplanetgry__mediﬂm having density
vgreatérAfhén the ambient ;é Hmlé is a region mf.the interplanatary
medium having'deﬁsity lass thaﬁ the ambient .Due to a blob or a
hoié »the radiowave from a radio source is refracted and hence
apparent position of the radio source changes .This makes the
apparent declination &' of the source - different from the uwusual

declination & .

It may be possible to develop a theory of blobs and holes by which
we could calculate the physical parameters of blobs and holes by
using the experimentally measurable quantity & ~& w ( the

declination shift)

14



(6> AN EXPERIMENTAL METHOD TO TEST THE THEORETICAL MODEL

We made an experimental attempt to test the theoretical model. The
sources were divided into sources south of the zenith and sSources
north of the zenith. We attempted to plot the ratio S/C 4 & -4

8]
where

C is maximum COS deflection
S is SIN deflection

6 is declination of source

6013 declination in which centre of beam is Pointing Cwhich will
be referred to as the declination of the beam in the fOllowing

discussion).

Now for a particular source either eq.(26a) or eq.Ca2Bb) ¢ true.
For the southern sources any one of the above should hold true and
for the northern sources t'e remaining one should hold true. Hence
on plotting an 'experimental graph we will get a cur ve

corresponding to any one of eqs.c2m).

However we could not do an experimental test of eq.cC26) due to the
following reasons !

1. Readhead(1974) and PurvisC 1982 O are used at Thaltej to get
the values of the declinations of the various sources, However
these declinations have unéertainties of about #0.85°% | The plot of
SC » & - 6, is from & - 6= -2° to & - 6,= +2%. Hence an

uncertainty of 0.5%in & is too large for making a experimental

graph.

15



2. Tb get the values of the declinations 6 of the centres of the

'beams we . have to use the theoretical model itself Cegs.C18) and
(193D whereas for an experimental verification of the model we

need an independent experimental method to determine &
o

3. For the.southern sources Cor northern sources) we need at least
5 sources having & —6°> O and at least 5 sources having & - 60

< O in order to get a reliable graph .However the total number of
northern sources observed regularly at Thaltej is only 6 . Moreover
almost all the observed sources have & -60>- O .. Hence the

experimental data is too less to get a reliable graph

Thus due to the above reasons we could not make an experimental

verification of egs.26)

16



CH) CONCLUSIONS AND SUGGESTIONS
The theory déveloped in'this.repoftvimplies that the graph of the
ratio S/C » & - 60 is a function of the form

S - ftan [ bC 6~ 60 ]

Cc

where which sign to take in the * is decided by the discussion in
section CC). The constant b is approximately the same for all th

beams.

We attempted to test this theoretical result by using the data
obtained from the Thaltej radio telescope.However for the reasons

given in section (G) the experimental test could not be done.

In order to experimentally verify the theoretical results obtained
in this report we suggest that

1. An experimental attempt be made to get values of & and 60 with
an uncertainty of 1less than * 0.1°.

2. A much lérger number of sources should be observed

17 -
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